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Annual Report of work done during the year 1938-39. 

INTRODUCTION. 
Staff: 

Diredfw : Mr. C. C. Inglia, C.I.E., B.A., B.A.I., M.Inst.C.E., I.S.E. 
Executi'IJe Engineer: Mr. A. R. Thomas, B.Sc.(Eng.), I.S.E. 
Assiatant Engineer: Rao Sahib D. V. Joglekar, B.E., B.S.E. 

Overseers. Researcl1 Assiata11ta. 
Mr. P. D. Jaeel, B.E. Mr. S. T. Ghotankar, M.So. 

Mr. R. N. Kini, B.Sc. (Engr.) 
Mr. Y. K. Patil, B.E. (until Sept. 1938). 

Mr. A. M. Antani, B.Sc. (Engr.) 
Mr. N. K. R. Iyengar. (from Oct. 1938). 

Mr. V. K. Rajadhyaksha, B.Sc., B.E. 
Mr. K. N. Velankar, B.E. (from Oct. 1938). 

Cornputor: Mr. N. V. Halgi, B.Sc. 
Laboratury: Mr. F. M. Damle, B.Sc. (In chal'ge). 

Mr. S. ;B. Barve (A.~si.~tant). 

Mr. 0. C. Inglis proceeded on leave on the 24th 1rebruary 1939, from which 
date Mr. A. R. Thomas became officiating Director. 

Publications. 
The following was published during the year, as Bombay Public Works De

partment Technical ;Paper No. 59 :-
" Silt control at Heads of Canals and Distributaries " By C. C. Inglis, 

C.I.E., and Rao Sahib D. V. Joglekar. 

39 Notes on specific experiments and problems were issued and 26 Notes on 
basic subjects (maiDly for the use of the staff). 

Model e:r;perimenta allll Enquiries. 
During the year, 19 investi!:ons were in progress with the aid of model 

experiments, 9 being of specific c acter and 10 of basic character. In addition, 
9 enquiries were dealt with without experiments. 

The following experiments were in progress during the year, but owing to. 
urgency of other experiments insufficient work was done for inclusion in the present 
report. They are being continued in 1939-40 :-

(i) Standardisation of design of high coefficient weirs. 
(ii) Experiments with Head Regulators to ascertain factors causing loss of 

head. 
(iii) Scale effects of rigid structures in geometrically similar and vertically 

exaggerated models. 
Figure 1 shows, on a map of India, the places in connection with which experi-

ments were done and enquipes dealt with. . 

Programme of ~ntal work for tk6 year 1939-40. 
The following is a provisional list of experiments with models to be curried 

out:-
I. Sl'ECIFIC Exl'EBIHENTS. 

E:rperitnents on belwJf of the Railway .&Mel. 
1. With 1/500 scale model o~ the Gan~es and the Hardinge Bridge for inve&o 

tigatiug the movements of the ltiver (continued). 
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2. With models of the piers of the Hardinge Bridge to investigate scour and 
the behaviour of stone protection (continued). · 

Experiments for the OenJJral Govfffnment. 

3. Training of the Jumna River near Delhi Gate Pumping Station (continued). 
4. Protection of the proposed Road between the Delhi Gate Pumping Station 

and the Okhla weir by means of spurs. 

Expfffiments for the United Provinces Govfffnment. 

5. Training the Sarda River at Banbassa and protecting of the Right Afflux 
Bund (continued). 

6. Methods of preventing scour and protecting the floor downstream of the 
Sarda Barrage. 

Expfffiments for the Govfffnment of Sind. 

7. With 1/300 scale model of the Indu8 River above the Sukkur Barrage to 
find the effect of river curvature and proportion of discharge in two gorges on silt 
charge, and experim~nts with the . proposed new right ~ank approach channel 
designed to exclude silt from the R1ght Bank Canals (contmued). 

8. With 1/150 scale model of the Indus River above the Sukkur Barrage for 
obtaining additional data on the above and observing the effect of model scales 
on results (continued). 

9. With 1/40 scale, geometrically similar, part-width model of the Indus 
River above the Sukkur Barrage and the proposed new Right Bank Approach 
Channel to compare results of the geometrically similar model and vertically 
exaggerated models in (7) and (8) and to test alternative designs of banks and 
raised sill and observe scour. 

Experiments for the Govfffnment of Bengal. 

10. Scour round piers of the proposed bridge at Burdwan across the Damodar 
River and stone protection round piers. . 

Experiments for the Central Provinces Govfffnment. 

11. Factors affecting stability of the decking slabs of submersible bridges 
(continued). 

Expfffiments for the Orissa Government. 

12. With a model of the Mahanadi River on flood control by embankmentS. 
13. With a ~odel of the Brahmani River on flood control by embankments. 

Experiments for the Govfffmne:nt of Bombay. 

14. To prevent jetting downstream of Aqueduct No. 3 of the Girna Canal. 

!I.-BASIC EXPERIMENTS. 

15. lnvesti~!!'ting bed .movement with various types of sand, and silt, under 
controlled conditions (contmued). 

16. Laboratory experiments to deter=· e factors ~'< t' f au.ec mg seepage rom 
Canals (continued). 

17. Dissipation of energy below falls (continued). 
18. Standardisation of the design of S. W. Flumes. 
19. Rate of abrasion of silt (continued). 

20. Scale effects of .rigid structures in geometrically similar and vertically 
exaggerated models (continued). 

21. With va~o~ types of spurs to see the effect on bed scour and throw-off. 
22. Standardisation of design of high coefficient weirs (continued). · 
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!NDE:X TO PLACES MARKED:-

1. GANGES RIVER AND HARDING£ BRIDOE ON E. B. RY. (BENGAL) 

2. BRAHMAPUTRA RIVER AT AMINUAON ON E. B. RY. (BENGAL) 

3. SARDA RIVER AT BANBASSA, (u.P.) 

4. JUMNA RIVER NEAR DELHI. ( U. P,) 
5. FALL. ON MONTaOMERY 1 PAKPATTAN L/IIIK. (PUNJAB) 

6. INDUS RIVER ABOVE SUI<J<UR BARRAGE, (SIND) 

7. SUBMERSIBLE BRIDGES. (C. P. ) 

8. WATRAK RIVER NEAR KAIRA, SURAT OIST. (BOMBAY) 

S. AQUEDUCT NIH 14 OF NIRA RluHT BANI< CANAL. (BOMBAY) 

/0 .. DURAN/ OUTFALL AT QUETTA j (BALUCHISTAN ) 

II. BHANDARDARA WASTE WEIR (BOMBAY) 

/';!, AURANGA RIVER AT BHADELI VILLAGE , SURAT DIST. (BOMBAY) 

/3. 6'RAND AN/CUT CANAL ON CAUVERY RIVER. (MADRAS) 

/4. RIVER TRAINING' OF' JUMNA AT PALLA VILLA6'E ( U. P.) 
IS. RAUNAHI PUMPING STATION, ~ZABAO. (u.P.) 

FIG: I. 
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23. Experiments with head regulators to ascertain factors causing loss of head 
(continued). 

24. Divergence experiments for determining optimum conditions ensuring 
stable flow (continued). 

25. Venturi flume experiments-to produce type designs and calibrate them 
(continued). 

26. Scour round piers and the behaviour of stone protection (continued). 
27. Factors affecting meanders of rivers. 

A=Croos sectional area (sq.ft.). 
11= Width of channel (ft.). 
li.=Swfaoo width. 

LIST Oil' SYHBOIA 

C=Coofficient, (usually coefficient of diaobarge=Q/11D1••). 

1)1 =Depth of water upstream over Bill of a ftume (ft.). 
D=D1+h,. 
d=Depth of water in channel (ft.). 
d,=Depth of acour below W. L. (ft.). 
f=Lecey Silt Faotcr. 
g=Gra.vita.tional constant. 

h"=Hea.d due to velocity. 
m=Meam diameter of particle in m. me.. 
N=Coefficient of rugoeity. 

N,=Abaolote coefficient of rogoaity (Lacey~ 
' P=Wetted perimeter (ft.). 

Q=Total diacbarge (coaece). 
q=Dieobarge per unit width (coaece{ft.). 
R=Hydraulic mean depth (ft.). 
S=Hydraulic gradient. 
V=Velocity (ft. per second). 
V,=Critical velocity=.rgd. 
W= Weight of water (lba. per C. ft.). 
P=Deneity of water. 
IL= Viacoaity of water. 

v~Kinematic viscosity= .f.. 
p 

F.N.=Froode number. 
ys q• 

==gr=gdl 
vd 

R.N.=Reynold'a number= v 
F.S.Q.=Full supply discharge (coaeca). 

W.L.= Water level. 
:= =E9,uivalent to. 

Tboa Q=lO coa~lOO,OOO ouseca meana diacbarge in model waa 10 _... equivalent to 100,000 .-a In 
the prototype. 
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PART I-SPECIFIC EXPERIMENTS. 

1. EXPERIMENTS WITH MODELS OF THE INDUS AND THE LLOYD BARRAGE AT 
SuK'KUR. 

For an introductory Note, see Annual Report for 1937-38. Figure 2 shows 
the river upstream of the Barrage. 

FIGURE!:2 

------
~~ ---

AB a result of the slight bend, the left bank Canals draw little silt but the 
right bank Canals, in particular the North Western Canal, draw excessive bed silt. 
The object of these experiments was to test various alternatives designed to reduce 
silting in the right bank canals. 

Two models were used, one being of 1/300 horizontal scale, embracing 7 miles 
of the river above the Barrage, and the other 1/150 scale embracing the length of 
river shown in Figure 2. 

Verification of scale ratios in lf300 scale model. 

Preliminary experiments were carried out to find the discharge, silt, and time 
scale ratios which would reproduce cross sections similar to those of the proto
type-allowing for relative vertical scales. 

Three discharge scale ratios, calculated by different methods, were, 
(a) QmJQ.=1/51,500, scales being worked out from the rectangular cross 

sections of the river between the Divide Wall at the nose with 
Latitudinal scale=Longitudinal scale=1/300 
Depth scale for river and gorge=l/36. 

(b) Q/mQ.=1/68,500, the scales being based on elliptic dimensions of a 
regime channel according to the Lacey formuloo, allowing for the 
same divergence from regime at Outfall Section as in the proto
type. 

The latitudinal scale=the longitudinal scale=l/300 
' P ' scale= 1/262 
Depth scale=1/40 for the river 

and =1/50 for the gorge. 
(c) Qm/Q.=1/84,600, method being similar to that in (b), except that 

'P' scale=1/300 and depth scale=1/47 for the river and=1/50 for 
the gorge. 

The following difficulties were met with in this model :-
(1) The river porti?n of the models had vertical exaggerations of 8·3; 

7·5 ~n~ 6·! m (a), (b) and (c) respectively. In the gorge portion, 
for Sllllilanty of flow conditions, the longitudinal scale was required 
to b~ the same as the vertical scale ; but this would make the gorge 
porti?n very long and would lead to other difficulties, i.e., the ex
panswn and curvature of flow would be affected to a marked extent. 
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(2) O~ng to the small length of the model, it was not poR-qible to gilt silt 
mto natural suspension, and most of the movmrr silt-which is 
always relatively much less in the model than in the prototype
was bed silt and relatively coarser. For these rea.~ons, it WIIS im
P?ssible to reproduce silting in the model simil11r to prototype. 
Silt movement was negligible in the model except dnring the flood 
season, so silt experiments were limited to that period. 

The suitability of the scale ratios was tested by comparing the bed levels in 
the prototype observed at fortnightly intervals at various sections upstream of 
the Barrage in the prototype with those obtained in the model. Experiments 
were done for a flood period equivalent to that of 1936-in which the maximum 
discharge of the river was 422,000 cusecs. Best results were obtained with the 
discharge scale=l/68,500 (i.e., according to method (b) above). The time sctlle 
ratio=1/46 and silt charge=1/2 natural silt charge for the model velocity (allow
ing for prototype divergence). 

EXPERIMENTS WITH VARIOUS ALTERNATIVES DESIGNED TO REDUCE SILTING IN 
THE RIGHT BANK CANALS AND IN THE NoRTH WEsT CANAL IN PARTICU'LAR 
(1/300 MODEL). 

A. Single large radius vane starting from Outfall Section. 

Series XVI (with 1935 flood conditions approximately, maximum Q being 
;:572,000 cusecs) and Series XVII (with 1936 flood conditions) were carried out 
without and. with "4,000 ft. radius vane". The top of the vane in XVI, was 
at:=R. L. 184·0 and in XVII, was at:=R. L. 190·0 at Outfall section, sloping down 
to:=R. L. 185·0 at the end (see fig. 4). The upstream face of the vane was vertical 
but the downstream face was protected with 1 in 5 sloping pitching. Figures 
3 and 4 show the lines of flow in XVII without and with vane. 

FtGU!'<!s;:. 3 
5Ul<l<UR BAI<!RAGE EXPTS: 
SERIES Z!IJI: EXPER!MEHTS WITKOUT' VA!iE. 

LINES OF Fl-OW ~=3·95 
IIi 

\ 
.l ... 
~ 

~ .. 
" 0 

i 
~ 
li .,_ ... 
t 
i 

B 
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FIGURE. 4 
SUXI<UR BARRAGE" E"XPTS: 

SERIES XJlii WITH VANE 

L'!f.IN~£.g;S;L_fO~f'":.i.F.]'L.cfO~W~_!W.~1~1H~~G~E!==33~5~,~0~0~0~C~li.~:S:~'E~C~S. 
: ,, 1'~ P."''O..,.'O ,.../?OM 1-B.JtJLY /93f£ 
CORRESPONDING P£R!Ov " "'' ' ' n 

' REF"Eii'E:riC&S•-__ _ 
SURF"AC&·-
MID-OEPTif· ------
#J&D.·-··-.. ·····-···-• ••• • ••• • 

" . . SCALE· I =6 E!/800. c. 

. . . . . . . . ... 
~ 0. 

~ 
~ 
I& 
'!; ... 
~ 
\\;, 

With a discharge of 3·95 cusecs (::: 335,000 c~secs) ~n a rising flood, the fol
lowing were the divides measured on Bunder Sectwn. 

TABLE 1. 

Width of water drawn by Right Pocket, measured at Bnnder 
Seotion from R. B. 

BerieoXVD. 

Surfa.ce water • Bed water. 

. 
Without vane . . . . . . 0·55 ft. 1·0 ft. 

With vane . . . . 1-35ft. ' Bed silt near right b&nk was 
just not excluded. 

It will be seen that with the vane, more surface water and less bed water 
was drawn by the Right Pocket. Figure 3 also shows a marked general trend 
of bed water towards the right bank and away from the left bank due to the right 
bank being on the inside of the curve. By inducing spiral flow by a vane, the bed 
silt was almost excluded from the right pocket. 

When the discharge was increased to:474,000 cusecs scour upstream of the 
vane began, and with Q:572,000 cs., the discharge along the right bank increased, 
while the channel on the left bank began to silt. On a falling flood, however, 
the upstream face of the vane began to silt. 

Good silt exclusion was obtained with high discharges, which is in agreement 
with the results of experiments carried out in 1932-34; and it appears that the 
vane would be effective in good years-as in 1935; but with a low river as in 1936, 
it would not have been helpful and with an even less favourable river it might 
make conditions worse. 

B. Series XIX.-Closure of right gorge between Bukkur and Sukkur. 
It was considered that the proportion of discharges passing through the 

Bukkur-Sukkui: gorge and through the Bukkur-Rohri gorge was a very important 
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PART L 7 

factor in influencing the curvature of flow downstream. In 1936, the main stream 
of the river was along the right bank upstream of Bukkur island and the disduuge 
then drawn by the right (Bukkur-Sukkur} gorge was about 40 per cent of the 
total river discharge. In 1938, the main stream shifted to the left bank upst.ro1\m 
of Bukkur island. The right gorge then drew only 20 per cent. of the t.otal river 
discharge; and by the end of 1938 Abkalani, conditions at Sukkur improved con
siderably, because instead of one deep channel along the left bank, two channels, 
one on each bank appeared which will be seen from the prototype contours of the 
river bed in figures 5(a} and (b). 

It seemed possible, therefore, that improved conditions mig lit be. maintnined 
by controlling the proportion of discharge passing throuJ:(h the right gorge bet
ween Bukkur and Sukkur. This was tested in Series XIX by closing the gorge 
and the effect on flow conditions, velocity distribution at Outfall Section, and 
silting and scouring between Bunder Station and Barrage was observed for the 
full flood period of 1936. 

Figure 6 shows the lines of flow in Series XIX, which may be compared with 
those in figure 3 in XVII (with 40 per cent. of the discharge flowing through the 
Sukkur branch of the gorge}. 
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Table 2 shows ' divides ' measured at Bunder Section, which indicated that 
more top water and less bed water was drawn by the right pocket in XIX than 
in XVII. 

TABLE 2. 

Widtb of water in ft. drawn by Rigb' 
Pocket, meuared at Bander Station from 

right bank. 
Serleo. 

Surface. Bed. Ratio of Bed/ . llnrl-. 

Serieo X Vll (with both gorgeo open) . . . . . 0·56 ft. 1·00 ft. 1-82 

Seriea XIX (with right gorge olooed) . . . . . 0·110 ft. ()-78 ft. o-87 

B2 
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Velocities were observed at Outfall Section, and were found to be more 
uniformly distributed than in XVII. . 

Cross sections, observed at intervals of=on~ month, ~bowed greate~ deposi
tion of silt near left bank and more scour near nght bank m XIX than m XVII. 
The scour on the right bank in XIX indicated th~t a c~annel had form~d close 
to it and was maintained throughout the flood penod---vide figure 7 showmg bed 
contours. 

These experiments showed that the less _the proporyion of. discharge pas~ing 
through the right gorge, the less was the quantity of bed. :Silt movmg along the right 
bank, resulting in conditions more favourable for the Right Bank Canals. 

C. Central sanil, bank upstream of the Barrage (experiments 1 to 5 of Series XX). 

·Owing to the ponding of water upstream of the Barrage since 1931, the central 
sand-bank had increased steadily in area and height up to the end of the cold 
weather of 1936-37. Every Abkalani flood season, the top of the sand-bank is 
slightly lowered by scouring action, while from October to May, silting takes place 
more or less uniformly due to the deposition of fine silt from suspension as a 
result of very low velocity of flow. 

The object of this series of experiments was :-

(a) to find out whether the central sand-bank could be maintained per
manently at a desired R. L. ; 

(b) to see whether, with a permanent sand-bank, a deep channel would 
persist near the right bank throughout the year as on the left bank, 
due to curved flow being established ; and 

(c) to investigate the possibility of establishing adequate curved flow to 
carry _bed silt outside the Right Div~de Wall, by pitching the nose 
and side of the sand-bank on a smtable, curved, alignment,-see 
figure 8. 
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Expe~ents carried out with 1936 flood conditions showed that the 

l:t~rak ~gh level, ~and-bank was not a permanency ; but scoured during 
l ~ . 0~h · Edin With Q=:350,000 cusecs, the "one-man-stone" protection 
t~4.~~ an e ~0 e _:long .the margill: of the sand-bank scoured down to=:R. L. 

• d With Q= 750,000 cusecs, It would probably scour down to R. L. 177·0. 

R {fi8!~re~lre, it w:ere. desired to maintain the margin of the sand-bank at 
b~ v · ' olks Weighing at least 700 lbs. would be required and scour would 

ery severe a ong the left bank c;;hannel, due to restriction of waterway. 



PART I. Sl1eet 1. 

EXPERIMENTS WITH MODELS OF THE R[\'ER DH>t:S ABO\'E THE SUKKUR BARRAGE. 

Right Bank? 
Canals. 

1840. Gcnerol view of 1/100 ~~eale Sukkur Barms:o modol, looking UpKh-cam. 
(Dcpt.h scnlo rntio=l/30 and dieobnrgo IICAio mtio-IJ:.!0,7llll). 

(()Ill..,~ to l't'jlnlntc> 
WRh•r len•l• d/1 
of Unrrngf', 

Loft Bank Canals,~ 
Left Pocket 
and the Divide 
Wall. 

1871. 

oi.· JtiJ,Cht 1'cx•kf't with 
rni114•d 11i II Bt 
t•ntranoo, 

~ ~~·w niAllt BAnk 
Appro11ch Channel, 

1/300 scale Sukkur Barrage model (D!>ptl• . ~alc==>l/40 and diHOba~I{O 
8C&Ie= 1/68,500) with the new Ri~.tht Hllnk Approneh Chruml'l, 11howm~ 
flow conditione with Q Ri'\'<'80H,OOO cu~t~:OII and of Hight Dank Ap· 
proach Channol;:40,000 ousec:l!, looking ·~own~trcam, 

1967 1/160 eooJe Sukknr Barn.ge 1\lodel, Hbowing the ~ew Bight Bank Appro~b 
• Channel, Right Pocket with ra~ sill and R1gbt ~aak CaDAla, lookmg 

upetrcam. 
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PART I. 9 

D. Design of new Right Bank Approach Clumnel to exclude silt from the Right Bank 
Canals. 

The requisites for silt exclusion from the Right Pocket appear to be :-

(i) concave river curvature along the right bank betwt'en Out.full section 
and the Right Pocket, in order to deflect bed silt awny from the 
pocket; 

(ii) an· adequate discharge along the right bank throughout the year to 
prevent alternate silting and scouring; 

(iii) a favourable velocity ratio at the nose of the Right Divide Wall for 
the period when bed silt is moving ; and 

(iv) conditions favourable to scouring the undersluice pocket. 

The two css611tials are curvature of clmnnel flow and control of disclmrge. 
All these 'desirable features would be insured and nulintainct! by mlopt.ing 

the design of new approach channel shown in figure 9. 'l'his design wns toRtcd 
in the 1/300 and also in a new 1/150 scale models, constructed to test tho srnlo 
effect, and was found to be satisfactory-vide photos 1840, 1871 and 11l07. 'l'ho 
maximum discharge run in the 1/300 model was 13·15 cusecs (:900,000 cuscCH) 
and in the large model, 29 cusecs (:: 600,000 cusecs). 

The design consists of a curved approach channel-5,000 ft. long from the 
nose to the Barrage and 2,250 ft. long from the nose to the off-take of the Pocket 
-this design creates favourable curvature of channel flow and so exclude bed 
silt from the Right Pocket. ·To improve silt exclusion still fm-ther, a raised sill, 
with top at R. L. 183·5 is provided at the entrance to the Pocket. 

Discharges in the approach and Right Pocket channels would be controlled 
by the Barrage gates and the most favourable combination would be found by 
actual test in the prototype.· Either 'semi-open flow ' or 'still pond ' method 
of running might be followed. This design is based on the same principle as the 
silt excluding approach channel to the Mithrao Canal-Ex Nara at 1\lakhi-, which 
has proved so successfulm ; and the model has confirmed that it would exclude 
practically all bed silt. 

At river discharges exceeding 300,000 cnsecs, the entrance to the approach 
channel would itself act as a silt excluding head< 21, during the time when heavy 
bed silt was in motion. 

The approach channel as designed would be:450 ft. wide at entrance, 
reducing down to 390 ft. at the upstream end of raised sill, and to 300 ft. at the 
downstream end of raised sill. Further downstream, the channel would flow 
through spans 15 to 23 of the Barrage; spans 6 to 14 being completely closed. 
The approach channel would normally carry a discharge ranging between 26,000 
and 35,000 cusecs. 

When the model was run with a discharge:: 600,000 cusecs with all the river 
gates fully open, including the gates of spans 15 to 23, the discharge through 
the approach channel was found to be:90,000 cusecs. This showed that even 
when all the gates of the river portion of the Barrage were open-when the head 
available for forcing water through the approach channel would be minimum-, 
the approach channel discharge would have to be throttled down by gate regula
tion. This is a very important factor; beealise it means that it woul<l be JlOHHiblc 
to maintain a scouring velocity in the approach channel under all conditions 
except in the cold weather months, when the discharge pusHing through the ap
proach channel undersluices would be very small, as nearly the whole of the Hupply 
is then required by the Canals. This would not, however, cause trou hie, because 
under such conditions there is very little bed movement and any small deposition 
of fine silt. could be scoured away. 

It may be thought that a reduction in length of the Barrage would be an un
desirable feature of this design. The Barrage was, however, designed to pasa an 
estimated maximum flood discharge of 1,500,000 CUl!CCS (q=379 cUBecs per foot 

l Bombay Public Works Department, Technical Paper No. 69: 11 Silt control at the Headl of Canall and Dif. 
tributaries" by C. C. Inglis and Rao Sahib D. V. Joglekar. 

s Bombay Public Works Department, Technical Papen N01. ~and 46 "Note OP Silt oxcluaion from Caoala" 
Parto 1 and II, by C. C. luglia. 
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h · discharge recorded during the last 25 years has been · 
run), whereas t e maxnT~ design of the approach channel is based on a maxi
about fl800d,ood~ chusecs. of 90e0 000 cusecs (or q=348 cusecs per ft. width which is 
mum oo 1sc arge , 

< Jess than the designed q). 
It has been suggested that the approach channel would deflect the river 

· t d the left bank downstream of the Barrage. Any such tendency 
courlsde howar s r be counterbalanced by the larger discharge passing through 
wou , owev:e • h h 1 d J · · i the cold the ri ht bank undersluices and the approac c anne un ers ~ces n 

thg causing a right bank channel to form. Moreover as the nver course below 
~C: B:~rage is largely determined by conditions above t~e gorge and downstream 
of the Barrage, it is doubtful if the effect would be considerable. 

The design may require modification of detail? taking ~ractical r~quirements 
into account, and experiments with both models Will be contmued durmg the next 

year. 
I 

. 2. TRAINlNG 8ARDA RIVER ABOVE THE BARRAGE AT BANBASSA-UNITED 
PROVINCES. 

Introduction. 

The experiments cond~cted during the year had two objects :-

One of the main problems in connection with the Sarda Banage, as described 
· in the 1937-38 Annual Report, is the tendency for the flow. from the Eastern 

Channel to cling to the Left Upstreem Bell Bund, from where it has t? be drawn 
· across the noses of the Barrage piers to feed the Right Pocket (see Figure 10(a)). 

Attempts to open up the Western Channel by gate oper~tion failed; but model 
· experiments, previously described, showed that an extensiOn of the Burma Spur 

· would be beneficial. 
As stated in the 1937-38 Annual Report, however, it is doubtful whether 

the proposal to reopen the Western Channel by extending the Burma Spur would 
be successful, unless a considerable part of the east and south-east bank of the 
Kala Jala island could be eroded by extending the head of the Nepal Spur. Ex
periments were, therefore, carried out to see the effect of extending the Nepal 
spur on the Western Channel. 

The other problem concerns the protection of the Right upstream Affiux 
Bund. Figures 10(a), (b) and (c) show the cold weather survey of the Sarda River 
at Banbassa after floods of 1936, 1937 and 1938 respectively. Until the begin
ning of the 1937 flood season, the main stream was through the Eastern Channel, 
the Solani Got Channel taking about 25 per cent. of the discharge during floods. 
During the 1937 floods, a complete meander upstream of the Nepal Spur was 
established and a new channel-shown as 1937 spill in Figure lO(b)-,-developed 
from the main channel to the Solani Got Channel. This was considered to be 
undesirable by the local officers, because in the event of the Solani Got Channel 
becoming the main stream, the Right Affiux Bnnd would be endangered. So a 

. boulder bund was constructed across the mouth of the 1937 spill to prevent its 
further development, and a cut was made from the main river in front of the 
1937 spill into the old spill of the Kala Jala island, called the Central Channel-

.. see figure 12. It was predicted by the Director of this Station, and subsequently 
shown by the model, that as conditions in 1937 had been very critical, the boulder 
bund would b~ washed away and the 193? spill :would enlarge. This actually 
happened dunng th~ 1938 floods, the maXImum discharge during the year being 

· 380,000 cusecs-wh1Ch was the second largest flood passed through the Banage 
· (the largest. being 522,000 ~usecs in 1934). The central channel through the 

Kala Jala did not op~n-whlCh had als? been shown by the model. D)lring the 
1938 floods, the Solaru Got Channel earned 50 per cent. of the discharge, of which 
30 per cent. passed through the 1937 spill, and the remaining 50 per cent. through 
the Eastern Channel. . 

The flow co~ditions at the Barrage in 1938 were better than hitherto, in that 
nearly half the discharge flowed almost normal to the Barrage through the Solani 
Got channel ; and the flow from the Eastern Channel spread towards midstream 
instead of being concentrated along the left upstream Bell Bund. . ' 
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. Si~~:ce 1937, the river has. bee?-. in a. very sensitive condition. The clmnges · 
m the nve! cours~ show the desrra.b~ty_of constructing groynes along both b1mk~. so 
that the nver Will be con~rolled Within a. width not more (and pref<>mbly l,•ss) 
than the length of the Barrage. Experimenta were carried out to show the effl•et 
of building a. short spur at the corner of the Right AIRux Bund to proteet the 
latter from attack, due to increased discharge in the Solani Got channel. . 

Experime11ts. 
The scale ratios of the model were :-

Horlzonte.Iooaie ratio 1/160 
Depth ooale ratio 1/60 
Diocharge ooalo ratio 1/70,000 
Time scale ratio 1/300 

The first essential was to reproduce the prototype conditions. Series I tc 
IV were done with this object in view, the criterion being that the model laid · 
according to 1936 conditions should reproduce the development of 1937 condi- " 
tions. The bed, islands and banks in prototype consist of widely varying mate- ~
rials, from fine sand to large boulders (maximum diameter=18"). In the model,' 
this was simulated bY. fine sand to !" dis.. pebbles. The tops of islands and banks,~ 
which are covered wihl vegetation, were laid in cohesive silt. 

The upper limit of the model is shown in figure IO(a). At this point, the; 
river in the model tended to flow straight, instead of following a meandering course • 
as in the prototype. It was, therefore, found necessary to construct curved vanes: 
to direct the flow. The lower part of the model depends on conditions upstream,. 
which are highly unstable. If the entry to a. model can be located in a stable · 
reach, entry conditions present little difficulty; but when, as in the Sarda River,· 
the whole river (except at the Barrage) is unstable, entry conditions are all-im
portant ; and success was obtained only after experiments had shown how to 
impose correct entry conditions. · 

Series V with the extended Nepal Spur.-The Nepal spur was extended by: 
the equivalent of 720 ft.-shown dotted in Fig. 11-so as almost to block the 
rapid. (See p. 12). ·• 

The model was run for the equivalent of 5 years, discharges in the fJISt 4 · 
years being as in 1936 with maximum Q=:240,000 cusecs; but in the 5th year,' 
the maximum Q run was: 522,000 cusecs. Upstream of the extended Nepal· 
Spur, the main stream cut through the shoal ' K ' and flowed round the nose . 
into the Eastern channel-see figure 11. Eventually, deposition of silt scoured, 
from upstream of the Nepal spur took place in the Eastern Channel, and a. channel; . 
began to form through the island 'C ', thus increasing the discharge running · 
along the edge of the Kala Jala island. The flow conditions downstream of the -
Burma Spur were, however, little changed i.e., water did not flow through ther . 
Western Channel; but flowed straight towards the left bank spans (19 to 34) of,.· 
the Barrage. Thus, extending the Nepal spur failed to cause any considerable , 
curvature of flow, which is essential for major effects in the prototype. In this: 
series, the proportion of discharges carried by the 1937 spill, the Eastern channel 
and the Central channel was recorded and the results agreed closely with those of'. 
the prototype. Also, the bund constructed across the mouth of the 1937 spill· . 
was scoured away and the channel enlarged during the experiment, as actually · · 
happened in the prototype. · 

Series VI.-In the prototype, the central channel through the Kala Jala··, 
island does not show any signs of opening up; and the Western Channel silted in'.· 
1938 floods. In the model, two bunds, one to divert water into the Central Channel: 
and the other into the Western Channel-shown in dotted lines in figure 12-·:· 
were constructed, in addition to the extended Nepal spur of Series V, with the. 
object of increasing the flow through these channels. 'fhe mouth of the Central: 
Channel is situated on the outside of a curve. At the beginning, part of the How~· 
was diverted into the Central channel ; but this carried scoured bed material ' 
along with it, which deposited at the mouth of the channel, thus preventing: 
further opening. Neither was the Bund, which projected into the main stream: 
opposite the Burma Spur effective in diverting part of the flow into the We.~tern 
channel, because the bed material scouring from the upstream side entered the· 
Western channel and blocked it still further. 

r 
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. f this series was to verify the effect of proposals 
Serm VII.-The obRJ?cht toAfll Bund from possible scour, due to increased 
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discharge through the Solani Got channel ; and also to see whether short groynes 
along the eastern face of the Kala Jala island would pull the main stream towards 
the Kala J ala island. 

Experiment 1-figure 13- . 
(i) with a short spur at the comer of the Right Afll.tfx Bund. Length 

of straight stem::300 ft. and 90° curved head of radius=aoo ft .. and 
(ii) with short groynes pointing 45° downstream, also constructed at •three 

points along the eastern face of the ·Kala Jala island to see their 
effect on pulling the main str~:am across to the Kala J ala island. 
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PART I. 

MODEL OF THE SARDA RIVER AT BANBASSA. 

Discharge scale ratio= 1/70,000. 
Horizont&l scale ratio:a l/150. 
Depth scale ratio-= 1/50. 

~Barrage. 

~Right Afflux Buud. 

~Old low lovel boulder 
Dun d. 

1869. Scrit's VII, E:xpcrimcnt 2, '1\'ithout epur on Right Aftlux Bund (i,t., 1038 
. condit ions), looking downstream. 

1801. Seric8 VII, Experiment 3, with apprO\"cd abort apur at co~ of the I<lgbt. 
Afflux Bond, looking downstream. 

~Approvod 
11b0rt 
1par. 



PART L 13 

. Experi~ent 2 without spurs-vide photo 1869 and fig. 13. The model was 
l3;1d acco!ding to the 1938-39 survey plan and discharges were run as in the pre· 
VIOUS senes. 

Eastern Channel.-. Groyne No: 1 in experiment 1 led to local scour and con
centrated flow along 1ts nose, which caused an increase of flow in the Enstern 
Channel; but as this design was very sensitive and its effect hard to predict, it 
was not recommended. In experiment 2-without groynes- there was a natnral 
tendency for the ~ain stream to flow across from the left fla~k at the Nepal Spur 
to the Kala Jala Island, due to a meander swing of the river occurrin<Y at the 
Nepal Spur. This tendency was accelerated by adding groyne No. 2 i~ experi
ment 1. · Groyne No. 2 was, however, not recommended, because even without 
it the natural tendency of the river under 1938-39 conditions is to swing over. 
Groyne No. 3 was not effective in pulling the stream towards the WcsternClumnel 
on account of scoured sand from upstream depositing in the channel. 

Solani Got Ohannel.-With the spur at the corner of the Right Afflux: Bund, 
the bed flow was deflected away from the Canal head ; whereas, without the spur, 
the bed water flowed along the Right Affiux Bnnd into the Canal. The flow 
upstream and downstream of the spur was slack, only the nose being subject 
to severe action-vide fignre 13. Velocities along the Right AffillX Bund were 
reduced with the spur. With the spur, both quantity and grade of sand entering 
the Canal were reduced. The deep channel which, without the spur, formed along 
the Right Afflux Bnnd upstream ofthe pocket, was away from the right bank with 
the spur added. Thus the short spur 

(i) protected the Right Affiux Bnnd by diverting the high velocity flow 
away from it ; 

(ii) reduced silt entering the canal ; and 
(iii) improved flow conditions by diverting the main channel outside the 

divide wall. 

Although experiment 1 of Series VII did not indicate any appreciable ten
dency for the spur to cause embayment upstream, it h~d been for~seen that this 
might happen and could be neutralised. Further expenments are m progress. 

Series VII (Experiment 3).-In this experiment, the design of t!IC short spur 
on the Right Affiux Bund was modified to suit the constructiOn proposed 
at Banbassa-see :1\,<YUie 14 and photo 1891. The stem=:340 ft. long 

: . . . .. 
FIG. 14 

I » • .. 
0 
0 
•' 
I 

I 
I 

• .[. ::: :;34-0 ---+! 

~~14.-.- - - ----
" .. 
'"' ~. 

ii .... 
.llo 
;;z 
ll 

. ed head 67! o plus 22! o straight (against 90° 
(as aga~nst ::300 ft.) and 1)cur;he spur was moved=:lOO ft. upstream of the 
curved head ~f expenment · 

0 
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· · of ex eriment 1. Although the effects of these changes w~re 
position of tbhe spurll . t !'s considered desirable to compare results with the earlier 
expected to e sma , I w 
design. h fl d f · t 

Th 
· twas run for a period=3 years, the 5t oo o expenmen s 

e expenmen - b · · th 3 d 1 and 2, in which maximum Q::522,000 cusecs, emg run m e r year. 
The Ri ht Affiux Buna was not attacked and the flow was very slack along 

its face Tte canal drew surface water and the amount of. s~nd trapped was 
slightly ·less than in experiment 1. The results were very similar to those of 
experiment 1. . 

In order to detennine the amount and nature of scour r~und the nose, 1t w~s 
left without protection. Figure 15 shows scour after the high flood was run m 
the 3rd year. 

F"/6URE /5 SHOW/Nti" SCOUR ROUND THE NOSE _OF ·THE SPUR 

(AS PROPOSED TO BE CONSTRUCTED) 

.AFTER FLOW= 3 Y/!ARS IN EXPT. 3 (SERIES VII) 

~ 
~ 
~ 
~ 
l 

{ 1 INCH • 2 FEET IIV MODEL. 
SCAl-E 1 INCH = 300 FlET IN PlfOTOo 

0·0 CONTOUR • R. L. 73Z. 

-o-l CONTOUR • R. L. 727. 

- o-i CONTOUR • R. L. 722, 

-o-3 CONTOUR • /l.l:.. 717. 

It will be seen that it was only the nose of the spur that suffered heavy attack. 
This will have to be strongly protected. The velocity on the upstream face of the 
spur was very low and no scour took place in the model. 

Further experiments are in progress. 

3. TRAINING THE JUMNA RIVER AT NEW DELHI. 

This problem was described in the Report for 1937-38, to which reference 
may be made for a detailed history. 

In brief, the Delli Gate Pumping Station was constructed on the right bank 
of the river in 1922 when the river course was along that bank. The river subse
quently moved across to the left bank below the railway bridge, crossing to the 
right again downstream of the Pumping Station, so that, in order to obtain 
water in the low-water season, cuts have to be made each year across the sandy 
bed of the river. 

The 1937 course is shown in figure 16. The river is held firmly on the right 
bank upstream of the bridge by masonry works along the bank; and on the left 
b~nk downstream of the bridge by groynes Nos. 4 and· 5, extended to form spurs 
With armoured heads, 
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i>Aitr i. 

. ~o induce t~e river to cross to the right bank upstream of tho Pumping St.>\· 
twn, _It was constdered that the removal of groyne 4 would b3 noees.~1uy, to ennblo 
the ri':er to fo!m an embayment upstream of groyne 5 and swing aero&~ to tho 
~umpmg Statwn ; also that groyne 6 should be removed as it temlod to hold tho 
lwer on the left bank. 

The effe~t of this was tested in S~ries I of tho exporimen!o!, wit.h a motlol 
of 1/200 honzontal scale and 1/27 verttcal scale, as described in tho Report for 
193_7-38. It was shown that the removal of groyncs 4 and 6 was insufliciont 
to mduce ~he ri':e! to cross upstream, and an extension of groyne 5 was thought 
necessary m additwn. 

At this stage the model was lengthened to include an additional 3 miles down
stream and the e:cperiments were repeated untler the improved contlitinM. In
stead of leng:therung groyne 5, however, an alterMtivo W>L~ te.~tocl, compri~ing 
the constructiOn of a short spur on the right bank near tho Pumpin•• Station tho 
object being to ' pull ' the river across to that bank. 

0 
' 

As b~fore, the . model was l~id accoriling to the 1 !)36 survey, and 3 flomls 
were run m successwn, representmg 50,000, 100,000 and 50,000 cusecs, followed 
by a steady discharge, equivalent to 1,000 cusecs, to form tho cold-wenther low
water channeL The discharge scale was 1/28,000 and time scale 1/-10, b~l>lod on 
the Lacey formulre, but the discharge scale was increased for lower <li8charges. 
Silt was injected as usual. 

Figure 17 shows the lines of flow 

(a) with the present arrangement of groynes, 
(b) with groynes 4 and 6 removed, and 
(c) like (b) but with the addition of a short spur on tho right bank near the 

Pumping Station. 

It will be seen that, in spite of some embayment upstream of groyne 5, the 
model did not indicate any appreciable improvement as a result of removing 
groynes 4 and 6. This was because the embayment which formed was inRuflicicnt 
to create adequate curvature of surface flow. In (c), however, the surface flow 
was drawn to the right bank by the action at the short spur. 

The low-water channels after 3 floods are shown in figure 18. As the experi
ments were essentially comparative, the results with (a) groynes 4 and 6 removed 
and (b) with the addition of the short spur, are shown superimposed on the result 
obtained in experiment 3, with the existing training works. Whereas in (a) two 
channels formed downstream of groyne 5, one ncar each bank, in (b) there was 
only one channel on the right bank brushing the Pumping Station. 

It is likely that the reason why the removal of groynes 4 and 6 alone was 
insufficient to cause an earlier translation of the river was the already short me
ander, from the bend above the bridge, as a result of which the embayment above 
groyne 5 was insufficient to throw the surface flow across to the right bank. In
stead, the bed flow was thrown across. Only with the assistance of the short spur 
near the Pumping Station was the surface flow induced to cross. 

It is to .be noted, however, that the greater the degree of vertical exaggera· 
tion, the greater is the influence of groynes and curvature of flow on a river course, 
owing to the region of scour at the noses of the groynes being far more extensive 
in plan than it would be in the prototype, to the horizontal scale. 

Due to this, not only was the low-water channel downstream of t~o groyne 
wider than would be fonnd in the prototype, the results therefore appearmg better, 
but the small spur near the Pumping Station exerted more influence on the river. 

To study this effect the ~ode! was re-co~tructed w~th a vertic~\ exaggera
tion of only half what it was m the first 3 scnes, the vertwal scale bmng reduced 
from 1/27 to 1/54 while the horizon~al scale remain~ unchanged a~ 1/200. The 
discharge scale was also reduced, bemg 1/80,000 f_or h1gh floods, agatnst 1/28,~00, 
and the timescale, being dependent on the veloctty scale, became 1/27, agamst 
1/40. 

Figure 19 shows the low-wa~r c~n~el resulting 'Yith the existing trai~ing 
works after reduction of exaggeration (Senes IV), supenmposed on that obtamed 
. • 0 2 
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in the- previous experiments (Series III). Both fl~od channel and low-water 
channeL downstream of the spurs were narrower and m some ways bore greater 
resemblance to the channels of the prototype. 

Fui:ther experiments with this model are in progress: 

4. TRA~ING THE WATRAK RIVER To PROTECT KAmA ToWN, GbJARAT (BoMBAY 
.· PRESIDENCY). 

. The problem and the two first series of these experiments were described in 
the 1937-38 Annual Report. 

In 'brief, erosion has been taking place at a sharp bend of the river just up
stream of Kaira Town, see figure 20, the N. W. corner of the town wall was under
mined and collapsed into the river together with some houses, and there was every 
indication that the erosion would extend. Groynes constructed on the concave 
bank had been washed away. 

TJJ.e primary object was to protect the corner of the town, but it .was also 
import1!,nt to deflect attack away from the west wall of the town for 1ts whole 
length,_and, if practicable, to reduce further erosion of the river upstream. 

Independently of the above, a high-level causeway had been proposed at 
site C (fig. 20) and later a bridge at site B, but neither had been constructed. 

Series I and II.-The experiments described· in the 1937-38 Report were 
carried out with two models : Series I in a vertically exaggerated model, scale 
1/125 horizontally and 1/25 vertically, in which the effects on the river course of 
spurs of various designs, located at the N. W. corner of the town, were tested; 
and Series II in a geometrically similar model, of scale 1/30, embracing a shorter 
length and part-width of river, to show the flow and local scour around certain 
spurs, particularly sloping spurs which could not be tested satisfactorily in the 
vertically exaggerated model. 

Figure 21 shows the main surface flow under present conditions (experiment 1) 
·compared with the flow after constructing a Burma type spur at the corner 
of the town (experiment 4), which deflected the high velocity current away from 
the town wall. 

T~e.design of s_pu~ selec~ed as most suitabl? was that of Series II, experiment 
. 3, a slopmg spur pomtmg 35 upstr~am, s~own m figure 22. This was as effective 
as the Burma spur, but was ~weeter m actwn and would be cheaper to construct. . 

F\CE>U>i!E'·~ 

~ROPOS'Et:> SLOPIWG, S~U~ 

AT KA\Ii!J.\ TOW!>! \ W -

'WJ>.\gi>.Y., \<!1\IEF!. 

TOWH. 
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Experiments 'IWW rlescribed.-In view of the intention of brid .. in" tho river 
however, it was desirable to see in wlmt way a causeway or brid"e co~ld,...bo desi .. ne<i 
to train the river in the required manner. "' 

0 

Experiments with this object were carried out-Series III to V in tho vort.i
cally ex~~:ggerate~ model and VI in the geometrically similar model. 81>rios VII 
was earned out m the former to show tho probable futmo erosion upst.roam, if 
the N. W. corner of the town were rebuilt and stron .. tlmncd to ro.~ist ct·o~ion but 
nothing were done to train the river. This series will be describeu first. 

. Series .VII: Results wit/tout river training."-In this experiment, carriou out 
m the vertiCally exaggerated model, the corner of the town wall was relmilt and 
the corner and nmth wall were protected against deep scour. The cottel\VO bank 
upstream of the town was formed of loose silt to allow mpiu free scour. 

A series of similar Hood cycles were run, each reaching a pm~k of 6 ou~m:s 
:= 100,000 cusecs, and continued until bank erosion ceased, which ocounetlu!Lor 
8 Hoods. 

Figure 23 shows the extent of erosion, the present bank line boing ·dmwn 
for comparison, and the lines of How at maximum Hood. 

At lower discharges the flow followed the left bank in tho embayment, und, 
swinging around the town wall corner, was thrown away from the wall down
stream. At the peak flood, however, the main How cut aero&~ the bend and 
closely followed the west wall, as shown in the figure. There was severe aution 
at the corner, to resist which, deep foundations would be required. 

Moreover, it will be seen that the river cut more than 1,100 ft. into the bank. 
Erosion to this extent in the prototype would not only absorb a large area of lnrul, 
containing a temple and a length of provincial road, but would be liable to mmae 
encirclement of the town by an avulsion to the low ground and vnlley to tho etLst. 

Series III with high level causeway.-The eliect of a causcwny, 6 ft. nbove 
cold weather water level, was tested, locating it at various positions in different 
experiments. The 1 in 4 sloping mmp on the left b;mk (:: 1 in ~0 in prototype) 
acted in a similar way to the sloping spur of Sm·ies II. Photo Ulli3 shows cxperi· 
ment 6, with causeway upstream of the N. W. corner. 

Experiments 4 and 5 with the causeway at the comer gu.ve the best results. 
'fhese are not described in detail as similar experiments were clone later witl1 u. 
submersible bridge at a high level, which was prefemblc from the aspect of 
communications. 

Series lV to determine the effect of a small ufs groyne.-A groyne, 134 ft. 
long, had already been constructed on the left bank just upstream of tho bend 
early in 1938, with the object of deflecting the main flow across the bend away 
from the town corner. . 

The river flow was observed in the model under existing conditions, and with 
high-level causeway in two positions upstream of the town, in each ca!!C with and 
without the groyne. Figure 24 compares the main surface flow with causeway, 
with and without groyne. . 

The experiments indicated that the efiect of the groyne was undeKiraLie but 
small. 

Series V 'Ulith sulnnersible bridge.-This bridge was 10ft. higher than the cause· 
way tested in Series III and IV and would be submerged only in the highc.~t flootls. 
The effect of the bridge was tested both upstream of the town and at the corner, 
and in the former case the effect of a training wall running 250 ft. upstream from 
the left abutment (see figure 25) was seen. 

This wall resulted in less scour upstream on the left bank and straight How 
through the bridge, but the advantage was not sufficient to warrant the extra cost 
of construction. 

The best position for the bridge, like the cau~cway, ~as found t:: be at the 
town wall comer, but pointing 30° upstream and w~th opeumgs about :'00 ft. from 
the corner. Figure 26 shows the surface and bed hues of flow at maxmm~ Hood. 
This may be compared with figures 21 and 23. Photo 1862 shows the r1ver at 
low-water after a high Hood. 
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With the bridge in this position some erosion wo~ld be likely ol! the left ~~nk 
of the bend, but only a small fraction of that shown m figure 23 (wrth no trammg 
works), and the main river would be held away from the town wall and corner. 

As bores taken in the meantime in the river showed the existence_ of a hard 
stratum underlying the silt 34 ft. below low-water level {50 f_t. below b!rdge level), 
a hard bottom was placed in the model, at the correspondmg level, ~n the la_ter 
experiments of this series. Th!s restricted t~e depth of scour at the bndge, whteh 
otherwise would be very consrderable, and m consequence the flow downstream 
of the scour hole was less fanned out-more concentrated in midstream. 

Series VI: Submersible Bridge in geometrically-similar model.-The best posi
tion of the bridge having been chosen by results obtained in the vertic~lly ex~g&er
ated model the flow was examined in detail in a 1/40 scale geometncally-srmrlar 
model as a 'final test, and incidentally to obtain useful basic data on the compara
tive results of vertically exaggerated and geometrically-similar models. 

The latter type, if to a sufficiently large scale, gives more correct lines of flow 
and scour in detail over a short length. In a long model the channel tends to 
assume its natural section, which would be narrower and deeper, leading to in
correct results. Moreover, the size of model having sufficient discharge per unit 
width (Reynold's No.) for adequate bed movement is usually so big that only a 
short length, and usually part width, of river can be accommodated. A verti
cally exaggerated model, on the other hand, is necessary where changes of river 
course are concerned, because the much smaller discharge of the model than of the 
prototype requires a much greater depth-width ratio, for similarity of behaviour, 
just as in Nature smaller channels are deeper relative to their width3• Also, 
owing to its horizontal scale being smaller than its vertical scale, a greater length 
of river can be accommodated without excessive reduction of Reynold's No. For 
many problems, such as this one, a model of each type is required. 

The model of Series VI included almost the full width of the river from C. S. 4 
on the bend to C. S. 10, 2,250 ft. downstream of the corner of the town (see figure 
27 and photo 1873). • 

Experiment 1 was carried out with the submersible bridge in the position 
found most suitable in Series V. The maximum discharge was 9·9 cusecs, cal
culated to give equal Froude No., V2fgd, to that given by the maximum discharge 
of 6 cusecs in the vertically exaggerated model. The discharge scale for the lower 
discharges was higher to induce sufficient bed--movement. In experiment 2 the 

· maximum discharge was increased to 12· 3 cusecs, the lower discharges beina 
increased in proportion, as this was found to induce general bed-movement and 
yield similar depths of channel to those obtained in the exaggerated model. 

~igure 27 shows the lines of flo_w observed at ma:ximum discharge in this 
experrment. It may be compared wrth figure 26, the hues of flow in the corre
spon~g experime~t in the vertically exaggerated model. Figure 28 shows com
paratrve cross-sectwns on the upstream and downstream faces of the bridge. 

. ~t will ~e seen that the lines of flo~v (figs. 26 & 27) though similar were not 
rdentrcal. The eddy upstream of the rrght approach was more extensive in the 
vertically exaggerated model and pushed the main current towards the left. The 
flow through the bridge was therefore skew and the main current downstream 
was thrown more over to the right bank. 

The vertically exag~~rated mod~! was ~ore ~orrect in the lines of approaching 
flow, correct entry conditiOns not bemg obtamed m the geometrically-similar model 
due to th~ shortness of the model, but the eddy in the former was too large. The 
cross-sectwns are approximately the same in both (fig. 28). · 

Experime~ts 3 and 4 we:e. carried out with a high level bridge, clear of all 
floods, placed m_ the same posrtron. There was, of cours ), no difference in results 
except at_ very hrgh floods, when owing ~o the conce!ltratio.J. of surface flow through 
the openmg~, t~e flow through the bndge was slightly skew towards the town, 
and the mam rrver downstream therefore nearer the left bank. 

1
" G. Lacey": "Stable Channels in Alluvium." Proceedings, Institute of Civil Engineers, 1930. 



PART I. 

EXPERIME~"TS WITH A ~fODEL OF WATRAK RI\'F.R NEAR. KAJRA (lJUl(lJAY). 

1863. Showing vertically cxi~I!J,:ernh•rl model with cnuAewny UJIIIII"('nm of mouth 
of Vehela . Silting downstn•nm rnny be seen (Seri('ll HJ, ExJ•t. tl) look. 
ing downstream. 

Nc!nlo rat10111 
l /1 :!IS horizontal, 
1 /:!~ Y<!rtlcnl. 

1862. Showing vcrticnlly cxnj!j!erntl'd mOflcl with 11ubmt•noihlc hri<lge at town 
Wnll comer directed :J0° 11pHtrcam-recomml•n<i<'fJ flO'Iitlon--t~iJt hnnk 
tnny be IICI.'D along the town wniJ (Se ri<.'fl V, r:xpt. U) Jookinl{ UJIII!rf•am. 

1873. Showing the l /40 IIC&Ic J.!eomctriually aimilar m odel with hi11h level bridge ' 
llt comer of town. (Seri('ll \'1, Expt. 4) looking down.~trcam. 



c.s . . 

/ 

. . . . · ... 

. . . . 

. ~· 
•' 

:' 

. . . .. . . . . . . . . . . : . 
l i . . : . 

; : . . . . . . . . 

... 

. . . . . . . . . . . . . . . . : ~ : : 
i : . ! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·. :. ~ . . . . : : . . . . . . . . . . . . . . . : .. :. . . . . . . . . .. . . . . . . . 

~ .. ~. ":. . . . . 
~ ... : ~ . . .. . . .. . . . . . ~ . . .. . .. . . · .. . . . .. . . .. . . ... . . .. . . .. . . .. . . ... . .. · .. . . .. . . ... . . .. . . .. . . .. . . .. . . . . . . . . . . . . 

• .. • 0 

: :. .. ·. ·. \ . 
':. ·. . . . .... 

FIG.2:3 

JVATRAX RWER MODEL. 
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FREE SCOUR AT BEND ABOVE rOW/'/ . 

DIRECTION OF BED ~ SURFACE-

FLOW AT MAXIMUM DISCHARGE 

6l = 6 Cs.(? /00,000 Cs.). 

SCALE. I INCH:: 3
1

;; :375
1 

REFERENCES: 
SURFACE LINES OF FLOW ............. ----

BED '' '' •• .......... · · ·· ••••••••••• .. 

~ 
..,.....,......,. __ __.__ --- --- --- .... -+'•'-"'-'• ....__ '--'-~--
c.s.r . 



tn \~ 
t--~ 
\_ --
\ -~ 

\ - ' 
/ ' ' '\ 

\---L " ' 
I / ----- '\ X 

-/~~ \ 
\' \ 

. \ 
/~ \ 

F'IGURE.24 2f~\f.~~ 
WATRAK RtVER MODEL. 
SERIES :& EXPTS. 5 5. 6 

N 

// ',_ \) ) 
-=-==~~ ... _ --He.._ __....... --+-

.!:.Jii...7. 

"RAMP. 

R.l-. 70 I I 
I I' 
I I 

--1-f~--~-
1 I 
I I 
I I 
I I 
I I 

+-----l- I 
I I 

r~ ' 
~ \ ' 
P' \ ' 

c~,__ --\- -\-1+-lr-
\ \ 

\ l \ 
\ \ 
\ \ 

c.s. !.Q,_ __ _,I_ 

REF'ERE"HCES:-
EXPTI 6, WI'OI Ufg. 6ROYHE'.-
EXP'r: 6, WITHOUT II It ---

WATER LEVEL. ;:83. 

:TOWN WAL.t.. 



t<i 
Ul 

.l.i 
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WATRAJ< RIVER MODEL 

SERIES 1(, £XP7S: 1&.3. 

NP.· IZ40. 
C.l f H.R.s:_N. 

COMPARATIVe liNES OF FLOW IN EXPTS: /0:3. 

FOR (l = 6 Cs. := 100,000 Cs. 
H 1 I 

SCALE•- I = :3 ::375. 
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FIGURE. 2(;. 

WATRAK RIVER MODEL 

5ER1E5 V, EXPT: 8. 
WITH SUBMERSlBLE BRIDGE AT N. W. CORNER 

SHOWfNG DIRECTION OF BED &. SURFACE FLOW 
WITH ~ = 6 Cs.:: 100,000 CUSE'CS. 
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PART I. 

Conclusions and Recommendations
There were .three alternatives :-

19 

(i) to construct the bridge in the best po.qition for protecting the town 
and training the river i.e., from the N. W. corner of the town 
(fig. 26), 

(ii) to construct the bridge below the town 
(a) protecting the town by a spur, 180 ft. long, sloping down nt 

1 in 5 (fig. 22) or 
(b) deepening and strengthening the corner of the town wall. 

It was pointed out that from the protection point of view (i) was much tho 
best, but much more costly than (ii) (a), and would locate the bridge at a le~s 
satisfactory point in respect of communications than in (ii) (a) nnd (b). (ii) (b) . 
while costing least in outlay had obvious object.ions as described earlier. 

The Government of Bombay have decided to adopt (ii) (a), tho sloping spur. 

5. EXPERIMENTS WITH A MODEL OF THE RAJURI NALA AND AQUEDUCT 14-NIRA 
RIGHT BANK CANAL (BOMBAY PRESIDENCY). 

Introduction. 
-The Rajuri Nala flows through Aqueduct 14 from the right flank at nn angle 

of about 45°-'Vide figure 29. 

Nil III!J7. 
C. I. & H. tr.STII 

· FIG.2!!J -,PLAN OF NALA BeLOW AQUeDUCT 14. 

N. R. B. CANAL. 
SC.A.L~ :- I INCH • I:S::!O F: 

The right upstream wing wall was originally as shown in figure 30 in full line, 
but was extended as shown in chain-dotted line ~ pro~t the~ of the canal bank, 
the extension consisting of a dry stone wall w1th pomted Jomts. 
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The toe of this extended wall which ~as exposed to the main channel-as 
may be seen in photo 1826-<lollapsed durmg th~ severe floods of 1937. and the 
original object of the experiments was to determme the cause of the fa~lure and 
what protective measures were neceesary. It was presumed that ~he fmlure _was 
due to undermining by the current, but when the model was run, 1t was obvwus 
what was the real cause : During the flood, the wing wall was overtopped by 
2! ft. and the backing had evidently burst through due to the back pressure of the 
entrapped water. 

The remedy for this is, of course, to raise the wing wall above H. F. L., also 
making provision for the escape of seepage water. 

It was found from the model that, though scour was negligible, afllux was 
considerable, due to the skew flow of the Nala towards the aqueduct. Experi
ments were, therefore, done to see how far the afllux could be reduced by straighten
ing the flow approaching the aqueduct. 

J=iG.30 

P£./IJY 5HowlttG THE PoKK/1 JY//'/G JY/f£.£. 1 THE 

SuBSEtJCJE/'fT £"XTEIYSIOH IN JJRY /J1/iSO/'/RY. 
• 

FOR PRoTO /00 = ; . { , ~ 

ScALE:- FoR AtocEt. 4' := i.''. 

Description of the model. 

/Y_q '//GS. 

C·/ • ~ H.,es7Jr 

The model was geometrically-similar, the scale ratio being 1/25. The dis
charge constant was therefore=252· 5=3120. Rock in the prototype was repre
sented by concrete with a coat of cement plaster in the model, and massive kankar. 
-locally called ' man '-by clay. Massive kankar consists of sharp particles of 
fine quartz sa~d ceme~ted with lime. It contains many vesicles and is porous. 
The bed material used m the model was local sand, of mean diameter of 0·24 rom. 
(fd=l·76 m1=0·86 for regiine conditions). 

Experiments. 

The portion of the Nala represented in the model is shown in hatched lines 
in figure 29. The~e. is a bend in the Nala upstream of the aqueduct and, to impose 
natural flow conditwns at entry to the model various alternative entries had to 
~e tried before .correct fl~w .condi.tions were obtained. Figure 31 shows the flow 
m the model With the eXIstmg wmg wall (experiment I). It will be seen that 2 
out of 9 spans were out of action due to return flow and sand banks. 

Various designs of right upstream wing wall with top above H. F. L. were 
then tried, th~ object being to create sweet flow under the aqueduct and to ensure 
forward flow m all spans-see figure 3~. 



PART I. 
Shed 4. 

HAJllRl NALA AND AQUJWUC1' 1·1-NlltA RIGHT HANK CANAl. (MILE 44) (UOMBAY). 

S=Sand 
deposit? 

Dam~~Ged wing wnll (><Ub!!C(jUently rcpnirerl), 
~ 

Hnrd nuin cJt'poeit. 
..v 

1826. Looking Upiltrcam, showing tho miUIIIive knnknr of hnrd 'rruin' dt•JKiait 
on right bank UJllltream of tho win)l ~all. At upHll'eiLm l'nd of thi~ 
depo11it, there is rock which is the point at whic:h the ,~eroyrll' WI.Llt ti xt't.l 
in experiment 2. Note the 11und depoHit ut the upt<lrl·•ur. "idu of thu 
first span on the right, where two 11ptU111 out of 11 urc out uf VJJCr~<tiun 
duo to return flow. 



MODEL OF THE RAJUH.I NALA AND AQUEDUCT 14 (HOl\fBAY). 

Scale ratios : l /25 Horizontal; 1/25 Vertical. 

1787. Showing the model in experiment 1 (pn•ocnt conditions with repaired 
wing wall) looking uowustrcam. 

1831. Showing wo.rped curved head used in experiment 3. 

Slteet 5. 



Fia:- '31 1.4. N. R.B.CAN/ll-. 

EXPr.l. L!NE5 OFFLDW WITH THE.WJNs WALL AsiTwAs BEFo~<>E 
IT WA5 DAMAGED. Q :=/0640 C.s.(: 3·4{ C:.:s.) 
.o;s. ff.L..MAINTA//YeD fiT RL. = 1405. · 

w.L..AT THE o/srAce OF THE AQUEDUCT H'A5 /4c-/o. 
Sl.IRrAC;!: .t./NE~ Sl"fOW'/Y //Y. 
/3ei:J .t..JI/Ye5 5HOIY/Y IN 
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PART I, 

FIGURE :52 
SC'AL£ :- I INC'H • 160 FT 

\ 
CANAL. 

A B.UEDUC.T./4. 
N.R.B.C. 

N.tl 1/&G. 
e',l, "f H.~.$T/'I, 

-
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With the wing wall as shown in (a), the improvement over flow conditions with 
the old design of wing wall was slight, and when the extension was at right an~lcs 
to the aqueduct-see (b) in figure 32-, the conditions were worse, there bemg 
severe· return flow. With a wall as shown in (c) conditions were slightly better 
than those with the existing wall ; and flow wo.s, later, greatly improved by adding 
a groyne on the right bank, 200 ft. upstream of the wing wall. · 

More detailed experiments wt>re carried out, comparing the two most promising 
designs with existing, viz :-

Experiment !.-With existing wing wall-photo 1787. 
Experiment 2.-With curved head and upstream groyne. 
Experiment 3.-With a warped curved head-photo 1831. 

In each experiment, lines of flow, velocities at various sections, water profiles 
etc., were observed under maximum flood conditions, viz., Q:= 10,640 cuseCII. 
The water level downstream of the aqueduct was maintained at R. L. := 14()-50. 

In experiment 1 there was undesirable diving flow at the nose of the sharp· 
angled wing wall,· which was markedly less in experiments 2 and 3. 

In experiments 1 and 3, the bed flow at the aqueduct was concentrated in the 
central spans, whereas in experiment 2, it fanned out and distributed in the different 
spans-vide figures 31, 33 and 34. 

In experiments 2 and 3 there was forward flow in all spans. 
Velocities upstream of the nose of the wing wall were slacker in experiment 

2 than in experiment 1 or 3. This was to be expected, because flow was directed 
away from the right bank by the groyne. 

Experiment. 3 sh?wed markedly bet~ veloc~ties along the righ~ side than in 
experiment 1, and slightly better than m expenment 2. In expenment 1, the 
high velocity was entirely on the left bank upstream and downstream of the aque· 
duct, while on the right flank, there was return flow. 

D 
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Water levels=:40 ft. upstream from the upstream face of the aqueduct and =50 ft. downstream from the downstream face of aqueduct were obse:ved and 
Table 3 shows the results. 

TABLE 3. 

Equivalent Equivalent Equivalent 
Experiment No. upstream downstream afflux 

W. L. W. L. (ft.) 

I. With existing wing wall . . . . 141-60 141}72 0·88 
2. With curved head and upstream groyne . . 141-25 140·67 0·58 
3. With a warped curved bead . 141·27 140·62 0·65 

. 
It will be seen that the affiux was mlUllllum m experiment 2, and that m 

experiment 3 it was slightly more than in experiment 2 but less ~han in expe:iment 
1, indicating that the designs of experiments 2 and 3 gave a higher co-efficient of 
discharge than in experiment I. . . 
Conclusion-

The results with a curved head and the groyne (experiment 2} were slightly 
better than those of experiment 3 ; but the cost of construction and maintenance 
would be greater. The warped wing wall head without a groyne is also preferable 
because the groyne might, in the co~rse of tim~, be neglec.ted or eve~ removed by 
villagers: whereas, the warped Wing-wall bemg an obVIous necessity and part 
of the st~ucture of the aqueduct, would certainly be maintained. This design was 
therefore recommended. 

6. 1/500 MODEr, OF THE GANGES ABOVE THE HARDINGE BRIDGE (E. B. RAILWAY). 
EXPERIMENTS TO REPRODUCE THE CHANGES IN THE RIVER COURSE IN 1935-37, 
AS IN FIG. 35. 
These experiments, comprising Series XV with the model of the Ganges (sca!e 

ratios 1/500 horizontal: l/65 vertical) were more of basic than specific character m 
that their object was the development of the technique of reproducing, in a model, 
the changes in the course of a large alluvial river. 

In the Annual Report for 1937-38, the difficulties encountered and the methods 
used to overcome them were described. The greatest difficulty was to reproduce 
silt deposition, which plays a large part in the changes of river course. Small 
chaiinels carry a much smaller proportion of silt in suspension than large channels, 
so that when a model carries a natural silt charge in relation to its discharge, 
the silt available for deposition is insufficient for similar deposition to that 
in the prototype. When more silt was injected in this model, ~t deposited near 
the entry, despite aevices used to throw the silt into suspension. -

Experiments had shown that the bifurcation into the Dadpur and Jalangi 
chaiinels was too near the upstream end of the moael for correct conditions to 
develop naturally. Although the upstream end of the model was located at 
Sardah, where the reach of river in the prototype was very stable, it became clear 
that changes in the course upstream of Sardah affected the flow characteristics 
in that stable reach, thus influencing the flow at the bifurcation. -

A gr~ater length of " controlled " river course was, therefore, required in the 
model t~ Impose correct entry conditions, and this was provided in experiment 13, 
by treatmg the model from the entry to below Markoti and Jalangi (C. S. 19, see 
fi~re 36) as a " control length ". Little could be done at high flood, but on a 
falhng flood the course was corrected in this length to reproduce the flow of the 
prototype. 

The results of the 1935 flood in the moael were similar to those in the 
proto!ype, the flow below Raita being nearly correct ; except, as in all previous 
expenments, for the tendency to cut across the high chur opposite Lalpur Bight 
and thus to straighten the course. 

I~ 1936, flow _thr~ugh the Sonaikundi Bight was excessive in the model, and 
the B1ght was m:u~ta~ed as a cold weather channel instead of silting up, due to 
the slow r':lte of Siltmg.m the_ model. In 1937, however, it silted up and the course 
ab~ve Ra1ta was Simil~r With that of the prototype-vide figure 36. Below. 
Ra1ta, the same_ tendenCies as before, of cutting across the chur and central flow 
through the Bndge, were observed. 
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PLAN OF GANGES ABOVE 

HARDINGE BRIDGE. 

COMPARING LOW- WATER COURSES 

AFTER 1934 & 1937 FLOODS 
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l>ART l. 
. 

The Damukdia channel took its correct proportion of disdumro nt lti"h llo!i..I 
(20 per ce~t.), ~nt the bed level of this channel was ratlwr too l1igh so tlmt tiu 
channel eXJsted m the cold weather survey as in prototype. :.' . ' 

DiscussiMI of Resull~. ~ 
The measures adopted for increasing the silt charge of tho mmlol, nn!l t.ln;11 . 

its capacity for depositing silt, were partially successful as the amount of btlll · 
silt in movement was greater-for example a silt bank wns thrown up uft~r tire . 
1935 flood opposite Thandrapara, as occurred in the prototype. Tho amount rtf 
silt in snspension, however, was still deficient. Instead of aiming at similolr . · 
deposition, which, it was clear, could not be expected, the injoctiou of light.-· 
weight material (as is being used in the model of the Indus and Sukkur B11rmgu>, 
or quantities of very fine silt, might indicate areas where deposition is likoly to. 
occur, which could then be artificially raised by laying silt by hand. If this wore 
done, the necessity for a very high silt charge would disappear. • 

. ' 
Experiment 13 showed the value of a " control length " to impose nnd contri,l· 

entrr. conditions. This is regarded as an essential feature of river modtliR at th~M 
Statwn. .,· 

The sloping guide and protection banks at Raita, Sara and tho Bri!lgc, whid1 
had been given the full exaggeration in vertical scale in the curlier cxpc!"imct~t 
of Series XV, were reverted to a flatter slope as a compromise between full cxaggt'r:
ation and geometrical similarity, as had been done iu Soric~ 1-X, to obtain more 
correct throw-off or deflection of the current. 'rhe results, however, were Mt.iJ.[ 
not quite satisfactory and research in this matter is being conducted on othQJ' 
nwdels in the Station. · ·· 

In general, it could be said that means had not yet been found of rcproducil~ 
river changes in the Ganges for several years in succession. 'rhis wus predudcd' 
by the inability of the model correctly to reproduce deposition of silt, und uny 
forecast of river movements derived from the results of models in incapable htmt,h! · 
might be highly inaccurate. It was however, possible to forecast tendencies tp 
change in river course, and the accuracy with which this could be done woul~ 
increase with further improvement in the technique of river model research. ~. 

Further experiments are in progress. :.~ • 
:. -\ 

7. EXPERIMENTS WITH MODELS OF THE PROPOSED RAILWAY BRIDGE (EASTER~ 
BENGAL RAILWAY) AT .AM:lNGAON ACROSS THE BRAHMAPUTRA RIVER, , , 

The experiments with this model, carried out on the basis of th~ 1937 flo~d . 
data, were described in the 1937-38 Annual Report .. The model IB shown Ill; 

photo 1647 and in Figure 37. •, .. 

FJG.37. PLAN 0!=" 'BRAHMAPUTRA RIVER. 
. . 

r 
" J I ~ 

'' I ScALE•-• = s,soo 

N 
'. 
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The aim of the experiments was :-

(i) to reproduce similar conditions to tho~e in the prototype, when the 
same equivalent discharge was flowmg ; 

(ii) to estimate scour caused by a maximum flood ; · 
(iii) to determine the effect on scottr of adding piers and guide banks_; 
(iv) to determine the best method of stone protection round the piers. 

The results showed that 

(a) water followed the expanding sides below the gorge and the flow at the 
bridge site was sweet ; 

(b) upstream of the gorge, which is 2,400 ft. abov~ the propos.ed bridge 
site, scour is deep but there is no danger of this scour movmg down
stream, because it is local, due to exposed rock and concave curva
ture of the river ; 

(c) when piers wete added, the general conditions of flow at the bridge 
site were unaffected ; 

(d) the stone pitching of the guide banks of the bridge should conform 
as nearly as practicable to the existing banks so as to interfere as 
little as possible with present conditions of flow ; so, instead of stone 
being laid as an apron and allowed to l~unch, sand should,_ when 
practicable, be removed and the stone laid where finally desrred. 

Comparison of 1937 and 1938 flood data. 

The 1938 flood data was found to be markedly different from the 1937 flood 
data. · 

Figure 38 shows the curves of G. R. : Q for 1937 in black and 1938 in red. 

Figures 39 and 40 show discharges, velocities, areas, water levels at Pandu 
and C. S. areas below R: L. 170·0 (termed " datum areas") for 1937 and 1938. 

The G. R.: Q curve when extrapolated from the 1937 data to the estimated 
H. F. L. (R. L. 178·0) gave a maximum flood discharge of 1,720,000 cusecs. In 
1938, points lay on the 1937 curve up to 900,000 cusecs ; but above that, the 
relationship between gauge height and discharge was markedly different. 

From 16th June, 1938, to 12th July, 1938, discharges were much higher than 
according to the 1937 extrapolated curve. From 12th July to 31st July, 1938, 
discharges were not observed-the launch being out of order, which was unfor
tunate because the maximum gaugeR. L. 173·85 was observed on 23rd July, 1938. 
at Pandu ; and thereafter discharges were less for the same water level than between 
16th June to 12th July, 1938, these points lying between the June 1938 and ex
trapolated 1937 curves-see figure 38. 

It will also be seen that if the June 1938 data were extrapolated, the curve 
gave a discharge of 3 million cusecs at R. L. 174·0 and 6 million cusecs at R. L. 178 
-indicating that either conditions would change with high flood levels or else 
that under the conditions of 1938, the flood could never rise even toR. L. 174·0. 

From figures 39 and 40, it will be seen that the datum area (i.e., cross-sec
tional area below R. L. 170) was continuously less than 170,000 sq. ft., until October, 

. 1938, when, after heavy scour from mid June (when the datum area was 145,000 
sq. ft.), it reached 190,000 sq. ft. From discJ:targe observations on 4th July, 1938, 
7th July, 1938 and 11th July, 1938, it will be noted that the area increased despite 
a decrease in water level and discharge, leading to a rapid decrease in velocity. 
This indicates the importance.of the time factor on results. 

. The lowest bed R. L. at the bridge site varied in 1937 between 99·0 and 102·5 
M., ~carcely at all_; whereas iJ?- ~938, the variation was large and the scour was 
maXImum on a falling flood, ffillllmum bed level being R. L. 79·0 on 22nd August, 
1938, when Q=1,304,328 cusecs and W. L.=171·05-see figure 41.' 
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Model of~ 
the Sardo. 

Rivel' (U. P.). 

MODEL OF THE PROPOSED RAILWAY BRIDGE AT AlUN'GAON (E. B. 
RAILWAY) ACROSS THE BRAHl1APUTRA RIVER. 

Longitudinal and latitudinal scale ratio 

Depth scale ratio 

Discharge scale ratio 

Brahmaputra. kiver model. 

• 1/300 

• 1/50 

• 1/04800 

1647. ?lfodel of the Brahmaputra River, looking downstream. 

Slteet 6. 

~iltohanneJ. 
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PART L 

The exact reason for the 1938 scour is not known. It may have been due to 
~ut-?fis downstream ; but whatever the cause, it shows that conditions vary widely 
m different years. . · 

HI 11041. 
C'./.4H./I.:Jnl 

FUi.41 CROSS SECTIONS OF' BRAHMAPUTRA RIVER AT BRIDGI!: SITI!: 
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Estimated ~mum discharge in 1938. 

As already stated, the maximum discharge on 23rd July, 1938 could not be 
observed. It was, therefore, estimated indirectly by two alternative methods :-

(1) by assuming the same increase in discharge from 11th -July, 1938 to 
· 23rd July, 1938 as from the 13th June, 1938 to 17th June, 1938, 

which led to a similar peak in the gauge curve, viz., 0·6 million cusecs, 
The probable maximum discharge on the 23rd July, 1938, would 
then have ·been 2·08 million cusecs. 

(2) by assuming the same increase in velocity of 3·3 f/s in the above periods 
the probable velocity on the 23rd July, 1938 was 8·7+3·3=12·0 fjs. 
Similarly, assuming a uniform increase in datum area, the area of 
water section on the 23rd July, 1"938 was 172,000+3·85X3865= 
186,800 sq. ft. So the probable maximum discharge on the 23rd 
July, 1938, would have been 186,800X12=2·24 million cusecs. 

It ma.y be noted that there was a me of 4·15 ft. in water level from 13th Juno, 1038 to 17th Juno, 1038,1.e., 
in 4 days; whereas the riae in water level from lith July, 1038 to 23rd July, 1038 (i.e., 12 days) wu 8·66 U. The 
above assumptions of the same increase in dis~harge and velooity were justified by tho faot that though tile rile at 
higher 1Iood atageo was omaller, the 1Iood period was larger. 

Thus, both alternative methods of working out the discharge gave less than 
21 million cusecs and this figure was taken to represent the maximum discharge 
of the river. 

Scour round the Bridge piers. 

It was not possible to reproduce scour round the piefij in a vertically ex· 
aggerated model; but conclusions were drawn by application of known data, 
thus: 

(A) by direct application to the Brahmaputra. Bridge, of known scour 
- round the Hardinge Bridge piers, and · 

(B) by applying to the Brahmaputr~ piers _resul~ of experiments carri.ed 
out with models of the Hardinge Bndge p1ers under steady, anal 
flow conditions. 

Figures 42 and 43 show the piers of the Hardinge Bridge and the Brahmaputra 
B~dge respectively. 
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. . · · Brid e ier, which is solid, is 37 ft. The Brahma- · 
The'WJdth. of_the Har~fge .t Kol~ depth. but consists of two wells as shown. 

putra Bridge p1er Is not so or 1 s w ' 
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The thickness of the pier is 25 ft. below R. L. 155·~· It is considere~ to be dan
gerous for the depth of pier embedded permanently m sand below maximum scour 
to be less than half the maximum depth of water. 

The bottom of the proposed Brahmaputra Bridge piers is at R. L. 22·0, and 
H. F. L. is 178. On the above assumption, the minimum safe level of the top of 
stone protection is R~ L. 74·0. 

The level at which the pitching would stabilise around piers of the Brahma
putra Bridge was worked out to R. L. 80·0 by method (A) and to R. L. 83·0 by 
method (B), compared with which the assumed safe level of scour is R. L. 
74·0. The way in which these results were obtained is- shown below:-

A. Direct applicati<m tv the Brahmaputra Bridge of known scour round the H ardinge 
Bridge piers. 

The maximum depth of scour round the Hardinge Bridge piers is known and 
it is possible to estimate the depth of scour under the same conditions, had there 
been no piers. At the Brahmaputra Bridge, the :maximum depth of scour in 
1938 without piers is known ; so the depth of scour, which would have occurred 
rot~d the Brahmaputra Bridge piers under 1938 conditions, was approximately 
estm1ated from the a~tual result~ at Hardinge Bridge by applying the .same ratio 
of de_pth of _scour _With and Without piers. The· Brahmaputra piers, like the 
Hurc.linge Bndge piers, would be protected by loose stone pitching. 

Figure 44 shows scour at piers 1 to 9 of Hardinge Bridge in November 1934; 
on 24th August 1938 (W. 1.=246·7) and on 22nd September 1939 (W. 1.=244·9). 
~oss sections of what the river bed would have been on 24th Au!!llSt and 22nd 
September, 1938, had there been no piers, are shown by dotted lines. 
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tr rr;e !d~~ deth of_ scour observed in 1938 at various points of the Brnhma· 
pu a n ~e Slte ~ s own m fig. 45. The maximum depth of scour in tl1e Brah
maputra Without p1ers was 92ft. (R. L. 171-o-R. L. 79). The ma.'l:immn rntio of 
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depthofaoouratpier d . th H d" B "d . , 
depth of scour without pier occurre m e ar mge n ge at p1er 5, the ratiO 
being 0·99. Applying this to the Brahmaputra, maximum depth at pier=91 ft., 
so that top level of stone protection=R. L. 171-91=R. L. 80. 

The probable minimlffil bed level in the span between the piers of the Brahma
putra Bridge could also be estimated by this method. Using the data of spans 
3, 4, and 5 of Hardinge Bridge, the scour between piers 7 and 8 in the Brahma
putra would be R. L. 60 ; 76 and 76 respectively. These estimated levels are 
shown in figure 45. 

The above analysis indicates that the minimlffil top level of stone pitching 
round the Brahmaputra Bridge piers-under the severe flood conditions of 1938-
would be 6 ft. higher than the permissible safe limit of R. L. 74·0. Less scour than 
this may be expected, however, because the width of Brahmaputra Bridge pier is 
only 25 ft. as against 37 ft. in the case of Hardinge Bridge. 

B. Applicati<m to the Brahmaputra Bridge piers of results of experiments carried 
out with models of Hardinge Bridge piers under steady, axid }Ww conditions. 

It was first necessary to determine the probable maximum discharge intensity, 
q, in cusecs per ft. width, to which the Brahmaputra piers would be subjected. 
The maximlffil discharge of the river was taken as 21 million cusecs, so that mean 
q was 600 cusecs per ft. In view of the stability of the river course between the 
gorge and the bridge site, it was considered that the ratio of maximlffil to mean 
intensity of discharge would not exceed 1·5 (a safe figure). With this ratio, 
maximlffil q=900 cusecsjft. width. 

In the series of experiments with models of the Hardinge Bridge piers carried 
out in a filffile, results were obtained with various model scales and discharge~! con
cerning the settlement of pitching_ ~tone laid around the piers. . Choosing o~e of 
these experiments to fit the conditiOns of the Brahmaputra Bndge, stone pitch
ing (l* to !* grade=88 lbs. stone, as against 120 lbs. stone which would be more 
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stable, proposed to be used at the Brahm~putra Bridge) was la~d at a_ depth of 
I-18 ft. (::74 ft.) below water level, and It sank (duet? scour1?-g actiOn und~r 
steady axial flow with q=1·8 cusecsjft. ::900 cusecsjft. if the linear scale ratio 
were 1 /63) to 1·4 ft. ( := 88 ft.) below ~ater _level. Under. ~hese conditions, the 
stone protection at the Brahmaputra Bndge pie! ~ould stabilise at R. L. 171-8_8 
=R. L. 83·0, which is 9ft. higher than the IDimmum safe level. In the expen
ment the equivalent pier width was 36 ft. : so that less scour would be expected 
with a pier 25 ft. wide. · 

Summary of conclusions. 

(I) When the discharge exceeds about 1 million cusecs, scour at the 
bridge site begins, and reaches a maximum on a falling flood. 

. . (2) During a very rapidly rising flood, the river does not scour and may 
actually silt and there is a very rapid increase in velocity ; whereas during a steady 
flood, scour takes place and the velocity and gauge readings drop. For this reason, 
the discharge : gauge graph is not reliable, the scatter for different conditions 
being wide; and it may be said that if a gauge of 178 has ever been attained, it 
must have occurred on a rapidly rising flood with a rising bed. It is considered 
unlikely that the discharge has ever exceeded 21 million cusecs. 

(3) Wherever practicable, stone pitching round piers should be laid at the 
level at which it is finally desired. This would probably be cheaper in the long 
run as the stone would be less liable to be carried away by scour and would be 
more satisfactory, giving no further trouble. 

(4) Based on a maximum flood of 21 million cusecs, the top of stone protec· 
tion round the Brahmaputra piers is likely to stabilise at about R. L. 80 and is 
not likely to sink below the safe limit of R. L. 74·0. 

8. EXPERIMENTS WITH MODELS OF PROPORTIONAL AND NoN-PROPORTIONAL STAND
ING WAVE FLUME METER FALL AT R. D. 40280, MoNTGOMERY-PAKPATTAN 
LINK (PUNJAB). 

Notation. 

F. S. Q.=Full supply discharge. 
Q=Total discharge in cusecs. 
q=Discharge per foot width in cusecs. 
V Mean velocity fjs. 

d1 and d3=Depth of water in channel ujs and djs of fall. 
da=Depth of water at toe of fall (assuming that no standing wave 

has formed). ·-. d.=v q"fg=Critical depth. 
d,=Depth of water in the cistern. 

H=Fall in water level (i.e. difference of water levels upstream and 
downstream of fall below standing wave). 

hb=Height of baffie. 
Lb=Distance of baffie from toe of fall. 
:==Equivalent to. 

(i) Experiments with a propmional S. W. F. MeteJr Fall.· 

Experiments wit~ a 1{5th scale model of a 700 cusecs ro ortional S. W. F. 
Me~r Fall ~ere descnbed m the Annual Report of this Stafiolfor 1937-38 The 
deBI_gn COUSlsted of a sloping g!acis ; . a baffie platform ; a baffie 1· 6 (d.-d.) high ; 
a ciStern of bowed cross section With a rising pavement ; bed and side slope 
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SJ.eel 'l. 

1/5 SCALE :MODEL OF iOO CS. FALL AT R. D. 40, :!80, )lONTGO)fER\'.P.U\P.-\TTAN J.I~K (PUNJAB). 

1848, Pmporliowzl Standin~: \\'uvc lo'lumc M<'U:•r Fl\11, l.ookin~: u /11, with baffi<', 
dctl-:-ctors 1\nd control blo~k11, Ahowin~r ~c·our d.,. of tht• full with :.!0 J><!T 
cent. rctrogr<·s.~ion of d .'s \\'. L. LookinJ: np~tn•nJ~o, 

1!160. Non-proportionnl S. \\'. F. ){, Jo'nll with ~high bump 0·4 <11 high. Ex· 
perimcnt 4 with hto= 1·1 (d,-d,); dt'llt'ctoTH 11nd control !Jiodc". J..ook. 
inJZ upstrcnn1. 

1962. Same aa 1960 looking up!!trcam, 1howing the effective wc.rking of tho 
bafllc, with primary and IICCondary wavea clea~. 
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deflectors. ThiR design p:ave good re.~ult.~ with normal water J v 1 1 t 
b t tl I•· · e e c own~ ream ; 

u 1e resu ... ~ were not so good when t.hl're was ret.ro!!l't'a~ion in clo ... . 1 
level wl tl fJ b I' 1 1 ·"' wn,..renm "n <•r · , . u:m 1e ow ecnme s 1g 1t y unstn ble and uneven bed RI'Ollr tm~k phwe 
clownst~eam of the iall. The experunl'nts \\'1'1'1', thl'refore rontinurcl to improv.-
the des1gn. ' 

. The instability of flow was ovrrrome by building v1mrs in continuation of · 
p1er.~ down to the llpst.ream face of the stmuling wave. In order t.o reduce the 
cost, th? length of pavement WM redur«.>d from 72 ft. to 41 ft. mul the rising floor 
of the CJstem ~as replaced by a fiat pavement. This d<'!lign worked sntisfactorily ; . 
~ut tl1e maxunum depth scour (with 25 per cent. retrowe.••.•ion downst.renm) 
mcrea.~ed from::l·5 ft. to 3·35 ft. Though this 8Cour was:: 10·5 ft. do,\1lstremn 
of the pavement, and therefore not dangerous, it was de~<ired to rec\nre it for which 
purpo_se control blocks (Punjab design) were added and t.estccl in th~ following 
experunents :- · 

Expe:rfme:nt I.-Figure 46 and photo 1848. 

_ J. With two staggere~ rows of ::? ft. long control blocks d,/8 high, spared 
= 22 ft. apart ; the spacmg of blocks m a row ::3 ft. ; bed defier tor d /8 hi<>h 
~th side slope deflectors d,/6 high at end of pavement. ' " 

_ In Expe:r_ime:nt 2, the bed deflec~or w~ ~ade discontinuous by makinp: gapR 
=0·75 ft. at mtervals of ::5 ft. and m Expmment 3, the deflector wM rcplnrc1l 
by one row of control blocks. Table 4 shows the results. 

TAnLE 4.-(F. S. Q.=lz.ti cusecs :700 cusecs mul 25 per cent. reJrofJmtnon in 
downst-ream W. L.). 

WAVB WABR NBAB DANKS. 

Maximum depth of 
Dlst.ribotlon of 

Expt. ;No. velocitlra in ohaunel 
scour (ft.). 

Height Length Ohoppineu dfo ollnll. 
of waves. of wa.vel. height 

-length. 

1 0·53( ;:2·65) 0·104 o-oa 0·106 SymmetricaL 

2 0·43( ;:2·15) O·ll 0·65 0·17 Bliahtly right oldod. 

3 Q-48( 3!·40) 0·12 0·10 0·17 Ditto, 

It will be seen that there was little difference in wavewash. In experiment 
1, the depth of scour was more, yet the scour was more central than in experi
ments 2 and 3; besides, the maximum scour of ::2·65 ft. being in midHtream and 
=10 ft. downstream of pavement is not objectionable. With no retrobrreAAion 
downstream the results would be markedly better, so were not tested. 

Conclusion.-The standard design of bed and side slope deflectors, with two 
rows of control blocks added, was considered suitable and was finally adopted, 
Fig. 47 sn(!)WS the design for the prototype. 

(ii) Experiments uritk a rum-propo-rtional B. W. F. M. Fall. 
Flumed Falls designed to be " proportional "~.e. no afflux or draw-down 

throughout the range of discharge-h~ve a lower hump and narr?wer throat 
than would otherwise be necessary. This adds to the length of expansum and thus 
increases cost . 

. P.roportionality is frequently not required : for example, the g~neral prac~ice 
in Northern India is to rnn CIJ.nals only at full supply, and many engmee~ ~u:le! 
that .even where the discharge varies considera~ly, af!Iux. at low supphes 18 per
missible. An alternative design to that de8Cn~ m (1) above Y'~ therefo~e 
tested, having a high non-proportional hump and Wider throat. ThiS 18 shown m 

11 
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fig. 48. Tnble 5 slwws the relative dimensions of the proportional and non~pro- . 
portionnl S. W. F. 1\feter Falls:-

TABLE 5. 

Typo . . . ~ommcnded D .. ign withn . design proportional non-proportional 
hump (fig._47). hump (fig. 48). 

Flumlng ratio 
. . . 48% 69% 

( 1) Overall throot width . . . . . . 29ft. 41·5 It· 

(2) Height of hump • . . . . . . . 0·13 d, 0·4d, 

(3) Length of expansion . . . . . . 124ft. 74ft. 

(4) Length of pavement downstream of baflle . . 41ft. 47ft. 

(5) Height of baffie • . . . 2·6 ft. 1·53 ft. 

(8) Depth of oistem below C. B. L. in mid&trenm . . 2·19 ft. 0·15 ft. 

(7) Ditto near banks 1·26 ft. Nil. 

(8) Cost • . . . . . Rs. 6,100 Rs. 5,600 

There were two rows of control blocks, bed and side slope deflectors, as in the 
recommended design. 

Experiments.-The scale ratio of the model was 1/5 as before and all tests 
were carried out with 25 per cent. retrogression of downstream W. L. 

As a preliminary, baflles of different heights ranging from 0·8 to 1·6 (d.-d2) 

were tried to observe which worked satisfactorily by flow characteristics. Scour 
was then observed with three heights of baflles, viz. :-

Experiment 4 with hb=l·6 (d.-d2). 

Experiment 5 with hb=H (d.-d2)-fig. 49 and photo 1960 and 1962. 
Experiment 3 with hb=l·O (d.-d2). 

When the baflles were working properly, the Bentzel tube fluctuations were 
symmetrical. Results were therefore judged by scour and distribution of velo
cities in the channel downstream. Table 6 shows the results :-

TABLE 6.-ResuUs of the lf5tk scale rrwdel of 700 tJUSecs fall. 

WAVB9. Ma.ximum 
deptli of 

h, Choppineea scour in 

(d.-d,). 
_height midstream 

Nature 9f scour. 
Height. Length. -length. (below 

(ft.). (ft.). pavement 
level) 
(ft.). 

Non-propor!ionalB. W. F. M<ler Fall. 

1·60 0·096 0·03 0·12 0·58 One sided. 
<=·48) <::::4·15) (=2·80) 

• 1-10 0·08 0·60 0·10 0·50 Central and symmetrical. 
<=:·40) (==4·00) S·60) 

1·00 0·08 0·60 0·10 o-47 
E-40) 8·00) 

Central hnt slightly greater en 
(::;:2·36) right side. 

ProporlionalB. W. F. Meier Fall. 

1-6 0·104 0·83 0·17 
E;·60) '=3·16) 0·53 I Central and symmetrioal. = <=:2·66) 
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V elocities.-Figure 50 belo h I .. 
downstream of the throat or :8~·~~: tdte veloctttcs along a C. S. 31-il' (= 157·5') 

- · ownstream of pnvement. 

flA'I'IO OF 

'V DN VERTICAl... 

i7 OF CHAJ</f'i£l., 

l..B. 

1·00 

s s'6' 

F/5:-so. 
700 Cs. EALL EXPTS. 

COMPARATIVE' VELOCITY 0/STR/BlJTION 

AT C. 5. ;: /58~ % Or THRt'l'fT. 

.• 

EXPr. WITH PROPORTIONAL HUMP 4 
2 ROWS OF PUNJAB 6LOC/tS £ D£~LECT011. 

WITH HUMP D-4 dl HIGH l: 2 ROWS OF PUNJAD 
at.OC1(S DEFLECTOR 4 h • H (de - d ,a) 

WITH HU/tiiP 0-4 d, H/QH & Z ROWS OT PUN 
LOCICS, DEFZ.SCTOR 4 hb•l.o(c:fc-d.) 

0 

R.lJ. 

s'a 6 

With both- proportional hump .an~ n~n-proportional hump with hb=l·OX 
(d.--d2), t~~re was a ten~ency to _Jettmg m the centre and, in the latter, very 
lC!w .velC!Cities at the s1des. W1th hb=H (d.--d2), however, the velocity 
distnbut10n was more even. 

~he comparative .tests described refer to only one size and height of fall 
but 1t may be ~tated !D. general. th~t when proportionality is not a necessity, a 
S. W. F. Fall With a high hump 1s hkely to be cheaper and to give better results. 

9. EXPERIMENTS WIT.H MODELS OF SUBMERSIBLE BRIDGES. 

Several submersible bridges situated in the Central Provinces had been damag• 
ed during floods, the slabs being carried away bodily and deposited downstream 
in the bed of the river. 

These bridges, constructed above water level at low river stage but sub
merged during high floods, were mostly of the R. C. C. slab type, with a separate 
unanchored slab in each span. In some case.~ the damage may have been due to 
floating trees carried by the flood, collecting against the upstream face of the 
bridge until the horizontal force was sufficient to cause a movement of the slab. 
The local officers thought, however, that the slabs may have been washed away 
due to uplift pressure, probably when the flood was level with the roadway, and 
the Government of the Central Provinces desired an investigation with the aid 
of models

1 
and an estimate of the magnitude of the pressures. 

Two bridges, of which the slabs had been carried away, were chosen for modell
ing-the Kalamba and Karmer bridges, illustrated iri figure 51. 

The models were geometrically similar to their prototypes an<l-.vere operated 
under conditions of equal F. N. (Fronde Number) V2/gd, where V=velomty and 
d=depth. The models comprised two or more spans placed in a straight rect
angular cha1mel, the slabs under observation being of cement concrete and rc.~t.-
ing unanchored on the piers. -

Under such conditions, pressure heads are. reproduced to 8c~le with clo~e 
accuracy, and since the fiuid a~d th_e slab matenal were the same Ill model as m 
prototype, similarity was obtamed m the tendency of the 8lab to move dull to 
steady uplift pressure. r;2 
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. d t "th models ranmng from 1/16 to 1/7·4 scales, 
Experiments. were carnl~b olu r~o double the "hei"ht' of bridge, and Fronde 

flood levels rangmg from s a eve 0 
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No. from 0·03 to 0·9 i.e. nearly to hypercritical flow. The slab, however, did not 
move or show any tendency to be lifted with steady normal flow. 

In order to carry it away, the slab was then subjected to various conditions 
of flow unlikely to occur in normal circumstances. A standing wave was made 
to form beneath the bridge, touching the under surface of the slab. A wave was 
forced up the channel, submerging the bridge when it reached it, and sudden 
floods were let down from above. It was only when the flow was da=ed close 
upstream and then suddenly released in the form of a high advancing wave envelop
ing the bridge with considerable shock that the slab was eventually carried away. 
'fhere does not seem to be any possibility of such conditions having occurred, 
and this could not be the explanation of the repeated failures in the Central 
Provinces. 

Pres~;ure observation. 
Pressures on the upper and lower surfaces of the slabs were observed under 

l;teady flow conditions by means of a fixed slab with pressure tubes inset flush 
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~th the surfaces and connected to manometers. Some of the rcsull<! arc shown 
m figure 52. 

F"/6. .sz 
1//Z SCALE MODEL OF KALAM&4 BRIDGE. 

WAn"N PROFILES C: PRESSURE: LINE"S FOR DIFFERENT 

DISCHARG'ES e. DIFFEli'E:NT DE'PTNS OF WATER. 

REFERENCES :• 

WAT~ PROFILE····································---

PRESSURE AT TOP SUIU;ACE OF" SLAB----

PRESSURE UI'!OER StiRFACE OF SLAB ·---· 

TUBES FOR PRESSUR'E _OBSERVATION Q 
' ......__ 101 I · 9 0 lilO t:£ OIPTH cl/:1. D' . ""'"+=-- ·-;t; -· 0 =e= oqpiiRIIHn ABOYts THts 

..---- 13 Bll1DtS6 LniL •lOt/!/ 

---:~==--~.a~::-:::-::~::::3;::ij~'::· ~--===l&:lr:~f~• ~12~0~at. DEP7"H U/:S. Of" 
....... -- 'IQI ---v--+ -.:: .... -"$ _ :JID*"' 1:.~ BRIDGE 41'1BOV~ THE 

....._ .-' . - MIDtSIF UIWL •ts•a• ·-·-+ ........ 

_ By comparison with the surface profiles,-which are also shown, it will be soon 
that the pressures recorded were very little different from the static pressures 
due to depth of water. The net uplift pressure is the difference between the 
pressures on the lower and upper surfaces of the slab. In no case was there 
&ppreciable uplift-the maximum at any point was 3·5 lbs. per sq. ft. while the 
average uplift from upstream to downstream did not exceed 1·4 lbs. per sq. ft. 
Compared with these the weight of concrete slab in water was about 10 lbs. per 
sq. ft. As the model was 1/12 scale, the above pressures were equivalent to 42 
and 17 lbs. per sq. ft. respectively in the prototype, and the weight of slab in water 
120 lbs. per sq. ft. 
· Pressures near the upstream edge, both on top and under surfaces tended 

to be lower than static due to the c.urved flow around the edge, the resultant being 
downwards, holding the upstream end of the slab down on its seating, particularly 
at higher values of F. N.. · 

W11en the upstream wate; level was at the top of the "slab there was a Kmall 
total downward press11re, tending to hold the slab on its support~. 

Uplift due to instability rrr turlndence. 
As it was clear that uplift pressures due to steady flow were small and as 

attcmpl<! to· cause a concrete slab to be carried away under normal couditioiiii 
had not been successful, a light, hollow slab wa.~ substituted, with an arrange· 
ment for changing the weight of ~he slab_ ~y inserting thin sheet.~ of 1~1ctal. It 
was thus }JOssible to reduce the we1ght sufhc~ently for the 11la~ to be etlrflc<l away, 
the frictional rc~istance at the ~upporll:l due to Its weight bemg exceeded by the 
combined horizontal impact force of the current on the upstream fw:e an<l 
frictional drag of the _fl_ow on th~ upper _and lower surfaces. · · _ . · 

· · Under such cond1t10ns, the hght-we~ght slab was found to shde downstream 
on its supports, ~:~lowly and ~l~?.st imperceptibl~!-Ulltil ~~<.14enly it would tip up 
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and, pivoting on the downstream end of the supports, be caught by the cun·ent 
and deposited downstream on the bed of the channel. 

This process, when observed, immediately suggested what might be taking 
place in the prototype ; owing to the turbulence or instability of flow, the slab 
mnst be subjected to rapidly fluctuating pressures upwards and downwards, the 
former of which would momentarily decrease the effective weight of the slab and 
allow the horizontal force of the current to push the slab along on its supports 
in short jerks with result similar to what was observed with the light-weight slab. 
This result, depending on turbulence, and therefore essentially on the R. N., woulq 
increase with increase in scale; so that if the river in the prototype were suffi
ciently large, the effect would be sufficient to allow even concrete slabs to be 
carried away. This scale effect was tested by constructing models of Kalamba 
Bridge to 3 different scales-1/12, 1/8·8 and 1/7-4. 

The conditions were observed under which slabs of various weights were 
jnst moved on their supports, maintaining similar depth of flow, to scale, in each 
case. The results are shown. in figure 53. 
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PART J. Sl 
Wl!ile the scatter was too great to allow 1 fi . . 

or results to be extrapolated to rotot a c e tmt~ rorl'('latton to be derh·l'd 
specific. gravity of slab which W!llll]'. typbe sral~, dth«>rc 1s clear indirat.ion t.hnt tht' 

· 1 1 f • us e carrie nwny bv tl t . wtt 1 sea e, or any given value of F N d I . 1e Curl'('n , Int'ri'IIS!'S 
slabs may be expected to be carri d · ., n.n t .1«-r«>fore th.nt unn1whor«>d ron!'rt•te 

Confirmation was obt · db e 1 away. m tins mnnn«>r Ill lnr<~e rivl'rs. 
• ' · ame Y t te observation of tl c 1 · t 1 f 

to apply in order to move the Ji«ht-w · crJ t I b ·. 1 IOrL?.OI~ ~~ nrt•e nN'<'·••nry 
depth of flow bein"' maintained con~ta~t s a Ttt. vnru;ns velo~ttii>H, thl' llpH!.rt•JIIll 
Table 7 below

1 
whe;e · · '• Le r«>~n IH ohtame•l nre shown in 

P1=Ca~~~~~~e~s~orizontal force duo to impart nml surfnrp frit·tion 

P2=Applied force, lbs. 
P--:-Pl+P.=total horizontal force necessary to start movement of slab, 
d= Upstream depth of flow=H ft 
V=Mean velocity upstream. · 
W=Total weight of slab in water=ll·8 lbs. 

TABLE 7 

v F. N. R.N. P, P, 
ft./oeo. V'fgd, Vd/v 

p P/IV n ... lba. lba. 

0 ' 0 0 0 ·a·OG 8·06 0·2GB 

1-33 0·05 l-46XI01 0·35 2-75 8·10 Q-268 

1·70 0·08 lo87x Hl• 0·68 2·40 2·08 Q-268 

2·08 0·12 2·29x 10• 0·87 1-60 2·37 Q-201 

2-46 0·17 2·71 X 10• J.21 0·2G H8 Q-124 

. It will be seen that, as the velocity of flow increased, progressively less total 
honzontal f~rce P, sufficed t~ start ~he movement of the sin?. As the uplift pres
sure due to steady flow was msuffiCient to reduce the efiective weight of the slab 
to the extent to produce such results, the explanation must be the efiect of fluctuat
ing pressures due to turbulence. 

The rl!'tio PfW ,giyen in the last column with V .o. viz. ()o239, represents 
the coeffiCient of frictiOn between slab and supports m water. Owing to the 
smooth metal face of the hollow slab this was very much less than with concrete 
stabs, when it was about 0·70. 

A record of the turbulence of flow above the slab was obtained in the 1/8·8 
scale model (d=l·5, F. N.=0·125 and R. N.=3·7XI06) using the hot-wire ap
paratus described elsewhere (pages 36-37) in this Report and is shown in figure 
56 of Part II. The turbulence shown in (j), (g) and (h) is local in close proximity 
to the surface of the slab. The inherent turbulence of the stream (e) would also 
be responsible for the fluctuations in pressure on the slab. 

Rounded upstream Edge.-The efiect of rounding the upstream edge of the 
slab was tested by observing the horizontal :applied force necessary to move the 
slab under high flood conditions. It was found that a slab witlT rounded top edge 
was more stable, and with rounded lower edge less stable than with square edge. 
The difierence, however, :was small. Rounding the upstream edge, of coul'liC, 
reduces affiux and impact force. 

Conclusicms. 
(I) Steady uplift pressures on submersible bridges. ar~ small at. all stages of 

floods and are unlikely to be the direct cause of the carrymg away of slabs. 
(2) An unanchored slab may gradually slide downstream as a result of tur-

bulence of flow, and then tip up and be carried away. · 
(3) Accumulation of floating trees against the upstream edge of the sl.ab would 

increase the horizontal force and hence the tendency of the slab to be earned away. 
(4) Rounding the upper upstream edge of th.e slab increases stability to a 

small degree but rounding the lower edge reduces 1t. . . 
(5) In general, heavy slabs are more stable than li~ht ones and any mean11 

of preventing the slaps from sliding downstream on thetr supports would reduce 
danger of damage by floods. · 
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PART H.-BASIC EXPERil\fENTS; 

IO. RECORD OF TURBULENCE BY HoT WIRE AND OsciLLOORAPH. 

The Hot Wire Anemometer bas been used for som~ years to.detect and re.cord 
turbull'nce in air streams,· being of particular value m t'Xplormg the boundary 

layer. . 
A similar apparatus was obtained by this Station i!l-1931 for .recordmg the 

turbulence of flowing water, and has been devel?ped .With ~he assistance of the 
National Physical Laboratory, London. Special. difficulties were, howe:'er, 
encountered in its application to the flow of water m the portable form r~qm:ed 
for use with models, and it was not until the prese~t year, aft~r the subst1tut1?n 
of a very sensitive strin~ galvanometer not previOusly available, that satis
factory results were obtamed. 

Principle of action. 

The circuit diagram of the apparatus is shown in figure 54. 

F'JG:54 CIRCUIT DIAGRAM 
OF' 

HOT WIRE APPARATUS 

WHEATSTONE BRIOGE. 

STRINS &<IL.VANOMETER, 

A = AMMETE:R. 

CAMEIIA 

6 = MOVIN6 COIL GALVANOMETER 

FOR BALANCING BRIDGE, 

L. "l.AMP. 
M = PERMANENT MAGNETS, 

_:___17\__t 5 =FIBRE OF STRING ISALI?ANOMETE/l, 

1---' . . -o------------: lll----ji---.JR1,1i'z,R3,1i'< =RESISTANCES OF WHEATSTONE 8K106E, 
Iii! VOLTS 

In brief, the bot wire consists of a short platinum wire (in this case 1 em. 
long and 0·1 mm. dia.), through which an electric current is passed, sufficient to 
heat it. The wire when placed in flowing water is cooled to a degree which 
depends on the speed of flow. The cooling reduces the resistance and so induces 
a greater flow of current through the wire, thus the higher the speed the greater 
the current. 

If the flow of water is laminar, the speed and therefore also the electric current 
are constant. In turbulent flow, however, the bot wire is subjected to a fluctuat
ing velocity, the amplitude and pattern of the fluctuations depending on the 
degree and pattern of the turbulence. The flow of electric current therefore 
fluctuates in a corresponding manner, and when the fluctuations, rendered visible 
by the vibrating string of the galvanometer, are projected on to a moving-paper 
camera, a recorded picture of the turbulence is obtained. 

The hot-wire circuit contains a Wheatstone Bridge, which is balanced 
beforehand by means of a moving coil galvanometer (see figure 54), so 
that only the plus and minus fluctuations are passed through the sensitive string 
galvanometer. 
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PART U 37 
R&ulu. 

Some results obtained in models of a S W F F ll . 
are shown in figures 55 and 56. · · · a and a submersible bridge 

· The positions in the former in which the hot . I d 
in figure 46 of Part I with th ~d f h . . wue was Pace , may be found 
grams in figure 55. In Fi e eai ? t e ?escnpt!ons given below each of the Ilia
the standing wave and (l}d 55 · t (a) f51Vf a picture of the turbulence beneath 
fluctuations of th~ latter areoW:d~~:d ~ (~h)e sbcond~rhy wave. dTheedviolent 
considerabla damped in (d) di • a ove e scoure b , and 

d d th k • some stance downstream where the amplitude is re uce an e pea s are rounded. ' 

. J!'igure 56 shows the turbulence in the 1/8·8 scale submersible brid e model 
descnbe~ on pag~a 31 to 35. The turbulence here is of a much les.~ violen~ nature, 
~he adphJud~ bemg less, a~t~~ugh the fibre tension of the galvanometer was sli~ht
y red ur/t tbclrease sensitiVIty. The transition from the inherent low frequency 

;oun e , tur ence of the upstream channel (e) to the more rapid fluctuation~ 
~duced _by the flow around the sharp upstream edge of the slab, first increa.•in 
m amplitude (f) ~nd (q) an~ ~ater becoming damped by the proximity to th~ 
upper surface (h), 1s clearly VISible. 

11. EXPERIMENTS WITH FALLING APRONS: EFFECT OF DISPOSITION OF STONE. 
SERIES VIII. 

Introduction. 

One of the features of the launching of loose stone aprons for the protection 
of b~nks, brought out by the experiments described in the Annual Report of this 
S~at10n for 1~37-38, was the fact that the original disposition of the stone-the 
Width and thickness of apron-has little influence on the quantity of stone in the 
launched slope . 

.As the general il!lpression, it is believed, is that the quantity of stone 
launched depends directly on the thickness of apron laid, and as this is a matter 
of ~onsiderable practical importance, further experiments were carried out in 
Senes VIII with falling apron models to test the conclusions arrived at. 

Experiments. 
The channel was 15 ft. wide, with a bed composed of Ganges sand, which is 

fine, micacious and incoherent, having mean diameter=0·29 mm. The &tones 
used were of two kinds ; rounded pebbles, collected from a river bed, correspond
·ing in shape to the " one-man " stone used in aprons, but with comers rounded, 
and angular broken stone. The specific gravity of both these was 2·9. 

Experiments 1 and 2 were carried out under identical parallel flow conditions, 
the only difference being the thickness of original apron. In experiment 1, the 
horizontal apron when laid was 31 ft. long, 2! ft. wide and 1" thick, and was com· 
posed of§"-!" rounded stone. It was launched with a discharge which was in
creased gradually to 18 cusecs and continued until launching had ceased. Figure 
57(a) shows a typical cross section, before and after launching. 

The stones which had launched in experiment 1 were gathered and relaid in 
experiment 2 in .a layer double the thi~kness, i.e. 2", a~d the bed and berm also 

. relaid, as shown m figure 57(b). The w1dth of apron w~JCh had .not launched was 
left untouched. The same discharge was then run until launchmg ceased. 

A comparison of figure 57(a) and (b) will show that the same quantity of stone 
launched in each experiment ; and the quantity of stone per sq. ft. of lau~ched 
apron was found to be 46 c. ins. in each case (see table 8). Had the c;~uantitY. of 
stone launched been proportional to the thickness of apron, double thiS quantity 
would have been launched in experiment 2. 

• 
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Launching under severe c'onff,itions. 

Experiments 3 and 4 were similar to 1 and 2 except that the apron was ~aid 
on a bend exposed to the force of the current, and the discharge was raised 
immediately to 15 cusecs, so that the conditions during launc~ing would be.more 
severe. In consequence, the initial launching was very rapid and les~ regular 
than before, and about 20 per cent. of the stones launched were ~arried away 
by the current. It is to be noted, however, that stones were carried away not 
when launching from the horizontal_ apron but from_ the toe of the bank, due to 
high velocity flow over· sand wa~es m the bed. This coul~ be reduced, and t~e 
apron protection therefore considerably strengthened agamst severe attack, if 
stones of a larger size were laid at the outer edge of the apron. 

Photo No. 1978 shows the bank after launching. Comparative cross sections 
are shown in 1igure 57(c) and (d). The quantity of stone per square ft. of launched 
apron was 42 and 48 c. ins. respectively (table 8), which difference is small enough 
to lie within experimental error. Part of the apron was laid in bands of different 
colours. The two coloured bands on the launched apron (which unfortunately 
cannot be differentiated in the photo) were inter-mixed only to a small extent, 
showing that the launching took place by sliding rather than rolling. 

In order to observe launching under extremely severe conditions, the apron 
was relaid in experiment 5 as at the start of experiment 4, and a high velocity 
current (about 3 ft.fsec.) was directed at the bank by means of a curved vane, 
shown in photo No. 1983, which also shows the result after 20 minutes flow. A 
cross-section of the bank is given in figure 57( e). As can be seen from the photo, 
there were large bed waves, and a considerable quantity of stone was swept away 
from the toe of the bank, due to the rapid increase in velocity before the bed had 
time to scour to sufficient depth. Under such conditions, the regular line of the 
upper part of the slope is noteworthy, and the experinient demonstrated the great 
resistance to attack of this type of protection, provided sufficient stone is avail
able for launching. 

Effect of shape and size of stone. 

Experiment 6 was exactly similar to e'xperiment 3 except that angular stones 
of the same grade (i!"-!'') were substituted for the rounded stones. The results 
(figure 57(j) and table 8) showed that there was no marked difference due to the 
angula.rity of the st'?nes, but as.":ould be expected, a smaller quantity was carried 
away m the launching-a negligtble quantity, in fact, in this experiment. 

In experiments 7, 8 and 9, the apron was· composed of rounded stones of 
3"____.1" 1" 3" d 1"__3_" d . 1 " h" 11 -2".' " -. an l! -4 .gra es respectiv.e y, 1 t Ick and laid straight as in 
expenme~t 1. .Cross se~t10ns ar_e shown m figure 57(g), (h) and (i). The results 
showed little di~erence m quantity of stone per square foot of launched apron. 
In all the expenments, the launched apron was only one-stone thick ; the larger 
stones must therefore have b.e~n spaced further apart; but it is clear that in 
gene;al, the larger the stone (gtvmg better protection) the greater the quantity 
reqwred. 

Slope of Bank. 

The slope of launched apron (average of 5 cross sections) varied from 1·75 · 1 
to 2·35 : 1 (see tabl~ 8), .tather steeper than the slopes obtained in practice with 
one-man stone, whiCll I~ usually abont 2·5: 1. As deduced from observation 
of the process of launclnng (see Annual Report for 1937-38) there was a definite 
tendency for the slope to be flatter under conditions of hiaher velocity but the 
range of ~l?pe was small. The slopes of experiments 1, 2° and 7 unde; arallel 
flow conditiOns may be compared with those of experiments 3 and 4 with th p 
on a bend, the local velocities of the latter being higher and with th f e apro;'l 
1nent 5 under even more severe conditions, ' · · ose 0 eJ!:pen-



PART II. 

EXPERIMENTS WITH FALUNG APRONS. 

EJ/tt:J of dilpOiitW. of .. .. o11e. 

o aevere attack. 1978. Experiment 4. A pron after launching under conditions f 

Apron- 7 

·(-Vano 

1983. Experiment 5. Apron after launching under very ~~evere attack, bi11h 
velocity c&rrent being direotro at the bank by mealll of the vane teen 
at the right bottom come-r. Stone carried awoy may be aeen on the 

bed. 

Shed8. 
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TABLE s. 

Falling Apran Experiment~-S Cr1C8 Vlll . 
Bxperlmont No. I I • I s I • • • • I • I • 

Conditions. PataUcl ftow. Apron on bc!Dd. Snl'te ~mtoUI 

atta .. t. l1ut anltld&r ..... u .. ltoW, 
a ton..-. 

Grade of atones 1"-t" 1"-i" 1"-1" 1"-t• 1"-t" 1"-t· 1"-t" 1"-1" 1"-1" 
Menn weight por atone ·0032 

(I be.). 
·0032: ..,., .. •0032 ..... ·0038 ..... -· .. 1. 

Thlckneu of Apron at. edge 1" .. 1" .. .. 1" 1" 1" 1" 
Dlscharge (casec:a) • 18 18 15 15 15 15 II IS II 
Water level 2:' above llpi'Oft level. ~ 
Approxfmato wldt.h 

apron launched. 
of ,.ft. . ... 10" •·ro· •• 8·&· ,. ..,. 1·16· 

Quanti~ of atone In •• •e .. •• •• •• laun ed apron (c. Ins. 
., .. ,. 

per sq. ft.). 

A Vfll'lijle alopo or Jauncbcd 1•80:1 2·08:1 2-25: 1 2·22: 1 2·3&: l 2•11: 1 1•16: 1 !o08: l apron. !·OA: lo 

Il'lnol velocity on slope (' 0·92 
above atones (ft./aeo,), 

1-16 1·20 1•4.8 .. 1•19 0o05 1-tlO O:at 

Final velooity ou elope s• 1·15 1·36 1·46 1-60 .. 1·«8 1•211 1· .. 
above atonDS (ft..faco.). 

l-111 

RBllA.RKB, t, The atones wero aU rounded bb ... 
2 

All pe I exet'pt In oxperlment 6 whon anguJu llrukcn •tonn Will wod 
• :C,m~:~.were ooot.mucd untlllaunchlng bad ccucd except o.J.llCrimcot G whlcb wu cOothr.ued ror :o 

Summary of Cooclusions. • 
(i) Re&arding the main object of the experiments, the thickne.~s of the stone 

apron as laid was shown to have no appreciable effect on the quantity of stone in 
the launched apron. Launching continued until there was sufficient stone .On 
the slope to protect the sand beneath. 

(ii) When launching took place under severe conditions, the slope of bank 
was fl~tter, but the range of slope under varions conditions was not great. 'l'hc 
quantity of. stone. per sq. ft. of launched apron, however, was constant and showed 
no correlatiOn With the severity of attack. 

(iii) Under severe attack, stone is likely to be carried away from the toe, 
resulting in recession of the slope and launching of more apron. This could be 
reduced and the protection considerably strengthened by laying larger stone at 
the outer edge of the apron before launching. 

(iv) The results with angular stone were very similar to those with rounded 
stone, but a smaller proportion of angular stone was lost dnring launching. l<'rom 
this it !llay be inferred that angular stone is more economical and offers better 
protect10n than rounded stone. . 

12. THE PROTECTION OF BRIDGE PIERS AGAINST Scoun. 

I ntrorluction. 
At the request of the Railway Board, experiments are being carried out to 

determine the best means of protecting bridge piers against scour, with particular 
reference to the yiers of the Hardinge B~;idge (E. B. Railway) across the Itiver 
Ganges. . The obJect is to find what action takes place, duri~g peri?ds of hil;!h flood, 
to pitching placed round p~e~, the best methods of p:ote?tlOn a&amst stra1ght and 
oblique flow and whether It IS preferable to delay pitchmg until scour has taken 
place, when the stones could be dropped in from above. 

The Hardinge Bridge piers were sunk to a d~pth of 160 ft.-1.80 ft. below 
maximum water level, which may be compat:ed 'Y1th the Lacey re_g~me d~pth ?f 
90ft. and with the maximum depth of scour which has occurre~ m th~ nver m 
this vicinity, viz. 210 ft. below maximu~ water level •. at the Ra1ta GUide B_ank 
and 206ft at the Sara Guide Bank, 12 nules and 3·2 nules upstream of the Brulge 
respectiveiy caused by curved flow round the noses of protection banks. The 
gieatest depth so far observed at the piers,-which have been protected by loose 
stone,-is 104ft. below maximum W. L. 

· r2 
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Models. 
The piers used in the experiments were geometrically similar replicas of those 

of the Hardinge Bridge. A single pier was placed jn the centre of a parallel sided 
channel, embedded in the sand forming the bed. This was Ganges sand, of mean 
diameter 0·29 mm., brought from the site of the Bridge. • 

Scour around unprotected piers. 
Figure 58 shows diagrammatically the flow around a pier 

N0·125;) 
F\C:.U>Z.E:·· S 8 c.\ . .£ \Jl..Ros. 

\-IAROINGE 'aR!OC~E F'IE"R \i.JITHOU"T f'RDTECT\0:& 

SHOWING. 01/I.G.Rft..W\A\ICALL'! L\NE.S Or ~LOW. 

SCA.LE.:· \ 1\-\C\-1 = SO FEET. 

'C:.L'E.VAT\OK LDD'k\"'C:. 0/ 
-JS. 

Owing to the obstmction to th fl · 
nP.a.r t~e surface, cansinu a small e f ow, water spread~ at the nose, upwards 
each s1de, forming the f~mili 811har ace wave, ~ut mamly downwards and to 

. ar cup-s ped scour p1~ (see photo 1410) .. 



PART II. 

PROTECTION OF BRIDGE PIERS AGAINST SCOUR. 

1410. Showing oup-shllped scour round pier with no atone protection 
(looking upstream). 

Jr; acale pier. 

1(185. Pier with loose stone protection aft{!r ~cou~ (looking upstream). Pier 
was fixed with axis at 15° to darectaon of tlow. 

Sheec 9. 

n ec:alo pl~r. 
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FIGURE 60. 
EXPTS: WITH MODELS OF 

H. B. PIEP.S IN SAI'IGES SAHD 
WITHOUT PROTECTION, 

R'ELATIOI'ISHIF' BETWEEN:-
05"DEPTI1 OF SCOUR AT HOSE. 
b = WIDTH Of' PIER. 
de "' DEPTH OF fl.OW U/s. OF PltR. 

SYMBOLS. MOOEL. BCAL.It • 

.6------- ~....,, 
~------- 6&. 

c ------- ~011. 
0------- ZIO, 
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• 
FIIOUFI.E 61. 

E'XPTS: WITH I'IODELS OF 

H. B. PIERS It( GANtaES SAND. 
WITHOLIT PROTEC'fiON. 

RELATIONSHIP BETWEEH•
ds,.DEPTll OF SCOUR. AT MOSE. 
b := WIDTH OF PIER. 

Qlc'!CEHTI<AI- DISCHARGE PER 
·v· FT WIDTH 'f's OF PIEII.. 

D--------- 10!!· 

10· 

SYM~::~~O~E~~~LE. 

0-------- ~10. 

1~--------~~----~~~~----~------Tclo :. ov:~s 
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FIGUH'E-62 

EXPTS. WITH Vss SCALE MDDEL OF= 

HARDIIV6E BRIDGE PIER WITH STONE PROTECnOI:I. 

SHOWING STONE BEFORE 6 AFTER EXPT. 
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PAkT n. . . u 
~efor~ experimenting with stone rotection . . 

reJat10nsh1p between depth of scour . a di h 1 It Was desired to det.ermine the 
to see whether scour was reproduc:d t sc rg_e and dimensions of pier, and also 
For this purpose scour was observed w -~sea~ ;n ~ geometrically simihlr model. 
four different scales: 1/40, 1/65, 1110~ ando 1j s 0 tl~e Har~inge ~rid!(e piel"!l of 

As a general procedure with each. . f ~10, hth vanous (hschar!(es. 
a high level, so that it would scour t stze 0 h I!:er, t e sand bed was hlid lint at 
charge was ~hen run, with constant wa~e~e~~ 1 s n~turnl dept~ ; a constt\nt dis
round the pier had ceased when obs r f el, nnt\ all scour m the channel t\nd 
higher discharge, without' relayin thevbe~U:nwere ta en. . This w~ followed by a 
in the range had been completegd N ~It d so. 0 ':1• undtil the htghest discluuge 

F . h . o SI was lllJecte 
tgure 59 s ows a typical case of scour ar d · · 

scour :was always deepest at the nose. onn an unprotected pter. The 
. FAtgures 60 and 61 a:e plotting of the maximum depth of scour 

s a test of geometriCal similarity th ult I . · 
It will be seen that the points -lie about eth~ lin!s~re p otted In the form shown. 

:·=1·73 (d./b) 0
'
78 or approximately d.=1·7 b 11• d. •1• •• (1} 

and ~=1·70 (~~) o-78 or approximately d.=1·? btl> q. 1. :(2} 

where d,=maximum depth of scour at pier (below W. L.). 
d,=d~pth of channe~ up~tream of pier. 
q,=discharge per urut Width upstream of pier. 
b=width of pier. · 

As the ~oints. fr?m _exp_eriments of all four scale ratios lie about the same linCI!o 
geom~tncal similanty m respect of depth, with equal F. N., is shown, and the two 
equatwns may be ~ed t? giVe _an ~pproxim~te indication of the maximum depth 
of scour aroun~ a. p1er With cylindrical nose m Ganges sand, if the flow is straigltt 
and normal, Within the range of d,jb and q.2f8jb shown. 

Piers with loose stone protection. 
. . In order ~o protect bridge piers by reducing the depth of scour around them, 
1t IS the J?.ractlce to lay an apron of loose stone around the pier, the stone usually 
being of ' one-man" size, i.e. 100 to 120 lbs. weight. Instead of a. cup shaped 
scour hole then forming, the maximum bed scour takes place midway between the 
piers, and the apron subsides at its outer edge. This may be seen in photo 1085 
an~, more clearly, in the cross section at the Hardinge Bridge in figure 44, 
facmg page 26. 

The stone protection may be laid at the level of the bed in the low-water 
season or at a lower level after excavation or, if conditions render it practicable, 
may be thrown in during floods after scour has taken place. The higher the level 
at which it is laid, the less will be the depth of pier exposed after scour, provided 
the stone' is not carried away by the force of the current. The time scale of the 
model also enters here, because the more rapid the rise of flood in relation to the 
rate of scour of the bed, the more severe is the attack on the stones. Generally 
stone protection is laid much too high and so is washed away in every flood. 

Figure 62 shows the result obtained in a preliminary experiment with oblique 
flow. The pier in this case was a 1/65 scale model of a. Hardinge Bridge pier, pro
tected by an apron of i"-1" (= 8" to 15") stone :;: 10ft. thick, laid with its top 
at cold-weather river bed level. The discharge was gradually raised to 
1· 65 a 865 cusecs per ft. width which was maintained until scour had cea.~ed. 

It will be seen that the stone spread considerably but remained finally at a. 
higher level than the surrounding bed, and considerably higher than the bot~m 
of the cupshaped pit which would have scoured had there been no protectiOn. 

Further experiments arein progress. 

13. DIVERGENCE EXPERIMENTS-{SERIES III). 
Experiments were continued to find practical meth.ods of causing flow to 

follow a divergence or expansion, in an open channel, Without the development 
of return flow or one sided or unstable flow downstream. 

In the 1937-38 Annual Report it was stated t~1~t the d~vicei hiteJ could 
be divided into two main types (a) baffle type stabilisers, which force flow from 
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th bed upwards thus making it spread out and follow the expansion; and (b) 
st:bilisers, design~d to create turbulence, so facilitating the transference of energy 
and equalising the velocity across the channel. 

Both these types have practical disadvantages: where there a~e waves of 
bed silt the baffles of type (a) are liaJ:>le to b~ rendered less eff~ctive by the 
deposition of silt or sand upstream, while th~ gnd~ of type. (b) are lia~l~ to catch 
floating debris. A third type was therefore mvestigated, mz. : (c) ~tabiliser bloc~s 
fixed to the bed. Though more costly than .(a), this tn>e h~s nei~he~ of the dis
advantages mentioned above, because, owmg to therr discontmmty, they do 
not cause sand to deposit upstream and the upstream faces of the blocks can be 
sloped to avoid catching debris. 

Model. 
The channel in which the tests were made was 2ft. wide with vertical sides, 

expanding to a section having. bed-width of. 3 ft. with 1 : 1 side slopes. The bed 
divergence was 1 in 10 each side and the side walls were w~rped. Th~ bed was 
level. Figures 63(a) shows this channel, and also the one-sid~d flow With ~e~urn 
flow, which deve~oped w~e';l no. stabiliser was used. ~~e ments o~ ~he stab1lisers 
were judged on (I) the elimmatwn of return flow and (n) the veloe1t1es on a cross 
section, 10 ft. downstream of the beginning of the divergence. The tests were 
made with a discharge of 5 cusecs, depth of flow being 1 ft. 

Curved Stabilisers, type (a). 
The previous experiments with type (a) had been done with straight bafil.es. 

The effect of curving the bafile in plan, see figure 63(b) and (c), was seen. A 3" 
space was left below the bafile to allow the passage of bed material. The bafile 
which was convex upstream (c) gave better results than either the concave and 
straight designs, return flow was eliminated and the bed velocities near the banks, 
downstream, though higher than normal, were lower than with the latter designs. 

Stabiliser Blocks type (c). 
It had been fonnd that the straight stabiliser bafil.e was insufficiently effective 

unless its height exceeded d/5, where d=depth of flow, and better results were 
obtained with height d/4. On the other hand when it was much higher than 
d/4 a surface wave tended to form, causing afil.ux. The same conclusions were 
reached with stabiliser blocks. d/4 was the optimum height. 

The cubical shape of block, figure 64(a, i) was fonnd to be best, but the 
res~ts were nearly as good when the upstream face was sloped at 45°, figure 64 
(a, n) and as .the latter shape was less likely to catch debris, it was adopted for 
further experiments. V-shaped blocks, figure 64(a, iii) pointing upstream, were 
not so good. 

A large number of arrangements of blocks were tested, in one or more rows, 
a~d placed in different positio~ in the expansion. The best results were obtained 
With the .a~angement sho? .m figure 64(~)· comprising two rows as shown, the 
first conslStmg ?f ~locks 3 hig~ ( . d/4), 2 ~de with 2" spaces, and the second 
row of blocks.~ high (=d/6), 2 Wide and 1 spaces. There was no return flow 
and the veloCities were nearer normal than with the curved bafil.e of figure 63( c). 

The be~~ arrangement :using only one row of blocks was as shown in figure 
64(c) compnsmgblocks 3" high (=d/4), 3" wide with I" spaces placed just down
stream of the beginning of the divergence. There was no r~turn flow but the 
r~ults were no.t so go~d as with the design of figure 64(b) as the main fl;w moved 
slightly from side to side and the bed velocities at the sides were higher. 

1 in 5 Divergence • 
. The ~esi~ of ~vergence was changed to that shown in figure 64(d), having 

vertiCal sides divergmg at lin 5, and sharp returns to meet the 1 : 1 banks down
stream. There was, of course, always return flow downstream of the returns 
but the arrangement of blocks shown in figure 64(.1) · t' f · J ' of blocks 3" hi h 3• 'd , "' , cons1s mg o a smg e row 
di d

g ' d . Wl e and 1 spaces, placed near the downstream end of the 
vercrence re uce It to a minim Th J • • d " 

1
• h . um. e ve OClties ownstream were good but 

less norma t an With the warped divergence with bl k d 'b d b The ex erim n will b . . oc s escri e a ove. 
P e ts e contmued With other shapes of divergence. 
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PART U. 43 

14. CALIIlRATION oF A STANDING WAvE FLUME wrmoUT SmE CoNTRACTioNS IN 
A 5-FT. CHANNEL. 

This type of standing wave flume is suitable for measuring dischar~s where 
only a small loss of head is permissible. The flume calibrated consi~ted of a hump 
1·79 ft. high and 10·5 ft. long, as shown in figure 65, in a rectangulnr channel 

F'laURE 65. llf IC.l81/A 
el.& H.R.Snt 

LOMSITUDINAL. SECTION OF' S. W. F: 

SCA~E :• 1 INCH • 4 F'Crr'. 
FLOW_...,. 

I • .. ' • • I • • . _I j""-- :S¥8 I I 3•0 I :S-10 ~ 

~ 1'-~ .. ____..._ ~l-t!~ 1 
l CV~I. I I IN IO 

~ ' ------,-------~----
l I l-a• 
' . 

5 ft. wide, extending the whole width of channel, i.e., there were no side contrac
tions. The curved upstream face was provided for smooth entry, the le~el tbro~t 
sill was designed to be of sufficient length to provide long-crested. we1r con~h
tions and the downstream glacis, sloping at 1 in 10, to recover ve\omty head w1tb 
high downstream water level. . 

The flume was calibrated in the range q=0·06 to 1·08 cusecs per ft. w1dth, 
using a standard 2 foot Standing Wave Flume located downstream. 

Discharge Fwmula. 
The results are plotted in figure 66. 

FIGUR£ 66 
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For discharges above o-4 ~usecsjft.~ ~ whi?h range the scatter was very 
small, the discharge formula denved stat1stwally IS 

Q=3·03 B D1
1·5S 

the difference from the standard formula Q=3·0 B D''6 being due largely to the 
efiect of velocity o{ approach. 

The more simple formula 
Q=3·0BDr 

is correct within± 1 per cent for q=1 to 3 cusecsjft. (D1=0·5 to 1·0) as shown 
in table 9: 

TABLE 9. 

• 1'6S q=Q/B q=3 D 1'6 
Per cent error. D1 (ft.). Q =3·03BD1 (Cusecsflt.) (Cusecsflt.) 

(Cuse.,s.) 

1·20 20·01 4·00 . 3·94 -1·5 

1·00 lli-150 3·030 3·000 -1·0 

·75 9·757 1-951 1·949 -0·1 

·00 5·247 1-049 1-061 +H 

·2 1-291 ·258 •268 +3·9 

Range. 
The hump was not calibrated for discharges greater than 5·3 cusecs 

(q=1·06 cusecsjft.) owing to the small size of standard flume available for calibra
tion, but it may be assumed that the above formula is applicable with small error 
with depths up to 0·4xthroat length i.e., D1=1·2' and- q=4·0 cusecsjft. approxi-
mately. . 

There was scatter with discharges less than 0·2 cusecsjft. width, due pro
bably to the e:fiect of slight roughness and unevenness with the very small depth 
over the hump. The useful range of this flume may therefore be taken as 0· 2 to 
4· 0 cusecsjft. · 

Modul0/1' Limit. 
The modular limit of the flume, indicating the downstream water level above 

which the wave becomes "drowned" and the calibration formula ceases to apply, 
is shown in figure 67. It will be noted that the modular ratio D3JD1 at the limit 
exceeds 0'·9 for discharges greater than 0·6 cusecsjft. The recovery of head is 
therefore satisfactory. 

1•0 

0 -e 
0 

N!j 1153. 
CI.C. H.R.ST!! 

FIG. 67. MODULAR LIMIT OF S. W. F. IN .5 FT' 
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15. EXPERIMENTS WITH SMALL MODEL C!IANN!:LS TO· :rnm THEIR DIVERGENCB 
. · FROM LACEY REGIME. 

. It is !ound tha~ the small channels ~f limited length, flowing in silt or sand 
Without stde res~ramt,. as nse~ for expenmental purposes at this Station, tend to 
assume stable dimensiOns which depart from the Lacey forrnula.s for regime 
channels. In general the sections are broader and shallower. 

This difference is to be expected u.s the length and time are insufficient for 
the channels to generate a natural distribution of silt and form berms of fino 
material. The object of the experiments described below was to lind the stable 
dimensio!lS of channels under such conditions. . 

(1) Khairpur Feeder West Experiment.t. 

Experiments were carried out with a model of Khairpur Feeder West Channel 
(Sind) with a constant discharge of 3· 8 cusecs. The model was built in local red 
silt according to Lacey regime dimensions, with 11=1·25 u.s shown in colunm 2 
of table 10 below. This silt is of slightly cohesive character, with mean diameter 
=0·24 rom. A natural silt charge of 2·6 c. ft. per hour was injected and a natural 
section was allowed to establish itself by running the model for 40 hours. Table 
10 compares the actual and ;regime dimensions and their ratios. 

TABLE 10. 

Lacey Regime Aotual 
aatul1 

cUmenaioDL - dimensions dimension•. Bat&o ol rrataae 
f1 == 1•25. dlm.....aona. 

I 2 3 ' 
Q (cusecs) .. 3·8 3·8 1·0. 

p = 2·67 Q 1fl (ft.) . . • . . 5·2 6·6 1-26 

( Q )"' 0·68 0·686 0·88 R = 0·47 T." (ft.) . . . . 
1-076 1·0 0·93 v = H512 ..tf1R (f/s) . . . . . 
3·63 3·8 1o()'16 

A = PR (sq. ft.) . . . . . . 
4-37 5·U 1-20 B; (ft.) . . . . , . , 

' 
fsQ 6/S . 

0·00083 0·00087 1·00. s = . . . . . 
1859 Q116 . 

0·80 0·73 0·586 q (ouaeos) d!sch&rge per ft. run • . . . 
0·917 .. 

f, = 9·4..fd.- . . . . . . . . . 
1•25 1-248 111 

f, 3 v• . . . . 
=;t & . 

1·~ 1.0 1·25 1 .. = 193 Rtla sa1a . . . . . . 
1·25 1·25 1.0 

~ .. = 48·46 ..IS V . . . . 
1-26 1-276 1-o2 

fsQ = 91·54 8"1 Q1 /10 . . . . 
1·25 1·036 Cl-83 

fVQ = 2·014 V1/Q1 If . . . . . 
I-:10 0·68 

1·25 
~ .. = 3,901, 688 N.' . . . . . . 

• 1·218 0·98 
3106 R S . 1·25 

'• ... . . . . 
v 

1.0 
0·0228 0-6233 

= 1·3458 R''' S''* • . N. . . . . 
v 

1-o2 
18·00 18·31 v . <; = . RIJI gtii . . . . . 

3·33 1-26 
p . 2-67 c, lt::Qiii . . . . 

11-11 1-68 
p . 7-12 c, . . 

= RV . . . . 
lHO H6 

7·86 c. = PJR. = 5.84 Qtti ftfll . . . . . 
G 
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Th was a. very close agreement with the regime test formula V=l6 R~J• 
S'i'· sho~~:g that the channel had. adjusted its slope. V was 7 per. cen~ too 
1 d slope 6 per cent too h1gh and R, I4 per cent too low, f1 ; fn.s, f,.; 
fow. ~n nd f all=I·25 approximately; while fd (=9·4y' d") gave a. value 
;{ 0·92 whlch ..;:.a 26 per cent lower .. fvQ . 1-04 or 17 per cent lower. 

(2) SiU channel experiments wit~ silt injection. 

Subsequently, experiments were carried out with channeJs in incoherimt 
sand, designed and laid according to the Lacey formulas for discharges. I ; 1·5; 
2 . 4. 6 · 9 · I2 and IS cusecs. The channel, 190ft. long, may be seen m photo 

' ' ' ' 1896. 
The mean diameter of the sand was I·4 mm. and. the silt factor ~=2·I85. 

Bed and berm were constructed of the same material. Turbulent flow was 
created at entrance by building the approach channel of graded pebbles from_ i" 
at upstream end to l" lower down-figure 68 shows plan of channels. The sectiOn 

t:HNNAIJE .0 

F'/0. Gs. SHOWitfG SILT CHANNEL 

a, 
30 

«e 
60 

6 .. 
IZO' 

···'-~ 

IS. an F'DR BED WA'TER--l 
;s 

150 

at the downstream end of the channel was co.ntrolled by adjustable vertical wooden 
batteus fixed across the section. Sand · was not injected and the experiments 
were continued till bed movement ceased. In order to maintain a st~,;aight channel, 
banks tending to slip at one ~lace were immediately repaired and made uniform 
with the shape above and. below. In some of the repeated experiments, instead 

·of laying the ~hannel according to regime section, it was made slightly narrower 
and deeper tl;tan the final section previously obtained. For finding the mean 
dimensions, P, R, V, A & B8, cross sections were observed at intervals of IO tt. 
between chainage 60 ft. and I20 ft., this length of channel being found to . be 
least afiected,by the conditions at entry and exit. 

Slope observations.· 

Slopes were observed by difierent methods as shown below:-

(a) Water levels were observed in midstream by point gauges at chainage 
30, 60, 90, 120 and I50 ft. and velocities on verticals in midstream 
were measured with a pitot tube, from which energy gradients were 
worked out, allowing for the velocity head. · 

(b) In order to eliminate errors, water levels were observed with point 
gauges 2' and I' upstream and I' and 2' downstream of a section 
and _across the c~annel at, various points, and the mean of all the 
readings was taken to represent the water level at that section. 

(c) W~ter l~vels were observed by fixing impact tubes ~t about half depth 
Ill; lllldstream at chainages 30, 60, 90, I20 and I50 ft. connected 
With ga~ge ~ells fixed near the right bank of the channel. These 
observatiOns mcluded the !lfiect of the head due to velocity. 

(d) A c~th~tometer ~as used to measu:e water level (i) in midstream. aU:d 
(n~ m the gauge wells, by reading the top of a point gauge-. the 
pomter of which touched the water surface. . 
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. ~ ~ILT CHANNEL. EXPERIMENTS • 
. · . . 

. . · 

I. ~lutha Right. Bank 
ranal. 

II. Rill eA.IMJ. 

III. 15 It, liX~rlmont&l 
oh&llDtL 

1896. Silt e:ocpcrimt>nts with Q= l•5 CUI!('C8 af~r 135 houn flow with silt injection. Chann~l wu JnlU&Uy 
: · Jaid according t.o rt'gime dimensions. Mean diameter of aalld=-l-4 mm. and 14•2·186. 
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As the surface slope observations were h ti . 
done as far as possible when there w . muc a ected by wmd, tltcse were 
concordant results were obtained especlallo bd, abd unde~ s_uch r?ndit.ions fairly 
. were observed in gauge wells by a cathe~my met od (d) (u) m w~uc~ wutt>r lev~ls 
·water levels in midstream by a cathetometer ;:• ut m~thod (d) (1), 1.e., ob:ll'rving 
~er result.s were better than those by meth a ( ) blso satiSfactory: _Th~ catllllt.ome
m zero readings of gauges th diti ~ 0 ecause of the ehnunat10n o{ errors 

Fi • e erence 111 water levels being read directly. 

gJ.ITVes 69 to 71 show respectively ratios of PJP . RIR . AfA • V/V . 
SJS • -- • p ., , ... , "', ., 

" - /fR • B,JB . D fD . - . P m 1 tt d . d' v or ' • er ' R -:- rt ~.., P o e agamst 1scharges. The 

subscript 'r ' refers to reaime d' · f h · th L f ul .,. 1mens10ns or t e same d1sc barge according to 
toe wffcey 0~ ~h T~e large scatter was considered to b~ due hugelv 
di erences m e time allowed initially to run up to the dcsi n1ed 
thsctar~e .. It whasbfound that the more gradually the discharge was rai~e~l at 
. e egJ.Ulling, t e. etter were _the results ; owing to the tendenc with rn id 
mcrease _for the s1des to fall m,_ fo~g ~arge bed-silt-waves. J.:1ittin" th~.~e 
~bserliatlons, the trend ?f the pomts 1s to lie approximately on curves asy1~ptotic 
o a bne parallel to regJ.m~ ; and for practical purposes, for Q>5 cusecs curves 

may . e assumed to be honzontal with ' 

PfP,=H7 
RJR,=0·85 
A/A.=0·98 

VJV.=l-02 

SJS,=0·46 
B,JB,.=1·25 

and 

iiid., =0·80 

These diller considerably from regime excepting V (and hence A). 

As regards the various ' f' values fvQ 'appeared to agree with f., better than 
other f values do for discharges of 4 to 18 cusecs, the formula being f=2·014 
V3/Q''" or say 2 V3JQ''2• 

It will be n~ted that PJR _r3;tio (i.e:, PjR-':-P,jR,) is about H, whereas VJV, 
= 1· 0 ; the practical value of this 1s that 111 models with moveable beds and sides the 
v~rtical e~aggeration will be reduced in the ratio of 1 : 1·4, whereas the vel~city 
Will remam the same. Also, where there is no silt movement, the slope ratio 
should be only 1/2 the regime ratio. , 

These conclusions are tentative and experiments are to be continued with 
difierent grades of sand. 

16. EXPERIMENTS WIT1I SILT .!BRADER. 

This experiment, which was started in November 1932 to determine the rate 
of abrasion of sand, was continued during the year. 

The object is to show whether abrasion can be an explanation of the feature 
of large rivers that the bed sand becomes progressively finer from the bills to the 
sea. As described in the Annual Report for 1937-38, the silt abrader consists 
of a circular tank of 2 ft. radius, 4 ft. high, with a central shaft to which three 
tiers of blades are :fixed, each tier being set at 40° to the other two. 'fhe shaft 
was revolved 30 times per minute, so the velocity of the blades at the outer edge 

was &9 fjs. 
Sukkur silt was placed in the tank to a depth of 6" and water maintained at 

a constant level, 3' -6" over the bottom of the tank. 

The abrader has worked for 1637 hours (=68 days) since last year's report, 
the total working hours to date being 8787 hours (=366 days). At the end of 
this time the silt on the bottom was thoroughly mixed and analysed by the Puri 
siltomete~. FigJ.lfe 72 shows the distribution curves of silt obtained after 6220, 

7150 and 8787 hours. · 



~ 
l!l 
~ 
~ 
Ill 

~ 
~ 
~ 
~ 
I( 

48 ANNUAL REPORT OF WORK DONE· ])URING THE YEAR 1938-39. 

It will b n that between 7150 and 8787 hours, abrasion of silt particles 
e see ' . . h . f t 'lt of 0·25 to 0·35 nun. grade took place, resultmg m t e mcrease o per cen s1 

to% 

6j 

FfG:-72,SHOWING /J!STRI8U7"10N CURVES OF 

SUk!<UR SILT FROM 5/LT ABRAD~R. 

(.~XPT: DI5CONTINUEO AFTER 8787 HOURS) 

ANALYSES BY PUR/ 51/.TOMETER. 

v \ vAF~ek 17 7~0~R1. f. . 
If ' 

I 
o 'liOL(R~. II AFT£(? ~Z 

). ,/ v I'" <- I~E '2<Sd H !::>u l?s. 
lj' v ~' 1\*' 

r} ) r~ 
_, ' I !", 

' v •' • I'-, 
v !.-' \ 1\ 

\ ·\ ...., .... !-.... !""< -·~ 
·O.S •IS ·25 ·35 

DIAMETER /IV tn. m. 
NOTE:-

Ns;?· /24 9'.. 
c./.fH.R.s., 

I 

VA LUES OF' THe .OtS'T'RIBUT/0/V CURVE'S WE'RE OBTAINED 

' Fli'OM SUMMATION ClJRYE'S AT /JVCREIMENTS OF O·OZm.m. DIA, 1 

[The distribution ourve of the original silt is not shown as it was not analysed by the Puri siltometer.] 

b_etween 0·11 to 0·~5 nun. diameter. There was very little percentage increase of 
s1lt<0·08 mm., whiCh shows the limit of abrasion· because below that limit· 
the silt goes in suspension. Table 11 shows the prog;essive reduction in the grad~ 
of silt at various periods during the experiment. · 

Total hours o1 working. 

Original aample • 

3776 hours ( = 157 dayo) 

5382 hours ( = 224 dayo) 

6220 houra (= 259 dayo) 

1150 hours ( = 298 dayo) 

8787 houn (- 366 dayo) 

TABLE u. 

0·22Q 

Q·216 

0.!9& 

0·193 

0·181 

0·169 

f.a=l·76vd_, based 
011. p~tkles>0·076 mm. dia.· 

meter. 

0·84 

0·82 

o-7& 

0·77 

9·76 

0·72 
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The percentage fraction of coarse sand (G-2 to 1·0 mm.) obtnin~d hn~ cl~er~n"ed 
from 90 per cent at the commencement of the experiment to 36 JWr r~nt. nfter 
8787 hours, and the percenta~e of fine sand (0·2 to 0·02 mm.) hn.• inert·n~•·•l from 
9 per cent to 63 per cent. This result clearly shows the effeet o{ abm"ion. 

After 8787 hours, the experiment with Sukkur silt was discont.innr<l brenn"e 
there was no indication as to the relative rate of abrasion of vnrionR ~izr", this 
being masked by increase of the finer grades ( <0·20 mm.) from nil •·onn<e gmdes 
(>0·2 mm.). 

Therefore, a new experiment with silt obtained from the bed of t.he Bmhnm
putra at Amingaon was started on 15th September 1938, the silt being pn><.•ed 
through 80 mesh sieve, but retained on 120 mesh sieve. The mean d .. ,. after 
sieving was 0·276±0·056mm. The silt thus obtained was placed in the rircnlnr t.nnk 
to a depth of 6" and water was maintained at a constant depth of 3' -6" over the 
bottom of the tank as in the previous experiment. The abrnder wns stopped 
working after 1296 hours (=54 days) and the silt was analysed by the Puri silto- · 
meter. The temperature of water in the abrader, observed daily at 8 A.M. and 
12 P.M., was found to vary between 17°P and 28°0. 

Figure 73 shows the distribution curves of silt at the commencement of the 
experiment and after 1296 hours. . . 

·~., 

' 

t=\<aU~£:- 73 
51-JOWIH§ 'OlST\2\BUT\01-.1 

SILT ( A.T A~II-IG"-01-1) 

AN.J>.L'{S\S B"'' 

0 
O·S 

I'ISZ·1249/A· 
c.'i. &. H.it:S. 
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V.ALU'E.$ 01= Tl-IE. '015TI21\'!.UTIO\.l cUll! \111£\-ITS oF o·o2 m.m. Ollt.• 
'5UM IY\AT\0\ol C\) !=!VE S AT \ l-l C RE. _, 

. • e slow as was the case at the 
It will be seen that the rate of ~brasiO~ v g Th~ percentage of courl!ll 

beginning of the last experiment With Su r C:nt. to 87 per cent and the per· 
sand (0·2 to 0·36 mm.) decrease~ from 9J £om 9 per cent to 13 per cent. !he 
centage of fine sand ( <0·2 mm.) mcrease 
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mean diameter decreased from 0·276 to 0·271 rom. and the Lacey silt factor de

creased from 0·98 to 0·97. 
The experiment is being continued. 

17. EXPERIMENTS IN CONNECTION WITH SEEPAGE FROM CANALS. 

The object of these ex-Periments, which were started over two years ago at 
the suggestion of Mr. Crump (Punjab), is to correlate seepage with depth of water 
table, under controlled laboratory conditions. For this purpose the rate of 
seepage is observed through columns of silt or sand, from water main
tained at a constant depth on the top of the column, representing a canal, to a 
chamber below, representing the subsoil water table, in which water is maintained 
at various levels in different experiments. Figure 74 shows a typical column. 

FIG· 74 SHOW INS 
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.Al3 explained i_n the 1937-38 Annual Report, to which referen~e ma be made 
f?d fu~he~ deta1~, the rate of seepage through each column reduce! very con
S! era dy omdt. e start of the experiment, and does not become steady until 
many .ays, an m some cases months, have elapsed. 
. Th1s has been found to be due mainly to staunchin ca d b th d · 
!~:ait:Jry ;n:

1 
particles of silt in th~ top surface layerg of t~: col~~ i.:.~~~~ 

one of th~ coluamnse 1o2f sGhows the adnalysJs of samples taken from the top layers of 
anges san :-

TABLE 12 

- Top layer 2nd layer 3rd layer Original 
2 mm. thick. 6 mtn. thick. · 6 mm. thi~k. Gauges sand. 

' 
Ci&y<0·002 mm. . . . . . . 5·S 0 0 0 

SilL 0·002-Q·020 mm. . . . . . 6-7 } Fine Bzr.nd 0·02--{)•06 . . ' 11-1 
8·5 6·2 0·1 . 

Coan~e sand 0·06-o·OO . . . . . 77·4 91-5 93·8 99·9 

TOTAL . 100·0 t 100·0 100·0 1()()o0 

It will b e seen that the top layer 2, hi lower layers each 6 rom. thick whll mm. t. ~k, contained clay, and that the two 
of finer particles than had the '

0 
. . e lcontadmmg no clay had a greater proportion 

Ch 
. 

1 
r1gma san 

emJCa analysis of sam les f h · · . 
had taken place. The staun;hin ° t e top layers showed that no sodiumisation. 
menon, the particles of clay in thg !hus

1 
appears t_o be entirely a physical pheno

the flow. e 0 P ayer causmg an additional obstruction to 
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PART n. 
51 

As a result of this staunching, almost the entire head of w t 1 ·t · h 
top layer, as may be seen from figure 75 di f 8 er was os. m t. o 
one of the saturated columns bt · d b' a agram 0 I?ressure observnt.tons m 

. , o ame y means of vertical gh1ss tub ' · t d 
to vanous depths from the top. The readings shown were taken- cs lllser .e 

(a) 16 d?'ys after the start of the experiment, when the rate of seep
1111

e w
118 h1gh, and the loss of head was about proportional to depth below the top, 

(b) & (c) after SO and 94 days, when the top layer was becoming st
1
mnched 

and ' 

(d) finally, when the rate of seepage had reduced to a very low but steady 
value. . 

. In all cases the seepage time curve flattened out and the rate of sccpnge 
ultimately became steady, though very sensitive to any disturbance of the wnter 
or sand. There was, therefore, a limit to the degree of staunching which could 
occur under the particular conditions. 

Staunching took place whether the water was visibly silty or clenr, nnd WIL~ 
found to occ~r even in a small experiment using filtered town water supply. In 
all the .expenments, however, the top (canal) water was still. Experiments nre 
now bemg started to observe seepage with the top water in continuous motion, 
as would occur in a canal. 

Figure 76(a) shows the final rates of seepage through columns of Khadak
vasla red silt, of varions lengths with various depths of subsoil water, corrected 
for difterence in viscosity due to temperature differences. 

In one series with a 3 ft. column, the water level in the lower chamber was 
raised and lowered in stages, allowing the seepage to reach stability· at each stage. 
In the other cases the columns were separately prepared in each experiment. 

It will be seen that the curve obtained with depths of 3 ft. and less was quite 
different from that with subsoil water below 3 ft. from the canal bed. In the 
former case the rate of seepage was proportional to the head, while in the Iutter 
it was practic~lly constant, independent of the head, at a value about l/6th the 
maximum, which was obtained with 3 ft. head. 

These experiments thus ptoyided a striking_ confirmation of JI.Ir. Crump': 
conclusions and of the field expenments later earned out by Gopal and Sharma. 

Figure 76(b) shows the results obtained up to the present with .columns of 
Ganges sand, which is of more uniform grade than ~h~dak~asla red silt and con
tains no clay, as may be seen from figures of analysis g~ven m Table 13. 

TABLE 13. 

- Kbadakv88la red oill. OangctAnd. 

mean diallleM . 0·32 mm. 0·27 mm. 

Cl&y<0·002 mm. . . . . . . . 1-0 0 

Silt 0·002 to 0·02 mm. . . . . 4-5 } 0·1 
. . . 

Fine sand 0·02 to 0·06 mm. . 18·9 . . . . 
Coarse. sand-

0·06 to 0·60 mm. . . . . . . . 61-0 99·9 

0·6 to 2·5 mm. . . . . . . . . 8·6 0 

ToT~L . 100·0 J(J()-() 

Cll cr million . e observed With Ganges sand was - 31 cusc p 
The maXImum seepag d h d of 4.35 ft compared with which the 

ft 'th 7·5 ft column un er a ea ·• . · h f 
sq. . . WI a . . h d ilt was 6·3 cUBecB per million sq. ft., wit ~ 3 t. 
malXImum dobse3rvftedhWiadt reob:ervations are still to be made, however, for Ganges 
coumnun er · e · d4ft 

'th 1 · d heads between 1ft. an · 
sand, WI co u~ _an curve for Galiges sand will 'be found to 

It appears likely th?-t. the sej;a~:n.e for .Khadakvasla red silt, though the 
have the same ~haracterutics 118 t e due to the small proportion of fine particl(liJ. 
rate of seepage IS very much greate~ 

The experiments are being contmued. 

' Paper No. 209 : l'OIIj&b Eog!Deering Coogreeo. !938. 
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/ pART III.-ENQUIRIES DEALT WIT~ WITHOUT EXPERIMENTS .. · · 

18. TRAINING THE JUMNA NEAR PALLA VILLAGE (DELHI PROVINCE). 

The ri ht bank of the Jumn~ River at Palla vill~ge in Delhi Provin.ce 
is being e~od~d. T}le .problerp. was referred to fhe Statwn. to suggest remedies 
to prevent further erosiOn. 

Two alternatives were suggested, based on the survey plan, 

(i) to reduce the discharge in the main river by improving the cut-off 
nala, . . 

or (ii) it mirrht be possible to move the attack upstream of the vrllage by 
co~tructing a short groyne upstream a~d another short groyne 
downstream of the village on the opposite bank. 

If the cut-off nala was already increasing naturally, erosion at the village might 
soon decrease and no remedial action need then be taken. Further data re.gard
ing discharges were requested ~nd it. was suggested that a. model expenment 
would be desirable, after a field mspectwn. 

19. TRAINING THE AURANGA RIVER TO PROTECT BRADELI VILLAGE, DISTRICT 
StmAT (BoMBAY). 

Bhadeli village is situated 3 miles from the sea on the right bank of the River 
Auranga--'llide figure 78. The maximum flood discharge recorded in 1933 was 
45,000 cs. The river is tidal for 5 miles upstream of the village and the force of 
tides at the latter is considerable. · 

Erosion along the right bank at the village has taken place steadily during 
the past 3 years and, as can be seen from the figure, a considerable area of village 
land has been lost. The present bye channel shown in dotted red, formed part 
of the old water ·course and though moderately wide and well defined is being 
silted up, while the present channel around the bend tends to scour. To stop 
further erosion, the local authorities proposed to construct the four groynes shown 
in red. The Government of Bombay referred the question to this Station for 
opinion. · 

The left bank at Bulsar, a Taluka town upstream of Bhadeli, had also been 
eroded by the combined action qf the tides and high B.oods and, about the year 
1895, the safety of the Bunder there, which served a very good traffic of country 
craft, appeared to be in danger. 4 groynes were therefore constructed on the 
left bank, shown in figure 78, and later in 1915 three more groynes added. These 
groynes not only had the desired effect of arresting progressive scour on the left 
bank, but some of the scoured land of the Bunder was reclaimed. 

The t~vo full lines and two inn~r dotted lines in bl~ck represent the two banks 
and the fair we~ther course of .th~ river in 1895 before the construction of groynes. 
The red. outer lines on Bhadeli side represent the present bank and the two inner 
dotted lines show the present low water course: · · · · 

. It was pointed out that the seven groyne8 on the' left ballk upstream of the 
village had no efiect on throwing the river to the other bank ; and might, in fact, 
have been expected to hold the flow to the left bank. As the river was so un
stable, the cost of river training was likely to exceed its benefits,--especially as 
the present bye-channel was t~nding ~o silt. It was suggested that as the river 
had probabl:y: nearly reached Its maxrmilm swing, all that was required was to 
protect the village by an embankment with a stone face. · . 

20. REMODELLING THE INTAKE FOR THE RAUNARI PUMP~NG STATION OF FYZA-
BAD PUMPING AND GoGRA ELECTRIC SUPPLY SCHEME (U. P.) • 

. . T~e Raunahi Pumping. Sta~iori, which pumps a: discharge of 180 cusecs, for 
Imga~wn from the Gogra R~ver mt? the Fyzabad Canal system,. by three 60 cusecs 
electncally operated 35 ft .. ~ verti~al spind}e Pll!llPS- " . . ., 
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Since this yumpin~ Station ~a~ opened in February 1937, constant trouble 
has bee~ expenenced Wl~h excessive wear on the bottom bearings of the pumps. 
Th~ mam s_tream of the nver passes.at the foot of the cliff in front of the Station; 
whwh as w~ll be seen from figure 79 Is set back about 25 ft., and has no wing walls. 
A b!l'r of s1lt forms a.cross the mouth of the intake, as will be seen from cross 
sectw~ No. 5 shown m figure 79, and silt is drawn into the pumps, rausin« the 
excessive wear. " 

The Chief Engineer suggested the followin« alternatives for lmprovin« the 
intake :- " " 

{1) "Cutting away the cliff on both sides of the Station aloncr the lines PQ. 
and RS-see figure 79-to eliminate the set-back ~nd brincr the 
river past the entrances to the pump chambers. " 

{2) Provid?tg a curved approach and a regulator to shut t)le station off 
durmg floods, when the pumps are not working. 

{3) Leaving ~he entry as it is and providing a dredger to keep it clear of silt. 
deposits. 

The following recommendations were made :-

It would not be possible to improve entry conditions to any considerable 
extent, except by projecting the downstream abutment straight out into the river 
and curving its end upstream, but allowing water to flow under this or providing 
undersluices-which would, however, be expensive. Cutting back the bank up
stream may have a slight effect, but silt would· again deposit. Any projection 
downstream-even a short one--would be beneficial. 

The action created by the suction, supposing no changes were made, 
would be to draw bed water and bed silt into the entrance ; the top, clear, water 
tending to flow straight on. This being so, a dredger would not be a solution ; 
because the inflow of silt would be continuous so long as bed silt is in movement. 

21. DURAN! OUTFALL CHANNEL, QUE'rTA, (BALUCHISTAN). 

The flood run-off from Quetta town and Cantonment is pa~sed through the. 
two nalas-Habib and Durani-· 3hown in ficrure 80. Below the junction' J ',the 
discharge is taken into what is known as the" Durani Outhll ", with estimated 
maximum discharge of 6,500 cusecs, leading into the Quetta Lora. The constrnc: 
tion of the Outfall was completed in 1937, since w~en the Outfa~l below the lust 
masonry structure has developed a longitudinal sectwn as shown m figure 81. 
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It will be seen that a fall of 30 ft. has developed, which is scouring back very 
rapidlY:. 

The loc.al authorities proposed to construct a pucca tail channel with a fall 
at D (shown a~ AB as "first proposal" in figure 82) and referred the problem to 
this Station for opinion on the design. It was poin~ed out that had this question 
been considered when the fall was near the Lora, :1t would have been compara
tively simple, but as the fall had scoured back aitp.ost to the sharp curve, the 
effect of velocity of approach would not be uniform and the water would pile up 
on the right bank. The mean velocity of approach with the proposed 30 ft. wide 
channel, 9·2 ft. deep, would be 21 f/s, equivalent to 8·2 ft. velocity head. This 
would be serious even were the channel straight, but would preclude the 
possibility of satisfactory results on a curved channel; besides which, any 
masonry work would be liable to be outflanked or undermined owing to the high 
fall and the treacherous nature of the soil, which when wet is semi-liquid. 

Suitable solutions were :-

(1) to construct a channel with a velocity of 2·6 f/s, width =160 ft. and 
depth=15 ft., with baffle falls to dissipate energy, or 

(2) to construct a rapid, similar to the one recommended in the case of 
the tail channel of Spin Karez waste weir-vide experiments with a 
model of the Waste Weir channel of the Spin Karez. Reservoir 
(Baluchistan) described in Part III of 1937-38 Annual Report. 

The local authorities then suggested abandoning the existing outfall channel 
and constructing a rapid along the alignment A~e figure 82. The bed slope 
of the proposed rapid =1 in 25. It was pointed out that a slope of 1 in 25 would 
develop a velocity of about 28 f/s, if the flume were of smooth cement concrete, 
and the m·ain danger in a steep flume constructed in treacherous soil was that, 
in the course of time, the soil might be scoured from under the flume, causing 
subsidence. If, however, this was not considered to be a likely trouble, then 
the flume would obviously be cheaper. · 

22. SILTING OF THE GRAND ANICUT CANAL, CAUVERY RIVER (MADRAS). 

The Cauvery river is split into 4 channels at the Grand Anicut-see figure 83. 

·. 

FIG.83 

-
RIVER 

UPLAND 

\Yater spilling over the Grand Anicut on the left bank fl. • t th. C 1 r · l t 1 . . , ows 1n o e o eroon 
~ver • am wo regu ators m midstream pass water into the Cauvery and Vennar 

nvers. 
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The Grand Anicut Canal, wl!ich was opened in 1933 t1tkes off from the 
Cauvery at right angles from the right flank between the Vennar anu Uphtnd • 
Drainage channel, and flows only from June to January. 

Figure 84 shows dis?harge: gau~e c~ves of the Canals for the years 1935, 
1936 and 1937 from whwh the detenorat10n of the canal durin" that period is 
obvious. , "' 
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The problem of excluding silt from the Canal was referred to this Station. 

The Canal design was :first considered. 

Table 14 below .shows the ratio of various dimensions of t~e Canal, as designe{l 
compared with the corresponding regime dimensions a?cording t~ the Lacey for
mulre for a silt factor fd=1·6, derived from the analys1s of bed silt of the canal 
downstream of the Head Regulator (mean diameter =0·74 mm.) 

H2 
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TABLE 14. 

Regime climen· 
design PC! 

Designed 1\tltlo ot dimensions 
Scrilll RiOJL<li With f<~.=)·60 dimen· regime Lacey formulw used in Col. 3. - F. S. Q.=4,360 dimensions. No. sions. ausecs. 

Col. 4/Col. 3. 

1 2 3 4 5 6 

1 p (II.) 176 200 H4 p = 2·67.J'Q 
1/3 

2 ~ (ft.) 6·6 6·55 0·99 ~ = 0·473 (Q/f) 

3 A ("'I· ft.) 1160 1309 l-13 A=PR -

4 v (!/') 3·76 3·3:1 0·89 V = H512.J'Ilt 

·' Slop•.! 0·000293 0·0001.1 0·51 
VI 

S = 3106 R 

=1/3413 = 1/6667 

It will be seen that the designed slope was inadequate, being only half that 
. required for silt of the grade found at the head of the Canal. 

In 1938, the water in the river upstream of the canal regulator was raised to 
reduce the quantity of silt drawn by the canal. By referring to fig. 84 (in which 
circles and statement in right margin show conditions in 1938), it will be seen 
that tl10u~h up to about 22ncl July 1938, the 1938 points were an improvement 
on the 1937 r.onditions ancl lay on the 1936 curve, thereafter the canal began to 
deteriorate and the remaining point:< !J to 20 (i.e., from 10t.h Angnst 1938 to 26th· 
November 193R) lay elo~e below the 1937 curve. From this it appeared that 
t.hongh the new methocl o[ regnh1tion (-i.e., increasing the gauge reading above 
the Anicut) r.tu.~ed a temporary respite, remedial measures were likely to be re
quired later. The possibility of such measures is under investigation. 

23. APPROXIMATE FORMULA FOR VENTURI FLUMES. 

An enquiry was received for a formula which would give the approximate 
tliticlmrge pastiing tlu.·ough a Ventmi Flume, where the cost of accurate calibni.tion 
hy mettnti of a lllOllel WttS not justified. 

The direct application of the Bernoulli energy equation 

v 2 v 2 
..!.+D1=i+D2 2g 2g 

is often v~ry inaccura:te, d.ue !llai~y to the velocity head exceeding v2/2g because 
of non-umform veloCity distnbut10n and the gauge readings in the throat being 
afiected by curved flow. . 

As both these .errm:s are closely proportional to V2, both can be reduced by 
the use o! a coefliment m the expression for velocity head, V

1
2fK

1 
being taken as· 

the veloc1ty head at the upstream gauge and V
2
2fK

2 
that in the throat. 

The discharge equation, derived from the modified Bernoulli formula, is then 

Q=B1 B2 d1 D2vK K j dt-Da-X-h, 
. 1 2 K R2d2-KB2D2 

1-'-'11 22 2 
Where Q = dischar«e 

" B1= mean width at upstream gauge 
B2= mean width at throat gauge 
d1= depth at upstream gauge 
D2= depth at throat gauge 
X = height of hump 

h, = frictional loss of head between gauges. 
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The above formula, when applied to Jeur Aqueduct flume (Nira Left Bank 
Canal-Bombay), which had been calibrated by means of a model, showed that 
the error was least when K1=K2=57, the formula then becomincr 

"'' 
Q=7·55 B1 Bz d1 D2jD1- D2- h, . 

B2d2-B2 Dz 1 1 2 2 

as against : the equation derived from Bernoulli 

Q=8·02 B B d D jD1- Dz- hr 
1 2 1 2 B12d12-Bz2Dz2 

The errors of both formulre are shown below for 4 examples coverinrr the ranrre of 
discharge of this flume :- "' "' 

TABLE 15. 

I. D1 in ft. • . . 3·8 5·0 5·38 7·2 

2. D, in ft. . . . . 2·5 4·0 4-0 6·0 
. 

3. Q cusccs (actual) . . . 306 426 505 704 

4. Q cs. (calculated by new formula) 294 431 501 733 

5; Error per cent (of 4) by new formula -3·9 +1-2 -0·7 +4-0 

6. Q (calculated by Bernoulli directly applied) ousccs 312 456 532 779 

7. Error per cent (of 6) by Bernoulli formula +2 +7·05 +H +10·6 

(D1 = depth at upstream gauge, above hump levl'l.) 

The error of the new formula lies within -4 and+! per cent compared with+I 
to +11 per cent with direct application of the Bernoulli equation. 

The dimensions of the Jeur Aqueduct flume are shown in fig. 85. In other 
flumes of similar design, the same values of K1 and K2 are likely to give 
moderately accurate results. 
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24. MEASURING DEVICE AT THE HEAD OF THE MUTHA RIGHT BANK CANAL (PoONA). 

The Mutha Right Bank Canal draws its supply from Lake Fife direct from 
sluices in the Dam. A measuring device was required to replace the present method 
of computing discharge from gate openings and differences of head with the aid 
of tables. A standard Standing Wave Flume would have been suitable were it 
not for two particular requirements-firstly that it must operate with a large 
variation in water level downstream due to the periodic growth of weeds, there 
being some 2 ft. difference in canal gauge before and after weed-clearance with 
the same discharge (see figure 86), and secondly that affiux must be negligible when 
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the water in the lake was low, as this would restrict the supply by reducing the 
head on the sluices. 

A Standing Wave Fll!me with hump sufficiently .hi&h to sa~isfy the first re
quirement would not satisfy the second. A Ventun l<lu~e With a low hump 
and operating with s~bcritical vel?ci~y would be ~ore smt~l_Jle, but ~ven th1s 
would present difficulties because, 1£ 1t operated With sub-cntical veloc1ty when 
the canal gauge was near the lower curve in figure 86, the Venturi head when the 
gauge was near the upper curve would be so small that the accuracy of the measure
ment would be inadequate, particularly with small discharges. 

The difficulty was overcome by recommending a flume which would operate 
with either critical or sub-critical flow, that is, as a Standing Wave Flume in part 
of its range and as a Venturi flume with subcritical velocity in the remainder. 

The characteristics of two alternative designs are shown in Figure 86 by the 
curves representing the modular limit, that is the stage at which the flow is just 
critical. Points above the modular limit curve represent Venturi or subcritical 
flow, when the discharge would be calculated from calibration tables using gauge 
readings observed upstream of the flume and in the throat or alternatively 
by applying a correction coefficient for partial droWlling. Points below the. 
curve represent critical flow in which case a standing wave would occur and the 
discharge would be calculated by means of the ordinary Standing Wave Flume 
formula, using only the upstream gauge reading. By this means affiux would 
be avoided under those conditions when it would be undesirable; and the Venturi 

· head would always be sufficient to give the required accuracy of measurement. 
The disadvantage of this combination of Venturi and standing wave methods 

is the slight instability of flow, and therefore of gauge readings, which would occur 
within the small range when the flow was just below critical. In the case of the 

· Mutha Canal, however, it would be- possible slightly to raise or lower the dis
charge without inconvenience, in order to avoid this region of instability. 

The design recommended, which is shown in figure 87, had a throat width 
12 ft., hump height 4·5 ft., circular side contractions and a 1 in 10 expansion. 
The totallength.of this flume was 60 ft. which was incidentally no longer than 
required for a S. W. F. 

' 25. THE EFFECT OF CANAL CLOSURES ON WEED GROWTH IN THE MUTHA RIGHT . 
BANK CANAL, PooNA, DURING THE COLD WEATHER SEASON. . 

lntrodudion. 

The 1\futha Right Bank Canal is heavily infested with weeds and the canal 
is generally closed 4 times a year in qctober, January, AJ?ril and Jm1e or July 
for remova! of weeds, each closure lastmg 3 days and the mtervals between two 
closures bemg about 3 months. The following analysis was done with the object 
o{ seeing the effect of the January closures on weed growth. . 

Owing to silting in the Canal, little water flows below 3·5 ft. and the formula 
Q=C (G. R.-3·5)1·8 

¢ves a useful rough correlation for Q>100 cusecs where G. R.=gauge reading 
m ft. at the head of the Canal. · 

Fig. 88 sho'Ys C in the formula Q=C (G. R.-3·5) 1'8, plotted against days 
after clo~ure durmg October-November for 1934-35, 1937-38 and 1938-39. The 
decrease m C was due to weed growth. 
. Two different methods of regulating the Canal discharge have been followed 
l1l the recent past. In 193~35, the Canal was run with an almost constant dis
charg~ thr~ugho~tt the rotat1~n; whereas in 1937-38 and 1938-39, the Canal was 
n~n With htgh ~Jscharges durmg the first 5 or 6 days of each rotation and then 
w.1th very low dtsc!Jarges (20 to 40 cusecs) for the remaining period i.e., just· enough 
discharge for the water supp!y of the City and Uantoument. It is understood 
that ~he change was made w1th the object of reducing weed growth, but it has 
had httle effect. on the rate of weed growth after the October closure-as can be 
seen by ~ompanng graphs for 1934-35 and 1937-38 (figure 88). 

It will be seen from figure 88 that the coefficient begins to be affected about 
2~ to 30 days af~er the clo~ure, the depth of flow required to pass a 'ven. 
discharge then bemg progr~s1vely greater. As losses increase rapidly with fepth 
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it was suggested that it is advisable to have the January closure within 2 months 
of the previous closure. 

The conclusions drawn were that :-

(1) Weed growth in the Mutha Right Bank Canal beincr a maximum after 
the October closure is little affected by the meth~d of regulation. 

(2) As ~o~ditio!ls in t~e cold weather are highly favourable to weed growth, 
It Is desrrable m order to reduce losses, wl1ich.increase rapidly with 
depth, to have the January closure within 2 months of the previous 
closure. 

26. UNSUlTAll_ILITY OF PROPOSAL FOR SIPHON SPILLWAY OVER THE WASTE WEIR 
OF THE LAKE ARTHUR. HILL AT BHANDARDARA (BOMBAY). 

In connection with the proposal to increase the storage capacity of Lake 
Arthur Hill, the Superintending Engineer, Deccan Irrigation Circle, requested 
opinion on the suitability of a siphon spillway and asked for a rough design for 
comparispn wit~ other proposals, such as waste weir with automatic gates. 

It was pointed out that the conditions are not such as would make an auto
matic siphon spillway advantageous. The normal advantages of a siphon spill
way are:-

(i) greater discharge (about 3 times) per foot run, 
(ii) no waste of water, 

(iii) automatic action, 
(iv) freedom from maintenance cost. 

Of these (i) and (ii) would not hold at Bhandardara ; because regarding 
(i) the waste weir consists of a cut in the saddle of a hill, at a level only 10 ft. 
below H. F. L. and having upstream to downstream length varying from 250ft. 
to 600 ft. In order to give suction head, the siphon spillway would have to be 
situated near the downstream edge, where its discharge capacity would be limited 
by the shallow approach, thus necessitating an increase in the width of spillway. 
This would be very costly. Regarding (ii), leakage through gates would not lead 
to waste owing to the existence of a pick-up weir lower down the valley. 

The only advantage therefore would be the freedom from maintenance cost 
and the extra safety of an automatic device ; as a set-off against which there 
would be 1 ft. less storage than with gates. • 
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