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PARTIV s

Our experience of verification is that shere is rarely enough river data
available to make verification satisfactory except as a rough qualitative check,
and even if there were, it would, at best, be a very slow and tedious process;
because every appreciable change in one fastor affects all the other factors.

Mobile rver »models are tn fact & valuable aid ta'eng*ineen'ng skill which, -~
however, they can never replace. "

APPENDIX I
. EQUIVALENT SIZE AND SPECIFIC GRAVITY OF STONES
AND BLOCXS IN A MODEL. .

Experiments were carried out in connection with the Sarda model."”> These
were more basi¢ than specific in character, in that the object was to develop
a technique to determine equivalent size and specific gravity of blocks and stones
in models. Various grades of sand were tested to ascertain conditions

N

(a)- when movement commenced, and

(b) when general movement developed. )
The method followed consisted of laying a flat layer of loose stones and
observing the depth of water when '

() bed movement just commenced ; and. .
(ii)- general ‘movement occurred ; with different dischal:ges.

The stone was laid in a single layer on a hard smooth bed .in one seriess
" and in a 27 layer, with similar stones upstream and downstream, but fixed to
the bed in another. In the case of blocks, a single line of isolated blocks was
laid across the channel in-one series and a closely-packed layer in another.

Fig. 123 shows results in two of the series. - : _ ' Fig. 123

. The following conclusions were drawn :—
(1) When (a) V?%/gd in river = V2/gd in model,

(b) Specific gravity of blocks or stones in prolotype -and model

are equal, . _ e
stones above 1/4” grade in a channel less than 1 ft. deep behaved similarly
under conditions of equal V/\/gd with diameter « depth; but pebbles less than
- 1/4" grade tended to depart from this relationship. The same was trune of
cubical blocks of various sizes ranging from 1/2” to 2" cube. In other words,
with equal Fr (=VZ/gd) in model and river, blocks and stones behave
gimilarly when ‘ -

median diameter of stone
depth of flow

. 1s the same in model and river, within the limits stated.
(2) When

() Froude number of prototype is not equal to Froude number
of model,

and (b) specific gravity of blocks or stomes in river and model
are equal, ‘ . :

/

(1)Reproduced from A.R. (T), C.L & H.R. Sta.; 1939-40, pp. 50-51 ; also see pp. 22-28.




Fig. 123

Fig. 128
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experiments showed that e

median dlau:ieter of stone o (V2[gd)!s

apprommately for commencement of movement. . -Thus if the ratio of Froude
numbers (model: river) is 1-2, the volume of stone in the model should be
increased in the ratio, (1-2)" 333 = 9.04 above that given by the depth scale.
The index here' (1-3) is, however, dependent on the velocity distribution upstream
and on the similarity in shape of stones. With similar velocity distribution
and shape of stone, the index would be 1-0, This ‘also holds in the case of

blocks (see 3 below).

(3) In the case of isolated concrete blocks

d—e—ﬁiﬁ‘ﬁf—tﬁfﬁ « ( Froude No)®?
(4) When | ~
(a) Froude No. of prototype is not equal_ to Froude No. of model,

(b) specific gravity of model and prototype blocks are also different,

ég‘: oc (Frx b—f—a)" 1
where : \
d = depth of fow

p = density of water
b= denmty of blocks.

As an example, supposing it is desired to reproduce concrete blocks in
a vertically-exaggerated model to a similar scale than the depth scale, then the
density of the material to be used is given by . -

b -p xv2.d0-10
0 (dia,) 21

or
1.10

- bm—p _ dia. p | .
2Tl (Vi) x (222 (daldg)ore

where the suffixes m and p refer to model and prototype respectively.
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in a dock .caused by swell. -

Hardinge - Bridge — Maxzimum
scour profile between guide
banks of the Ganges_at the—

Hardinge Bridge—Model of the
. (Ganges above the— '

Hardinge vBridge piers—Comp1-
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caused by—

Hardinge Bridge —Relation be-
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discharge at—

Hardinge Bridge — Reproduction
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e
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Headworks—Punjab practice of
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Heavy run-ofi from a small catch-

-ment uf/s of a bridge on the

Guntkal Bezwada sectiou of the

+ M. & SM. Railway - which
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sand -drawn -by canals and

formation
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channels upstream.
1

High level pitching—elfect of—
laid round Hardinge Bridge

1

piers, on 'the depth of dJs

scour. -
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High level stone pitching main- ...
tained at Hope Bridge near
Surat distorted curvature of

flow and caused damage up- -

stream and downstream in 1944,

Historical review of steps taken

by the Sind Government to

collect data in conneclion with

the Indus and to control it in "

‘its passage through Sind.

. History of the water supply of

Bomyay. _

Hooghly—** Knuckle ” formation
at several points along the fore-
shore of thev-—gbove Calcutta. -

Hooghly River above Calcutta—

~ -How to improve the—

Hooéhly river—Tidal ‘model to -

prevent bank erosion near Dun-
bar and Titaghar mills.

Hooghly rigid tidal models.

Hooghly~River at Dunbar Cot-
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Hope Bridge near Surat—closing
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Rander Road.

Hot Wire® observations in experi-
ments for inlet length of open
channel,

Hot wire observations in model

Right Guide Bank of Hardinge

Bridge.

Hot wire observations ‘in ﬁiodels
" of submersible bridges (C.P.),

Hur Hura khal.
Hurdling over baffle wall,

Hydraulic elements and con-
stants—Nomograms for deter-
mining the

Hydraulic gradient or saturation
hnes—effect of ufs and -dfs

- water levels of the Solani
Khadir dam model on—

Hydrodynamic models as an aid
to Engineering skill — Presi-
dential address by the Director
before the Engineering Section
of theIndian Science Congress.

Hydrodynamic Research work
done by the Special Irrigation
Division (Bombay)—An outline
of — '

I

Impact losses due to form drag
of slabs and piers under axial
flow conditions.

Impact losses on slabs of sub-
mersible bridges.

Ixﬁprovement of the Rice Canal
due to the Right Bank ap-
proach channel at Sukkar.
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Improvmg curvature of flow in
the approach channel along
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ciation.—Discussion of Paper
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against scour.”
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Indian Science Congress.-—Direc—
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dynamic model as ‘an aid to-
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_Railway necessitated by the
danger of breaches in the
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Indus—Analysis of Bilot creek

- and Paharpur Canal data (Ex--

[TTY

Indus 35 miles dfs of Kala- -

_bagh, NWFP)in—

Indus and the Lloyd Barrage at
Sukkur.—Experiments with a

model of the, forr sand eontrol
of the right bank canals.

Indus, Sukkur—accretion p——

Indus, Bukkur island, in the—,
acts as an attractlng island—

Indus at Sukkur (Sind)—New
factors which will affect rate
of .rise of water levels in the—

| Indua——downstream of Kalabagh
—analysis of changes in the
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Indua—-j amshoro bund on IZhe left ...
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(Sind).
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the causes of breaches in the - A 10
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Information - regardmg rainfall,  eee ees see wes e e e 3T e
‘run-off Formulas and rate of '
silting of reservoirs required in ,
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Transvaal Ssuth Afnca. :

Inglis’ fan catchment discharge ... ese oo ees ee 38 67 .. ..
formula, introduction of shape -
factor in—

Inglis’ stability factor (f) FOr & see  ose aee wer 2 eee wee e e
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Tnlet length channel experiments, . ees =or 52 34 s e e e
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Institution of Engineers (India)-

. 8

Paper read by S.C. Majumdar,

Chief Engineer, Bengal, on

“Ganges flood and its lessons”~
and discussion by C.C. Inglis. . -

Inundation ,Canals in Smd—
Analysis of —and ‘its compari-

~ gon with the data of perennial .-

canals

Inundation Canals i in Smd—De~ .

sign of—
Island at Suleimenki

Island for the Lower Sind Barrage
“ site C.

Islands and attractmg spurs—use
of — for trammg a river.

Islands and groynes—OontroI of

flow through bridgea by means "

of—. B

Islands for holding‘a divers :

Islands u/s o£ the Barrage at. ...

. Kalabagh. . ‘
' J o

Jamrao and Sukkur

Barrage ...

Canals — Relationship between .

surface width and Q of —

Jamrao and ~Sukkar Barrage

Canals—Relationship between

1 SandQ

Jamrao Canal (Smd)—-Exclusnon
of bed sand from the—

84

Jax'nrao Canals, Sukkar Barrage ...
Canals, L.C.C., L.J.C. (Punjab)

—Relationship between area
and dlscharge of.

Jamrao,LCC and L J.C: data

compared with the U.P data

(10 mites). -

Jamshedpur Syphon aplllway for
dissipating energy—alternative
designs of baffle platform dls
of the—
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~ Jamshedpur Water Supply .. ... 27 27 26 .. . o ..
- storage, Tatanagar (Bihar)—
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priming device of the— : .

Jamshedpur siphon design— ... .o e ee e ET w0 L
pressures during priming.

Jamshedpur Biphon Spillway ex- o;c Yy wee ) ;a- 26 wee I3 v
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Uamshor(; BunA on the Left bank e’ eor e see s e 89w e
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“Joiting” below canal falls and w. ee e e sen s o 25y
~ bridges 30
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formula for— '
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crossed by the Samdara-Rani-
wara Branch Line on—

Jodhpur Railway—Steps neces= .o oo wes  wes e weee 3* ..
gary to protect main Line from ' 5
Hyderabad to Luni Junction on o
—from damage by Luni River
floods.

JodhpurState——Constructionofa e e eve aee we aee e 2%
500 cusecs standing wave flume '

m-~—
-Jodhpur State—Design of a stile vee v aeeere aeewee e 2 .
ling basin d/s of the overflow .
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Dam in— o
2. [ 2 X2

Jodhpur Sfate-—El’inpura, Irriga- [ T1] sesr o ase ese ™ 'YX
tion and 'Hydro-electrical Pro-
ject siphon spillways in—
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Jodhpur Water Supp]y channel—
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Jumna at New Delhl——Present es
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and supplies in the—

Jumna at New Delhi—Training
of the, near Dell Gate’Tump-
ing Station. - :

Jumna canals .—.Eastem and
Western — Headworks = at
Tajewala.

Jumna near Pallia Vﬂlage—Trein-
ing the

Jumna River at Delhi Gate Pump- ..

ing Station—Training of—with

pitched embankment on the -

nght. bank.

Ju omna river atTajeWala;Coﬁfml
of —by means of spurs.

Jumna river—Relation between ...

floods in the monsoon and re-
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in the— .

Jumna—Road along the, “from

Delhi to Okhla weir. -~

Jumna—Wazirabad Pumping
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way Bridge on the nght bank
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Junction 6f ngh level, H.lgh Co-
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Kaira town protection by training
the Watrak river in Gujerat
(Bombay Presidency).

Kalabagh—Analysis of changes
in the course of the River Indus
downstream of—

Kalabagh Barrage — Fifetts of
constructing the—on supplies

to -the Paharpur Canal in
N.W.F. Province.

Katllzlxbagh Barrage—Jslands ufs of
(-} Lo

Kalabagh Barrage — Probable
effect of constructing the—on
the course of the Indus.

Karachi water supply scheme—
40 cusecs standing wave
flame in the masonry conduit

taking off from the Haleji

Reservolr.

Karanja, Rewas and Dharamtar-
Landing wharves at—
Kumta—lhnor

Karwar and

Ports.

Katjuri and Mahanadi at Cuttack
- (Orissa)—Distribution of flood
waters between—

Kat]un and Mahanadi group of
nivers near Cuttack, Orissa—
Experiments with a model of
the—

Katjuri — Standing wave and

drowned conditions of the
Naraj weir at Cuttack (Orissa)
and their effect on the sand
drawn by the— )

Kendrapara Canal taking off
" Birupa river u/s of Mahanadi
anicut at Cuttack, Orjgsa— How

to prevent silting of—

Kenredy and Lacey.
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- Khbairpur State (Sind'—Danger.
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to prevent outflanking ; of
~Barrage on—

Khipro Canal (Smd)—Remodel—
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Xnuckle at Dunbar Cotton Mills—

-38

Longitudinal and cross row of -

piles at the—to enable accretion
and silting to take place.

» “Knuckle” formation at several
points along-the forechore of
“ the Hooghly above Calcutta,

" "Kosai River. o, o

"Kosi gorge—Land slides in the

Kosi River -~ Factors aﬁectmg
rapxd westerly movement of—

Kotn and Sukkur—Silt in ﬂuspen- .

mfon at—since 1913—Quahty
of—
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of—control of :
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Lacey and Kennedy. .
Lacey‘reginie theory.
Lacey's formulas.®
Lacey's formulas—EE{ect of de-
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down canal on various—

. Lacey’s regime formula in connec-

tion with model scales.

Lacey theory of shock — in
channel flow.
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~ment,

Limitations of model re: reproduc= ... .. vee e e Il ee e e
‘tion of changes in the river ' ‘
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on scour downstream.
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Low level weir downstream.of
Delhi Gate Pumping station—
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with - dissipation of energy
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Lower Sind Barrage—Comparison
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(124 sem. - wsn mad (17 ] .
v g o

ees e wed ..-l LLL)

oue eee ‘ecs ane ose

‘.q‘n

89 ..

e 10-1E

55 e

‘nue 48’59 ~\

L9929

42



166 ' INDEX

) Pages of Annual Report (Technical) for the year
M 19871938 ,19391940,1941 l 1942|194s“|7914‘ 1915

) . e ~88 1 =89 {40 | -41 142 | -43

‘Madras Presidency — Silting: of ... 54
. the Grand Anicut Canal on the
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Bridge.
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Hardinge Brid ge. :
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channel at Sukkur, - . 83
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3 ' 83

(ii) at nose of spur 6 on the

.. Right Bank
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Ganges and three of its tributa-
ries to demonstrate the.

Meander length of the Rupnarain

oo [T 1] see (11 see ses faee 1 a0

River—Increase in the—due to 4
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Deep scour dfs of the—experi-
‘ments carried out to evolve a
suitable design of paveméntand . ~ -

side expansion to 1nduqe accre- - . ; -
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Protection of stones and blocks— .. w. 50
. Experiments to determine equi- ’

valent size and specific gravity
of

Protection of the Bhadeli village .. 52 |
by training the Auranga river )
(Dist. Surat), Bombay.

Protection of threatened N. W. o o o e oo 13
 Railway embankment—Experi-

ments -with .a ‘1/600 : 1/120

model of Indus River ufs of the

Bukkur Gorge in connectlon .

with— ' ‘ ’

Protecting the toe of a retai'ning
wall from scour, particularly '
on a curve, in South Quetta, : -

- Baluchistan. N e

Protection to the piers of the ... e
Elgin Bridge over the
Gogra River on- O, & T. Rail-
way.

Protective measures below the e e oue
new undersluices of Son at :
Dehri — Bihar officers’ pro-
posals tested in Model.

Protective measures = Debhrl .. o
(iBihar ) == Optimum  design
of control blocks and deflec- , _ L
tors. . X . . .

Publication of the Central 3 1 2 10 1- 3 .. 6 4
Trrigation and Hydrodynamic
Research - Station,/Indian -
Waterways Experlment . -
Station, Poona, during the '
year.

Punjab Engineering Congress-—- oo ese ae B
Written discussion by Director *
on “Rainfall and run-off”, '

Punjab Engineering Congresse==
Written discussion by Director
on Paper No. 275 “River-
trammg and control by pitched
‘attracting’ islands.”

Punjab — Experiments with 27 28 29 31 .o e oo o o
models of S. W.F, Falls on
Montgomery Pakpattan link.
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PunJab Government — C’hos ‘Act.. . e i wee 8 e e
- passed by the — for afforesta- ’ .
tion — :
Pun;jab Irrigation Nomograms by O | B
“Mr, E S. Lindley. co - o
Pun]ab practice of constructmg cer eme aee wedn wie des oene 98
headworks. - ‘ »
l’unjab,‘ L.J.C, L.C.O., JaIIira.o ‘.ee . e . e . esn . wes wse » 23 ave. e

canals and Sukkur Barrage
Canals (Sind) — Relationship
between area and dlscharge —_—

Pun sxltometer — Meaa diameter -«
-of Sind silt and sand by sedi- .
mentation and sieving methods,
compared thh that obtained’

: by——» A Lo sen s ace cat

Q. &
’ 'Quetta, Baluchistan — Durrani

Outfall channel dlsmpatlon of
energym T e

Quetta; Balnchlstan—Spm Karez ...
diversion channel ore o

Quetta Baluchistan — I'runcated
trapezoidal 8 W.F., design for
a, for the Spin Karez Project.

Quetta - Rohri Railway—realign- S

ment of the, necessitated by the
danger of breacheainthe margi-
'nal bunds of the Indus above .
Sukkur -

R‘

Rahun causeway of the Mula. 17 .‘.'

River — Afflux experiments
to determine the effect of add- ..
ing bellmouths u/s and dfs at
th'e top of openings of the

‘ Rahun cduseway — Trammg ‘the 14
- Mula above the

53

see

L]

Rallway bridge dfs of Bagaha on ...........

the Gandak river — Proposed '

22

65 ..

63
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R

Railway Conferance Association, ... ... . 1% o o o .
Indian — discussion of the :
Note on “Protection of bridge
piers against scour.”

Railway embankménts dla 0£ 90D . vee  vee we wee 21 sh et e e
Anicut — effect of, on sand -
drawn — by M. E. Canal.

Railwﬁy embankments — SIUHCES vo e BB e e e e e e
for, on Abdulpur Nawabganj ‘
Railway (E. B. Railway). .

Rainfall and run-off in Iedian .. .. .. 56 .. 34 44, 68 ..
catchments. B ) 67

e
.
.
.

Ra.infé,ll and run—off in Ar.d'er'i-. . vee  aee 69 it e
can .catchments ‘ : .

Rainfall and 1‘11!1"’0& fl'Om Kal'am' ;.. L 11 ase (11 .;; nes (11 68 [ 113
nasa river at Silhat weir, U. P. '

Rajiwada creek and Rabmagii .. .. wo wo 1% e e we e
Bay (Bombay ), Improvement
of Port. T
Rajkot State —Run-off from S v VU ;1. SO
. Lalpuri Tank in — :

Rajkot State—Thorala catéhme_nt o e e e e e (D) e e
in — Maximum possible dis- -
charge from catchment of —

Rander Road — closing of spills ... ... i v s e w88 e
on right bank ufs of Hope .
Bridge near Surat led to heavy

" erosion of the —

RangoonPorl;TidalMo.del. e e e e 10T

Rapid — Design of a, for waste 50 ... v oo cir wnn er e e
weir Channel of Spin Karez
Reservoir, Quetta, Baluchistan.

Rate of sand attrition in channels. ... ... we  wor ses oer 62 we L

T 4
Ratnagiri Bay and Rajiwada ... o eee e 1* s e e
creck—improvement of Port. :

Ratnagiri — Erosion at—how 0 4 wee  sor sor wee e ()Y cer e
improve conditions and prevent
further —

Recommendations Of tbe SOlani e PYYY s soe YY) ses ees 63 see
dam section based on model

.
Avnammnmantao :
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R

16871988

=38 | -39

19391940
=40 | 41

1941
-42

194211943 | 1944
sl

1945

- Recavery of head,'rmodular limit
and rangein S.W. Flumes,

Regeneration in the Jumna river.
Regime—Definition of—. .
 Regulator-~Makhi, Sind.

Regime — Divergence from—in ...

stable channels in alluvium,

Regime formula —Lacey’s, in
connection with model scales.

Regime—Lacey—theory.
Regime, natural, sand charge,

Regime sites—seven—in Sind.

Regulation and scouring of tail |

channel at Sukkur. \

Regulation of Son Anicut-;pms ent
method of—on rising flood and
falling flood. ‘

~

Regulator, suggested, in right

gorge between Sukkur and

Bukkur to control sand entering
‘the Canals. e

Regulator in a. groyne to reduce

sand entry in M.W. Canal at

~ DPehni (Bibhar). = .

Regulator in a groyne to reduce
sand eniry in the Sarda Main-
Canal at Banbassa (U.P.). ‘

Relation between bulk proportion-
ality and height of hump.

Relation between floods in the

Monsoon and regenmeration in
the Hot-weather in the Jumna
River.

Relation between maximum scour

ves o

and discharge' at Hardinge

Bridge.

Relation between mean diameter
of bed material and discharge
in a canal system.

20

16

19

13
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1987719881939
-38

1940 (1941 (1942 194s|1944| 1945

-39 | —40

Relation between fhe mean rain-
fall at Wada and Bhivandi and
Bombay water supply—1895 to
1944. -

Relation between proportionality -

" of -discharge in S.W.F.s and
height of hump—

Relation between the size of air
pipe, size of the discharge.pipe
and the drum -with leakage
from chamber. S

Relation N.V(N = charge; V. =
terminal velocity) S

Relatiox;—slope, of Lacey and
Dr. Bose 3 .

Relaﬁoﬁship belween area and -

discharge of L.C.C., L.J.C.

(Punjab), Jamrao canals and -

Sukkur Barage canals (Sind).

Relation between mean depth
and discharge per foot width of
- Jamrao and S.B, Canals(Sind).

Relations};lip between S and Q of
Jamrao and Sukkur Barrage
_ canals. .

' Relationship between ° surface
width and Q of Jamrao and
Sukkur Bairage canals.

Relationship between turbulence

and bed mix. :

Remodelling of Son Anicut at
Dehri

. Remodelling Railway Bridge over
the N.W. canal at R.D. 75,000
on the N.W. Railway. .

Remcdelling the Rice canal. in
Head portion.

Repelling groyne upstream of the
Railway Bridge on the Rup-
narain River at Kolaghat on
B.N. Railway—comparison of
results in the model and in the*
river.

-41 |42 | 48
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1937)1938,1939
~40

-38

-39

~41

~42

—43

19401194111942]1943

19441 1945

Reproduction of acour-hole in.a
model d/s of Hardmge Bridge
piers 2 and 3.

Research work—-H—ydrodynamlc; -

.done by the Special Irrigation

Division (Bombay), an outline

of—"

Reaervoirs-—Detention, ‘and their

effect on fluctuations in dis-

charge, and sand charge.

Reservon-s — Sil¢ accumulation
in— e

Reservoirs — Silting  of — with

special reference. to the Ekruk -

- Tank (Bombay).
Residual turbulence—Effect of i

on rate of- deposition of

.Sand— _

Retammg ‘walls from scour —
" Protection of — by means of
repelling spurs (Baluchistan),

(advice without model expen- .

“ments).

.Retrogressmn d/s of Ferozepore»

weir.

Return, flow below expanmons—

Conditions under whlch it

develops. , -

Revetment acts as ‘attré.cting"

groyne - .
Review = Hlstoncal—— of steps
taken by the Sind Government
to collect data in connechon
w1th Indus and to control it in

- its passage through Sind.’

Rewas, Karanja and Dharamtar
‘ —-Landmg wharves at -

Rice Canal - Expenments with
model of, in connection with

_protection 'of the Rallway Brxdge ’

at R.D, 74344~ -

Rice canal in head “portion —
Remodelling the = -

BN Y Y ]
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. 81
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1987 1938

-89

1939
=40

1940] 19411942

~41 | -42

-43

1943] 19!4' 1945

Rice Canal —Improvement of the ... .

— due to Right Bank approach
channel at Sukkur.

Right Bank Approach Channel at

* Sukkur — Alignment of the

inner bank of the tail channel

- and junctions of the outer bank
with the Barrage. '

Right Bank approach channel at

Sukkur — Alternatives for con-

structing the, in two working
geasons. .

Right Bank approachv Channel 'at

Sukkur — Datum area 1,000 ft.
d/s of Sukkur Barrage before

and after the —was constructed

Right Bank Approach channel ...

at Sukkur — Discharges avail-
- able for scouring
the

— Improvement of the
Rice canal due to—

5, —Junction of the ...

otiter bank of, with
Barrage. y

.,  —Probable scour
along the banks
of

nose of

Right Bank Approach Channel at
Sukkur — Scour at mnose of
outer bank of, in prototype and
model.

nght Bank Approach Channel at
"~ Sukkur— Tail channel scourmg
and regulation.

Right Bank Approach Channel at
Sukkur — ®o control sand enter-
ing the Right Bank Canals.

Right Guide Bank of the Hardinge 72

. Bridge on the Ganges (E.B.
Railway) — Reproduction of
breach of, in model.

e

— Scour around the ...

.o
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R - 1987|1988)19891940 | 1941
|38

-39

~40

-41

-42

1942

-43

1948

1944

1945

Ripples and waves-classdica— _

tion of —-

Ripples and waves — Factors _...
affecting the shape and dimen-~
sxons of — _

Ripples — Effect of size, distribu- ...
tion of particles, speclﬁc gravity,
* charge of bed sand and dis-

~ charge on.

Ripple formatlon — Mechanism -
of — :

.Ripples on bed formation of

Rnpples to ‘waves — Transxtxon
from — .

River discharge — Calculation of .

(a) at weirs and (b) by slope
" method.

River models —Scour at Spurs ...
, . In— IR . ’

River model experiments —diffi- ...
culties experienced in— due to
effects caused by vertlcal exag—
geratlon

‘Rigid structures in wide channels
~—Scour downstream of— ° :

R1g1d vertlcally-exaggerated, 3

. models .

River floods— Sunspot intensity
cycles as a medium of -prediect-
ing the probable dates of oceur-
rence of

Rivers on flood plains and mclsed
nvers—curvature of meanders
in

Rivers on flood plains and incised " ...
rivers — Relation between
‘meander belts;distance between
meanders on axis of stream,
width and discharge of '

River training and control by v
pitched islands.

asa, e

@33
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53
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R 1987)1988119389)1940|194111942]1943|1944| 194b
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River Training — the wuse of ., .. ..
;aftracting' spurs and islands
or—

see LI} 47 97 [11]

Road along the Jumna from Delhi ... ... 56 ...
to Okhla weir.

Rohri and Eastern Nara Canals— .. ot we o es 3D

F:luctuations of grade of mate- e
rials exposed on the beds of
the— 4

Rohri ca:nal (Sind)_EEfGCt Of c]-os' vse ves ees .ne see YY) 35 Y1) [11)

ing the Head Regulator of the
—from the top downwards, on
the canal Regimen:

Rohri—Erosion on the Right Bank ... .. s v w oo (D% ...
of the Indus above—and danger
of breach of the main line,
N. W. Rly.

Rohri-Multan Road Bridge over ... .. . e wee wee e 3
" Rohri canal at R. D. 52,000 in

Sind — Prevention of collapse

of.

Rohri-Quetta Railway —realign= ... e e e e oo (D* w0 wee
ment of the—necessitated by '
the danger of breaches in the

* marginal bunds of the Indus
above Sukkur (Sind).

Roughness of surface— Effect of, ... .. o 45 w0 o e e
on coefficient of H. C. weir. - .

Rugosity of coment—gand plaster ... .. e B9 e e see e e
_in rigid channels. ‘

Run-off formulas—Empirical— ... wv ser e e e 67 eee e

Run-off from catchments inCeylon ... oo soe e wer see we 2% .
—advice regarding probable
maximum

Run-off from Erinpura Reservoir, ... ess oo o0 ser oo e 65 0ue
Jodhpur State. '

Run-off from\Lalpuri Tank I e ceee eee  esn  wes  ser v 68 ai
Rajkot State. T

Run-off from the catchment Of 39  wee  eer  see  esr we cin eee eas
Lake Arthur Hill, Bhandardara ‘ )
(Bombay Presidency). '
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1937
-38

1940,19411942,1943

1‘938 I 1939
~41 | =42 | 43

1944l 1945

Run-off — Heavy ~— from a small
catchment u/s of a bridge of the
M. and 8.M. Rly., which caused
the river to overflow the em-
bankment and _ railway track

. causing an accident.

Run-off, maximum flood and

catchment area — Relation be— :

tween—

Rupnarain Bridge near Kolaghat
on the B. N. Railway in Bengal

34 67

— Measures to prevent bank -

erosion at

Rupnaram River u/s of the Kola-

ghat bridge on the B.N. Rly. — .

Causes leading to erosion of the
left bank of the—

Rupnarain River u/s of the Kola-
ghat bridge on the B. N. Rly.—
, Fair weather and freshet spring
" tides in the - in 1944 and in 1ts
mobile bed model

Rupnarain River u/s of the Kola~
ghat bridge on the B. N. Rly.—

Maximum freshet ebb discharge .

(11 ess cav ssw 4 vsean L1 2] sen

in the —in 1944, estimation

of

Rapnarain River ufs of the Kola-
ghat bridge on the B.N. Ry.—
Meander length of the —
Increase in the—due to increase
in freshet discharge—

. Rupnarain River above Kolaghat ...

- Railway Bridge on the B. N.
Railway—Prevention of further
, erosion on the left bank of
. the—

Bupnarain River above. Kolaghat
Railway Bridge on the B. N.

Railway—Repelling groyne u/s.

of the Bridge — Comparison of
results in the model and in the
river —

Rupnarain River above Kolaghat
Railway Bridge on the B. N.
Railway—Tidal range of the —

/
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‘R&S ‘ 1937 193871939 19401941 {1942 1943 | 1944) 1945
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Rupnarain~ ufs of the B. N. vee taer  aee  sme e ese s eee  BeT
Railway Bridge at Kolaghat—

measures taken to control

_erosion of the left bank of the

—by means of a deflecting

groyne.
Ryve’s Run'OfffOTmula ‘ ess  eee eon sse ses ate 6:'. s PPYS
S | s
' SaBamiah, Narbada and Tapti ... o oo we we e we 28,
Rivers — Prevention of erosion o 5,
of agncultural lands. along 84
the — - : ’

- Barbamati River —Measures pro- oo’ e oo 62 0w e

posed to improve the water '
supply at Ahmedabad (Bombay
Premdency)—

Sabarmatl Rlver—Water levels vo. vee eee’ wee ees s 88 e
" of maximum flovds in the — '
during 1893 and 1944. -

Samasata spur on Sutlej river ON tee et e wnr eee e e 3%
the N. W. Railway to prevent - 5
dangerous erosion, : :

Sand abraSlon - Attntlon — de' 51 47 40 41 6 ses ose wse (113
gradation. : '

Sand and clay layers — Effect of 75 cie  see  wes  ees  aes  se8  aea  wes
launching of an apron laid ' ’ ‘
on '

Sand and pebbles entering the ... . o o 19 Wi wh we e
'~ Sarda main canal — Control of ~
.—by constructing a ‘regulator

in short Banbassa spur.

‘Sand and silt on the bed of the v wee  wee wer - aee e e 16 e
Rupnarain River at Kolaghat .
Railway Bridge™ on the B.N. ‘
Rly. o . -

Sand attrition —rate of—m vos e e eee wee e B2 ...
channels. :

Sand chal‘ge and dlSCharge — -.-“ s 8 n‘; [T1] 0se see ess --‘.~
affected by detention
reservoxrs .

Sand charge effect on meanders ... < 7 eee see e we e e
of rivers,
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. |1987 1928‘1959 19201941 1942 1943] 1944 1945
_ss -39 ..40 41 | 42 |
Sand charge — Natural regime. = 4 ... ... “,.. ser wse lepe ees eun
Sand ~— Effect of residual turbul- ... ... .. .. 33 i e e
ence on rate of deposition of — . : e L
Sand exclusion and scour from~ ... S 48-
canals—Sind—Ezxperiments to 59

_test the design for

¥

Sand exclusion experimexits with

a model of Faizwah Head

Regulator, Ex. West Feeder -

(Khairpur State, Sind).

Sand — Exclusion of bed, from

the heads of canals and dis-

‘tributaries.

Sand—Factors affecting exclusion .

of bed, from canals.

Sand from the Jamrao Canal —
Exclusion of bed. .

Sand injection ; sand and silt in
suspension in the Ganges model
above the Hardinge Bridge
(E. B. Railway)—Control of the

Sand — of the Brahmaputra at
Ammgaon

Sand particles — movement
of — ’

Sand — Stable sections without -
sand injection.

Sand charge— Effect of excess—
on nver movement

Sand charge — Effect of — on

dimensions of a channel,

Sand charge—Effect of reduction
of — by sand reducing head -
Regulator, on dimensions of a
channel.

Sand charge and terminal velocity

see

— Rate of deposition of sand
governed by

Sand — Control of bed, entering
the Mithrao and Khipro Canals
Ex-Nara at Makhi (Sind).

5
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sea
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1987|193811989)1940
-88| -39 | -40] -41

194111942
~42 | -438

1943,1944' 1945

Sand — Control of — entering °..

off takes, ~

Sand — Entering R. B. Canals at
Sukkur — Control of, by means
of approach channel.

Sand — Entering the Sarda main
canal—partial control of

Sand — Entering the Sarda main
canal — the canals off Son

Anicut at Dehri (Bibar)—Con- -

. trolling the—

| Sand excluding heads for the
M. E. canal and M. W. canal
on the Son at Dehri.

Sand — Model éiperiments to e

verify the efficiency of a proposal
made by the Station to exclude
bed sand from the Sarda Canal
by providing a regulator in the
short Banbassa spur.

Sand injector.

Sand redAucing heads for the M.E.
and M. W. canals taking off u/s
of Son Anicut (Bihar).

'.Sand -gelection at heads of off-
takes.

Saﬁgli_ State — Desilting and ...

dredging of Tanks in—

Santal Parganas, Bihar — Failure
of piers of the bridge under
construction over the Ajoy
River in the—during 1942
floods.

Sarda above the Barrage at
Banbassa (TU.P.) — Training
the ‘

Sarda at Banbassa—Model experi-
ments to verify the efficiency of
a proposal made by the Station
to exclude bed +and and pebbles’
from the farda Canals by pro-
viding a regulator in the short
Banbassa. spur.

34
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DR N
Barda Main Canal (U.P)— Ana+ ... .. .. ..
- lysis of 10 sites on dxslnbutanes '
of the—Divergence from regime
in stable channels in alluvium.

aen 30 Ly ess oew

Baturation lme—eﬁfect Of oM™ e’ v e e e Teee wee - Bl e |
structing a trench on the— T

Baturation line or hydraulic ... .. v i v w6l e
gradient—effect of variation of B
u/s and d/s water levels of the Conoes D e
Solani Khadir'dam meodel on— '

Scale effect in hlgh c*eﬂiclent 40 ce e e ee ee i ,,
weirs, o R

Scale _eHect" of various factors 5. e wee 2 i wee e wee el
affecting model results. . ‘ L

Seale effect on coefficient of fOrm . wee: weer oo eee 20 aer wed e ‘;.. -
drag. : : : s T

.Scale effect to determine equi- ... e FO7 iih vn eer wer ees e
valent size and specific gravity = - ‘ R :
of stones and blocks In a
model. L o

Scale ratios—Method of caicxﬂat- Cave wes  sen  eos  wss  sae- ' ewe: mes i()?-
" ing —in vertically-exaggerated - R oo 110
mobile river models. " - o . .

Scale ratlos Of mOdBIS and mean- end ‘" sew" 7 sew ’ '-i;o :'.-i‘ © eme ;.Qt 'lc‘;'»
ders. : ‘ SR c- :

Scale ratios of tidal models.‘ T SR i eed "10'4.
; . . -105

Schoklitsch’s and Meyér Peter's. ,.. ... wee  cvs een :
Bed Load formulag and their . T -
comparison with Station for- .
mulas. .

Science Congress—Indian, Direc- ... e v 1 i we <
tor's presidential address to )
Engineering section- df — on:

“Hydrodynamic models as an
aid to Engineering skill .- )

Scourhalcgg 1{the bankg of the e ea 12 ... e ean .
Right Ban approac channel ' S T
at Sukkur. o : . W
Sconr and accretioninmodels A0d - cees et wer wen wset eee) ene 99 e
A . . , £
rivers compared with special . - § :
reference 10 islands u/s of the L b -
Barrages.
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