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INTRODUCTION

¢ for the year 1959 presents the record of the research
The Annuai Repor Resea);ch Statioi, Poondi during the year 1959.

» by the Irrigation 14 aL
%ﬁfskrgggft l?cgntains segven sections classific 1 as per the C.B.1 & P. Classification

and appears in 2 single volume.

ortant problems connected with the irri-

i is year, several im NS R : !
During this year, . der execution in this State, were investi-

. -Electric projects un ,
gation a'?g t}]zzdari(c)i ofetcl?e;"ilgdr'e‘tulic models and useful suggestions and re-
gated wi have been made based on the model tests. investigations

commendations . ted with the P bi-
e various problems connected wi e Parambi
have also been taken up on th fy experimentally the soundness of the

i ; eri
kulam Aliyar Project so as to Vv
designs and make suitable recommendations.

. the determination of the discharge
es were also conducted for e

h gtteur?sltics of the spillways of the Amaravathy and Vaigai Dams and
gpatlir;um gate-operation charts have been prepared for the guidance of the
field engineers.

- red in the maintenance of hydraulic struc-
Various problems encoui® Jraulic models and suitable redmedial mea-

en studied in hy : . yedl
;3;2: ll:i://g %Ls;]brf:comtr]:l%nded. The following deserve special mention:

(1) Cavitation in Mettur Dam River sluices.

(2) Protection of left abutment of Vilangudi bridge.

(3) Silt exclusion from canal off-takes.

ade in the field of basic and fundamental
Some headwaitg?i :}fgcfﬁi?l Igf the existing theories on the phenomenon
reserch. ~EXpen1[1r:fs been made utilising both the hydrauhc model and the
of sub-soil flow tray. Investigations werc also carried out on the characteris-
e_lectrncal analogy h Circular Notches and over bye-washes. The evapora-
ties of fiow thrg‘igrmine the utility of the cetye alcohol for minising evapora-
tion studies to eleo continued. Studies were also in progress to flush the

’gggiﬁsffv;e{mh increased tidal influx by suitable measures.

thankful to the valuable help and guidance
The researchssﬁaf;?;fe‘r’le‘%g Engineer (Designs) and the Chief Engineer
rendered by the Sup the studies successfully.

(Irrigation) in carrying out
I-1
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3. Visitor's Remarks—

Name and address of the visitor  Date of visit. Remarks.
‘ . 0 + xr . . the
Shri D.V. Joglekar, Adviser, Cent- 28 59  Sri Kandaswamy is now incharge of
. l:':tll DBoardg of [Irrigation and Rescarch Station. He has taken two
Power, Poona. years training in U.8. and T am sure

he with the help of his colleagues will
raise the status of the research
station still higher. T am very glad
to find many problems of basic
nature are being studied in addition
to numerous specific problems and I
hope this switch to basic and funda-
mental study will be sustained by
ensuring continujty in research per-
sonnel.
(8d) D. V. Joglekar.

. amvala, Superin- 4--2—"59 I had visited the Station in 1949. In
2. Sh“d.{; ,Ptng?\z%:mCentml DI::signs last ten years it has expanded consi-
s ‘eq'on Rombay. derably. It is so gratifying to se¢
Organisation, that our young engineers an
scientists are manning this Station
so cfficiently and take such keen
interest in their work. I wish them

all every success.

. Royal Irriga- 30—7—'59 We are Thai Engineers from Thailand.
M O banghok. Thailand. We had have an opportunity 10 vist
tion Dept., and attend the Og‘lccrs of Poondi
frrigation of [rrigation models and
Research work. This cxploitation
will be the most uscful to} us. We
should like to appreciate the Govern-
ment of India and Madras which
treated us very kindly and sincerely.

4. Shri D. V. Joglekar Adviser, 22-10-’59 Since my last visit in January 1959,
. rt . . y

igation and great progress has been made iIn
CcntralPBoarc? of lrrig fundamengal and basic research pro-
Power, Foona: . blems. There is a great improve-

ment in the layout of models, garden
layout etc., and the surroundings ar¢
ideal for research.

i : 5-11-°59 I have very much enjoyed the interest-

5. Mr. Walter . 2 o o o grrg.ri% ing evening learning about your very

Engineering %9 * = a1 P.O extensive model research and seeing

Place D’Acmes 0 e the methods used in studying all

phase of hydraulic works. It is an
excellant research station apd

appreciate having the oppqrtu‘mty to
see it and enjoy your hospitality.

: 5-11'S9 Itis a great honour and pleasure 10

6. Mr. L. G. Granld()'.n dafa';{ay%f:_ visit your statjon and see the excel-

Engineer, C/o KU lant works you are doing in hydraulic
Electric Project. Engineering.

SUMMARY OF THE ANNUAL REPORT FOR 1059

A summary of the results of the hydraulic model expriments conducted

_at the Irrigation Research Station, Poondi, during the year 1959 is furnished

below arranging the items as per the Central Board of Irrigation and Power

Classification.
d P,
Iten  C.B-Land
1sssification
Number- 0 Number,
1 A-1 (i)

2 A-1 (D) -

3 A'l (i) hads

4 A-1(iv)

Desription.

Flow throw Circular Notches.—The circular and semi-circular

notches have certain inherent advantages and they can be
used for the measurement of water in hydraulic laboratories
and Research Station Studies were conducted with a view to
promote the use of these notches for the measurement of
water discharge. Btevens’ evolusion using Elliptic function
for the theortical quation of flow through the circular
notches was given. Another method solution styied as
“Function’ was introduced with the evolution of a simplified
chart for direct solution. Further studies were conducted to

compute the discharges in the non-moulder or submerged
stage.

Bye— Washes.—Bye—washes are normally provided as flood

escapes for tanks. At present the discharge over a bye-wash
is calculated by means of empirical formulae. Studies were
eonducted to find the effect of different variables such as
upstream slop, downstream slope, top width, head of over,
flow etc., on the discharge coeflicient. The data obtained

were analysed to formulate a design criteria for the design
of bye-washes.

Flow through open channel obstructions.—Studies were initiated

to investigate the hydraulics of flow through open channel
obstructions such as wires, anicuts, bridges, regulators etc.,
and the mechanism of scour around bridge piers and also to
predict the afflux caused by astructure of certain obstruction
ratio for any given flood discharge under field conditions and
vice versa. Asa first step, experiments were completed to
study the nature of flow through bridge with square ended
yiers and piers with simi-circular out waters. Further studies
are in progress with piers of equiangular ends.

Discharge characteristics of.kmaravathy spillway .~Studies were

cor}d\}cted with a view to determine the discharge charac-
teristics of Amaravathy spillway. A detailed description of
the investigations carriedout both for controlledled and un-
controlled flow over the spillway has been given in the final
respect on the studies. The trend of variation of the dis-
charge coefficient for free flow over the spillway has been
studied. The variation of the discharge coefficient with the
gate opening and the number of gates operated, in the case
of controlled flow, has also been studied. From the results
of the experiments, an <Optimum gate operation chart’ has

/7



Item
Number.

5

6

7

C.B.I, and P.
Clsssification
Number,

A-1 (iv)

A-1 (vi)

B-1 (ii)

B-1 (ii)

. Item C.B.I. and P.
Description. number. Classification Description.
number.
been developed for various under levels upstream in the : : .
reservoir. A working chart also has been developed so as 9 B-5 () Dindugal Water supply scheme— River sluice—Energy dissination
to find out the amount of opening by which the gates should arrangements—Studies were conducted in a geometrically
be operated to pass & flood of knowa magnitde. Examples similar model cpn§.tru9ted to scale of 1/15 to arrive at a sui-
have been worked out to illustrate the use of the chart. table Sherey dissipation arrangement for the Earth-Dam
vae}' Sluice of the Dindugal Water supply scheme. The
ﬁ;ilﬁsedbaglangerﬁe%t confsists of a stilling basin of baffle type
. L . . . 1th a badle wall thre t hi
I);schadrget fih('lmd"mwsh :j; Vmg(:; lszllwzzy.—;S;utdxesi alv:e(t"g ‘Rlocksf %’0“ x 10" x 1'(; ft‘:ied fthtﬁginaw:fr(:‘g: fifi?éaﬁgifﬁ
conducted in a comprehensive model constructed to roof deflector at the exi i
1/60 to obtain the spillway rating curve for the Vaigai Dam, recommended. ® et of the sluice barrel has been
Experiments were conducted both for free and gate controlled .
flows. Optimum gate operation charts to pass th% floods
over the spillway on the basis of least consumption of power B-5 (i Javitati, ) 3 1 i
were developed for different water levels in the Reservoir. 10 ® (Jamz(‘lqli::(;’s‘ gﬁ%{?{:r(r;n‘ Me:fxw D river szt{wf&_smdles e sides of
A working chart was also evolved so as to find out the the barrels of ;Illle icttar dam High Eom ead Eaes of
 chart was also cvolved so as to _find qut the  barrels of the Mettur dam High Level and Low level
amount of g pening quired with se sluices in rear of th te slot i
operatjon to pass the flood knowing the rate of rise of water di i itation damages o o gEcst suitable reme-
operation (o pa dies to avoid cavitation damages to the barrels. By round-
‘ : xpnigeoﬂ‘ tthe' sllx)a;rpl colmers and by the provision of air vent
IPES at suitable levels in the deflector plates the high nega-
) . l ) . tive pressures were reduced in the modef 3,3 sal;'e rargxl;e. &
High Coefficient Weirs—It was proposed to increase
storage capacity of some of the Irrigation tanks in (tihis State b
by raising the Crest level of the surpius weirs. Studies were 11 B-6 Aliyar Dam—Energy dissinats ] i
eonducted to arrive at a suitable profile for the surplus Aljyar Dam sPﬂ%W;;'::g‘gl:%dﬁga—ﬁ : e%t;::zl mtOdd OC{
weirs to pass the estimatgd surplus quantity without 1ncrea- to devise the most efficient and economica1 energy gir;:irg:itgn
sing the M. W. L appreciably and the length of the weir. arrangements pecessary at the toe of the spillway for both
The Profile for thctwenhrs were S0 selected as tqblmod[ltfy &2: tl}:e cgnditions of smooth surface and rough rock surface of
existing structures to the minimum extent possible. the chute spillway. i issipati
found tghat by suitably modifying the proﬁls of the weir the arrangemex?t has %eenAf?:::}fibtzsi; ttigel()):sfnergy dissipating
discharge coefficient was increased considerrably and hence '
the weir can pass the esgmated_ discharge for ttllw same
length, without increasing the Maximum Level much. 12 B-6 Aliyar Dam— Pressurs Studies—A sectional model of Aliyar Dam
iSnpgxltll\:;agnwl a s:ale of 1{160 has been constructed incorporat-
' ‘ the nnalised energy dissipating arrangem
Alivar Dam-Training of the Surplus course—A t({xree-dxmet;:lg' tt:ﬁw;atmn-f ree pr Oﬁ%z for 513 SgillwaY-geSS?t?blgo :‘rl?\}:: ai:
nal model of Aliyar Dam has been construcred to & sca ¢ beginning and at the end of the chute spill i
1760 showing the river course, spillway section, & portion evolved in order to reduce the negative prgslsu\::sy dzr:cﬁ)e;x;(gl
the earth dam and non-overflow section of mta‘sox:iry d?t?:’ ’ at three points. '
the bridge across the river downstream of the dam €C. '
: : wnsirea | ‘
Studies are being conducted for (i) arriving at the best radi _ ; . . :
B-6 Morning Glory Spillway—Model studies were initiated to find out

for the bends in the surplus course for guiding the flow 13
satisfactorily ; (ii) observing the water surface profile in the

surplus course from the tow of spillway upto the ex_n.s.tmg

anicut at about 1500 feet downstream of the dam and (iil) t0

effect even distribution of flow through the vents of the

bridge constructed across the rivers.

the hydraulic performance of the morning glor i
%%smned for the Siruvani Reservoir in Coiribgtorz; g:sl:z:ty
v ¢ head versus discharge relationship for the spillway has
oeen established by model experiments. The pressures obtain-
u;g at various points along the profile of the spillway have
;zgt belg?x rctiﬁéirxlzgi for various heads over the spillway
. udies are i
River training work for Periyar at the site of Cumbum Valley | e
Panchayat Water supply Schems—The Periyar river at the site
of Cumbum Valley Panchayats water supply scheme follows 8 "o B
serpentive course consisting of two S-curves. Hence it 18 ‘

t the river may cut across the site of Pump-house ments | icut i
g?u?i?]gt%zmag es to the {atter. The problem has been referre 1 rear of the Palar anicut in order to protect the rear

: aprons wa e \ . . .
to this Station to device some river training work to avol i 2 Sunk oatin o panon A 2 bees. found. (o nich

. - will form a sunk basin of 6 fi i
gamatg:kteon ':; pump-house. The model construction has a good hydraulic pé'fforman:ee-t fepih fae been found to give
een .

P alaq. g;lwyta-l'?neryy dz:sgina'tiop arrengements in rear of anscut—
probiem of devising suitable energy dissipation arrang-



Item C.B.I. and P.
number. Classification
number.

15

16

17

18

19

B-8

B-8

B-8

B-8

Srivakundam Anicul— Equitable discharge— Further

Description.

Palar Anicut—Silt exclusion studies—It was groposed to im-

isti i to find out the most

rove the existing Palar anicut and o
l:g'ective silt-exclusion device for the given condngnons. Moc‘lel
experiments have been conducted to find out a suitable device
for exclusion of silt from the channels taking off from the

anjcut,

Grand Anicut Ganal—Silt exclusion studies—( I'ull width model)—

i i d Ani-
i ere conduct for excluding silt from the Grand A
gltll:dé:i):l,.t A divide wall was put up near the Grapd Anicut
Head Sluice and studies were conducted to arrive at t.he
optimum length and width of the pocket. Further studies
a?e in progress to find out the eflicacy of other types of silt
excluders.

Grand Anicut Canal—Silt—S8ilt exclusion studies—Dart width

—Studies were conduct to exclude silt from entering
;r:qﬁelthe Grand Anicut Canal by allowing a part of.th; dns;
charge through an additional regulato_r, drawing disc a;il
from the uplong drain. Then, along with the same Pr:c'l)?md
the sill level of the existing head regulator was ‘ru(nls i
the studies conducted. Studies were also conducte wd ha
view to observe the performance of the sa_nd vents ax e
curtain wall proposed for construction in Grand dnsand
Canal at R.D. 2/34 for diverting a portion of the be
which the canal carried from its upper reaches.

' . . i e
Nathampatti Supply Channel—S8ilt exclusion studies—Studics Wer

. . . : t poSl-
cted with different lengths of groynes in dx_ﬂ'eren .
:g::d“and finally a 100 feet long p_lacgd perpgndnc::a:ntt?y‘g
hea& sluice was found to be effective in reducin etd %5 adop-
silt into the canal and the same was recommen X anes, fof
tion. Then the groyne was tested for its aﬂ'ectxcurved wali
low discharges in the river with and without thef e vertical
of height 1/3rd the depths with its \.\pstream5 aon the up-
and downstream face given a slope of 1 t0 » FsriD. V.
stream side of the 100 feet long groyne suggeqtlonan 4 power).
Joglekar, Adviser, Central Board of Irrigation was 1OF 4
But by eddies it was found that the groyne_.s o ere Com-
cffective as it was, for low discharges. studie

pleted.

studses—In

inent discharge
i cviously conducted for a dominen ot 94
F:et;:,usi?esr?ra set of three groynes were u'sedt;a ::lé? the
:ieep course of the river from th: l:f:i r?:r :13 o A hether
i nducte ¢ A
centre. Then slu@xes were €o 0 e e higher His-
d will get obliterat
the deep course shifte Qhliterated LOF
.1t was found out that the p
cl::;g:: in shifting the deep course holds 800

ﬁigher discharges.

d even for

ance of the-

Item

number

20

21

92

23

24

26

C.B.1. and P.
Classification
number

Description

B-12 Vilanguds Bridge— Protection of the left abutment—Studies were

conducted to protect the left abutment of a bridge which has
been constructed at the neck of a S.curve and at the junction
of three streams. Repelling groynes were placed on the up-
stream of the bridge on the left side and it was found that
the abutment was saved from deep scour to a considerable
extend. Studies were conducted to arrive at the optimum
length and location of the groyne. Further studies are jn

- progress to distribute the flow uniformly through all the

vents of the bridge,

C-2 (ii) Kundah Hydel Project—Surge tank in tunnel No. 2—A Surge

shaft has been provided in tunnel No. 2 of the Kundah
Hydel Scheme at the end of the tunnel. Studies are in pro-
gress to find out the maximum and minimum surge levels,

in the surge tank for the condition of instantaneous closure
of the control valve,

C-2 (ii) Sandynallah Project—Spillway—Energy Dissipation  studies—

Hydraulic model studies were conducted in a sectional
model to evolve a suitable energy dissipation studies. A numa
ber of trials were made with different heights of baffles,
different stilling basin floor elevations and with or without
friction blocks. Finally, in view of the occurrences of a soft
pocket within the stilling basin as reported from field, a 100

feet- long basin with 9 feet depth was recommended for
adoption.

C-2 (ii) Sandynallah  Project—Spillway—Pressure studies—The profile

designed for the spillway of Sandynallah Dam was tested for
pressures in a sectional model constructed to scale 1 /50.
This profile was revised three times. The finally revised pro-
file was found to be devoid of any negative pressure and the
same was recommended for adoption.

C-2 (ii) Upper Bhavani spillway—Energy dissination studies—A sectienal

C-E (ii) Upper Bhavans spiliway

model of the Upper Bhavani Spillway was constructed to a
scale of 1/100 with flip bucket type of energy dissipation
arrangement. The studies have been conducted by altering
the radius of the bucket along with the flip angle so that a
wide range of trails can be analysed. The relative merits of
the buckets are also being studied based on the pressures

occuring in the bucket for various operations of the spill-
way.

—Pressure studies—A sectional model of
the Upper Bhavani spillway was constructed to a scale of
1/100 with piegometric arrangements. Studies were conduct-
ed for different uncontrolled flows as well as controlled flows
over the crest of the spiliway. The occurrence of the sub-
atmospheric pressures on the profile was far below the

allowable limit. Hence this original profile was recommend-
ed for adoption.



Ttem . '
number Classification
26 C-2 (ii)
27 D-4
28 E.l (i)

C.B.I. and P.

number

10

Description

Kundah Power House—2-Tail Race proposals Pressure studies for

the measuring weir and cellibration of the wesir—A c%m;t)(l)‘e;
hensive model of the design proposels was ponstruEtc e
scale of 1/20 representing the outlet conduits o({ thcoutfl'ali
the common tail race pool, the measuring weir and the

chute way.

i n
The model revealed certain peculiar phenemenon of flow patter

Evaporation Losses from open storages—For assessin

Various quantitics of the solution of Cetyl alc

(@)

Sub.Suil Flow—Karth Dams—The seepag

upstream of the mecasuring weir. Hence, I?efore _att;eﬁglvlaetxtg%
to calibrate the weir, it was found imperative to 1mpf Ve the
flow pattern upstream of the walrfgr all condtntlvs:ss (:mit%rm
i i head on cres .
tions of the units so that the -
Studies werc conducted to improve the flow patte;;ltcbr)rlmth}l’c
ing various devices. It was recommended that an o
to the mecasuring weir should be t?)doptf’?‘?:':;c;or:)f oy
1C1
ch us flow meters, for testing the ¢ o
sl)}lowcvcr the weir profilc was improved based ogo ptrie::tl e
studies and the same was recommended for adop

necessary.

g the utility

ion from
of Hexadccanol for reducing }hc loss due to evai;;gra(t;&n from
large open storages, cxpcrlmcqts were .car:'Cd about WO
medium sized tank cnllpd _Buden tank slt\:_a od .
miles south-west of [rrigation Research Station,

ohol dissolved

i ank-water
in Mineral Turpentine were sprayed daily on the t

S : view to find
surface for a certain period in cach case er;'t‘ign that can be
the maximum amount of savings in evapo ]so to find the

achieved by the use of this chemical and fm results. The
amount of chemical required to give optim ™ flm was also
effect of wind, rain ctc.,, on the che_mnt:amng what  are
studied. Studics were conducted by ins e of secpage
known 'as Sccpage meters®’ 1o asscss the quan

through the bed of the tank.

e through earth dams

ich i material
depends on many factors which include the (tly;t)for?fava?lablc,
cpdnf r the construction, the type of foun athc o oF
:‘lig dc:th and location of cut off walls, S orovided cte.
internel core walls and the drainage measur:s D arions
1Snn::dics were conducted to find out the eﬁc%lts F e pnpar-
tors on the sccpage quantity. These resl B ol analogy
o ith the results obtained by the € e; i o of the
xe:eth“c,)‘ds and with the computed values bas

existing theories.

Item
number

29

30

11
C.B.1. and P.

Classification Description
number
F-1 (iv) Palar Anicut—Design of the two zoned channel sectton—In order

to carry away the silt that enters the channel through the
head sluice even during low flows in the channel, a new type
of design of channel was evolved. The design consists of a
narrow jnner section provided within the usual trepezoidal
section and berms of suitable widths. The hydraulic mode]
studies on this channel section is in progress.

o

at the mouth of the river Cooum, by the action of the litto-
ral drift along the East Coast and as there is no flow in the
river for a major part of the year it is cut off from the sea.
Any water that is tapped in the river becomes stagnant and
with the inflow of some sewage that overflows the city sewers,
the water in the river emits a-bad odour. It was proposed
to cut open the bar by dredging to make the river tidal and
to channelise the riverso that the tidal effect is felt to the
greatest extent possible, for effective flushing of the river.

H-3 Flushing the river Cooum by tidal action_A sand bar gate formed

Experiments were conducted in a model constructed to a scale of
1200 H and 1/20 V. A tidal mechanism to produce a tidal
range corresponding to four feetin a period of 12 hours in
the prototype was devised and made use of for the studies.
Studies were conducted tn finalise the various aspects such
as the optimum width of the section, depth of the section,
narrowing the width towards the upper reaches, reducing the
wgdth of the North Arm of the River Cooum, the optimum
wgdth of the cut to be maintained in the bar site in keeping
with economy and efficiency etc. These were analysed both
theoretically and by model studies for comparison.



FLOW THROUGH CIRCULAR NOTCHES
1. SYNOPSIS

The hydraulics of flow through circular and semicircular notches in
ular flumes is presented with a view to promote the use of these not-
rectang the measurement of water discharge in Hydraulic Laboratories and
ches fol'h Stations. A brief resume of the early literature is presented. The
esea.l‘c.c&1 equation of ﬂow.through circular notches is derived. Steven’s
ti n for this equation usmg_Ell"igtlc_ functions is given. Another method
solu lotion styled as *“ ¢ Function”™ is introduced with the evolution of a
od c,hal't for direct solution. Based cn (_:onsiderable amount of care-
onducted experimental vyork, separate discharge equations have been
fully ¢ poth for Steven’s solution and the ¢ Function and the coefficients are-
resented in the form of simphﬁ_ed charts. Further, this paper gives a
als:hgd of computation of discharge in the non-modular or submerged stage.
me

2. INTRODUCTION

Sharp_crested weirs and notches of various types are being used in
draulic Laboratories and Rese.amrch Stations for the measurement of water
[ ra o, In this country the cquul?,r notch has not come into the common
dlsoha.{‘ge'circular notch, has certain inherent advantages. Firstly, the crest
use. notch can easily be turned and levelled with precision in a lathe,
of thedly the weir crest does not have to be levelled and hence the point of
80001;1 w’is easily determined. Thirdly, it gives an appreciable head of flow
201:;1 fgr gmall discharges, an advantage which is also shared by the V-notch.
ev

“ihe theoretical eqqation of flow through a circular notch is difficult, if
-mpossible,to integrate. As a result, there are a number of equations
pot 1 highly mathematical and others profusely empirical. The most notable
gome to this posing problem was given by J. C. Stevens () M. ASCE., in
' form of 81 Elliptic Function. Due to the lack of experimental data,
the 1 . assumed 8 constant value of O. 59 for the discharge coefficient. But
Steven e Generally expected that the coefficient may vary with the head of
ond the approach conditions. So, it is proposed to develop a discharge
equation for Stevens formula. Further, it is aspired to develop a

ot equally accurate theoretical discharge equation and also a chart
the dlscharge.coefflclent to obtain the actual discharge for a set of given
r ons. The discharge characteristics of this dotch in the submerged or
modular range has been studied. Detailed investigations on these lines

made in the Irrigation Research Station, Poondi, for the case of
have P‘:ﬁﬁar notches fixed in rectangular flumes.

RS 3. RE'VIE‘W OF LITBRATURE

H. V. Cone was the early investigator in the United States of America..
o experimented with two ¢ircular and two'semi-circular notches. Extensive

o riments oD flow through clrcular: parqbohc and triangular notches are
edeucted py F. V. Greve at the Engineering Experiment Station of Purdue
coniversity. Eldqn R. Dodge de_vgloped a trignometrical series formula and
lI;O curves for dlsch?,ége coefficients. Gulliver did experjments with a small
a’roular notch, the gl ergntial equation was mechanically integrated and the
6;sults wexe g1ven y}f“" es. Thijese gives a different Formula for discharge
:hroﬁgh oircular notches and he has used these notches extensively for the
Caremient of water'in lis laboratory. J.'C.Stevens (), M. ASCE., has
esonted 8 16V solution for finding the discharge through: circular uotches.
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4. THEORY OF FLOW
The adjoining sketch is a schematic representation of the flow through

a circular notch.
D is the diameter of the notch,

H is the head of flow,
Considering a strip of water or
depth dy at a height of y
above the crest as shown in the WATER SURFACE D

sketch, the width of the

————.  Sap—— ‘——
™ —

strip = b = 2y (D - y)
the area of the strip = R A
27y (D -y)dy

Schematic representation of
Flow through a circular notch

The elemental discharge through this strip =

dq = 2/2g [yD-y) (H-y) dy (1)
This expression holds good whether H is greater or less than the radius of
the notch.

4. 1. Steven's Elliptic Function

With considerable assistance from Dr. W, E, Miln . M.
ASCE., obtained a complicated solution of this complex dieﬂ-ego-nciiﬁte.v:x'hon

which is given as

— 52 2 4

Q = v Vog p”/ [2(1-k ~HE-e-h) a? K]...(z)
were Qt is the theoretical discharge,
D is the diameter of the notch

k-,\/DH \

H and D are as defined in the sketch, and E and K are Elliptioc Funotions to

be taken from a Table of Integrals.
The above equation is further simplified and written

as Qt = AA 3)
5/2
where A = 14_5 vig D/
- 814 D5.2 (4)

’ 2 ?
and A = [2 ak? k) E-@-K) 1-%7) lt] )
Table I gives the values of a to four decimals for the values of k2 or H/D
ranging from 0 to 100.
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4. 2. ¢ Function

if i . .
the fog‘xg? differential equation of flow through a circular notch can be put in

Q¢ - Wi HFDHHETy a4

This can be expanded into an infinite series and be inte
‘ grated t
and the final equation can be shown to be o b term

52 [1 ,2-1 3 -

e 7 1 5 4

Qt - 23 T D [ 8 33 Z 0% Z ] (6)
where Z = H/D = 2 where k is the parameter used by Stevens,

Equation (6) can be simplified and given as

52
Qt - ¢ Z) D . m
where ¢ () = 2w, [l ,2- 1 .3
" z°" L _ 73 . 3 _ g4
[77 w2 om? | (8)

neglecting further terms inside the bracket.

Values of ¢ (Z) for \{alues of H/D upto 1.0 have been computed

o bl M ke 20 s enrtel i 1l i
7 as give ure- 80 that the theoretical discharge for any parti
cular notch a_nd given head can easily be read off. Alternatively Ot Y 2150 be
calculated with the aid of a Table which gives the value otyﬁhsg ?ur?i&:;sg(%?

arious values of 7Z, multiplyi 50 ..
{)?11; iZnot given in this paper. ultiplying ¢ (Z) by D °/%, similar to Table-I

5. MODEL SET UP AND EXPERIMENTS
5. 1. Model set up

3';)1}1; ;%;:erlgfe;gfvggjliz?; .ﬂotw ;;erg conducted in a masonry flume 20’
' x 30" . 1010 the flume at the upstream end and m
sured.mtl} a suppressed rectangular weir which was alread ibr: ine
ehbocks sﬂforxl'lml;}:- hThe semi-circular notch was fixed aty t%agl?igﬁi(it‘;:?ﬁ
end of the tsufo?' frese f‘i)Wn in Figure-3, so that it discharged in a freek state
Ext%%l;:lzﬁe Jiametors %xnze;%lgoggycgeéi witg four different diameters 61.’
no , » 167, 1’3" and 1'0” respectively. i
ments f,ofr su‘gmegged flow were conducted in another rgasonvr(gflyﬂl?rg: eﬁﬁg’r’.l-
2'9"-,\.’{ 9’0’ and submergence studies were done only for 1'0” diameter notch :

5.9. Experiments for free flow

Firstly the 2'0" diameter notch was fix ;

. : . ed centrall t TP

I 6 Tt et o S bt e’ apreneg o
0O, » measured at the wei

the notcl}. The head over the circular notch, W;Sprlr?::sni?bpass‘}d through

gituated in a gauge well located at a distance of 4 Hmax f¥o?n (t)}?egnaoltgﬁ

" where Hmax is the maximum probable head of flow over the notch. Secondly

ﬁhe h?iig}étixgglgﬁycrg;t Z%S fixed 7 inches above the floor and the studies re-
6:23?93‘15 varying fr’om%"til;gngggi ?netr: Gorlldu?ted for six more different heights
of cres: Y 8 rvals of one inch. This sch f i
éﬁt&mn was gone through wit - 11118 sCheme O experi-
(:; ven in Table-TI. g h the other three semi-circular notches also
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ici f discharge was comQu_ted both py Ste-
For eaqh mn’ﬁh?}s C(I)T‘?xfnfé(t}if;:.t oThe discharge coefficient obtained by
gens’ B:l%‘nuct;ccl:?irlona?s denoted as CA and that obtained by ¢ Function as Cé.
tevens

5. 5. Experiments for submerged flow

istics of the 10" diameter notch
bmerged flow charagterxs i ‘ ¢
: Lhe frsgea‘r’l’g"s‘:vide ﬂgume were studied, using a..lV-nottc:l Vg:; s;srcil;grgig
lnStzlerZ(fnlezlt I:‘or each particular dis}(ihaé‘ge, :hrget:slur:ia %his was repoated
mea c ding upstream head wa ed. s re
stephs ?nd t}.l:i(go(rllif:ﬁ(;?g;s.g T%le variation of the reduction factor ‘f’ given by
with five o §

the general equation
Q'a - f
Qa

was studied.

(9

Qa is the actual discharge in the free flow
or modular stage

Q'a is the aciul discharge in the submerged
or non-modular stage and

Where

f is the reduction factor,

6. DISCUSSION OF RESULTS
F Flow Analysis—Effect of velocity of approach
ree

i ts on the four notches were plotted with
The results of the experimen H, g P
he actual discharge as abscissae and 75* the ratio of head of flo
a, the actu

i n in Figure-4. On a close analysis it can

i ggnf?)treaansyi)hn(:awnotch diameter are seen to follow the sei;m?t

De Seenfthat‘tht?opx?mThe coefficients CA and C¢ are shown plotted agains
trend of varia .

5 and 6, where P is the height of the crest above the fioor.
5 and 6,

Q

meter of notch as or

Ig—in figure

of CA and C¢ tend to increase as the

It is evident ﬂ;aszit,l:ﬁyvizlc‘;zsa% ; but it is difficult to draw geﬁtx;:t: c:g;
values of H/P progr t because of the limited range of H/ a -
clusions on this aspes nder the present scheme of study. It may beo

. i igation u he discharge coefficient
ble of investigat : further as to how the discharg
gg::ilcular int?reat::i;gv::?:ggt:f H/P ranging from O too. Nevertheless,
for incre

may vary taken that the discharge coefficient remains more or less constant
a

it maﬁr be e of H/P (namely, upto about 6) investigated under the present
for the ra
soheme: i i disch oeffi-
ions under consideration, the diec arge ¢

For both typhesv;’i f‘ﬁg::;%nagainst H/D in Figure.7 and t; HItha Asleen
cients have been sho flicients increase for increasing values of H/ . t.eo’
the reform th:lf; tl}; %‘{;erve that the wide of the flume relative to the diameter
it is note-worthy

the discharge coefficients.
iderable effecton
of the notch has cons

17
6.2. Submerged Flow Analysis

It has been shown that for weirs and notches functioning in the sub-
merged stage, upto the Modularity Jimit any increase in tail water level does
not affect the upstréam head. The submergence ratio of h/H, (where h is the
height of tail water above the crest and H the head of water above the crest)
at the modularity limit varies from g negative value for sharp crested rectan.
gular weirs to a high value of about 0.80 for long-throated weirs.
experimental results plotted in Figure-10, at

Knowing the reduction fac
as taken from Figur9-8, the di
computed from equation (2).

tor and the discharge in the modular range
scharge in the non-modular range can be

Dr. Ville monte (2) has
in the non-modular range.

_g_l - k [ 1‘—(;_? ] m (14)

where  Q is-the aotual discharge,

proposed a formula for computing the discharge

Q1 is the modular discharge for the given head,

Q2 is the modular discharge for a head equal to the hight of the tail
water above the crest

1 éxponent m can be given an
average value of 0.385. The variation of the r 3

: é . eduction factor f-with h/H by
the Ville monte formula is also given in the same figure. Itseems to predict
Instantaneous submergence i.e., the non-modulgar stage sets in the moment
the tail water rises above the crest. This is

. in contradiction to the experi-
mental results obtained at this statjon, P

In support of the conclusion drawn
in this paper, the submergence curve for the V-notch 3 is reproduced in

Figure-10 and it may be seen that it also has a value of h/H = 0.30 at the
modularity limit. .

7. MEASUREMENT OF DISCHARGES WITH
CIRCULAR NOTCH

- - Computation Procedures
7.1. Method-I '

The computation procedure given below applies onl ‘
uta Y to the case of
ciroular or semi-circular notches located centrally in rectangular flumes,

ST

cedure R 1 L T : ’
Pro (1) Find out the head of flow - H :
(2) From‘ th‘e‘ diameter of the notch, tompute k2 H/D .
3) Fron? ‘?able I, rétdd off ‘the vaiué of A for the coéﬂuféd
value of k% - |
1-3 ‘



8)
e
(10)
(11)

Example—1

A semi-circ
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Calculate A -2.14D°/%

Then, the theoretical discharge Qt is given by the equation
Qt = AA.

C can easily be read off from Figure-7
The actual discharge is given by the formula
Qa. = Qt X OA
If the tail water rises above the crest, compute h/H, the

sumbergence ratio.

If h/H, is less than 0.30, than the actual discharge can still
be obtained using the equation Qg Q CA

If h/H is greater than 0.30, find out the corresponding
reduction factor f from Figure-10.

The actual discharge is given by the equation
Q a - f Qt X CA

alar notch 2'0” diameter is fixed centrally in a rectangular

flume of width 4’0", Find out the discharge when the head over the crest is
1’0" (by Steven’s Method)

(a)
(b)

Solution
(a) The theo

A

in the free flow stage ;

when the tail water rises above the crest such that h/H
= 0.50.

retical solution Q;  is given by the equation Q - Aa
. 214D%% - 214x20°21210

For k2 - H/D - 10 = 05

From Table-1.

2.0
H = 0,6354.

Hence the theoretical discharge = AA

= 12.10 x 0.6354

From Figure-7, CA is found to be 0.600.
Hence the discharge in the free ﬂow stage — 0.60 x 7.70

— 4-61 c.f.l.

(b) Given submergence ratio h/H = 0.5. -
From Figure-14, the reduction factqr f = 0.96.
The actual non-modular discharge is given by the equation

Q'a
Qa
Q'a

= f
— 0.96 x 4.61 = 4.42c.f.8.

t = 4.61 of
Discharge in the free flow or modular stage = 4.61 ofs.
Discharge in the non-modular stage = 4.42 cf».
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7.2, Method - 11 ¢ Function Method :

1)
(2)
3)

(4)
()

(6)
@

)

Example-2

salution

(s) Given /D =10

e

Find out the head H
From the diameter of the notch, find Z = H/D

From Figure-1 or 2, read off the theoretical discharge for
the given values of Z and D

C¢ can easily be read off from Figure-8
The actual discharge is given by the equation
Qa, == Qt xC ¢
If the tail water rises above the crest, calculate the sub-

mergence ratio h/H

If h/H is less than 0.30 the actual discharge given by the
equation Qa = Q4 C¢ still holds good.

If h/H exceeds 0.30 then the performance becomes non-
modular, and the discharge is given by the equation

Q'a
Q=

where f is a reduction factor to be read from Figure-10

Solve example-1 by the ¢ function method

30 = 0.50

From Figure-2 Qg = 7.70 cfs.
From Figure-10 Cé = 0.59
Hence, the actual discharge == 0.59 x 7.70 = 4.54 cfs. — Qt x C¢.

(b) _Given the submergence ratio h/H = 0.5

The discharge ir} t.he non-modular range is given by the equation

[ : Qla

d=

a

= f

From Figure-14, for h/H = 0.5, t = (.96,

Hence, the discharge in the non-modular range = 4. 54 x 0. 96 == 4.36 cfs.
Discharge in the modular or free flow stage — 4.54 cfs.

Discharge in the non-modular stage = 4.36 cfs,
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8. CONCLUSION

The circular and semi-circular notches have certain inherent advant-
ages and they can be used for the measurement of water in Hyderaulic Labo-
ratories and Research Stations. But because o.f the_dxfﬁculty in solving the
theoretical discharge equation and the non-a.va.llablhty of any suitpble rigid
practical solution, these notches have not come into ge!}eral use in this country
and many other countries alike. A remarkable solution to this problem was
furnished by J. C. Stevens, M. ASCE., by the use of Elll_ptlc functions and it
ig given as Qt = AA. But, because of the lack of experimental data, a cons-

: 0.59 was assumed for the discharge coefficient to obtain the
;ag':ttxavla}itil:cgefxrge. But it is generally known that this coefficient various with
the approach conditions. Hence detailed investigations were carried out in
this Research Station for semi-circular notches located centrally in rectangu-
lar flumes. Simplified curves have been developed for C 5

Secondly the theoretical equation of flow through circular notches has
been integrated by expanding it into an infinite series and a method of solu-
tion named ¢ ¢ Function ’* has been developed. This method is given in the
form of a simplified chart so that the theoretical discharge for any set of given
conditions can easily be read off. Curves for C¢ have been developed.

. . studies were conducted to find out the modularity limit and
also ﬂ'lrclah‘lz;dr]iition of the reduction factor ¢f’ with the submergence ratio h/H,
The modularity limit was found to occur Wh_en‘ h/H - 0,’30 .and the variation
of *f' with h/H is also given. _Thls variation of *‘f with h/H is slightly
different from that given by Dr. Ville monte’'s formula which predicts * Instan-

"
taneous submergence .

seon that the results or the studies on semi-ciroular notches
will alIstoc?lr(;ltc,legood for full diameter notches. The results of the studies given
in this paper facilitate easy and accurate measurement of water passing
through circular and semi-circular nptches located_centrally in rectangular
flumes, It is hoped that this paper will enable the circular and semi-eiroular
notches to be used oxtensively in the different laboratories and Research
Stations in this country and abroad.
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BYE-WASHES
INTRODUCTION

) A bye-wash may be defined as a flush escape provided in the irrigation

tanks for surplussing the floods. It was proposed to evolve a rational for-
mula for the design of bye-washes with the experimental process. This
report is in continuation of the previous report published as item 3 in the
Annual Report for the year 1958,

THEORY

A bye-wash may be taken as a broad crested weir with certain up-
stream and downstream slopes. In the case of the broad crested weir the
‘discharge formula is expressed as

Q=CBH3/?2
where Q = discharge in Cft.
C = co-efficient of discharge
B = length of weir normal to the direction of flow
H = head in feet over the crest.

In the free flow of a broad crested weir within the modular range the
.co-efficient ¢ varies mainly with H/L where L is the width of the crest, and is
jndependent of the ratio H/P where P is the height of the crest above the
_.pproaohing floor. In the case of a bye-wash the upstream and downstream
slopes are very flat. Hence the co-efficient ‘c’ may vary with the ratio

H/F.

In order to analyse the discharge formula various factors depending on
the shape of the bye-wash and other physical factors have to be considered,
As already explained in the Annual Report for 1958,

Q=f(B,Sy, L, P,Sq, H:r, ,n)
where B, L, P, H have been defined already

8, = upstream slope

84 = downstream slope

r . fluid weight per unit volume
— mass density
n == co-efficient of rugesity
‘By dimensional analysis it can be shown that
Q= ¢\ R, 8u, 84, H/P, H/L, n)
where F == Proude's number
R = Reynold’s number

is report presents the results of the experiments conducted to study th
?::gatign of the discharge co-efficient ‘c’ with H/P for different upstﬁea;
-slopes (Sy) and for different crest widths of bye-wash (L).
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MODEL SET-UP AND EXPERIMENTS

Three masonry flumes each 3' 0” wide and 26 ¢ in length were con-

structed with separate discharge measuring devices (V-not

ches) for each

flume. The models were constructed to a scale 1/4 to study the complete

range of photo-type dimensions (Figure-1).

Experiments were conducted for bye-washes having crest widths of
10", 0'6” and 0” and in each case the upstream slope was varied from 1/100
to 1/1000, the down-stream slope of 1150 being constant, Discharge over the
bye-wash was measured by the V-notch and in each case the value of the co-

efficient of discharge was found from the formula Q0 =— ~__.

B H3/2'

H/P was varied for a fixed upstream and downstream slope

The value of

and I0th of the

rying the head over the crest(H). The variation of H/P values
gﬁ? fgevdaiszha%ge co-efficient was calculated ang 18 shown plotted in the

figures 2 to 6.

DISCUSSION OF RESULTS

the graphs plotted connecting C and H/P, it is
value gfrcf){n/lP incgreased the co-efficient of discharge ''C*
value of ‘C’ adproximately ranges from 2.8 to 4. _

~The increase in the value of ‘C’ with H/P is steaper ip the

slopes that in the flat slopes. This indicates that for flat 1

efficient.

seen that as the

also increases. The

case of steep

slopes, the value of
H/P should be greater than for steep slopes, for g certain d

ischarge co-

In Figure-7 the variation ‘C’ against H/P values are shown for differ-

ent crest width of the bye-washes, the other dimenaj

) S

is more for a particular value of H/P.

typical flow profile for the tr.ianzulatjfggotione v
width g: Oj)ni)s shown in Figure-8. There is a suddsh fall in
flow in the vartical plane of the apex. o

CONCLUSION

G

w 1 One remaining the same.
In this case it is found thatfor larger crest with the oo effict g

6nt of discharge

d.bye-wash (orest

the profile of the

From the results presented in this report it can he seen that the co-effi-

A

cient of discharge depends on the upstream slope o " the

tion factor for the influence of the upstream Alopeion,
g?r«;ies(::harge is absolutely essential to the discharge ormula,

be determined by further analysisof the data; - Simil

bye-wash. So, a
the co-efficient
This factor can

; 18T oorrector faotors.
could be determined for the influence of the crest width, qq oy

eto., on the co-efficient of discharge by further'experimen'tﬁ.' "

Wwnstream slopa,

The charts furnished in the report will be'g.reat"nse in fi:e design of a

-wash, because the correct co-efficient o
:glfer factors being known can be found out from

c'h'ar’a.

. d’ﬁl?Pma of a-bys-wash the-

Shufter for Regulating the discharge

~ . \
Iy - *
2 g \" 13
v - -
£ ] va "l =
Q) g ’ Q<
t Z | ) W 1%
——————— el w Zg
|~ urosp +3( 70 el = e
By ™~ +3| —ft—{Ts
. g \\ 7 5‘7’ = - . 1'\
"? \\ K OE-‘ W 2 §°‘
¢ S e B e E e
Q Q) \&’ . e: @ : ¢ [ 4 @d
2 Q Q @ Oul =2 : ar
S \Q N ’; (> < .NQ
g \\ g s ;g woow QE
.\1\ Q q 9.03 g g - -
S |58 £ o= 2
N = R I % <) s
~?~Q ha L N R it |z
o XN » @)
k] O =« <q «
< Q ¢ @ |- %
gi g ol |39
Q -~ =
§'E e ~ g)s ‘4a0dey 8114 bu;lblo ;
N «
n Q °
® | Ok x ?
. Iy 4
" ! & o
W
&S NN s 3 o
oL \0 9 N -
tg\ Q NS e P
© ¢ X I?,g S &
) Q .
= 33 EY X
By
& 3 7] &) o
- K \&
St 0 Q8 v
——— L /Z,/’ N ,g" i
)
] x é’ =
g )
D\D >
\\T\N 3
A N w
XL —— “N'
b A
1 ] 2
[E — |
= — o - 2e
0 &
——— il L <
dwn/{ viow TN o%
- |7l aj%
| ° Iy
r{j 1 T 9
a glw
K] ©
- [=] &?
ANEE
e IV Zjo
< =3




. G seJpr (A Il Coxpoer * LT, m..ru |IOYUDPU] WOIT PO dadeyg
S'SRIPPIN 08D QV “V& HIVINVS A vghgpoatiy  Teuts: Oo_ ¥ w dmom' L (spareay exes )R & 4T N Sy

‘3dojs wDasuUMOQ = PS

‘edo|g woassdn = ng
‘MO| 4 JIAQD 3O PDIH = H
‘@303 Sy uy jusomodg SyL 30 yipim doy

‘008 OL QO wo4g PpOLIDA

n

"2 913 TPAD] AS3Pal 3
B -3-3 0 - d-V LA TN A N
v — . — I\
N\o.\\})ua‘.ouq “uoulsWPMY | ok - 9 =l
(1004 3INO HiQIM 1S3¥D) -
$340TS WVYIHLSIN SNOINVA ¥04 S3nIVA |3
m H1IM LN3/0I44300 208VHISIG 40 NOLLYIMVA |
SIHSYM 3A8 4R )
‘IPU00d —UO{}D}S Yd103s8y  ud1406LL) ..mo a?uzon_oo»vo Ew_u:mmoo *9
‘SDJPOW — (UsuDdad  syiom oNgRd : usom 3ig kmvm Y4buag = 8
4Dyasia = ® adYMm
Wz 8o =b

1
X

£

"ON  big

oN .:..oIJ

9/2

og/z

6461 30 ji0dey (Dhuuy

L2

0-g

(¢}

S-g




¢ BeIPRN 08 0 T VOV HLVANYS 3 Mg Aqpejarad  TeusdiaO guojuepu] wasypsonpordey  gue-(pe8read ves) 29T 857N Forl

£ -"914 P[] XS Pl |4 . d
.84 -4-3 e vur 3% o ¢ 8 ¢ 9 H g $ ¢ Tt 0
& N Zomepryg | B[S . . 52
(Hiam 1s3yo £ ) -
= ~2:2
4230075 WYIYLSdN LNZYIIAIA HOd SINTVA | @
~7 HUMLNIIDNEA300 FYVHISIA 40 NCLLVINVA
SIHSVYM 3.8 F 3 4 ;\
k4
AN O O ~NOILVLS HOYVISIH NOILYOINM| |9
nd

.m<to<2!#zm2&€mmﬂ SHYOM d1180d

00/ 01 00| Woigd PalOA = X

3do|S woalSuUMOQd = pS
edo|g .wpadisdn = ng

"MIld 43A0 O PPBN = H
YSOM 3AB 30 4BidH =

(988D Siyy vi 9:0) YSPM 4B 0 YiPM dol = 1

L]

»

‘ON "6ag ON W4\

S/¢ 0g/ ¢
6661 jo toncmr \ohuuy




. SOLPEN O SO YT L HIANYS 5 Mg £ pojud  TewiERIO saoueptipwos) paomposdoY  GLg (vl v ©i3) 293 697N 7o

‘.¢..... 94 “vx .x.w:uumvhn—- ] d

¥ 3.3 ou-V vV g-r 2 H
2

% [y zsrpery %ﬂ& ek 8 2 L4 2 vz

(NO1LD3S UV MINVIYL)

d $3d01S WVINLSHN LIN3¥ILHQ HOS INTIVA
57 HAIM IN310144300 I9UYHOSIA 0 NOILVIHVA
S3IHSYM 3A8

“JONOOJ — NOILYVLS HOMV3SIY NOLLVIISY)
SV MAVN—LNINLHYVdIQ SHHOM 2I78nd

§ia

aitd

92

- 8-¢

"paoday

- O

9. m

Py

-6+ €

42

00604 001 WO4d PaLIoA X

e o

"ON -PiQ0 | ON w3y
8 /¢ 0g/2
6561 30 .4rodey jonuuy




G- RAPON 0D A V" VE HIVINVE Y 15 AT POJUIId  TewiS1i0 5J0ju9pU] Wog paonposded <€ (¥8el exg Teg)7aH09Z oNFu

§- - 914 pxo] Wipg W IR 7 [
¥y-3-3 0-Y4-V v-u-°r MW
= ~ 0= - =
Towyswypayp | = qurop 313 1S d
, W
: , q . I 3 8 ] 9 = + g 4 ! o
SH1GIM LS3MD LN4HI 4410 HOS ww3J4>ﬂ. Hiim |*
SANADIIIA0D IOYVHISIG 4O NOILVIMVA .
SIHSYM 348 3l
'|PUOOd — UOlDIS YOi0eSoy  uoNDbLI]l |
"SDAPOW — 4U3wyiDd3g Swiom  1IGnd .
-+ |
4] ot i 0l
tz
o]
1s
& b
L,
ON BaQ ON  wagy
9/8 0g/2
6661 o jioday |Pnuuy




SERPRN 0SDCY ¥ € HIVAN VS 3T 148 A pojtLid

1SuIB140 8,u0tuspu] woty peonpoadsl  SLE-(¥818IH BHEE)TY | 19zoN SoY

‘9 o oud Ha k) IMS°D pIL

4 -3-3 f 0-8°V

L

‘6ig

LS WY oy supery

N
&

"HSYM 348 YVINONVIHL
IHL H3IAO0 3I140¥d MO
SIHSYM 3IAE

3714

"1ONOOd — - NOILV1S HIHYISAY NOILVOINY]
‘SYYOVW-LNIWLEY4AT SHIOM Di178nd

34043y

"G13AZT HILYM IAUISY(Q O] SONONIdGY,

TON _9NIMvHd | ON w31l

9/9 0L/2
6661 30 1H¥Od43Y <:zz<r

JIYLIWONOLIIH | SILVIIONT SUIBNN) 3N, 130N




9
FLOW THROUCH OPEN CHANNEL OBSTRUCTION

Introduction:

The investigation of the flow through o
p;oposed to be made in order to study %he ipne]gotl:.?aanrzn:lig?lli)gtructxons Wwas
phenomenon namely the_ mechanism of the scour produced in thcances of this
due to the creation of high apd erdsive velocities near the pi g stteam bed
that can be produced at the time of heavy floods passin “})wrs, the afflux
and the estimation of the flood discharge but the headinggup 1:g:§t1l:hzhe' s
piers.

Theory .

The flow through the bridge vent w
concept or't}.:le orifice weir concegpt. But aﬁ’ rt‘ﬁzm?()lrll{rzgglg’se@ by the orifice
to cause critical depth and the standing wave then the di c}rxl 2 Jarge such ae
puted by means of lzroad crested weir formula in the moa large cun be com-
the submergence ratio cxceeds what is known as modul 'tu it e,  When
factor can be found out to find out the correct discharg::'r1 ylimita reduction

Scheme of studies :

The construction of piers in the flow th
obstruction to th? flow. The obstruction per:gg‘t;;lgeogenthchanne]s' provides
by the symbol ‘m’ and defind as ©the flow is denoted

m = (1-b) 100
B

= |(B-b) 100
B

= t x 100
B

where B — original bed width of the river
b — contracted bed width

t — total thickness of the piers.

In the first stage of work a horizontal
different obstruction ratios the variation of Yll)a;gg ?—Ieéi vv:{‘ti ?w?ed' For
n has to be

gtudied (Fig.l). Yn Yn

where Y3 - Yo - the normal depth of flow. This Y
: : has to b

further downstream away from the region of eddi n o be measured

the piers. g eddies created by the tail of

Y. This is the headed up depth. This should
tance not less than the wicth of a simple opening from bfh;n If::eur:g t?:t 2 die-
e piers

on the upstream side.
v¥,. Thid is the depth of flow at the section of t .
tion. This may be measured along the pier lengil:)l;a gaillﬁ::ﬁa c?n ":ﬁc-
urther

downstreanl.
-5
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H3.- Y1 - Ynoor Y} - Y3' and thig is generally known as the afflux,
caused by the comstruction of the bridge. 1. is the Fraude's number
computed for tht normai, section

Model Construction:

A masonry flume about 100" long was constructed and rails were laid
in the side walls for a trolly fitted with gauge-angle to take observatlion of
water levels in the flume. (A rectangular notch 12" high and 30" fong
was fixed in the flume (Fig.2). A tail gate of screw gearing type was
constructed in the flume to maintajon different tail waters. The piers were
made in teak woad, having a central piece with a constant length o’f about
four times the thickness. To this the nose and tail can be attached by means
of screws, For having two spans there was one fnll central pier and two
half piers. A certain discharge measured with a weir on the upstream side
was sent in. Suitable stilling arrangements and sufficient length of the flume
were provided to establish the normat velocity distribution,

2. Experiments and results:

Expoerimehts were carred out for different obstruction ratios, and for
diferent discharges, in each case finding out the factors Y, Yz,and N
The nose and tail of the piers used were semi circular in Sha:pe T

variation of Yi/Y. with ¥, for different/'m’ values are shown plotted in
Fig.3.

It was found that for a particular obstruction rat; :
increases with the increase in Froude’s number. For a%t;%d Riﬁtl’o Y /g"
the value of Y1/Y ., increases with the increase of the obqtru‘:‘snumt‘er
The chart is useful in predicting the discharge through, the i)r'd’v ion ratio.
once the obstruction ratio and afflux due to the bridge piers arexkggvcv)genmgs

Further Studies:

Studies are to be conducted with the rectap :
piers for different obstruction ratios. The mechanisx%ug?l;cﬁgd GQuéang;l!}r
a mobile bed model has to be investiaged, taking into accou trtgro duce 13
size of the sand represented by its settling ve n ¢ time an

3 locity. The eff
¢ N ot £ th : . C ..Lhe effect of the
bmo:dIZli.ry in the production o e scour will be studied with mobile boundary

Y= headedup depth

Y7 Depth of flow ot section of

maximum contraction

Y3= narmol depth of fiow

V(,Vaysz velocifias of flow
depth are Y ,Y,.Yzrespectively

o4 the section at which the

total width of stregm

B-

—-—__..—.7

—

—

R o s ey

— ——

t= thickness of pier
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1Bt

RN Y AMARAVATHY SPILLWAY

‘i\

Dis\charge Characteristics

1. SYNOPSIS

Studies were conducted to obtain the spillway rating curves for the
Amaravathy Dam by means of scale model tests. Experiments were conducted
for both.controlled and uncontroelled flows, The model set up has been briefly
described. .The procedure followed in conducting the experiments had also
been presented. Results obtained both for free flow and gate controlled flow
have been discussed. Optimum gate-operation charts to pass floods over the
gpillway on the basis of least consumption of power have been developed for
different water levels in the reservoir. A working chart has also been
evolved so as to find outthe amount of gate opening required with nine
shutter operation to pass the flood knowing the rate of rise of water level in
the reservoir,

2. INTRODUCTION

A dam has been constructed across the river Amaravathy, an important
tributary to the river Cauvery at a place about 13 miles west of Udumalpet in
Coimbatore District. A spillway 324 feet long is provided in the dam to sur-
plus the flood waters. Vertical lift shutters are provided on the spillway to
store up water to the maximum water level of the reservoir. It is to be noted
that the shutters are located three feet downstream of the crest of the spill-
way. This report deals 'with the studies conducted to determine the discharge
characteristics of the spillway for both controlled and uncontrolled flows.

3. DATA

Hydraulic Particulars
a) Crestof spillway El. 1150,00
b) Maximum water level .. El. 117500
¢) No. of vents in spillway 9 Nos.
d) Sive of each vent 36 x 25°
e) Maximum flood discharge 1,40,000 cusecs
f) Pier thickness 9 feet

Figure-1 shows the details of the spillway\and gate location.
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4. MODEL SET UP

The three dimensional model of the Amaravath i i

ready been constructed to a scale of 1/60 was madg ?1psglgfa¥o?htll$}: hedal-
studies. The discharges over the spiliway were measured over a \})r N
fixed in the ]eadipg flume. Suitable baffle arrangement was pro ‘(;i
obtain a uniform distribution of flow in the spillway approach cha,x:mvll eTho ’
heads over the crest of spillway and sill of V-notch were measured be ' .
of point gauges reading correct to 0.00L foot. The piers and the sy.lmleans
shutters were made of teakwood and painted to avoid swelling of thm tWa.y
wood. The shutters were opened to the correct o teak-

; € amount by means
wedge blocks. The details of the planof the model set up is glvenoiit;iagkuv::f)zd

5. EXPERIMENTS

5.1. In the first place, experiments were conducted fo
free fiow over the spillway. The central vent alone w
other vents being closed with the teakwood shutters.
the spillway for various overflow heads were observed.
done for the following symmetrical operation :

r conditions of
as kept open, all the
The discharges over

The experiment wag

(1) Central one vent open

(2) Central three vents open
(3) Central five vents open
(4) Central seven vents open

(5) All nine vents open.

5.2. Secondly, experiments were conducted t
flow over the spillway, maintaing M.W.L. in the re:er?:iiy %t::ee itr:‘ontrﬁl{;d
other shutters closed,_ the central shutter alone was ope;rated pt %8& 9
gate-.openings. The discharges over the spillway were observed foroea::.here:t
opening. Care was taken to seethat M.W.L. was maintained in the r gate
The above set of experiments was repeated for all the five s A ieslervou'.
operations mentioned before. ymmetrical gate-

5.3. Thirdly, experiments to study gate cont
keepjng different wafcer levels upstream in the res:ﬂl;?)lilegorﬂovlvl vtvgreﬁreported
metrical gate operations. Water levels corresponding to 2{3 £ te 2ve sym-
feet and 10 feet heads over the spillway crest were 'ete b, 20 feet, 15
reservoir and observations of discharge for various gate rggggiglgnseie::grshg

e
6.1. Free flow

The model date have been reduced by t
accepted discharge formula for free flow over ay splillei wu:ye éﬁ,stthf,’aggln,’,m°"ly'
Q = oL
Q is the discharge in cubic feet per second
C is the discharge coefficient
L is the length of crestin feet

His the head of water over crest in feet
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The computed values of ‘C’tin the above formula vary with the heads’
of overflow and the number of vents kept open. In Figure-3, a graph con-
nectiug the discharge coeffleient ‘C' and the ratio H/HD has been drawn,

were H is the actual head of overflow ; HD is design head, (25 feet in this

case),

It is seen from the graph that the discharge coefficiert increases firstly
with the head of overflow and secondly with the number of vents kept open.
For instance, there is percentage increase of 6.11 in the value of ‘C’' for the
nine vent operations over the one for single vent operation for a value of

H/HD =1.

Figure-4 shows the variation of the coefficient with the number of
vents kept open for overflow heads of 10 feet, 12 feet, 15 feet, 20 feet and 25
feet. The coefficient increases uniformly as more number of vents are open-
ed for any particular overfiow head.

6. 2. Gate controlled flow

The discharge over a controlled spilway is given by the equation :
d
Q@ = cLE?-8"
Q is the discharge in cusecs
C is the discharge coefficient

L is the length of crest in feet

,H1 is the head of water over crest of spillway in feet
H2 is the head of water measured from gate-bottom in feet

= H1 — G where @ is gate opening in feet,

The discharge coefficient ‘C’ has been computed for different gate
operations for various water levels in the reservoir. Figure-5 represents the
ariation of the coefficient ‘C’ with the gate opening (G) for the nine shutter
operation at M.W.L. [t is seen from the graph that the cofficient decreases
with increasing gate opening upto a certain limit beyond which it steadily
inereases. At a gate opening of 20 feet the water surface just touches the
gate and for all greater openings the flow over the spillway is not controlled
by the gate but is a free overflow.

For a particular gate opening, the effect of the number of gates operat-
ed on the discharge coefficient can be seen Figure-6. The coefficient increases
with increasing number of gates operated for all gate openings. The 15 feet

opening gives the minimum discharge cofficient, no matter how many

ghutters are opened. Figure 7 represents the spil]wgy rating curve for the
nine shutter operation, The variation of discharge with the head on crest of

spillway for gate openings ranging from 3 feet to 15 feetis represented is



34

the rating curve. The free-flow curve from whice
durves take off giv%s thehdis,charg'le1 ;vgen the flo
gate.' The point where the controlled flow curve takes off from -
-%‘rﬁv'e gives the head on the spillway at which the flow becom?;e ffrr:: fftl)(l)'v;.
particular gate opening. The spillway rating curve has been made use of for
the preparation of the optimum gate-operation chart given in Figure-15 to.
pass any known flood.

the gate-controlled flow
W 18 not controlled by the

6.3 Optimum gate operation to pass flood discharges

Figure-8 shows the different comdinations of gate operations to pass a
flood of known magnitude at M.W.L. The curves have been drawn with the
data collected during the experiments: Optimum gate operation charts have
been drawn for the Amaravathy spillway based on the following two.
¢riteria:—

Yooty

(1) Gate openings of less than one foot are to be avoided.

(2) The economy in gate operation

increases with increasin
number of shutters operated. &

In actual practice, the shutters ‘may have to be operated to pass the flood
discharges even before M.W.L. is_reached. Hence these charts drawn for
other water levels in the reservoir have’also been included in the present
report Figure 9 through 12 represent the optimum gate operation charts for
M.W.L. 22 feet, 20 feet, 15 feet and 10 feet heads over crest of spillway.

The area-capacity curve of the Amarava
Figure-13. In times of floods, t.he water level in t
of rise depending upon the net inflow and the wat
voir elevation. The rate of rise

thy reservoir is given in
he reservoir rises, the rate
erspread area at the reser-

dH = O/A  where Q- Netinflow in cusecs,

-~ A - Water spread area in Square foet

dT
a.t a particular reservoir eleva-
tion.

icure-14 represents the rate of rise of water level
g;%%nﬂows al: elevations of 1160, 1165, 1170 and 11
vathy reservoir. Knowing the rate of rise of wa
elsévation the net inflow is known. The amount of
flood for the nine shutter operation can be had from
a chart has been developed correlating the rate of
reservoir at any reservoir elevation with the gate-
the flood for the nine-shutter operation. The data a
The use of the chart is illustrated below by an exa

in‘ feet/hour for various
75 in the case of Amara-

gate-opening to pass the
Figure-7. Based on this,

mple :

Problem-1.

- The observed rate of rise.in the reseyvoir is 2,
reservoir elevation is 1165 duriug the period of obs

opeuning required to pass the flow for the nine-shutter operation 9

ter level atany reservoir

rise of water level in the
opening required to pass
re presented in Figure-15,

5 fee@/hour. The average:
ervation. what is the gate-

35 *

i igur it is i ters are to be opened by
ferring to Figure I5, it is seen that nine shut~ t :
10 feeg{t% pass the required discharge. The corresponding net inflow is 56,000
ofs as taken from Pigure-14,

Problem-2

i ar ’ t asin the
ose all the nine shutters are already opened b‘y 16 f:lae _
revioSul;pep'(afnple, a~d a rate of rise of water igﬂvel of 3~.§3 feet‘\; hour is t}}en
gbqerved the average reservoir elevation during the period of obser_vatxon
be%ng 1170 by how much more the gates are to be opened to pass the increa-
sing flood ?

. . . . e to b
erring to Figure-14, the net inflow into reservoir is found

30 00012?’; The gate opening required to pass the fiood is 11 fe@t as can be

seen from Figure-15. Hence all the nine shutters shouid be raised by one-

more foot.

i ' i ir elevation
us knowing the rate of rise of water le;vel and the reservoir e
th am’lc‘}:mt of gate opening can be read off directly from Figure-15. Only
thz nine shutter operation has been taken for consideration as this operation
involves the least consumption of power.

7. CONCLUSION

The experiments were conducted mainly with.a view to develop a chart
which will readily give the amount of gate-opening to an operator on the
field, to pass a known flood over t}}e spillway. Undue strees need not be laid
on the necessity of opening the spillway gates to the correct amount in order
to maintain the water level in the reservoir or to allow it to increase ata
specified rate. It is hoped that the chart in Figure-15 may be of conSIdera.b}e
use for this purpose. Only two informations are to be known for making
use of the chart:—

(1) Rate of rise of water level

This can be observed in the field by noting the readings on the gauges
installed in the reservoir during a known interval of time, say 15 minutes.

2) Reservoir elevation

The average reservoir elevation also can be had from the gauge read-
ings recorded at the beginning and end of the time interval,

This chart is recommended for use in practice in the operation of spill-
way gates in the Amaravathy reservoir. It may be of Interest to receive the
critical comments after the actual use of this chart during ﬂood times.

The studies have been made largely guided by the similar experiments
.done on the Lower Bhavani Spillway( and other experiments done on .t}‘xe
spillways at TVA doms and presented in proceedings of the American Society
of Civil Engineers separate No. 6262 .
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VAIGAI DAM SPILLWAY
Discharged Characteristics

1. SYNOPSIS

This report deals with the discharge characteristics of the Vaigai
Spillway, A brief introduction of the Vaigai Dam has been given and the
model set up also briefly described. Studies have been conducted both for
free and gate controlled flows and the variation of the discharge coefficients
for both the flows has been analysed. Based on the results of the experi-
mcnts an effiicient and economic method of passing floods over the spillway
has been evolved by drawing “Optimum operation Charts" for different
water levels in the resérvoir. Another chart has also been developed giving
the amount of the gate opening required for seven shutter operation to pass
any flood knowing the rate of rise of water level in the reservoir at a parti-
cular reservoir elevation.

2. INTRODUCTION

Vaigai Dam has been constructed across River Vaigai in Madurai
District at a distance of about 40 miles trom the city of Madurai. The dam
is mainly meant for storing up the flood waters of the River Vaigai and also
the tail race water of Periyar Power House, which can be used in Periyar
Main Canal to irrigate an additional ayacut of 20,000 acres in the Districts
of Madurai and Ramanathapuram. The spillway section of the dam has
been designed to surplus a flood discharge of 59,170 cusecs with a design
head of 15 feet. The spillway portion consists of seven spans of 40 0’° clear
each, with piers of 90" thickness. Vertical lift gates have been fitted over
the crest to control the flow and the gates have been located three feet down-
stream of the crest. The profile of the spillway is given in Figure-1. Studies
have been conducted in this Station to find out the most efficient and econo-
mic method of passing any flood discharge over the spillway by way of pre-
paring charts styled as *Optimum Gate Operation Charts’'.

3. DATA

Catchment area 970 Sq. miles
Capacity of the reservoir at

M.W.L. .. 6878 M. Cft.
Water spread area at M.W.L.... 260-5 M, Sft.
Size of Vent 40¢0”" x 15%0"
No. of Vents 7 Nos.
Pier thickness 9¢¢0
Crest level of the spillway ... El. 901,00
M.W.L, of Reservoir El. 916,00

e Spillway discharge ... 59,170 cusecs
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4. MODEL SET-UP

The three-dimensional model, constructed to a scale of 1/60, was made
use of for conducting these studies. The watar level in the reservoir portion
was maintained accurately by measuring the levels by means of a foot gauge
reading correct to 1/1000 of a foot. The discharge passing over the spillway
was measured over a right-angled V-notch fixed at the end of a leading
flume, well downstream of the dam. Gate openings were adjusted accurately
by means of teakwood wedge blocks of required height. The model set-up is
shown in Figure-2.

5. EXPERIMENTS AND RESULTS

5.1. Studies were conducted to analyse the discharge characteristics
of the spillway both the free and gate controlled flows. While conducting
the studies for the free flow ; only the central vent was kept open at the first
instance and experiments were conducted for differex'zt heads over the spill-
way. Then the experiments were repeated by keeping open three central
vents, five central vents and finally all the seven vents.

5.2. The discharge coefficient was calculated from the formula
Q = CL H3R

where Q — Discharge in cusecs over the spillway
C — Coeflicient of discharge
L — Length of the spillway in feet

H — Head of overflow in feet.

Figure-3 gives the values of the discharge coefficients for the free flow
plotted against H/Hp where H is the head of overflow and Hp is the

design head which is 15 feet in the case of Vaigai Dam, From the figure it
can be seen that the dischare coefficient steadily increases with the head of
overflow and with the number of shutters operated. Though the value of the
discharge coefficient for the Seven shutters operation is not very much
different from that for the single shutter operation, there is some definite
incraese in the value of the discharge coefflclent.for the seven shutter opera-
tion over the single shutter operation, but, practically there is no difference
in the values of the discharge coefficient between the five and seven shutters
operation., It is seen from the figure that there is a percentage increase of
7.25% in the value of the discharge coefficient for the seven shutter operation
over the single shutter operation when H/HD -

5.3. Figure-4 gives the variation of the discharge coefficient with the
number of shutters operated for different overflow heads. It is seem from
the figure that the discharge coeflicient increases with increased number of
gate openings.

5.4. Secondly, studies were conducted for gate controlled flow., In
this case also the same pattern of operation of the shutters, namely, one
shutter, three shutters, five shutters and all the seven shutters, was foll(;wed
Readings were taken for different gate openings keeping the water level aé
M.W.L. The discharge coefficint was calculated by using the formula

Q-CL (4, 32 H, 312,

\
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where Q, C and L stand for the same notations as in the case of free
flow

H1 — Depth of water in feet over the crest of the spililway
H2 — Depth of water in feet from the bottom of the gate
H2 — (Hi — @) where G - Gate opening in feet.

Similarly studies were conducted for different water levels corresponding to.
12 feet, 11 feet, 10 feet and 5 feet of water over the crest.

9.5. The variation of discharge coefficient with the gate opening for
the seven shutter operation with M.W.L in the Reservoir is presented in
Figure-5. The discharge coefficient decreases with any increase in the gate
opening upto a certain limit (in this case 5 feet) and then steadily. increases.
When the gate opcning is 10 feet the flow just touches the bottom of the gate

and for any further opening of the gate the flow is no longer controlled by
the gate and it becomos a free flow.

5.6. The spillway rating curve for seven shutter operation is given in
Figure-6. The qnantity of discharges passing for different gate openings.
ranging from two feet to ten feet and for different water levels over the
spillway is given in this figure. The free flow curve from which the con-
trolled flow curves branch off gives the discharge when the flow is not con-
trolled by the gate for any head of water over the spillway. The point
where the controlled flow curve takes off from the free flow curve gives the
head over the spillway at which the flow becomes free for a particular gate
opening.

5.7. The Discharge Chart in Figure-7 gives the different combinations
of possible operation for passing off any known flood for the seven shutfter
operation at M.W.L. Befare operating the shutters to dispose of any flood
two important points should be borne in mind, the first one being that gate
opening less than one foot should be avoided as thiswill create large amount
of negative pressure on the spillway surface and the second one being that
the economy in gate operation increases with increasing number of shutters
operated. Basaq’qn these considerations a chart styled as “Optimum Gate-
operation Chart” is given in Figure-8 to pass any flood at MW.L. But in
practices shutters may have to be operated even hefore the maximum water
level condition is attained. Therefore, similar charts have been drawn for
different upstream water levels corresponding to 12 feet, 11 feet, 10 feet and
5 feet of head over the spillway and are presented in figures 9 through 11.

5.8. But these charts can be made use of only if the incoming floods
are known. 1t will be very difficult at the time of floods to gauge the net. .
inflow into the reservoir. So, another method was adopted as has been done
in the case of Amaravathi Dam to pass the discharge by arriving at the net
inflow from the rate of rise of water leve!l at any particular reservoir eleva-
tion. In Figure-i2 the area-capaclty curve for the Vaigai Dam is given. At
times of floods, the water level in the reservoir rises, the rate of rise being a
function of the net inflow and the water spread area at that particular reser-
voir elevation.
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where %HTE' Rate of rise in water level

Q - Noetinflow atparticular reservoir elevation

A = Water spread area at that particular reservoir elevation.
Figure-13 gives the rate of rise of water lpvel in ft[hour for various net in-
flows at different elevations of the Vaigai Reservm.r namely_906,00, 911,00,
912,00, 913,00 and 615,00, the crest level of the spillway being 901,09, By
reférring to this figure, the net inflow .mto the reservoir can readily be
assessed if the rate of rise of water level in the reservoir is noted.for a par-
ticular time. Knowing the net inflow, the amount of gate opening to pass
the discharge with the seven shutters operation can be had from the Figure-6,
Combining all these things a chart has been developed giving the amount of
gate opening to pass the flood with seven shuttey operat}on fqr any rate of
rise of water level in the reservoir at any reservoir elevation (vide Figure-14).
For example, if the water level in the reservoir rises at a rate of 0.5 ft/hour
when the reservoir elevation is 912,00 then to pass the dxscharge at that
instant all the seven shutters should be opened by 700" (from Figure-14).
The corresponding net inflow into the reservoir will be 32,500 cusecs as taken
from Figure 13.

6. CONCLUSION

Studies were conducted with a view to develop a mgthod 140 pass a
known flood discharge over the spillway. A chart ﬁas_ been given correlating
the rate of rise of water level at any reservoir elevation with .the gate open-
ing required to pass the discharge for the seven shutter operation. The reser-
voir elevation at any instant can be seen from the gauge post fixed in .the
reservoir and the rate of rise of water level can be noted for a short period
say 15 minutss, and the rate or rise for one hour can be calculated. Knowing
thase two details the gate opening requircd to Sl}rplus to inflow at that
instant can be known from the chart presented in Figure-14. Th.e net inflow
can be had from Figure-13. This chart has beqn developed with tbe idea
that it may be of much use in the field for operating the shutters at times of
floods.
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High Coefficient Weirs

1. SYNOPSIS

_ This report deals with the studies conducted to convert the existing
profiles of three surplus weirs of tanks into high coefficient weirs. The
relation between the Maximum Water level, length of the weir and run-off
to be surplussed over the weir is briefly discussed and the factors affecting
the discharge coefticient of a weir have been given. A short description of
the model set-up is also given. The method of experimentation has been
explained and the results analysed. The advantage of adopting a high
coefficient profile is brought out by working out an example.

2. INTRODUCTION

9.1. Generally agricnlture in South India, particularly in Madras
State, mainly depends on tank irrigation System and there are innumerable
tanks, mostly small ones used for irrigation purposes. So much so, the pro-
blems of storage, maintenance and safety of such tanks require the utmost
attention. Periodical repairs to the tank bunds and restoration of the tank
.capacities once in a few years will satisfy the maintenance part of the tanks.
The safety of a tank depends to a larger extent on the efficiency of the
“Surplus Weir'' (an important componant of a tank) meant for the disposal
of the run-off which is in excess of the maximum storage capacity of the
tank. ‘

2.2. Every tank has been designed for a particular maximum storage
.capacity and in flow. Thus, the Maximum Water Level for the tank is fixed
and correspondingly the T. B. L. is also fixed allowing sufficient free board.
Water can be stored in the tank upto the crest level of the surplus weiri.e.
F.T. L. and the excess should be discharged over the surplus weir. If itis
desired to increase the storage capacity of the tank, the only and simple
possible way is 1o raise the crest level of the surplus weir. In such a case,
in order to pass the estimated run off, either the M. W, L. should be raised
.a8 the head over the crest of the weir is reduced owing to the rise in the crest
level, or the length of the weir should be increased to pass to the estimated
run-off with the original maximum water level. )

9.3. The explanation for the above statement is as follows:

Q -~ CL H3/2 assuring free flow condition
where
C - Coefficient of discharge

L - Length of weir _. )
H - Head of overflow over the crest of the weir.

Since the expense of water in the tank is very large and also the water

s stored up in the tank, the velooity of approach is assumed to be negligible,
B )5
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2.4. Now for a particular type of weir the discharge is a funtion of
the length of the weir (L) and head of overflow (H, assumbing the coeffici-
ent of discharge (C) to be constant. " As previously mentioned if {he crest
level of the weir is raised then for that fixed maximum water leval the head
over the crest of the weir will be reduced ang it will not be possible to pass
the estimated discharge, unless the length of the weir is increased. On the
other hand if it is desired to keep the length of the weir constant then the

aximum water level will have to be raised. In such cases the only possible
pos to pass the estimated discharge over the surplus weir without either
-waieasing the length of the meir or raising the maximum water level appre-
::rilgb]y is to increase the coefficieut of discharge of the weir by some means
or other.

2.5. The coefficient of dischar

ge for a weir depends on several factors,
the more important ones being:—

t1) The shape of the weir

(2) The height ef the weir

(3) The head of flow over the crest of the weir
(4) Downstream depth of water

(5) Velocity of approach.

2.6. The variation of the coefficient of dischar

_-FH where H is the head of overflow and P is the hei

H:-y small and can be neglected. The deviation in the va
ve

Bo with the ratio.
ght of the weir ja.

H lue of the coeffi_
ciént is about 4% for g ¢ ratio within the range of ¢ 3 to 0.6,

all the tanks the height of the weir will be withip about 440" gngq the head
of overflow will be about 20”. Hence the ratig__

H+P 18 about 0,33 (withip
0.3. to 0.6) and the deviation in the coefficient of §

ischarge is ne ligible.
this aspect need not be considered. gligible. So,

2.7. The coefficient of discharge vari

es slightly with the head ‘
averflow. For the design purposes, normally th nd

: . € maximum heg
the variation of the coefficient in the neighbourhood of the m

. ry small and can be neglected. In the case of ma
1?1;2801232:11(11{&‘;&:133‘-0 more or less such that. only free flow conditiny i ks the
s;,ed and the submergence of the nappe is a rare case, Therefore, the die-
Sharge characteristics of the submerge flow ig not discusged iy e die

f&s already mentioned, the velocity of approach in the case of tank welo i;
very small and can be neglected. o |

aximum hegg

2.8. The main factor that influpnces the coéfficient of
hape of the weir section. By changing the shape of the weir suitably
:h‘e coefficient of discharge can be .increased _considerably, . the Onl;

easiest way of increasing the coefficient of discharge for'a tank weip

: 2‘ to.

In almost

ny tanks the.

tiischarge is the
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i to alter suitably
. icient profile for the new constructions or t:
:a}?opt},{;[l;elg:fczggf;ilizrtlin% weirs without meddling much with the already
'the &
existing structure.

Now the problem to be solved by the model studies is to convert the

. . . th
isting profiles of three surplus weirs of VakadaiMukur Hisa Tank in Nor
- existi

imum run-off for
istrict, i i fficient profiles to pass the maximu )
Arcqt lc)ll%:cr'lI‘Ct‘I,mvtgtllll]()g;xlz; gg?sing the maximum water level appreciably. As
a raised F.T. L.

1t of raising the F. T. L. of tank, the storage capacity of the tank is
.a resu

propoqed to be increased.

3. MODEL SET-UP

. Y fe9y l
The experiments were (:onduct;ed1 in ? fllx;gneagfl v}gl:htl%eboihergh:w?ggea
: ted to a scale o an
for oM O e studios sonducted. Al the reduisite appurtenances for flow
scale ofegég&‘;nd gauge readings etc., were fixed in the flume.
measur

. of the model set up are given in Figure-1.

4. EXPERIMENTS AND RESULTS

: i i fficient profile for
i e started to arrive at a high coe
41 The iitu&:ii:;rin mind that the existing stru%tulrefsah:ulgcr;?:v;g
the exxstmg,gleas, far as possible. To begin w1th,3 ?'o a r(i)ationygf 2l welr
tar:]ﬁ)ereicv:;ngular cross-section was constr\;f,ted a\rvlvast oeb::rved by allowing
with 8 roc i head of overflow Iy
ci?t Oftdé?:gl?;ggesw(l\tflid:hlie‘igure-2). The discharge coefficient of the weir
differen

ir i ivi
be increased by altering the shape of the weir in two ways, one by giving
~oan

i by giving an upstream -
wnstream side and the. other ‘
a smooth curﬁre %23:12&%&1“ shape of the weir conforms tg s;:;lov(;tillllcl;ls‘\tr::
alo?ex:abllg :oethe shape of the lowe}t; nagpe. of gl;:it[':;lltl}:leg vgiascel:.arging capa.
prose th flow over the weir thereby incr oarging capa-
blish a smooth Therefore, a smooth curve from the raised F. T. L.
i : . i i f the discharg-
city of the welr ide of the weir and the variation o "
i the downstream s i flow heads. Of course, this
given of bt found out for different over 00f an
;lng ?ogfgfsl:gtﬂmagischarg'e co'efficienté b?td’ic:c;a?grgr ;rgl?llé ﬁi?;lti)een in-
as in S i fficient o ,

n then the coe i isti tructure will have to be
ogee o 8S l8'8'1;71‘13 r, but to achieve this the existing stru this that the
creased still fur ; which is not desirable. It is obvious from .

s than getting
completely altered, ids more in attaining a smooth flow rather |
' Without chang-
downstream curve a 1dly an upstream slope was tried. .
: ficient. Secondly an v N slope was given by
a higher coef f the weir only an upstream
ing thetfi::af;rg:ir;iihﬁp (?rest Jevel on the upstream side and the proposed
connectl

evel on the w i w bserved that this resulted in
cres downstream side. It as o . ) s

' 1';d‘el'a.l‘ile increase in the discharge coefficient (Vide Figure-2)

"conSI

i i luted that an upstream
i Figure-2 it can be conclute . 0
4.2. Byhreg%?tl?fit:cregsmg the discharge coqffxclenf% \g.lnl}:aa’;hz d:swxiln
slope hazz‘;"sidﬁe not so much in increasing the cofficient of discharg
stream C

blishing a smooth flow over the weit. Therefore, in the further studies
. establishl '

b u w wei ntioned above, it
i ¢t to the three surplus eirs ment; .

to be conds:ge& ct;?n?l:i%?:hese two modifications to get a higher discharge

was propo

fficient as well as a smooth flow. Moreover it was proposed vto adopt an
- ¢coillcl »



44

upstream stope of 45° as it has been proved that an upstream sl hi
angle will have the maximum effect in increasing the COeffici(g:,z gg?i:
charge.

‘ 4.3. The model of the first weir was constructed to a :
the existing profile. Diffeaent discharges were allowed to fiﬁeoggr t{lse :11‘:}1
and the corresponding overflow heads were measured. The discharge co feflir
cients for different discharges and the corresponding overflow heg.ds 3 -
calculated. A curve showing the variation of the discharge coefficient ?iﬁ
the head of overflow was drawn (vide Figure-3). Then the profile ofwil;h
weir was mobified as proposed. An upstream slope of 45° was given from the
original crest level of the weir till it meets the proposed crest level and f o
that point onwardsa smooth circular curve was given to join with the do:":m
stream end. Stud:es were conducted as before and the variation of the d.n-
charge coefficient with the head of overflow was plotted in the same fi is-
It can be found from the curves that for the modified profile the Ooeffi%iure{;
of discharge has been increased considerably. Moreover, from the ﬁgul‘em;t
can be noted that the existing structure is not altered much., :

4.4. Studies were conducted exactly on the same lines in the case of

the other two weirs also, construeted to a scale of 1/10 and the modified pro-
files were found to increose the discharge coefficient considerably (vide
Figures 4 and 5). Butin 1_:he case of the second weir (vide Figure-4) for the
first proposed high coefficient profile the increase in the coefficient of dis-
charge was not much. Soa secend profile as shown in the figure was tried
and this gave a better result eventhogh the existing structure is to be tampe

ed with slightly. ! per-

4.5. The advantage of using a high coefficient profile is i
the followiug example: profile is illustrated by

Taking the case of the first weir (Figure-3).

As per the original condition,

M. W. L. «. El 367.35

F. T. L « El 364.62

Head of overflow = 367.35—364.62

= 273 ft.

From the discharge coefficient curve for the origi .
coefficient for a head of 2.73 seet = 2.68. riginal profile, the discharge.

The discharge per foot run of the weir
- 2,68 x (2.73) 32

= 12.1 cuses

45

As per the modified condition,
proposed M. W. L. .. El. 368.35
proposed F. T. L. .. El. 365.85

The head of overflow = 363.35—365.85
= 2.50 feet.

‘Suppose the same profile is adopted for the proposed weir also. Then the
coefficient of discharge for a head of 2.5 feet is 2.67 as tqken from thecurve
for the original profile. ‘

The discharge per foot run of the weir

= 267 x 2.5 %%
= 10.5. cusecs.

“This discharge per foot run of the weir is less than the original dicharge
of 12.1 cusecs.

It means that it will not be possible to pass the estimated run: off
unless the maximum water level is raised still higher or the length of the
weir increased further.

Alternately, if we adopt the modified high coefficient profile, the
.corresponding discharge coefficient for a head of 2.5. feet is 3.9 (takenefrom
the curve for the modified profile.)

The discharge per foot run of the weir

3.9 x (2.5) /2
16.4 cusecs.

which is greater than the original discharge of 12.1 cusecs.

Therefore, it is obvious that with the modified profile the maximum
water level will not rise even to the proposed level of El. 368.35 with the
same length of the weir to pass the discharge of 12.1 cusecs per foot length
-of the weir,

4,6. Likewise, the utility of the high coefficient profile can be proved
in case of the other two weirs also. A comparative statement ehowing the
increase in the discharge for all the three weirs is given (vide statement-1),

1-7



46
5. CONCLUSION

1t has been proposed to increase 'the'Sté)'rage‘ capacity of a tank by-
raising the crest level of three surplus weirs in the tank. Studies were con-
ducted in this station with a view to modify the existing profiles into
high coefficient ones without much altering the existing structure so that the
estimated run-off can be passed the same length of the weir and without
approciable increase In the maximum water level. The curves showing the
variation of the dircharge coefficient with the head of overflow both for the
original profile and the modified profile in the case of all the three weirs are
giv n. 'Also a statement showing the comparative increase in the discharge

is furnished.
6. REFERENCES

(1) Simple profiles for tank weirs—Irrigation Research Station—
Annual Report for 1953,

(2) Studies of Crests for overfall dams--Bulletin-3. Boulder Canyon
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(1)

Weir
No.

(in cusecs)

12.1

The maximum
water level will not
rise even to the pro-

posed level.

15.4

3.9

2.63

2.5 feet

367.35-364.92 368.35-366.85
2.73 feet

47

15.4

10.9

39

2.63

2.5 feet

367.35-364.80 368.35-365.85
2.55 feet

2

15.2

3.82 11.2

367.35-364.Y9 363.35-365.85 2.74

3

2.5 feet

2.66 feet

N B.: The proposals of the surplus weirs in respect of the M.T.L.. and
Maximum water level are as per data furnished by the field officers.
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PARAMBIKULAM—ALIYAR PROJECT
ALIYAR DAM SPILLWAY
MODEL STUDIES

River Training Works And other Allied Aspects

1. Synopsis:

The spillway of Aliyar Dam is located on the right fiank of the Aliyar
River, unlike the conventional way of locating it in the river course. The
* spillway consists of ogee section and chute section separated by a horizontal
apron, the height of the former being about1/5th the height of the latter.
A new surplus course is proposed to be excavated, connecting the spillway
and the existing Aliyar River. It is desired to study the river training
works, the flow patterns downstream of the spillway upto the Pallivalangal
cnicut and other allied problems,

2. Introduction:

The Aliyar Dam is essentially a part of the comprehensive Parambi-
kulam-Aliyar Project. Apart from impounding the available Aliyar flows
this dam serves as a balancing reservoir to receive and utilise the waters
directed from Birar, Sholayar and Parambikulam basins for irrigating the
ayacut on the eastern plains of western ghats through two canals, viz. upper
canal and Pollachi canal, taking off from the left and right flanks of Aliyar
Dam respectively. Fig 1. The spillway of Aliyar Dam is located on the
right flank of the Aliyar River so that the existing high mound of rock out-
crop istaken advantage of the economising the height of spillway to be
constructed. Fig.2 This proposal proved to be cheaper than the one of
having the spillway in the river course,

The spillway consists of ogee section for a height of 18’ from the crest
El. 1040.00 down to El. 1022.00 to El, 330.00 seperated by a horizontal apron
25'0” long at El. 1022.00. Fig. 3. Inthe chute, spillway the existing solid
rock will be dressed. to a slope of 2: 1. There are 11 vents of 30'0” each
separated by 9,00 thick piers in the spillway. The spill channel at the toe of
" the spillway is 420" wide and it mediates a bed of about 90° and a change of
width to 200" and runs parallel to the axis of the dam till its conflence with
the Aliyar river. A bridge consting of 7 vents of 30’ each has already been
constructed across the Aliyar River downstream of the dam at about 300’
below the point of confluence of the new surplus course with the Aliyar
River, to carry the diverted road connecting Pollachi and Valparai Anicut
known as Pallivalangal anicut exists across the Aliyar River at about 700"
downstream of the bridge and it serves as the poinl of control for the flow
characteristics in the surplus course downstream of the spillway.

1-7
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3. Problem:

The scheme of studies is as follows :

(a) To observe the effectiveness and efficiency of the energy dissipat-
ing arrangements for smooth surface in the chute spillway
section finalised in the sectional model, in 3-Dimensional model

and to effect any change in the arrangement if found necess-
sary.

(b) To observe the water surface profiles from the toe of the spillway
upto the anicut for maximum flood discharge conditions.

(c) To evolve suitable radii of curvature at th e bends in the surplus
course.

(d) To correct the flow pattern at the bend in the river course and to

snake the water evenly pass through the vents of the bridge
without endangering its safety. \

(e) To test the efficiency of the energy dissipating arrangements pro- .
posed for the smooth surface with 2: 1 slope in the chute section
for the condition when the existing rock surface forms the pro-
file of the spillway in the chute section. ‘

(f) To analyse the possibility of having the horizontal apron conneo-
ting the ogee spillway section and the chute spillway section in
different levels along the length of the spillway to suit the rock
levels obtained in the profotype with spacial reference to
minimising the cost of concreting for the apron.

(g) To observe the distribution of pressure along the surfacc of the

spillway when the existing rock surface forms the profile in
the chute section.

4. Model:

A goometrically similar 3-dimensional model was constructed to a
scale of 1/60. A portion of earth dam on the left and a portion of the
masonry dam on the right of the spillway were also represented in addition
to the spillway section of 11 vents of 31°-0” wide each separated by piers 90"
thickness. The profile of the spillway adopted for section model was
followed in the 3-D model also. The equiangular easewaters evolved in the
sectional model were adopted in rear of the spillway piers. The surplus
course in rear of the spillway, the connection between the surplus channel
and the Alivar River the bridge constructed dowustream across the Aliyar
River, the existing Pallivalangal anicut below the bridge and river
course for half a mile length below the Pallivalangal Anicut were repre-
sented in the model. Suitable gauges and weirs fixed in the model at the
required places for the measurement of head of flow and discharge. The

river sluices were also constructed on the left side adjacent to the spillway
section.

»
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PERIYAR RIVER TRAINING WORK AT THE SITE OF
CUMBUM VALLEY PANCHAYATS WATER SUPPLY SCHEME

1. Introduction

1.1. The water supply scheme for the Cumbum Valley Pauchayats
envisages the utilisation on small flow of about 2 cusecs from the tail race
discharge issuing from the turbine units of the Periyar Power house. The
headworks of the water supply scheme have been located in a reach of the
Periyar River which is meandering in a serpentine course. The course of the
stream takes a double curve of acute nature at this site where it runs with
steep bed slope of 1in 250 in a deep valley. Consequently the deep course of
the stream for normal flow in the river hugs to the outside of the numerous
bends wherever they occur, shifting from one side to the other alternatively.
It is the fear that this deep course may take a natural cut across the slender
bank on which are located the intake structure sump well and pump house of
the water supply system. If such a contingency arises not only will these
structures be in danger of collapse, but also the intake structure will be cut
away from the deep course that would be thus formed difeating the very pur-
pose of the water supply system. In order to obviate such a contingency, the
course of the stream will have to be trained in a suitable way both for pro-
tecting the structures of the water supply schemes and for feeding the intake
structure constantly with adequate quantity of water. The droblem was
referred to this station to devise suitable river training works for the

purpose.

2. Data
91, Periyar River:
(a) Maximum flood discharge ... 3200 cusecs
1600 cusecs

(b) Normal discharge
(e) Bed slode «. 1in 250
9.9. Water Supply Seheme :
{(a) Discharge required for water
2 cusecs

supply purposes

(b) Pumping quantity 760 gallons per minute.
3. Model Set-up
A geometrically similar model to a scale of 1/36 is proposed to be put
and banks of the river moulded with a mixture of clay and

_up with the bed .
sapnd in the proportion 1: 3.. Model construction is in progress.
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DINDUGAL WATER SUPPLY SCHEME
RIVER SLUICE—ENERGY DISSIPATION
1. Synopsis
This report deals with the energy dissipating arrangements finalised
for an earth-dam river sluice of the Dindugal Water Supply Scheme. The
arrangement consists of a stilling basin of baffle type with a baffle wall three
feot high and two rows of staggered blocks 2'0'x 1'0"x 1’0" fixed at the end of
the rigid apron.

2. Introduction

An earth dam has been constructed across River Kodavanar, near
Athoor, with intake tower arrangements to supply water to Dindugul town.
In order to allow water to the irrigable lands downstream of the earth-dam
a river sluice in the earth-dam has been designed and constructed to pass a
discharge of 200 cusecs. Since the head of water available at the upstream
of the sluice is about 52 feet under M. W. L. conditions, the velocity at the
downstream portion of the sluice will be considerable and so necessary energy
dissipating arrangements are to be provided.

3. Model

A geometrically similar model to a scale of 1/15 was constructed repre-
genting the entire length of the sluice in a flume of section 5""x 3'0". A rigid
apron of length 25 feet was also provided beyond the stilling basin with solid
masonry side walls. The bed was moulded with 40-60 sand for taking scour
obssrvations. A V-notch for measuring the discharge through the sluice and
a tail gate to control the tail water level, when found necessary were also
Qro,vided.

4. Experimeuts and Discussions

4.1. Originally model was constructed with a rectangular barrel
5'0*x 2'9” as per the plan No. P. H. 8/56 P. H. (N) 6/59 received from the field.
A pumber of experiments were conducted to arrive at the best energy dissi-
pating arrangement and the one which consists of a baffle wall three feet
high with two rows of staggered blocks 2'x 1'x 1’ at the end of the rigid apron
and with a roof deflector at the exit end of the sluice found suitable and
hence ﬁgglised—/vide the interim rsport sent in this office No. 229 SE dated
5—5—"'99.

4.2. Subsequently a new plan was received from the field with some
alterations in the construction of the sluice. In this, a rectangular barrel
4'0"x 2'9" is provided, with R. C. beams 6"x 4" fixed at the intervals of six feet
instead of a continuous covering of slab on top of barrel. Over this an
arched roof four feet wide and three feet high has been provided for housing
the water supply main, laid over the R. C. Beams—Vide Figure-1. Hence
fresh experiments were required to be conducted to finalise a suitable energy
dissipating arrangement for this sluice.

4.3. The already existing model was reconditioned as per Figure-}1.

The originally finalised proposals (recommended in the interim report) were.
roposed to be tried and suitable alterations made as found necessary. So, a
ga£e wall three feet high was fixed at a distance of 37 feet from the exit end
of the sluice. A rigid apron 25 feet long was provided and two rows of
staggered blocks were fixed at the end of the apron the first row being fizxed
‘at'd distance of 18 feet from the front face of the baffle wall. The roof de-
flector was omitted since the adoption of the same is not; feasible in the present
case. A duration of 30 minutes was taken for each trail and the model was
‘yun under M. W. L. conditions. At the end of the experiment scour profile
was taken and the velocity downstream of the apron was noted. The maximum
wour produced was not deep and the velocity was also low. This performance
ﬁ ‘a8 good as the one obtained for the energy dissipation arrangements

-8 ‘ :
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already finalised in the interim report. Hence, for the latest design of sluice
barre! (design as furnished in Figure-1 received from the field subsequently)
the already recommended energy dissipation arrangements but without the
roof deflector will hold good, as one alternative,

4.4. Since the flow in the barrel is a conduit flow, the sluice will run
full under high heads. Hence the R. C. beams and the water supply main
will cause obstruction to flow. These obstructions will cause considerable
turbulence inside the barrel especially when the velocity is high due to high
upstream head. This may endanger the safety of the pipe and the stability
of the R. C. beams. Moreover, this will result in a greater loss of energy and
hence a reduction in discharge. :

4.5. So, as the other alternative. it was proposed to have a continuqus
slab throughout instead of the R. C. beams at intervals thus separating the
sluice barrel from the arch portion which is meant to house the water supply
main alone. In this case the pipe can be carried over the continuous slab and
the arch barrel can be made as a separate unit for housing the water s upply
main. These modifications were carried out in the model and with the same
energy dissippating arrangements, experiments were conducted to compare the
performances. Eventhough the depth of scour and the velocity of flow were
low. severe return flow was formed inside the stilling basin. The ‘discharge
obtained was observed to be more than in the previous case eventhough the
.cross-sectional area of flow was less than that of the previous case. This
was due to the fact that there were no obstructions to the flow which caused
a reduction in velocity, with R. C. beams in position. But due tp the form.
ation of the return flow provision of a roof deflector was found necessrry.

4.6. To prevent the formation of the return flows a roof
jecting to a horizontal length of two fee_at from the exit end of ¢
a clear opening of 2’6" at the end and with a smooth circular cu
2’6" at the top was provided to spread the flow uniformly. Ex
conducted under M. W. L. conditions with the same type of e
ing arrangements as before. I_n this case the scour was foun
and the velocity low. Comparing the scour indicies,
to be the best of all the thres proposals tried with sa
pating arrangements. The comparative performanc
tried are given in statement-1 vide Figure-2. The fi
energy dissipation are shown in detail in Figure-3,

5. Conclusion o
As far as the energy dissipating arrangements are concerned for the
sluice barrel with arched roof carrying the water main inside over R. C.
beams, the arrangement, with a baffle wall three feet high fixed at a distance
of 37 feet from the exit end of the sluice with two rows of staggered blocks
2'x 1'x 1’ fixed on the apron 25 feet long, the first row being fixed at a dis-
tance of 18 feet from the front face of the baffle (as already recommended in
the interim report but without the roof deflector) will hoid good. But the
beams and the pipe inside the barrel will function as obstructions to flow of
water and cause turbulance inside the barrel which will endanger the sefety
vo{)the pipe and the stability of the beams. Therefore if possible it ig Drefor.
able to have a continuous R. C. slan right through instead of the R.C. beams
at intervals, thereby enclosing the flow passage into a rectangular barrel
4'0"x 2'9” and separating the arched portion housing the water supply maain.
The following energy dissipating arrangements are suitable in this case:
' (a) a roof deflector as shown in figure-3,
(b) a baffle wall three feet high at a distance of 3
end of({.he1 sllgicze.0 1oe 10 | ‘
. c) Staggered blocks 2'0"x 1'0"x 10" in two rows the first row bels:
v ( ~ fixed at a distance of 18 feet from the front face oft’t?i‘vuﬁm
wall, the clear space between the two rows being two feet.

deflector pro-

he sluice with
rve of radius
periments were
nergy dissipat-
. d to be less deep
this proposal was found
me type of energy dissi-
es of the three proposals
nalised arrangements for

7 feet from the exit
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CAVITATION STUDIES

On Mettur Dam River Sluices

1. Synopsis

Studies were conducted with a view to suggest suitable remedial mea-
sures to prevent cavitation damages to the sides of the barrel of the Mettur
Dam Fiver Sluices. A brief note on the problem has been given. The model
set up has been briefly explained. The method of experimentation has been
presented. The results of the experiments have been analysed and the
‘remedial measures to be adopted have been given. The limitations of the
study have also been discussed and scope for further reasearch has been
indicated.

2. Introduction

2.1. The Mettur Dam across the Cauvery river has been provided with
two sets of river sluices with sills at different levels, one set at a higher level
being known as High Level Sluices and the other at a lower level being:
known as Low Level Sluices (I). There are eight High Level Sluices of size
10’6"x 160" each with sill level at Bl. 720,00 and five low level sluices of size
7'0"x 14'0” with sill level at El. 670.00. Figures 1 and 2 show the plan and
cross section of the Low Level and High Level Sluices respectively.

2.2. Each vent of the sluices is provided with a mildsteel free-roller,
culvert sluice, gate working against hard, cast iron, free rollers moving in a.
cage on machined paths in cast iron grooves. The gate is suspended from the
centre line of the dam and is made to fit into a hollow cast iron frame with
protected side grooves (1),

2.3. Both the sets of sluices have been provided with a bell mouthed
entry upstream. Downstream of the gate groove the vents are lined with
cut-stona-and have concrete, semi-circular, arched roof. The floors slope-
towards the rear on a gradient of 1 in 15 from a point 5 feet behind the gate.
Air vents have also been provided at the top in the rear connecting them to
drywells.

2.4, After a few years of operation, some portions downstream of the
gate slot were found to be pitted, especially the roller frames. Hence, in
order to protect the roller frames from the onslaught of Cavitation attack, a
deflector plate was ‘provided in 1942 (Vide Figure-3). This addition only
shifted the affected area a little downstream. The cast iron frame of the gate
slot and the cutstone-sides of the sluices have been badly eroded (vide photo-
graphs and statement enclosed),

2.5, This problem was referred to this Station for model study and for
suggesting suitable remedies for preventing further damages. :
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. (3) The roughened surfaces of the eroded cast iron and masonry
portions once formed will be responsible for producing further high
negative pressures.

6.2.2. Regarding the third reason, considerable research has been done
to assess the cavitation potential of roughened surfaces. In the article on
‘ Cavitation damage of roughened concrete surfaces’’@ by Donald Colgate
M. ASCE, the evaluation of the Cavitation potential of various types of
roughened surfaces has been discussed. Two specimens of roughened
congrete surfaces in the Davia Dam spillway bucket have been taken and
laboratory experiments conducted to asses their cavitation potential.

_ From the data obtained in the laboratory, a chart has been prepared
plotting the average velocity near the roughened surface against the depth of

flow (or pressure head) for the condition of incipient cavitation for the two.

tested surfaces. The chart is reproduced in Figure-11 in this report.

6.2.3. A similar chart may have to be prepared for the roughened sur-
faces existing at Mettur Dam river sluices by conducting similar laboratory
experiments. But because of the non-availability of the test apparatus required.
for conducting the above studies, the curves obtained for the Davis Dam
specimen may be tentatively used to determine approximately if the flow
conditions prevailing at Mettur Dam river sluices would cause cavitation ins
the presence of the roughened surfaces.

6.2.4. To apply the Davis Dam chart for the conditions at M ettur
Dam; the average velocity of flow has been computed for various gate-open-

ings from 1 foot upto 10 feet by using the formula V =Cy v2gH.

where V. = average velocity of flow in feet/sec.
Cv = Coefficient of velocity (taken as 0.9)
H = Head of water above the centre of the opening on.

the upstream side.

The depth of flow in rear of the gate has been assumed to be nearly
equal to the gate-opening itself. The variation of velocity for different gate-
openings or depths of flow is shown in Figure-11,

6.2.5. Taking the curve shown for specimen No. 2 (Figure-11)-

(being the worst case) it can be seen that the conditions existing at Mettur
Dam would cause cavitation in the low level sluices at a gate opening of 1 foot
for.all reservoir elevations of 780.00 and more. Also for M. W. L. in the
reservoir cavitation is likely to occur in the low level sluice for all gate
openings upto full bore operations.

A similar chart for the High Level Stuice is shown in Figure-12, From.

this chart, it can be seen that cavitation is likely to occur in the High Level
Sluice at a gate opening of 1 foot for all reservoir elevations of 780,00 and
more. For maximum water level in the reservoir cavitation is likely to set in,
for all gate openings of 5.5 feet and less. .
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6.2.6. In order to provide remedial measures for the reasons
-enumerated as (1) and (2) in para 6. 2. 1,, the following two contrivances
‘were incorporated in the model and their effects studied.

Remedy I — Rounding off the sharp corners marked
A and Bin Figure-3

Remedy II — Providing air vent pipes at suitable places
as shown in Figure-6.

6. 3. The pressure readings at the various points with the remedy I
alone incorporated are shown in tables 3 and 4 for the two sets of sluices.
Pressure contours have also been drawn and are presented in Figures 13 and
14. By rounding off the sharp corners, the negative pressure have been
considerably reduced from 13 feet to 8§ feet in the case of Jow tevel sluices
and from 16 feet 4 feet in the case of High Lievel Sluices.

6. 4. Pressure observatiops were taken for all the points with both
remedial measures incorporated simultaneously and the data are presented in
‘Tables 5 and 6. Pressure contours drawn for this condition are also presented
-alongside the pressure contours with Remedy-I only for comparison (Please
see Figures 11 and 12). The maximum negative pressures have been further
reduced to a value of about 3 feet in the low level sluice and 2 feet in the
High Level Sluice.

7. Recommendations

On the basis of the experimental data, the following rerpedi_al meagures
are snggested in order te reduce, if notto prevent, further cavitation damages
in the two sets of sluices.

1) The sharp corners downstream of the defiector plate may be eased
out as shown in Figure-6. The material to be used for this purpose may be
of stainless steel.

2) Two air vent pipes about 4 inches to 6 inches diameter each may be
provided at the centre of the deflector plate one at a height of 2 feet from.the
sill level and another at 5 feet from the sill level. If structurally possible

"these air vent pipes may be conveniently connected to the existing air vent

pipes leading to the dry wells.

3) Cast iron being brittle, is a very bad material to resist cavitation

.attack. Hence, highly resilient materials like mild steel, may be used in the

place of cast iron, for future constructions.

4) The sluices may be lined with steel sheet for a short distance

-downstream of the gate slot covering the existing cavitation zones to avoid

erosion of the masonry,

8. Conclusion

It is but pertinent to mention here about the. limitations of the. present
studies. In the first place, the pressures under which the model studies were

.conducted were not reduced to scale. Hence the pressure readings observed
.and the pressure reduction found are only of a qualitative nature and the
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sesults canunot be interpreted quantitatively. Secondly,the diameter of the.
air vent pipe cannot be determined accurately by model studies as the
quantity of air demaud cannot be accurately measured. The size of the pipe -
recommended is only from practical considerations, Thirdly, the resisting
property of the materials recommended as substitutes for cast iran cannot be
studied in the hydraulic model and they have been suggested only as a
recommendation in a general way. [n spite of the above limitations, it may
be safely concluded that the remediat measures suggested herein will reduce
the extent of cavitation damages on the side walls of the high level and low
level sluices,

9 Scope tor Further Research

9.1. The evaluation of the cavitation potential of roughened surfaces:
has been briefly indicated in Para 6.2.2. of this report. Plaster moulds of the
roughened surfaces existing at Mettur Dam river sluices may be taken and
casts made from the mould to represent ‘ghe prototype roughness for evaluat-
ing their cavitation potential as desc;lbec} In the. article on Cavitation
Damage of roughened concrete surfacesi4. *A chart similar to the one re-
produced from the article and shown in Figure-I1 and Figure-12 may be
beveloped for the conditions at Mettur Dam river sluices. From such a chart,
we may be able to determine the critical gate-openings at which cavitation
may set in and attempt to restrict the operation of gates to the safe range
indicated by the chart thereby preventing further damages. ‘

9.9, Moreover, it has been found out that if the approach to the
cavitated zone was made rougher than at present, the average velocity of the
stream necessary to prevent cavitation would be less than. if the approach
surface is smooth. Hence, the degree_of roughness to be given to the app-
roach surfaces may also be determined by further research so that the

average velocity of stream necessary to prevent cavitatation is lese than the .

average velocity obtaining at present in the Mettur Dam river sluices,

10. References

1. History of * Cauvery Mettur Project ” by C. G. Barber.

2. « Hydraulic Characteristics of Gate Slots*’ by J. W, Ball-Procesg-.

ings of the American Society of Civil Engineers™—Voluyme 85 No.
HY 10, October 1959 Part 1.

3. Engineering Hydraulics” by Hunter Rouse.

A. “ Cavitation Damage of roughened Concrete Surfaces ” by Ponald’

Colgate, M. A.S.C.E,

Proceedings of the American Society of Civil Engineers—Volume.

85 No. HY 11, November 1959.

STATEMENT SHOWING THE DETAILS OF EROSION

IN HIGH LEVEL SLUICES, METTUR DAM

Sl Vent Left Side
No. No. Length Height
0] (9] 3 )
1, Vent - 1 10 39
2. Vent - 2 1'0” 56°
3. Vent - 3 e 50"
- 4. Vent - 4 20 4'0
S. Vent - 5 20 56"
- 6. Vent - 6 20 50
7. Vent - 7 10 2’0"
-8, Vent - 8 16" 46"

Right Side

Length
)

1'y”
1'0”
16"
1’6"
2'0
20"
09"
1'¢6”

Height

(6)

Remarks

@)

5'9"
56"
5'0"
50"
5'6"
5'¢”
1'6”
46"
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CAVITATION STUDIES ON METTUR DAM RIVER SLUICES
HIGH LEVEL SLUICE PRESSURES OBTAINING
IN THE MODEL

TABLE-1
Piezometer Water level kept at Water level keen at
El. 790:00 El. 770-00
Number Elevation Gate opening in feet Gate opening in feet
3feet 4 feet 5 feet 3feet 4 feet 5 feet
) (2) 3 “) &) (6 ™ ®)
1. 721.50 29.75 30.00 33.25 2076  19.75 25.50
2. 720.00 —16.00 —8.75 —10.50 —14.50 —13.75 — 8.50
3. 721.00 —6.25 —4.75 — 0.25 — 4.50 — 2.75 5.25
4. 721.00 —5.75 —2.75 — 9.50 - 3.00 1.00 6.00
5. 721.00 —3.75 —1.50 — 2.00 — 3.50 0.25 1.00
6. 721.00 —1.25 —1.795 0.75 — 0.7 —0.25 0.00
7. 721.50 1.00 16.%5 24.50 0,50 17.50 21.50
8. 722.00 —4.75 —13.00 —9.50 — 6.2 —13.75 —8.25
9. 722.00 —2.00 —2.00 2.50 0.00 —0.50 1.75
10. 722.00 —1.00 2.00 2.00 . 0.75 —0.50 2.25
11. 722.00 0.25 0.30 3.00 - 0.00 0.25 3.30
12. 722.00 0.00 0.75 1.25 0.00 1.00 1.00
13. 123.50 0.00 0.25 12.00 0.75 0.50 8.50
14. 723.00 —0.25 —4.25 —4.50 —0.50 —3.50 —3.75
15. 723.00 0.25 0.25 0.75 0.00 0.00 1.00
16. 723.00 0.00 1.00 1.50 0.00  0.00 1.25
17. ©23.00 1.50 —-3.00 0.75 1.00  —2.00 0.00
18. 723.00 0.50 1.00 —3.00 0.75 1.00 2.00
19. 724.50 —0.25 —0.50 1.25 o025 —0.50 —0.75
20. 724.00 0.00 —0.25 —O.75 0.00 0.00 —0.50
21, 724.00 0.00 —0.25 0.00 0.00 0.25 0.00
22. 724.00 0.50 —0.25 0.50 0.25 0.25 0.25
23. 724.00 0.25 0.00 —0.50 0.25 0.25 0.00
24. 724.00 0.25 —0.2% —0.75 0.50 025 0.25
25 725.50 0.25 —0.25 -—-0.25 0.25 0.25 0.00
26. 725.00 0.25 0.00 0.00 0.25 0.25 0.00
27. 725.00 —0.25 0.00 0.00 0.25 0.25 0.25
28. 725.00 0.25 —3.25 —3.25 0.25 0.25 0.25
29. 725.00 025 —3.00 —3.00 0.25 0.25 0.25
30. 725.00 0.25 0.00 0.25 0.25 0.25 0.25
31. 726.00 0.25 025 0.25 0.25 0.25 0.25
32. 726.00 0.50 0.25 0.25 0.50 0.25 0.25
33. 726.00 0.50 0.25 0.25 0.50 0.25 025
34. 726.00 0.50 0.25 0.25 0.50 0.25 0.25
35. 726.00 0.75 —0.25 —0.25 0.25 0.25 0.25
36. 726.00 0.25 0.25 0,75 0.25 0.25 0.25
37. 727.50 0.25 9.25 0.25 0.50 0.50 0.50
38. 727.00 0.25 0.25 0.25 0.25 0.50 0.25

39. 727.00 0.25 025 025 025 0.25 0.25
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Table-2 (Contd.
able-2 (Contd.) CAVITATION STUDIES ON METTUR DAM RIVER SLUICES

) @ 3) @) G) ©) ) ® HIGH LEVEL SLUICE—PRESSURES OBTAINING AFTER THE
42 677.00 0.00 0.25 - 0.00 0.25 0.25 0.25 INTRODUCTION OF REMEDY—I
4ome e ot tp am SRR o
v . . : 0.25 0.25 ’
45 678.00 025 025 025 025 038 9% | TABLE -3
ig 273.80 852% (()).50 0 50 0.00 0.25 0.25
78.00 . 25 0.00 0.00 ) iy Piezometer Water level kept at
48 6BLOD 1095 10435 10375 8.00 8573  pyac "B 79000 i
. 104. 50 103.00 85.00 . : - i Gate opening in feet G ing i
50 68550  103.00 10350  101.25 8400 8370 S9.70 er e Theet  Afeot  STa Tl e ST
51  686.25 103.50  101.25  98.50 8350  82.00 7975 M 2 (3) @ () (6 7 8
52 686.75 103.00 10125  99.50 83.00  82.00 - 8050 = e 22
53 670.00 1.60 3.25  12.75 10.25 3.00 1050 1 721.50
§omm o ol owe Be o bw e A
. —0. —0.75 'y _ o ' | 0 o "
A LooniR o gmoap o gmoum g
57 670.00 —0.50 8.25  18.75 0.50 7.00 1575 5. 721.00 —100 125  3.00° oo Ta om
58 670.00 —1.25 2.00 8.50 1.75 400 8% 6. 721.00 —1.00 —050 045 050 oas o0
23 g;ggg +2.25 3.25 4.75 2.75 3.00 495 o 79250 . T = —0.50 025 1.00
| - C— — — —  —13.00 —13.00 8. 722.00 — - _ _ —_
61  670.00 109.50  97.25  89.25 90.5 ' . 2
62 670.00 11850  117.00  114.95 - 96,75 3%305 323‘5’ 13' ggé%'gg :1"22 _1‘573 %32 —ih 1
63  670.00  119.00 11857  117.00 99.00 9875  9m7s 11 722.00 975 3.95 400 518 ooy T
64 669.93  119:07 118.57  118.32 98.07 9932 9899 12. 722.00 075 125 1.25 T i o
65 66970  119.50 119.05  119.30 9955 9980  99.80 13, 72350 ' ' = pa
& orloo  L7as 11600 a0 o mm o om0 14, 723.00 - = - -
0 va 0 . 97x . . . - — — —_ -—
68 671.00 117.75 11675  115.25 98!'38 gg.'?g 35"-33 15 72500 0.00 -g'gg 102 0,00 0.00 !1}'(2)(5)
® e ﬁ%ﬁg 1750 117.00 3333 8.5 9775 17. 723.00 0.75 100 1.00 1.7 175 8.50
91 67100 11850 11775 11775 950 9850 94’ 1o 75450 000 000 085 000 075 150
, — ' 20. 724.00 = _ _ ” - T
* -~ 1. 724.00 0.25 0.00 0.50 025 035 —0.2
22. 724.00 025 0.25 050 0.25  0.50 8;?;
23. 724.00 —025 —050 1.5 0.00 —0.25 —0.75
U 724.00 0.50 050 0.75 0.50 050 050
26. 725.00 — — _ = _ _
2. 725.00 —0.25  0.00 0.00 025 025 —
98. 725.00 0.00 0.0 0.25 025 025 81(5)8
29. 725.00 0.00 0.0 0.00 025 0.00 0,00
0. 725.00 0.50 050 0.50 025 050 (.50
32,  726.00 - - Z - - Z
33. 726.00 025  0.25 0.50 025 025  0.25
34. 726.00 0.25 025 0.25 025  0.25 0.5
35, 726.00 0.00 025 0.25 025 025 025
3 726.00 050 025 0.5 025 025  0.25
38. 727.00, - — — — _ _
39, 727.00 0.25 025 025 025 025 025
40. 727.00 0.25 0.25  0.25 025 0.25 0.2
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o) 2) (3) (4) (5) (6) (7 (8)
41. 727.00 0.25 0.25 0.25 0.25 0.25 0.25
42, 727.00 0.25 0.25  0.25 025 025 025
43, 725.00 - — — — — —
44, 725.00 0.25 025  0.25 025 025 0.25
45, 725.00 0.50 0.25  0.50 025 025 025
46. 725.00 0.25 025  0.25 025 025 0.25
47. 725.00 0.25 025  0.25 025 025  0.25
48. 736.00 51.75 52.25 51.75 33.00 32.75 32.00
49, 736.00 51.00 5125 51.00 31.75 32.00 31.00
50. 737.00 50.50 50.75  30.50 31.25  31.50 80.50
51. 738.00 49.00 49.00 48.75 30.00 30.25 30.00
52, 720.00 1.50 8.00 13.25 3.00 800 11.00
53. 720.00 3.25 7.75 12,00 425 7.25 950
54. 720.00 1.50 2.75  5.00 2.25 3.25 . 5.00
55. 719.98 — 3.98  5.48 248 223 148
56. 720.00 10.25 1475 19.25 875 1225 12.75
57. 720.00 6.75 1000 14.25 57 875  11.00
58. 720.00 3.00 425 6.75 3.75 4.00 15.75
59. 719.98 6.23 623  4.98 473 498  3.98
60. 720.00 49.75 4725 45.75 35,00 33.25 32.50
61. - 720.00 66.25 64.75  63.25 47.00 46.00 44.60
62. 720.00 67.75 66.75 66.10 4850 47.15 46.75
63. 719.90 68:60 67.85 67.85 4886 48.60 47.85
64. 719.90 69.05 68.55  68.30 4830 '49.30 ° 48.50
65. 721.00 49.25 45.00 44.25 35.00 3300 "41.75
66. 721.00 65.00 64.00 61.50 46.75 47.00 43.75
67. 721.00 6750  66.75 66.25 47.25 .46.00 ° 45.75
68. 721.00 67:25 66.00 65.75 4725 4015 45.75
69. 721.00 69.00-  68.75 68.00 4775 48.75

47,00

REMEDY-1 Rounding off corners as shown in Figuie-6
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CAVITATION ST[.iDIES ON METTUR DAM RIVER SLUICES
LOW LEVEL SLUICES—PRESSU RES OBTAINING
WITH REMEDY-]

TABLE - 4
Piczometer Water level kept at Water level kept at
El 790.00 El. 770.00

Num- Elevation Gate opening in feet Gate opening in feet
ber 1 foot 2 feet 3 feet 1 foot 2 feet 3 feet
¢y)] 2 3) _ﬂ (5) ©) (7 ®)

1 —_ — — — —_ —_— —_—

9 — - _— R — —_ —

3 671.00 8.75 —4.50 11.75 6.75 7.00 10.25.

4 671.00 4.00 7.25 6.75 3.25 3.50 5.75

5 671.00 5.2 4.50 4.25 3.75 .75 3.75

6 671.00 2.00 1.25 —0.25 2.50 1.25 1.00

7 _— —_— — — —_ —_ —

8 — — — — — — —

9 672.00 1.00 4.25 5.50 1.25 2.75 4.50
10 672.00 2.00 5.00 6.25 175 3.25 4.50)
11 672.00 0.75 —1.75 2.50 " 1.00 3.75 2.25
12 672.00 —1.25 1.79 —3.00 —0.50 —0.75 1.00
13 — - — — — - —_
14 — — — — — — —
15 73.00 1.00 0.00 0.75 0.00 0.25 0.50
16 673.00 0.00 0.50 0.50 0.00 0.25 1.00
17 673.00 0.50 1.00 1.75 0.50 0.50 1.50
18 673.00 0.50 0.75 1.50 0.73 0.50 1.00
19 — — — — — — —
20 — — — — —_ - —
21 674.00 0.50 0.00 0.00 0.00 0.00 0.00
22 674.00 0.25 0.20 0.00 0.25 0.25 0.00
23 674.00 —0.25 0.35 —0.25 0.00 0.00 0.00
24 674.00 —0.50 0.25 0.50 0.25 0.50 0.50
25 — — - — — — —
26 — — — — — — —
27 675.00 0.25 0.25 0.50 0.25 0.25 0.25
28 675.00 0.25 0.00 0.00 0.25 0.25 0.25
29 675.00 0.25 0.00 0.00 0.00 0.25 0.25
30 675.00 0.25 0.25 0.25 0.25 0.25 0.50
31 —_ — —_ — — — —_
32 — — — — — — —_
33 676.00 0.25 0.25 0.25 0.25 0.25 0.50:
34 676.00 0.25 0.25 0.00 0.25 0.50 0.50
35 676.00 0.25 0.25 0.00 0.55 0.50 0.758
g‘? 676.00 0.50 0.25 0.25 0.25 0.50 0.50-
38— - — — _ _ ”
39 677.00 0.25 0.25 0.25 0.25 0.25 0.25
40 677.00 0.25 0.25 0.25 0.00 0.25 0.25
41 677.00 0.00 0.00 0.25 0.25 0.50 0.25
42 677.00 0.00 0.25 0.25 0.25 0.25 0.25
43 — —_ — —_ —_— - —_

I-10



70

71
Table-4 (Contd.) o ‘CAVITATION STUDIES ON METTUR DAM RIVER SLUICES_
M ) m(3) @ ) ) (6) ©) (8) HIGH LEVEL SLUICES—PRESSURES OBTAINING WITH
44 678.00 0.25 0.25 0.25 0.50 0.50 0.50 REMEDIES I 8 II
45  678.L0 0.50 0.50 0.25 0.25 0.25 0.25
46 678.00 0.50 0.50 0.50 0.25 0.25 - 0.50 ' TABLE - 5
A7 678.00 0.25 0.25 0.25 025 - 025 0.50
48  684.00 105.00  104.25  103.75 86.00 85.75 84.75 :
49 684.75 105.00 104.50 103.00 85.00 84.75 83.75 Piezometer Water level kept at Water level kept at
50  685.50 103.75  103.50  101.25 84.00 83.75 82.75 EL. 790-00 EL 770-00
51 686.25 103.50  101.25 98.75 83.50 82.00 80.50 ‘Num- Elevation ___Gate opening in feet " Gate opening in feet
52 686.75H 103.00 101.50 99.00 83.00 82.00- 80.50 ber 3feet 4 feet S feet 3 feet 4 feet 5 feet
53  670.00 1.50 3.25 12.50 0.25 3.00 10.50 m 2 (3) C) %) (6) (7 (8)
54  670.00 800  —7.00 —8.00 ~7.50 —8.00 —8.60 — '
55 670 00 —0.25 —025  —0.25 —L00  —0.50 —0.25 1. 72150 — — _ _ _ _
5  670.00 — — - —4.00 —3.25 —1.00 2. 721.00 — — — — — —
57 670.00 —0.25 8.25 1875 0.50 7.00 15.95 3. 72100 1.00 4.00 — — — —
58  670.00 —0.75 2.00 8.50: .00 4. 5.95 4. 72100 0.50 5.25 7.25 1.00  4.00 5.00
59 670.00 2.25 3.25 4.50 2.75 3.25 495 5. 721.00 —0.75  —1.50 3.00 0.75 1.75 3.00
80 670.00 — — — ~ 5.00 8.00 6. 72100 —0.50 —0.25 9.50 —0.50  0.50 1.00
61  670.00 109.50 97.25 89.25 90.50 81.50  75.00 7. 12250 — — — — — —
62 670.00 118.00  117.00  114.00 98.75 975" 95.’7? 8.  722.50 — —_ — — — —
63  670.00 119.00  118.00 117,00 - 99.00 98.75 97. 9.  122.00 300 —0.25 9.50 —2.00  0.75 2.50
64 669.93 119.07 11857  119.32 98.07 99.32 98.82 10. 722.00 = 350 —1.50 —1.25 —2.25 —175 —0.25
85 . 669.70 119.50  119.50 99.59 85.80  99.80 99, 11, 722.00 13.00 3.00 4.50 2.00 ~ 4.00 3.50
66  671.00 94.00 92.50 83.50 -  89.25 . 78.25 70.7 12. 72200 . 1.00 1.00 1.50 1.00 .. 1.50 1.00
67  671.00 118.00 116,00  113.75 9757  96.25 94.75 13.  723.50 — — — - = _
68  671.00 118.00 11675 - 11528 98.00 9650 - 96.95 14, 72300 _ _ _ — oz ‘_
%9 671.00 11825 11750  117.00 98.95 9895 2T 9TYs 15.  793.00 5.00 8.00 11.25 3.75 550 9.50
90 67100 11825  117.25  116.50' . 98.25  98.25  97.ws 16.  723.00 0.00 —0.50 0.25 0.00  0.25 0.75
71 671.00 118.50 11778  117.50 98.90 98:50 98.q? 17.  723.00 0.50 0.25 3.00 0.75  1.00 2.50
- — i{r 18,- ;gg».gg 0.00 6.5 0.795 0.00 0.00 0.75
_ Rounding off the corners as shown in gure- T 19. ) — — = — — s
Remedy—I o 14 o ) : % 20, 794.00 _ - . N . 0
21.  724.00 0.00 0.00 0.75 0.25 000 —050
22.  724.00 0.25 0.25 0.75 0.50  0.50 1.00
23.  724.00 025 —1.00 —0.75 0.00 0.00 —0.75
24, 724.00 0.50 0.50 0.50 0.50 050 0.75
25.  725.50 - - o — — —
26.  725.00 — — — - — —
27.  725.00 0.25 0.00 —0.25 0.25 0.25 —1.00
28.  725.00 0.25 0.00 0.00 025 025 —0.25
29.  675.00 0.25 0.00 0.00 0.25 025 —0.25
30.  1725.00 0.25 0.50 0.50 0.50  0.25 0.75
31.  726.50 — — — — — —
32.  726.00 — — — — — —
83.  726.00 0.50 0.50 0.25 0.50  0.50 0 50
34.  726.00 0.25 0.25 0.50 0.50  0.50 0.25
35.  726.00 0.50 1.50 0.50 0.50  0.50 0-00
36.  726.00 0.25 0.50 0.50 050  0.50 0.50
37. 72750 — - - — — —
38.  727.00 — — — — — —
39.  727.00 0.25 0.25 0-25 0.50  0.25 0.25
40. 727,00 0.25 0.25 0.25 0.50  0.25 0.25
41,  727.00 0.25 0.25 0.25 050 0.25 0.25
42,  721.00 1.00 1.00 0.25 0.50 0.25 0.25
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Table-3 (Contd.) CAVITATION STUDIES ON METTUR DAM RIVER SLUICES
6-9 (Contd. LOW LEVEL SLUICE—PRESSURES OBTAINING
) (2) 3) (4) ) © (™ (8) WITH REMEDIES I & 11
43.  728.00 — — — — — — ;
44.  728.00 0.25 0.25 0.50 0.50 050 0.50 TABLE - 8
45. 1728.00 0.25 0.25 0.50 0.50  0.50 0.50 ‘ .
46. 728.00 0.25 0.25 0.50 0.50 0.50 0.50 Piezometer Water level kept at Water level kept at
47.  728.00 0.25 0.25 0.50 0.50  0.50 0.50 , _ EL. 790.00 El. 770.00
48. 736.00 53.25 52.75 51.00 33.795 33.25 32.50 Num- Elevation Gate opening in feet Gate opening in feet
o, a0 53'52 %}255 5%%3 %3%2 ‘?’ﬁ‘?}% 23§ 38 ber TToot ~ 2feet 3 feat Tfoot — 2feet — 3Teet
50.  737.00 51.7 . 50. 2.75  31. . :
51, 738.00 5000 50.00  48.75 31.25 30.75  29.00 ) & @ ®) © D ®
52.  1728.00 1.50 8.25 13.75 —1.75 795 10.50 1 . — - — — - _
53,  728.00 3.50 7.75 11.75 3.00 6.75 9.25 H _ = n - — = -
54. 728.00 125 3.00 5.00 1.75 3.39 4.75 $  671.00 8.75 —1.50 11.75 6.75 7.00 10.25.
55.  719.98 —4.75 —4.23  —4.48 —2.48 223 —1.23 4 671.00 . 4.00 7.25 6.75 3.25 3.50 5.75.
56. 720.00 10.75 15.50 9.50 8.00 12.00 14.75 5  671.00 595 4.50 4.25 3.75 3.75 3.75
57.  720.00 6.75  10.50 14.00 550  8.00 10.25 6 671.00 92.00 1.25 0.00 9.50 1.95 1.00
58.  720.00 3.25 4.00 6.70 2.75  3.75 5.25 7 _ — — _ —_ — _
59.  719.98 —6.28 —6.48 —4.98 —3.48 —3.73 —098 8 —_ - - — — — -
60.  720.00 50.25  47.50 45.00 35.50  34.25 32.75 9 . 672.00 .- 1.00 4.25 5.50 2.25 .75 4.50
61. 720.00 67.00 65.25 62.50 48.25 46.50 45.00 10 672.00 2.00 5.00 6.25 1.75 3.25 495
62.  720.00 68.25  67.50 65.50 48.25 48.00 4725 11 672.060 0.75 1.75 2.50 1.00 3.7% 2.95
63. 719.00 69.10 68.35 67.10 48.85 48.85 48.35 12 672.00 —0.25 —0.50 ~1.00 0.00 0.00 0.00
64.  719.70 69.55  69.05 68.00 50,30 48.55 49.05 13 o it e b T W -0
65.  721.00 48.75  46.25 44.00 34.00 3325 33 00 14 —_ - —_ —_ S — _
66.  721.00 66.00  64.50 62.00 46.50 45.75 44.25 15 73.00. 1.00 0.00 0.75 0.00 0.25 0.50
67.  721.00 61.25  60.50 58.50 4750 47.50 46.75 .. 673.00 0.00 0.50 1 0.50 0.00 0.2 0.00
68.  721.00 67.75  67.00 65.25 48.75  48.50 48.00 17 673.00 0.50 1.00 175 0.50 0.25 1.50
69.  721.00 67.75  67.50 66.25 3725 3725 . 37.00 ° g - 673.00 10.50 0.50 1.50 0.75 0.50. 1.00
"REMEDY I  Rounded Corners & ‘ o 20 — - —_ = | — - —
roduction of Air Vent Pi 21  674.00 050 . 000 0.0 0. . 04Q. 0.00
REMEDY IT  Introd ‘ent Pipe 32 674.00 025 000 000 B+ 0.00
23  674.00 0.00 0.25 0.25 0.25 0.% 0.00
:4 674.00 0.00 0.25 0.50 0.25 0.50 0.50
5 — —_ — — _ - o
26 — — — —_— —_ —_ —
27 675.00 0.25 0.25 0.50 0.25 0.25 0.25
28  675.00 0.25 0.00 0.00 0.25 0.25 0.25
29 675.00 0.25 0.25 0.25 0.50 0.50 0.50
g(ll 675.00 0.25 0.25 0.25 0.25 0.25 0.25
32 —_— — — — — —_— —
33 676.00 0.25 0.25 0.25 0.25 0.25 0.50
84 676.00 0.50 0.25 0.25 0.25 0.25 0.50
35  676.00 0.25 0.25 0.25 0.25 0.50 0.75
gg 676.00 0.25 0.25 0.25 0.25 0.25 0.50
38 — -— —_ — - — _
39 677.00 0.25 0.25 0.25 0.25 0.25 0.25
40  677.00 0.25 0.25 0.50 0.00 0.25 0.25
41  677.00 0.00 0.00 0.25 0.25 0.50 0.25
g 677.00 0.00 0.25 0.25 0.25 0.25 0.25

I—~10-A
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Table-6 (Contd.)
(1 2 3 “ ®) (6) ¥) ®)
44 678.00 0.25 0.25 0.25 0.50 0.50 0.50
45  678.00 0.50 0.50 0.50 0.25 0.25 0.50
46  678.00 0.50 0.50 0.50 0.25 0.25 0.25
47  678.00 - 0.25 0.25 0.25 0.25 0.25 0.25
48  684.00 105.00  104.25  103.75 86.00 85.75 84.75
49  684.75 105.00  104.25  103.00 85.00 84.75 83.75
50  685.50 103.75  103.50  101.25 84.00 83.75  82.50
51 686.25 103.50  101.25 98.75 83.50 82.00  79.50
52 686.75 103.00  101.50 99.00 83.00 82.00 81.00
53  670.00 1.50 3.25 12.50 0.55 3.00 10.50
54 . 670.00 —3.00 —325 —3.00 —2.50  —2.50 —2.00
55 . 670.00. 0.00 0.00 0.00 0.00 0.00 0.60
56 670.00 — — — —1.00 —1.00 —025
57 . 670.00 —0.25 8.25 18.75 0.50 700 . 1595
58 - 670.00 0  —0.50 2.00 8.50 2.00 400 .. 875
58  670.00 2.2b 3.25 4.50 2,75 3.25 . 4.25
60  670.00 — — — - —2.00 —2.00
61  670.00 109.50 97.25 89.25 90.50 81.50 75.00
62  670.00° 110,00  117.00  114.25 98,75 9745 . 95.%5
63 67000 119,00  118.00  117.00 . 99.00 98.75 97.18
¢  669.93 119,07 11857 11832 - 98.0Y 99.82 ' . 98.83
65 . 669.70 118,50  119.50  119.30 99.05  99.80. ' 99.80
66  671.00 94.00 ¥2.50  83.50 89.25  78.25 70.75
67  671.00 118.00  116.00  113.75 9750 = 96.25 94.15
68 671.00 118,00  116.75. 115.25 98.00 9650  96.7
69 - 671.00 118,35  117.50 117,00 9826  98.35 . 97.73
70 67100 11825  117.25  116.50 98.25  98.35 97.73
71 67100 118,50 117.75  117.50 98.50 9850 . 98,50

N . ('
REMEDY I  Rounding of the corners. - ‘ ‘7?
REMEPY II  Introduction of air vent pipé (vide Figure-6).
¢ H

METTUR DAM HIGH LEVEL SLUICES (Vent No. 4)

Photographs showing the Damages in the Masonry and C. I. Frame

PHOTO No. 1
Left Side
(View looking downstream)

PHOTO No. 2
Right Side
(View looking upstream)

PHOTO No. 3
Left Side
Looking Downstream
(Photograph showing the dispositions
of the Deflector Plate & the Shutter)

PHOTO No. 4
Enlarged and close up of Photo No. 3

£
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PARAMBIKULAM ALIYAR PROJECT
ALIYAR DAM SPILLWAY

Model Studies

1. SYNOPSIS

The spillway of Aliyar Dam is located on the right flank of the Aliyar
river, unlike the conventional way of locating it in the river course. The
spillway consists of ogee section and chute section separated by a horizontal
apron, the height of the former being about 1/5th the height of the latter,
A new surplus course is proposed to be excavated, connecting the spillway
and the existing Aliyar river. It is desired to study the following aspects in
the model, viz., energy dissipating arrangement at the toe of chute section of
the spillway, pressure observation on the spillway section, river training
works, the flow pattern downstream of the spillway upto the existing anicut.
and other allied problems.

2. INTRODUCTION

2.1. The Aliyar Dam is essentially a part of the comprehensive
Parambikulam-Aliyar Project-apart from impounding the available Aliyar
flows, this dam serves as a balancing reservoir to receive and utilige the
waters diverted from Nirar, Sholayar and Parambikulam basins, for irri-
gating the ayacut on the eastern plains of western ghats through two canals,
viz. Upper canal and Pollachi canal, taking off from the left and right
flanks of Aliyar Dam respectively, (Figure-1). The spillway of Aliyar Dam
is located on the right flank of the Aliyar river so that the existing high
mound of rock outcrop is taken advantage of in economising the height of
gpillway to be constructed (Figure-2). This proposal proved to be cheaper
tﬁan the one of having the spiliway on the river course by 30 lakhs.

2.2. The spillway consists of ogee section fora height of 18 feet
from the crest El. 1040.00 down to El. 1022.00 and chute section for a height
of 92 feet from El. 1022.00 to El. 930.00, separated by a horizontal apron
250" long at El. 1022.00 (Figure-3). In the chute spillway, the existing splid
rock will be dressed to a slope of 2:1. There are 11 vents of 30°0” each
separated by 9’0" thick piers, in the spillway. The spill channel at the toe
of the spillway is 420 feet wide and it negotiates a bend of about 90° and a
change of width to 200 feet and runs parallel to the axis of the dam till its
confluence with the Aliyar river. A bridge consisting of 7 vents of 30 feet
each has already been constructed across the Aliyar river downstream of the

‘dam at about 300 feet below the point of confluence of the new surplus course

with the Aliyar river, to carry the diverted road connecting Pollachi and Val.
parai. An aniout known as Pullivelangal anicut exists across the Aliyar
river at about 700 feet downstream of the bridge and it ssrves as the point
of control for the flow characteristics in the surplus course downsteam of the
spillway.

I—11
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3. DATA
Spillway.

Crest of spillway

F.R.L.and M. W, L.

Free Board

Road Bridge level over spillway

Width of roadway over dam betweenm

ogee spillway and chute spillway
Top of parapet

Level of horizontal apron between ogee

spillway and chute spillway
Length of horizontal apron

B L of channel at the toe of spillway

(tentative)
Spillway vents

Thickness of pier
Max. flood discharge (calculated)

Discharge through the vents (Provided)

Length of spillway including piers

Surplus Course.

Width of surplus course at the toe of
spillway

E1l. 1040.00
El. 1050.00
9.0

El. 1059.00

1240’
El. 1062.00

El. 1022.00
25 feet

El 940.00

11 Nos. of 30'x 10’
vach

Y feet

40957 cusecs

40,430 cusecs

420 feot

420 felt

Original Revised
Design Design

Width of surplus course down-
stream of the bend

Bed slope

Full supply depth

Velocity (calculated)

Capacity (computed)

Bridge.

No. of vents and size

M. F. L. calculated

Free Board

Level of bottom of deck beam
Road level

Anicut.

Length of masonry anicut

Length of training wall on the left
Crest level of masonry anicut

Top of training wall

Top width of masonry anicut

Top of right abutment, wing walls eto,
Average bed level of river downstream

(X1}

[X13

LYY}

[
"

of anicut

Top width of training wall .

210 feet 200 feet
lin Iin 180
90" 12.4'
82.05'/sec 16.63'/sec
41,680 0/s 41,270 o/

Nos. of 30’ wide each
El. 938.00
3 foet

. EL 941.00

El. 945.08
24.0 feet

255.0°

278.0

El. 918.00

El. 918.00 (average)
6.0 feet

924.28

El. 914.00
3.0°

7
4. PROBLEM

4.1. The problems are intended to be studied in three stages and the
scheme of studies is as follows :

PART I—STUDIES ON ENERGY DISSIPATION ARRANGEMENTS

(a) Toevolve the most efficient and economic energy dissipating
arrangements downstream of the spillway.

(b) To study the flow pattern in rear of the blunt end of the piers of

the road bridge over spillway and to design efficient case
waters.

PART II-PRESSURE STUDIES

(a) To pbserve the pressures developed along the surface of the
spxl.lway. section and to recommend a cavitation free profile
which will ensure non-occurrence of sub-atmospheric pressures
for all free flow and gate controlled flow conditions.

PART III-RIVER TRAINING WORKS AND O
ALLIED PROBLEMS THER

(a) Te observe the effectiveness and efficiency of the energy dissi-
pating arrangements, finalised in the sectional model, in 3-

dimensional model and to effect any change in the arrange-
ment if found necessary.

(b) To observe the water surface profiles from the toe of the spill-
way upto the anicut for maximum flood discharge conditions,

(c) To evolve suitable radii of curvature at the bends in the surplus
course.

(d) To correct the flow pattern at the end in the river course and to

make the water evenly pass through the vents of t i
without endangering its safety. he bridge

PART I-ALIYAR DAM SPILLWAY--STUDIES ON
"ENERGY DISSIPATING ARRANGEMENTS

5. SECTIONAL MODEL

5.1. A geometrically similar sectional model to a scale of 1/60 was

constructed, representing only 5 vents out of the 11 vents in the t

The profile of the spillway section received from the Designs grf%:et?:é
adopted for the construction of the model (Figure-3). The spillway consists
of ogee section from the crest El. 1040.00 to El. 1022.00 and chute section
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with a slope of 2: 1 from El, 1022.00 to El. 940.00 seperated by a 25’ long
herixontal apron at El. 1022.00. The equation of the perabolic curve of the
ogee section i—~Y —0. 0298x* +0.0965x —0.1508 with the crest as origin. The
radii of the circular curves connecting the ends of the chute section to the
hortzontal floors at El 1022.00 and at El. 940.00 were not given in the
original design and a radius of 37 feet had been adopted for both the curves
by this station.

5.9. Trial pits excavated at the toe of the spillway rev
presence of sound and hard rock at El. 930.00 only. pCalc&atio::If%i tgg
depth of the stilling basin required a depth of 4.0’. Appendix I. Accordingly
the bed level of the surplus course below the stilling basin should be at
El. 934.00. Good solid rock was also net with at El. 934.00 itself at a place
about 50 feet below the toe of the spillway, the probable end of the stilling
basin. Therefore it was decided to keep the bed level of the surplus course
downstream of the basin at El. 93400 which would provide a depth of 4.0’
above the basin level of 930.00, (Figure-4) suitable alterations were done 'in
the model to incorporate the above changes in bed levels (Photo-1).

5.3. The spillway section was built in masonry andits s

finished smooth. A slope of 1 in 70 was adopted for thS; surplus cg;ﬁ::.e '}vg:
width of the surplus course below the bed and the curvature of the bend near
the toe of the spillway were all simulated in the same ratio of the length of
the spillway in the model to that in the prototype. A length of 900 feet
from the axis of the spillway was represented in the model. The bed and
the vertical sides of the surplus course were moulded rigid. The piers, road
bridge on top of spillway and operating platform were made of timber and
placed over the crest of the masonry spiliway in the model in order to simu-
late the prototype conditions of flow through the ventway. Radial gates
were provided for the ventway. Figure-5 shows the plan of the model set
up. Levels were painted on the side walls of the fluxe to facilitate the
measurement of water levels upstream of the spillway sufficiently far away
from the spillway crest to avoid the effects of flow through the vents of the
spillway. TFigure-6, presents a comprehensive picture of the model lay-out.

6. EXPERIMENTS AND OBSERVATIONS.

6.1. The spillway section received from the Designs Office Figure-3
was tested in the model for maximum flow conditions with M.W.L at’
£l. 1050.00. Shooting flow was observed at the toe of the spillw'ay which
created a sudden unsteady and skew jump across the surplus course at the
bend downstream of the spillway. Photo No. 2 shows this pattern of flow
which indicates the necessity of a sunk type of stilling basin for ener
dissipating arrangement, gy

' 6.2. The depth of basin required to produce the hydrollic jump is 4.0’
vide calculations in Appendix 1. The values of the sequent depths of tixe
hydraulic jump are 1.37’ and 18.00°. The length of the basin may be 3 times
the height of the jnmp which works out to 50.0’. One advantage of having
a sloping spron at the toe of the spillway is that the length of basin can be
rgduced by making the jump to advance over the sloping spron. In this
Aliyar Dam, the ﬂgat slope of 2.1 of the chute spillway plays the role of
sloping apron and it was considered worthwhile to conduct studies for diffe-
fent lengths of basin lesser than 50 0'. Therefore three lengths of basin
viz 1 A0 feet, 45 feet and 50 feet were proposed to be studied in the model.
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* Studies were also proposed to be conducted using friction blocks inside the

basin in order to reduce the depth of flow and velocity of water leaving the
basin.

6.3. It was observed in the model, that the curvature of the bend on
the right side did not at all affect the flow conditions along the bend, but the

. curvature on the left side affected the formation of the jump and the jump

appears to be pulled downstream on the right side of the channel. Hence it
was considered better to have a straight back on the left side as for as
possible in order to facilitate the formation of the hydraulic jump at right
angles to the direction of flow. A nominal radius of 50 feet and a minimum
radius of 5 feet were adopted for the right side and left side curves of the
bend respectively, (Figure-7) which ensured the formation of the jump as

desired.

6.4. Experiments were conducted for maximum flood discharge condi-
tions keeping the M.W L. at El. 1050.00 with and without the friction blocks
of size 4’ x 3’ x 3" each at 10 feet centres for the three lengths of basin, viz :
40 feet, 45 feet and 50 feet. Velocities and depths of flow were observed
along the centre line of spillway and the surplus course. The difference
hetween the specific energies just before and after the jump accounts for the
loss of energy in the basin. The percentage loss of energy obtained in each
of the six trials was computed and this was considered as the primary
criterion in deciding the best energy dissipating arrangement. The results
are in Statement No. 1.

6.5. In all the trials it was observed that the trial water level was
built up slowly as the intensity of discharge was increased from the minimum
to the maximum. A steady and uniform hydraulic jump was formed in the
case of 50 feet long basin. The formation of the jump was more steady and
uniform in the cases of 45 feet and 40 feet long basins (Photo 3). The hump
of the hydraulic jump perfectly merged with the tail water level in the first
two cases whereas a fall of about 2 to 3 feet from the hump elevation to the
tail water level was observed in the third case. Reduction of the order of

10,50 ft. (average) in the water level after the jump was noticed when friction

blocks were used inside the stilling basin.

6.6. Atthe bend below the basin the flow appeared to be very slow
with appreciably small velocities rangin. from 3 to 4 feet/second. After the
bend the flow acquired greater velocity of the order of 19 to 22 feet/second,
The water surface profiles taken along the centre line of the spillway and
the surplus course are plotted in Figures 8 and 9. Transeverse flow occurred
in the surplus course below the bend and at the downstream end of the left

_gide curve there was a sudden drop in the flow coupled with return flows,

The flow was uniform and steady along the right side curve,

6.7. The flow pattern on the spillway section in rear of the blunt end

.of the spillway piers was observed to be quite unsatisfactory and it was felt

obsolutely essential to device an efficient case water at the blunt rear end of
the spillway piers. As origxr_lally designed, the cut water at the front end of
the pier is equiangular one withcircular curves of 6.8 feet radius, (Figure-10),

‘and this is found to be quite alright. Three alternate devices were proposed

for the case waters in rear of the spillway piers. viz: (1) Equi-angular case
waters with circular curves of radins epual to the thicknessof the pier
attached to the originally proposed blunt end, (2) semi-circular case waters
with radius equal to half the thickness of the pier attached to the originally

:proposed blunt end rounded off with circular coversof 3 feet radius. The



80

flow profiles in rear of the spillway piers for all the above four.proposals.

including the original design, were traced out and plotted in Figur-11.

7. DISCUSSION OF RESULTS

7.1. Since sound and hard rock is met with at the toe of the spillway, .

it is considered uneconomical to use friction blocks inside the stilling basin
which will entail the recurring expenditure in the maintenance of these
friction blocks because of its vulnerability to the attack of the fast moving
column of water added by the inevitable imperfectness of the connection
between the concrete blocks and the rocky floor of the basin. Entering
Statement No. 1, it is seen that the percentage loss of energy is greater if
the friction blocks are used. But the increase in the efficiency obtained by
using friction blocks is not considerably appreciable to warrant the extra
expenditure involved in the construction of the friction blocks. Hence, it is
found economical to adopt a sunk type stilling basin without any friction
blocks. An analysis of the percentage loss of energy obtained for the three
lengths of basin without friction blocks wiz: 40 feet, 45 feet and 50 feet

reveals that the 45 feet long basin is efficient. In this case, at a point 350

feet below the axis spillway the Vol. 1930'/second the depth of flow is 14.22
feet and the maximum hump elevation is only El. 948.80 which are the mini-
mum compared with those of the other cases. It is observed thatthe velocity
and the depth of flow in the surplus course downstream of the spillway are
the minimum in the case of 45 feet long basin. Hence, a 45 feet long and
4 feet deep basin is recommended for adoption as an energy dissipating
device at the toe of the Aliyar Dam Spillway.

7.2. Referring to Figure-11, it is observed that the elevation of the
water surface is minimum in the case of equangular case waters with circular
curves of radius equal to the thickness of the pier i.e. 9 feet and the same is
recommended for adoption in rear of the spillway piers.

8. CONCLUSION

8.1. The following recommendations are offered in respect of the
energy dissipating arrangements at the toe of the Aliyar Dam Spillway.

(a) A sunk type stilling basin of 45 feet length and 4 feet depth may
be adopted at the toe of the spillway. The bed levels at the basin and at the

beginning of the surplus course held the basin may be at El. 930.00 and-

El. 234.00 respectively.

(b) An equiangular case water with circular curves of radius equal to
the thickness of the pier i.e. 9 feet may be adopted in rear of the originally
proposed blunt end of the spillway piers.

8.2. The above recommendations are found to be efficient only for the
smooth surface of the chute spillway section between 1022.00 aud El. 930.00,
with a slope of 2:1. It is gathered from the field that the existing rock out-
crop will be left with the surface asobtained by only removing the over-
burden soil and loose bounders alone, in which case the surface of the chute

section will be uneven and rugged. The efficacy of these arrangements.
will have to be tested by simulating the conditions of the rock surface

obtained in the prototype. Itis also essential to test the performance of

these arrangements in a three dimensional model where any change in the-

flow pattern can be studied with reference to the side effects of the spray
wall and the finalised design of the surplus course.
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APPENDIX "

{. ‘Galculations for depth of Hydraukic Jump.

M.w.L.EL.JOSO-00
CREST.L1.104000

t

\

3

Considering the spillway into two portions (i) Ogee spillway between X
El. 1040.00 and El 1022.00 and (ii) chute spiliway between B, 1622.00 and
E1. 930.00. |
(i) Ogee spillway between El. 1040.00 and El. 1022.00. Applying
Bernoulli’s Thereom, )

H+h - d+ ;t-rhf, | SRR ¢ §
where
q — discharge in Cft/sec. per linear foot of channel
width :
d — the depth upstream from the jump in feet.
g — acceleration due to gravity in feet/sec.
o v — 3R.2 ft./sec.’

But v — q/dand by Mannings formula, ’

v — 1__1_89. R23 gt . |

n__
St — TA86 R ‘
Aesum R — d, for the vide and shallow channel,

vn
8 — Tygeam . v e
112 .
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van _ v'nt
8 — (1486 d® T 231 ap

v' nn n’ q*h

8 xh = bfi = go7g43 = 3Z3IT 0B

Substituting in equation (1),
q’ n*q'h
H+h =d+g% 597 qp

1050.00 = 1040.00= 10.0’
- 1040.00 = 1022.00= 18.0’
- 0.0'13 for concrete surface.

sy, 0.013

8 ¢ A o
0

!
i
{
i

x 91.52' x 18

100 + 180 = d + o990 5 o1
147.7 13.09 :

By Eial and arror,

assumed = 2.44

Substituting, 28 = 244+ part- + o0y

28 = 2.44 + 24.80 + 0.6692 - 2701
d ~ 244’

O _ 80957 y
V- A [/0x2.44 - 39.96 }sec.

{
b

. (i) Chute spillway between Kl. 1022.00 and EIl. 930 00

Applying Bernoulli's Theorem;

: . e
d+ T phi-d, 4y +hfs . (3)
T

e ;'> N I q2 ~ nt q* h,
1.0. d + "23— + h' "‘ dl+!.;sgd‘2 + 2'21 d; 1078 ves (4).
d=2.44'
v=39.96'/sec.

h -,1022.00—930.00 = 92.00

g n= 0.017 for dressed ashlar surface.

Substituting in eqhatin (. "’
97,5 é

39.96: - ;
2.44+m2.,+92.0 dl+§i32. Nl t

x dlo/3
f

8

0.017* x 97.62+.x 92 , . -
2.21 d, 10/3

: 147.7 /1144
2.44+24.80.+92.0 = dl+——§— + d_m

DTSR EPRNTI - P
.2 ‘dl: ‘147.7‘,." 1]1414 e e
119.24 +d2 w+ 'd,m/xa,

By trial and error,

assume d, = 1.37, e
1477 | 1144
119.24= 18745+
137° . 137103
119.24 -1.37+40.05479.70 ~ V"
119.24 = 120.12 S

d,=1.37

M 137 H?L}Q’/a?c\,! N 2 AR

-4 % d¢
VT

- _ﬁ;léﬂ ‘2"3‘51}_*‘5__&_‘2!". L N S

32.2x1.37

BRI AN E Rt Wi S

G ioessd TS
o O f120.78 = 20.085 oF 20.10.

eogagiteo o Ds e Loty

1

s d

2. Design of Surplus course Downstream of the bend near the’

toa of the Spillway

The width of the surplus course is restrict
in order to avoid rock outting on the right side

io 210 feét asga ximum
the channel, in‘&%ﬁ econo-

¥ N f!l I

mise the construction of .‘r,gpa.ininfg, wall gt the rear toe of the Earth Dam,
°

The slope is also decidp& with ve
the alignment of the surpfus éourss,

rerce’'jo the

‘rock levels’ obtained along

The bed level.of the surplus courés atth; Beginning is kept at E1.9
where hard rock is met with. The hed level of the surpluspc:urse.ast‘lt'hog

junction with the river is keptat El. 022.00 |
from the downstream end of stilling bas?h tg t

$40 feet.

i

ength of the syrp course
e junct?o@thof ri‘v'ex‘}ygourse is

ner



86 87
The total fall is 934.00 - 922.00 - 12.0*-

£, ~ friction slope — [+ ]
Bed slope = 12.0 = 1in 70 8 1-486 4 A:R 1

840 . | | L A, =bd =420xd, = 4204,
ooy [ .
Assume a Section 210’ x 9.0'  Area A =~ 210' X 9 = 1890 '; ff B, = d, (fér'wide and shaliow channel).
Woetted perimeter -p = 210 + 2x 9.0 = zlb + 18' = 228 rer n = 0:033 for blasted rgak surface.
Hydraulic mean radius = R = A/P - 1890 - 899 " Sf. = 40957 x 0-033 )
228 Con bos o Ltﬁmm d;ad; !
By Manning’s formula v = 1,486 st R2/3 ' IR 'LJ-: 4 [ - " 635 P
a : . ol Y ‘
- 1.486 ;1\ '8.2‘9 c el _ Beection 15.: At 845} downstream of the axis of sp:llway mdth ef ohannnel -
0.033 (To) N | y . . b; - 210 ft. y
= 122.05'sec. ‘ - o Dopth of fowir d, ~ G
1 [ v
Discharge « AV = 1890 x 22.05 - 41,680 c/s. 0 Ducharse -Q - 40957 c/s
against a required discharge of 40,957 ¢/s. b Velocity _ V - (I _ bQ o I o
e 3! 3 ._1.; '.’~"-('
Hence; adopt a section 210' x 9’ with a slope 6f ¥ in 79, . S ~ 40057 — 4095‘7' : .
‘ 210x9 1890 «=*21.67/sec.
i 1.t V]
The ¥ - - Y - Q'( b %;n.‘.}
. M | 8f, = friction slope W 5 R’ 3
3. Design for the Depth and Length of‘Sﬁmna Min, . R; = bsdy = 210 x 9 = 1890 8q. ft,
The channel at the toe of the spillway is 420 feet wide R; = d; = 9.0’ (for wide and shallow channe;ii.. : Ca
a bend of about 90° and its width also is reduced to 210/feot’ !)olt e :té.t:i. .033 an increase of 0.001 20° v
The depth of tailwater atthe toe of the spi}lwsy 10 computed by u:::) n = per
Bernoulli’s Theorem. _ . Curvature is adopted in the valué bf n to inoludc bend losies 3, 4.
Consider the two sections at which the o‘:ang‘e o"f'w{‘ : AT vy ks, SUPTRIPRE
one at 365 feet downstream of the axis of spillway and thg%tlix::z?&g } 0., - 0.033 + . _9{: 0. 001 - 0 033 + 0 0045 ,
downstream of the axis of spillway. 00* arl 10 (’f\t'm‘; o1 b u‘-, NI - T
bo anl L @esTE : "r." .‘ : ST
Secnonl At 365 feet downstream ot' the axls of spillwsy 40955‘1;”0 0’375 T e
"“$Width of channel b, — - 430 ft. o e i 8f, - (1 486 x 1820x93) - 0-0‘1'5?7‘
;;pth of flow d B , - TRRT Loss of head due to friction — h.— : o
iqq’hargp-r-Q 40&57cppws. T A o :
IR ; . o) 409 “{“1 " '_ Tama L- ( + Sf’)whm Liis the dﬁgt&nc‘ botweern tho two sections,
SRR V»eloolty - Vi —g‘m 138“‘5'% T b v
. 97-53" { YT .rn;q{; V.lju‘n? . .[q,280 %}(%_612131-}' 0 91597) oy ‘ »‘lz | B ’. | .
P ' ) li T'eq' . [ t et R SR ) » l"‘ T 4683 ! P A a,\)' . Pea g
RN oA ,n;f R - 0
By Menninig' Iormuh,  L4se xR at b 10 4589 1 0.01597)
: A ST E TS o ‘ 56.32
_ _Va Q Sy - 8832 g03580
6% - g5 Ry~ TS AR e o
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As the above expression ineiuded the bed,losses also hy

¢
656.32 4 2358

hd
other losses =
d 1073 . ; ISR L ’

Applying Bernaulli’'s Theotem hetween Iaotm J.and II, .

7o+ d, + -2_..z + 4, +%"_+(hf +other}6ué’d)

Where Z, andZ, are the datum heada in the mpnoﬁtei ectlons and
other losses—bend loss, eddy loss, bridge pier loss, etc. Iug this case there
are no bridge pier loss and eddy loss (as the veloclty head is'only. increased
towards the reach) and hence only bend loss is taken into consideration,

oI Takiag the' bed level of the surplus cmlmatzﬂnmon-ﬂ a8 dtl:um,;..d

- substituting the values, Jdpoie
250 97.522 21672 h 65632 '
ot — =0 +8.0
IR T3k R ‘3’2,'2‘*&10/3_ 23?!8:
4 +d, + 147.7/d; = 9.0 + 7:29 +65§32/d ’3+22358
J_:l‘.".u"*‘v/
q, 4 W77 _656.32 _ 1g5058 - 4. 0k 14 $258
2 d, I Lk Gttt
By trial and error, assumed..[-18.9 21 w41
13.9 + 0.7643 - 0.1046[; 14,5258 ] o _
i.e. 14.6643 — 0.1016 - 14,5268 ~ "~
AN RIUES SRTERS o o
ie. 14.5627 o 145258 & . | e a1
NSNS GEu L0 ey . LR T N LI ) 1
dl = 13-9‘ N ) Ny iy ot o

" Fail waterdepthi» t,= 13.9° ., - S
Depth of hydraulic Jumg as calculated in item l(qbove —20.I°

‘.ll' . |,'\'

Model studies have revealed that the depth of tﬁe pool requlred for the
hydraulic jump to occur is only 859%, to 90% of the theoretlcql ‘wsjue obtained
by using the formula for the depth of the hydraulxc Jum

[ ﬂa i ! l“ v ! 3 P
VR [ !
90 . Col a0 it

=20.1 x 100 = 18.00 or 12.1’ |

Tail water depth = t = 13.9’ ‘
' Dopth“d 1Mt basin reqnived i Dopth of jump (d,) +
Tail water depth (t) = 18.1 — 3.9 = 4.2’ or 4. O’M b g

Hence about 4.0’ deep basin. The besin level may bé kept at El. 930,00
and the bed level of the surplus course below basin maypbe at El. 934.00.

/
CReANG g REEEREE £ I

AR

FERN

Note:—For Figures 1 to 3,

Refer Figures 1 to 3 of Item 7.
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| PART 1T A
Aliyar Dam Spillway = Pressure Studies

5. MODEL

5.1. A geometrically similar sectional model representing only 4 vents
out of the 1l vents in the prototype, was constructed to a scale of 1/60
(Photo-4). The original section received from the Designs Office was adop-
ded in the first imstance, in .the construction of the model (Figure-3). The
equation of the paralolic curve of the ogee section is ¥—0.02693 x* 0.0966 x
= Q,1508 with the orest .ae origin. The radii of the circular curves connec-
ting the ends of the chute section to the horizontal floors at El.1022.00 and
RBl. 940.00 were not given in the original designs and a radius of 37 had
been adopted for both the curves by this station, It was found out by the

-excavation of trial pits at site that the solid rock was available only at
El. 930.00 at the top of the chute section. Accordingly alterations were done
in the model in order to lower the tog of the chute section to El. 930.00.

(Figure-12). As decided byk.th,q studies on energy dissipating arrangements
40" deep and 459" long sunk 4y pe stilling basin was adopted at the toe of the

-ghute section. -

i N Lt . f : .

. 254 -Toobserve the pressure variation from one end to the other end
of the ventway due to the effect of contraction cawsed by the piers, piezo-
metric points were located on three sections, viz. : sections AA and BB at 50"
from the ends and section CC along the centre line of the ventway
(Figure-12). The piezometric points on these three sections were also stag-
gered in order to get a comprehensive idea of the pressures developed at all
representative points on the spillway section. At the piezometric points 1/8”
diameter copper tupes were embedded in the magonry of which the spillway
section was constructed. These copper tubes ware connécted by means of 1/8~

“dia. rubber tubes to a battery of glass tubes grranged in the respective places
‘and elevations of the piezomstric points on the spillway section and collec-

‘tad on a manométer board containing the ‘profile of the spillway section
'Qi‘awn to the actual dimensions of the modé&l (Photo 5). ‘Lovels at intervals
61 1.07 were wtitten on the manometer board to facilitate observation of the
gtessures devetoped along the spillway sestion at thé’ plezometric points

"directly in'foot of water of prototypb’ dimension. Thé slevation of water

-Yevels obtained in the glads tubes was observed. Te meduure the hed of flow

~ovyer the 's‘?l}flrwa‘y,,leve 8 were g@inted oh the side walls of the flume, sufficl-

“éntly Thr from the wpillway vrest to avoid the éffectwof the flow through the
'vonts of the spillway. A Tt

53. The surface of the spillway was finished smooth. A slope of 1 in
.90 was sdophed: for.tke surpius dourse.. The widih of the surplus course below
I'he tsend amd the.curvature of she bend nasr the toe of the spillway ware all

- sleatated in thé satme ratio ofithe lengthrof the: spjllway in.the model to that

ity the prototy pe. - A& nemimed tadius f 50 feet and~a: Aritimum radius of 5
i foat were.adopted for ‘the outer.and iumet ‘ourve of thedend respectively. The
-3eé and the vertioal aides of the surplys courge wene moulded rigid. The
piers road bridge on tdp of ¢pillway and operating -plasform were made of
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timber and placed over the masonry spillway in the model in order to simu-
late the prototype conditions. Radial gates were provided for the ventway.
Figure-6 represents a comprehensive picture of the model lay-out inside the
laboratory.

6. EXPERIMENTS AND OBSERVATIONS:

6.1. Experiments were conducted for observing the pressures develop-
ed along the spillway section for both free flow conditions and gate
controlled flow conditions. In the former case, observations of pressures
-developed along the spillway surface were recorded for various condition# in
the water level starting from the minimum head of I foot over the crest
level of El. 1040.00 and keeping the shutters open clearall the timé.: The
observations of pressures were continued for heads upto 13 feet over the creste
i.e., 3 feet or 307 over the design head of 10 feet with a view to study the
pressure characteristics for any contingency of excess flow over the design
‘head. Similarly observations of pressure were recorded for various gate
-opening starting from a minimum opening 6f 1 foot'And keeping the watdr
level in front of the spillway at F.R.L. and M.W.L. El. 1050.00. Whén the
gate opening exceeded 6 feet the flow was no longer/controlled one, aw fdee
flow was observed in the model. Hence, observations of pressures for higher

‘gate openings were not taken. The results of observations are tabulated in
statement Numbers 2 and 3. - : ,

7. DISCUSSION OF RESULTS

.+ 7.1 Entering statement No. 2 negative pressures are observed for low
heads of 1 foot of flow over the crest, the maximum value of the negative
pressure being 1 foot of water in the prototype. :)%tained near the toe of the
chute section. The pressure generally increases as the head of flow over the
crest is increased, the maximum value of the positive pressure baing 14.5 feet
of water in the prototype, obtained at the conogve circular curve joining the
toe of ' the chute section to the horizontal floor of the stilling basin at
El 930.00. For heads of free flow of 13 feet negative pressures are ohserved
at the convex. ' Circular curve joining the horizontsl apron at El. 1022,00 to
the top of the chute section, the maximum value of the negative pressure
being only 0.75 feet of water in the prototype. . }

.. 1.2, Entering Statement No. 3 it is observed that the pressure deve-
loped along the surface of the spillway section desrease near the creat and
igcrease at other points, as the gate opening 'is inereased. A maximum posi-
tive pressure of 12.75 feet of water in the protobtype is realised at the concave
circular curve joining the pampolio ogee seotion o0 the horizontal apron at
El 1022.00. No sudb-atmospheric pressure is foumd to have. occurred any-
where along the spillway section for gate contralicd flow. T
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8. CONCLUSION.

8.1. The profile of the spillway section in Figure-4 is found to be free

from the perils of cavitation for the conditions of smooth su;facelof the spill-
‘way as the maximum subatmospheric pressure developed is on

y 1 foot of

ich i ithi imi It is ascer-

i totype which is well within the a.llpwable limits._
;?;zglfﬁ-:ﬁt%reoengigoers in c_harggﬁ){) ttieftexeg&':lgﬁxof t?:cgr::e:;g?x?:dt%;
rock outcrop of the chute section will be left wi e sur o0 a8 O e sur.

i overburden soil and loose boulders alone in wiic
lf':;on’nti:l::%ute section will be gnly uzleven andd mgggtc} :la.x:g ;ligu??&mi% t'hlet
i i to be of paramount importance and essentia
=::g:lszieemgur(f)ace of the spillway obtained in the prototypeuan;i ﬁndf 2';::
‘whether any undesirable sub-atn_xosph?rfilc pressuretgccur cl>{1 v::; suéua{::b‘ie ae
chute section for various conditions of flow over the spi 2 D ocky
: i will have to be offered in order to protect the un >
:ggﬁx?gfa :;llfen:hute section from the danger of cavitation if found essential.
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STATEMENT

Percentage loss of Energy in the various

“ .
‘gt 'v~§' E ' -5
- . B o ) Bed level of - , o EE* g .
5 33_ % g Buinlonl complus . Details of Friction blocks, . 'éﬁ g -
g g2 g= -Pasin. E o ;
ER S
oo’ O ) ® M ®
e v o 230 1.40
i(a) 50 4 El 930.00 EL'934.00 No Blocks w350 14:40-
I(b) S0 4 EL930.00 EL 93400 4 x 3'x 3’ size blocks each at
10 feet centres placed with
their centres at 15’ from
the end of basin 350 13.68:
2(a) 45 4 EL 930.00 EL 934.00 No Blocks w350 14.22°
2b) 45 4  EL930.00 EI 93400 4’ x3' x 3 size blocks each
at 10’ centres placed with
their centres at 13’ 6’ from
the end of basin w35 13.62
3a) 40 4 EL930.00 EL934.00 No Blocks 350 1452
3(by 40 4 EL930.00 EL934.00 4 x 3 x 3 size blocks each at
10’ centres placed with
their centres at 12’ 0" from
the end of basin . 350 13.32.

£f...¥

t

I
proposals of energy Dissipaiimg afrangements.
- . DU *» b - '
T T § g0
é'g 2: '2‘53 ?g o Q E,S EE'«E% Observations and remarks.
Q R . 1) » 3 o
.g-b §‘; § o g2e 5“5 5% PR
ga. g wn - - = 7}
©) (10) ) (12) 13 (14 a5 (16)
* e *The specific energy is
69.66 7536 '.76-76 A ‘calculated just before
A ‘ the formation of the
jump neglicting the
the loss due to fric-
‘tiom.
, 30 8117  EL949.14 more steady and
1.936 0.06 1446 6230 isomewhat  uniform
thydtaulic jump is
tformed. The hump
o~ ' lof the jump perfectly
' 'metges with the tail
« water level.
66 o013 1381 6295 8202 EL9BS ..
} . A steady and more unj-
1.936 0.06 14.28 62.48 48.81 El. 948.30 e ralic jump
is formed. The jump
' satisfactorily merges
with the tail water
level.
2.866 “ 44 0.13° 1375 63.01 82.10 El. 948.84
.02 El. 948.52 A somewhat steady and
2.014 0.06 14.58 6218 5l uniform hydraulic
jump is formed. There
is a fall between the
N hump and the tail
) water level,
3.253 0.16 13.48 63.28 8243 El. 948.83
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'STATEMENT [ | -

ALIYAR DAM SPILLWAY—PRESSURE STUDIES

,Rgta‘ controlled Sflow conditions with F.R.L. & M.W.L. at El, 1060.00.

o~

97

Pieno-

£ Distance of piezo-

Elevation of

" Pieno-

1
“——y

Distance of piezo-

: Location of : . Elevation of
'{,’3},’,’5 piezometric ?:gglcthr;o:::%: piezometric 1 foot. 2 feet. S feet. 7 feet.
Nos. -points. of spillway in feet, ~ POIOLS.
o e e T W, e o} ) N O
1 A 0 1008.49 11.29 10.75 9.25 6.0
2 B 5 1010.00 2.72 2.80 6.70 30
3 C. 10 . 1029.5 0.5 1.0 1.73 223
) :‘, A SIS i s ons s 9B 38
: B 20 1023.0 1.0 T 075 0.50 05
; f\‘ 25 1028.25 20 20 2.05 325
. A :0 1052.5 5.0 3,75 2.5 12,75
: 5 4::) 103825 05 0.75 885 675
0 N o '1‘03_26 o Qs 0.75 1.0 '215.
11 . s 1006 1.0 1.25 30 zs
. . o 1029.0 0.5 1.0 325 . 20
b N o 1028.0 0.75 10 7.5 1.75
” . o 1022.0 } 1.0 0.0 2.85 2.86
p B se l08Ls . 095 05 Nil. 0.25
" N o 1080.5 0.75 0.5 Nil. 096
o A - 1018.5 0.25 075 0.75 0.75
s o " 1010.0 05 078 1.85 1.25
o A o 10125 0.-5 05 1.0 1.0
. 2 s o , 10116 . N}l. 1.5 . 1.5 . 1.8
” c 0 . 10500 - Nil. Nil. - 0935 10
” N oo 1006.0 0.75 1.25 1.25 128
hos . o 1003.5 Nil, 1.0 1.85 178
" . e 1001.0 0.?5 075 108 1.8
> . 120 998.8. NIl 0.25 025 0,28
% " 125 996.0' - 0.75 3.5 35 428
988.5 Nil. 0.5 1.0 1.28
27 C 130 991.0
% N 12 . 0.25 215 30 7.75
29 B 10 988.5 Nil. 1.0 1.25 1.7
0 c 145 . 986.0 Nil, 0.25 0.5 0.70
o N s 963.5 1.75 2.5 275 2.
1 B 135 9:;-0‘. , 03 338 3s 43
3 p 160 59’ 5 Nil. 0.s 0.75 1.0
" A 165 76.0 1.2% 1.5 1.75 1.78
3 B 170 370.50 0.s 2,75 32§ 40
3 pe 175 9Zl-O 0s 2.60 125 6.5
oy a 180 96:'0 025 Nil, 025 1.0
3 B 185 960'0 1.0 4.0 475 57
I pe 190 .6 Nil 0.25 0.25 0.8
© A 195 961.0 1.0 1.78 2,0 2715
a B 20 963.5. 0.25 1.25 1.78 2.2
968.0 1.28 20 2.5 2.78

mgti;if ;ﬁziﬁmﬂz nt}:;gcaxpio:g}s piezometric "1 foot. 2 feet. 5 feet. 7 feet.
0s. points. spillway in feet. points.
2 C 205 963.5 0.6 075 1.0 1.28
43 A 210 901.0 NIL 0.75 1.0 1.6
44 B 215 948.5 0.75 1.25 1.25 1.25
45 C 220 966.0 1.0 1.75 20 2,78
46 A 225 943.5 0.5 1.75 2.25 2,78
47 B 230 941.0 1.0 2.0 2.27 278
48 C 235 908.5 1.25 1.75 20 20
49 A 240 906.0 1.25 1.75 20 20
$0 B 245 938.6 25 2.25 4,75 5.28
51 C 250 931.5 3.7 325 3.75 7.25
52 A 255 920.5 6.25 3.25 3.25 525
53 B 260 930.0 6.75 7.25 30 9.25
s4 Cc 265 930.0 7.0 3.25 30 3.75
55 A 270 930.0 8.75 2.25 1.5 1.75
56 B 275 930.0 1.25 50 40 5.0
57 C 280 930.0 9.25 8.0 3.75 3.75
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PHOTO 1. Aliyar Dam Spillway—Energy Dissipating arrangements
Model set-up looking from downstream.

PHOTO 2. Aliyar Dam Spillway — Original design — Formation of
hydraulic jump below spillway.



PHOTO 3. Aliyar Dam Spillway — Energy dissipating arrangements.
Revised design — Formation of hydraulic jump for 450.
long and 4'0” deep basin.

PHOTO 4. Aliyar Dam Spillway — Preesure studies—Model set-up look-
ing from downstream.



PHOTO 5. Alivar Dam Spillway — Pressure studies — Manometric Board
set-up.
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Morning Glory Spillway
1. INTRODUCTION

The morning glory spillway cum intake lower for the water supply
scheme of Coimbatore town was designed for the Siruvani Reservoir in
Coimbatore district. The plan and section by the spill as designed are shown
in Figure 1. The spillway disch.arges at its exit and into a tunnel, about 5,000
feet along, which carries the discharge across the hills to be let down into a
natural stream feeding the waterworks of the Coimbatore town. Studies
Wwere initiated to determine the hydraulic performance of the spillway.

: 2. . DATA

Crest of spillway .. EI 2881.0

ME.L, . ...  EI10892.0

Sill of tunnel e El. 2808.0

Size of tunnel 8 x 6

Length of tunnel w5000 feet,

Size’of tpillway shaft 33"

Diameter of the spillway at crest .. ¥
level - 15707 . -

Totat'drop from M.W.L. to sill at ‘
tunnal <R oo 84 feet.

3. MODEL SET up

A teakwood model of the spillway was made to a scale of 1/10 and this
was installed in one of the trays of the high head tank. Sufficient number
of piezometric tappings were provided along the spillway face, from the
crest down to the exit end of the spillway so as te facilitate a study of the
pressure conditions inside the spillway. 1/8" diameter copper tubes were in-
serted into the piezometer holes and these werc connected by moans of a
rubber tubes to a battery of glass tube fixed to a manometer board. The
manometer board was graduated and fixed in such a way that points repre-
senting a certain elevation in the teakwood model and the board were at the
same level.

A V-notch was fixed on the downstream side below the exit end of the
spillway in order to measure the discharge passing over the spillway. Suffi-
cient stilling arrangemcnts were provided upstream of the V-Notch. The
heads of water over the crest of spillway and over the sill of V-Notch were
measured by means of pointer gauges reading correct rate 0.001 feet,

4. EXPERIMENTS

In the first place, experiments were conducted to determine the dis-
charge characteristics of the spillway. For this purpose, water was allowed
to pass over the spillway and sufficient time was allowed so that a constant
water level was obtained over the crest of the spillway. The heads of the
water over the crest of the spillway. The heads of water over the crest of
the spillway and over the sill of the V-Notch were measured simultaneously,

he experiments were repeated for heads varving from 0.1 feet over the crest
of the spillway up to M\W.L. The discharge over the spillway was then
oalculated for the corresponding head over the crest. The results are pre-
sented in statement No. 1.

A study of the pressure conditions inside the spillway for different
heads over the crest of spillway has been also taken up and is in progress.
I-14
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STATEMENT No. 1

Head over Head over Discharge Discharge in
S, No. Spillway Spillway in in model prototype
in Model. prototype. in ¢/s. in ¢fs.
1 0.147 1.47 0.759 239.8
2 0.182 1.82 1.037 321.7
3 0.200 2.00 1.126 . 3744
4 0.227 227 1.39 430.2
5 0.263 2.63 1.452 458.8
6 0.638 6.38 1.488 470.2
7 0.655 6.55 1.502 4746
8 0.714 7.14 1.521 480.6
9 0.935 9.35 1.558 492.3

Remarks,
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PALAR ANICUT—ENERGY DISSIPATION STUDIES

1. Introduction :

The Palar anicut has been constructed across the Palar river about
four and a half miles below the town of Arcot in N. A. District. This anicut
has been provided with stepped aprons in the rear and these aprons are
partly of solid masonry and partly of drystone work. The first apron in the
rear consists of cut-stone work and varies in width from 10 feet at some
places to 20 feet atsome other places. The second apron consists of solid
masonry and is also varying in width, A row of reinforced concrete piles is
provided at the end of the second apron. The third apron is of rough stope dry
packing and is provided with a retaining wall at its end. A concrete cart track
has been formed over the third apron just in rear of the second apron and its
width varies from 10 feet to 14 feet. The fourth apron is also of drystone
‘work and is provided with a retaining wall at its end. The top of this last
retaining wall is kept at El. 481.50 and it is made of roughstone drypacking.
A typical section is given in Fig. 1.

2. Problem: . . .

It is reported that during every flood, when water-level rises by 5 feet
and more over the crest of the anicut, severe damages are caused to the rear
aprons. After the reconstruction of the anicut in 1905, flood damages to the
rear aprons had occurred during the years 1909, 1911, 1916-17, 1930-31,
1935-36, 1937-38, 1943 and 1946 (as many as 8 times during the period of 42
years.

In order to prevent the recurring damages caused to the apronsin
times of floods, suitable energy dissipation arrangements have to be designed
for the conditions at the Palar anicut. Hence hydraulic model studies were
conducted to evolve suitable energy dissipation devices.

3. Data:
Maximum flood discharge over anicut ... 1,70,000 cusecs.
Front M.F.L. .. El. 504,23 feet.
Length of aniout .. 2628 feet.
Effective length of anicut w2555 feet.
Mazximum discharge per foot run of the

aniout .. 67.7 cusecs ‘;"5
Averageu cest level of anicut ... Kl 495.38,
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4. Model Set Up:

A sectional model of the Palar anicut and the rear aprons was con-
structed to a scale of 1/24 in a masonry flume 4 feet wide. A typical section
of the Palar anicut was taken for model studies vide Fig. 1. The anicut and
the solid aprons were constructed by bricks in cemeat mortar, plastered over
and finished with neat cement. The drystone work (lakes portion) was simu-
lated by pebbles set in soil cement in the ratio of 75 soil to 1 cement. The
bed of the river beyond the aprons was moulded with sand passing through
94 mesh sieve and retained on 30 mesh sieve in order to facilitate a steady
of the scour pattern. Arrangements were provided in the model for deter-
mining the flow and scour profiles and for maintaining the upstream and
downstream water-levels.

5. Experiments:

. Experiments were conduc“ted on the following two types of energy
dissipation arrangements.

(1) Baffle walls and friction blocks.
(2) Sunk basin type of stilling arrangement.

The first type of energy dissipation arrangements was found to be un-
satisfactory for the conditions existing in Palar anicut. Thefore, the sunk
type of stilling basin was tried. A sloping apron which will form a sunk
basin of 6 feet depth was found to give a good hydraulic performance.
Further confirmatory studies are in progress.
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PALAR ANICUT—SILT EXCLUSION STUDIES

1. Introduction:

1.1. There i8 an existing anicut across the river Palar, about four and’
half miles below the town of Arcet in N, A, District. The short-lined floods
of Palar bring in a large quantity of coarse bed load and in spite of the exis-
tence of thirty nine scouring sluices in the body wall, of the anicut, the anicut
has been silted up to its crest. The four channels taking off from the anicut
Mahendravady and Kaveripauk on the left flank and Sakkaramallur and
Dusi on the right flank have also drawn a lot of coarse bed load resulting in
the reduction of their carrying capacities. Hence .research wark was con-
ducted on a hydraulic ‘mmodel of the Palar anicut and the channels to evolve
suitable devices from maximum exclusion of silt entering the channels.

2. Data :
2.1, Anicut: o |
1. Crest Lével .. E1.49638
2. Leﬁgth of anicut we. 2628 foot
3. Top v{idth of aﬁi!clzut 4'.(;'
4. Bottom width of aniout w 8109

2.2. Channels and head sluices :
-1 The data pertaining to the channels and the headsluices are given

below :
l’r;‘ o . L Ve [ P T . C‘”City B ¢
Serial Name of head Silllevel.  No. and size  Ayacut at :’ : Noaof ;
No. sluice. of vents. in acres. head in main tanks fed.
cusecs. channel.
Each.
1. Left flank :
Kaveripauk El 488.18 18 Nos. 5’x5° 51.059 3443 10M 7F 159
2. Mahendravady El 488.18 3 Nos.5'xS’ 4849 552 24M 7F 28
3. Right flank : .
Sakkaramallur El. 489.33 3 Nos.6’'x$’ 5105 624 20M 3F 21

4. Dusi o ElL 490-18 15 Nos.5'xS" 19.903 1598 23M IF 109
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2.3. Scour vents: The details of the scour vents are furnished
below :—

Serial Description of Scour Sill level, No. and size of Elevation of operating
No. vent. vents. platform.
1. Left flank—
First set ... ElL 489.18 9 Nos. 5" %3’ 6" each Above M.F.L.
2. Second set ... El 488.18 10 Nos. 5* x4' each 497.50

3. Right flank .. EL 48818 20 Nos, 5’ x4’ each Fifteen vents 497.50, Five
. vents Above M.F.L.

3. Model set-up:

3.1. A mobile bed model of the Palar river to a horizontal scale of
I/200 and a vertical scale of 1/40 was constructed. The fength of the river
for about 2 miles upstream of the anicut and for about 1/2 mile downstream
was reproduced in the model. The headsluices of the four channels were
made in teakwood and fixed in their relative positions properly. G. ]
shutters were provided for the headsluicer. The channels downstream of the
headsluices were moulded rigid whereas the bed of the river was moulded
to the cross-section templates already fixed along the length of the river
course, with sand of size-24, 30 i.e., sand passing through, 24 meshes sieve
and retained on 30 mesh sieve. Scour vents were prot'i'd{:d i1 the anicut on
both the flanks with G.I. shutters to control the flaw through them. In
orderto measure the discharges in the river and the four channels, V-Not-
ches were provided' at the appropriate placea. Other usual appurtenances
like the back-feeding arrangements, tailgate control, silt traps etc., were
provided in the m'odel. : ' - '

4. Experiments: g e

i Experiments were conducted on this mode} to evolve devioes! for exclu-
sion of silt from the four channel mentioned above. Improvements : to tie
existing anicut, by way of lowering the sill levels of the scour vents on the
two fianks of the anicut; provision of divide waHs of optimum length

between the scour vents and the headsluices of the channels etc., were tried

in ‘the model.,
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GRAND ANICUT CANAL—-SILT EXCLUSION STUDIES.

1. Synopsis.

This report deals with the model studies conducted for evolving suit
able remedial measures for reducing the silt entry into the Grand Anicut
Canal. A short history of the development of the problem and the various
field measures and the mode) studies undertaken to solve this problem right
from the opening of the canal till date have been furnished. Details of the
model studies conducted and the various devices tried such as divide wall with
different widths of pocket and intermittant operation of the enclosed vents
have been fully described and a solution has been evolved. Detailed recom-
mendations for incorporating this solution have been furnished. A brief
note on the further research work that hasto be done has also been given.

2. Introduction.

Grand Aunicut is an anicut irrigation structure constructed across the
prehistoric breach calleil Ullar, on the left side of the River Cauvery. The
)

Anicut is situated 12 mi

s from Tiruchirapalli. At this site, Cauvery and

Vennar branch off and water is drawn into thase rivers through regulators

(vide Figure-I).

Ullar joins with the river Coleroon some distance down-

Grand Anicut. After the construction of the Mettur Dam for irri-
sf::i%r: gfopose s in Tanjore District, a canal known as Grand Anicut Canal
gesigne d to take a discharge of 4,300 cusecs was taken off, from the River
Cauvery at the site of Grand Anicut. The regulators act as diversion works
and no substantial amount of water is atored asa reserve. During flood
seasons, the Grand Anicut is opened and the flood water is let into the River

Ullar,

3. Hydraulic Data.

(i) Average bed of the River Cauvery at
Grand Anicut |
(ii) Normal supply level :
(iif) Sill level of Grand Anicut
(iv) Size and number of vents in Grand
Anicut
(v) 8ill level of scouring sluice
(vi) Bize and number of vents in the scour-
ing sluice
(wii) 8ill level of the Cauvery Regulator ...
(viii) Bize and number of vents \
(ix) Bill level of Vennar Regulator
(x) Size and number of vents
(xi) Bill level of Grand Anicut Canal

head regulator

(xii) Size and number of vents of the G.A.C.
head regulator .

(xiii) Full supply discharge of Grand
Anicut Canal

(ziv) F.8.L. Depth »

(xv) Bed width of the canal

(xvi) Bed slope
(xvii) Upland drdinage sill level

(xviii) BSize and number of vents

185.00
El. 194.95
El. 189.00

30 vents of 32’ each
El. 179.25

5 vents of 20’ each
El. 184.25

42 vents of 10’ each
Rl. 184.25

33 vents of 10’ each

Old crest : El. 194.19
Raised sill Kl 185.86

6 vents of 10'x5’4” each

4,300 cuseos.

70"

180 feet

1.5 in 10,000

El. 185.00

6 vents of 30’ each.
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Problem. .

As early as 1934, that is one year afte .

Anicut Canal, this canal was drawing lot oftsirlttvl;?thoglfglrzguﬁ;fﬂfhe Grand
is being progressively sﬂ_ted up. Due to excess of silting up, the f at the bed
discharge is not realised in the canal. A number of remedga;l ’e ull supply
tried at the field to remedy this problem but all were futil;leaisures were
studies were resorted to at this Station to find oug an effecti o So? model
this chronic problem. ective'solution. for

)

4. History.

., The Grand Anicut Canal was constructed in the
early as 1934, the bed of the canal was getting silted u
excluding silt from the Grand Anicut Cansgl ‘wa '
from the department. Various suggestions wer
were carried out in the field.

year 1933. Even ag
up and ‘proposal ‘for
8 receiving much attention
e made and some of them

In the year 1937, a detailed report about the sjlti

nished by the Superintending Engineer to the ?}}f;i?ngn‘gﬁglem was fur-
suggested a groyne 300 feet long in between Grand. Anicut Cap who' ajso
upland drain as one of the remedial measures. This probl anal and the

red to the Research Station, Peona for mode! studies, I Was also refer-

~ L. In fhe year‘1938, Mr,CC Inglis, CEE,BA A

the then Dijrector, Central Irrigation Research Insil'néluel ng‘)’ g‘%o + M.ASC

Jhe following :- N . 70 Toqua, '3“389916‘4
"

s ) “ A groyne from the left bank and above‘the.

* lohg sabmerged vatte fronk the ieft bank,: ° water .1'3.703\ adda

(2) Along curved vane running out from the village Thohur, . s
The Director of the Research Statio .

silt trouble was due to the designed plope~or{lf' f}:‘el?::;ssfg:xie o
the canal was building its own slope. Ho was also 'Gf/tl\eng" fon tate

silt excluders 'and ejectors could be used; it would b .leslil n that if the
cheaper than controlting silt from Cauvery. ffVQr.r ~The ﬁéfd S:" l?Nter and
Engineer, thereupon repprtpd-itbatitw,agp’o}p‘(‘,,s‘ime' > g em'g‘;l‘,'l tending
it was possiblesto eject silt into the Vennar River at P?D. Q%O R ¢ 8lope but

pinfon’ thit ghe
inadequate ang

By the end of the vear 1939, the Chief Engi ‘ SRS
the Director, Central Irrigation Res‘éar&h ng:igo?nqt{] ({r?ﬁat:‘i’lnt). 'li}formed
head of the canal was perhaps due toradial Shuttérq fttod pa‘tbhe:nfe at the
mahtionad that it was pyoposed to put in.lift Sﬁﬁttér (vi 'e."fenxx‘ﬁ ad and
He also informed thw Director thatithey .were not fme%.éte' ¥ Otf,\ﬁt\lre-:?),
solving #he silt. troble in the canal as development of &I;&Cugw': bargsted in
that sanding was not likely to'cause.any difficulty-as the head }Qf vsv’ :.Iow and
‘o aliséd by heldingiup the water to a higher level and force t i1 could
Mpply idto the'canal, even with the sanded bed, = 0 18 requisite

ST T S P

"+ In the year 1940, the field Superintendj T L
suitability of providing regnova‘ble‘¥shutto;,sdgsn’sEtr:g;:::r{.t%xeﬂ:}lsis:}d the un.
The Chief Enginaa#, then instructed thaf g drop wall oy g Gm’ta;in -?llimt.ers.
be built in front of'the (irand Anicut Canal head ‘regul’a,top ( idwa: might
figure 3) including three or four ventson the right sideiwhich ;n whem 4 of
scour the baaitlim’ Pesr of the curtain wall and above of thehu d Yeod to
the Grand Amicut Canal. But this wae'_not;’cu‘“md,‘__,,’ ‘W‘ ‘a #haice of
RN { TP BRI SRR Ripag 3. R R - }F."Y\‘

el
N
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In the year 1943, a rough stone groyne was constructed for a length of
‘300 feot at an angle of 35° to the upland drainage bridge with the top width
as 40" (vide item 3 of figure-3). This was the same as the proposal suggested
by the field Supezintending Engineer in the year 1937. This did not give the

desired effect in excluding silt entry into Grand Anicut Canal.

In the year 1944, the Chief Engineer and the Superintending Engineer,
after a joint inspection, decided to put another groyne a little downstream of”
the existing one. This was also constricted. It was decided that nothing
should be done except operating the Vennar end vents as undersluices and
no silt clearance was to be done. Only shoals and marginal accretions were
to be removed and the behaviour of the canal had to be closely watched.

The Executive Engineer, Grand Anicut Canal reported in the year
1947. that the silting of the canal bed had always been on the increase and
the silt which only travelled upto R.D. 1/30 in 1939 had travelled upto 2/20
in the year 1947. The Chief Engineer, then, suggested the following -

procedure to be adopted in the field. -

(1) Assoon as the Mettur sluices were opened for the supply of:
water the Grand Anicut Canal regulator should be kept closed for a day or
two and the end vents of the Vennar Regulator should be opened to wash out
the shoal in front of the G. A, C.regulator as effectively as possible, the
shoal being also ploughed before water is admitted into the rivers so as to

facilitate the gcouring section.

(2) After the above was done the Grand Anicut Canal and the
Vennar vents might be both kept open continuously and soundings taken in
the basin between the Grand Anicut Canal head and the Vennar end vents
to watoh the behaviour of the bed within the limits of the basin. 1f material
changes occur by the way of either silting or scouring or if by any change-
of regulation was made so that a steady bed could be maintained it could be

noted and followed.

As per the Chief Engineer’s instructions the effects were :
' (1) The fresh shoal was lowered a little.
(2) Some gilting up took place in front of the regulator and below.

The problem was referred to the Irrigation Research Station, Poondj.
in the year 1947, for conducting model studies for reducing the silt entering
into the Grand Anicut Canal. Meanwhile silt clearance works were also.
carried out in the field. Some experiments on scale models were carried out
in the Research Station, Poondi for the construction of silt ejector at
R.D.0./40 of the Grand Anicut Canal. A silt ejector was ﬁpahsed and re-
commended along & bell mouthed entry at the Grand Anicut Canal head
sluice to facilitate the drawing of more discharge. The construction of this

was deferred.

In the year 1950, the construction of the curtain wall in front of the
Grand Anicut Canal head sluice with its top at 188.00 from the pier im
between the vents No. 9 and 10 of Vennar from South and extending to 300
feet into the river to a distance of 79 feet from the right abutment of Vennar
regulator was carried out (vide item 3(a) of Figure-3). But it- was later
found that the rolling- of bed sils had not been effectively stopped by this-
curtain wall because of the fact that the bed of the river upstream of Girand
Anicut Canal head had progressively silted up, thereby, defeating the

I-15
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purpose of the curtain wall. Proposals were put by the Superintending Engi-
neer concerned to continue the above curtain wall beyond the Ceylon Island
(which was formed in the year 1948 by removing the collapsed groyne) and
to connect it with the existing groyne (just above the Grand Anicut Canal
head) Refer item 6 of Figure-3), raising the top level of thé curtain wall to.
El. 190.00. But the Chief Engineer for Irrigation instructed that the curtain
wall need not be extended or raised. But later in the year 1951, the Chief
Engineer (Irrigation) apporoved the extension of the above mentioned design

Accordingly, the curtain wall was continued beyond the island to connect it
with the existing bank (vide 3b of Figure-3). The extension wall was built
in random rubble masonary in clay and pointed with cement mortor,

Meanwhile after further experiments in the Research Station and after
attending to Chief Engineers remarks on the proposal of silt ejector a revised
design for the silt ejector at R.D.0/40 of canal was submitted in the form of
a report No. 1/51,

In the year 1952, the then Executive Enginser suggested the raisi
the curtain wall by one foot further upto El. 190.00. But this was disap
ed by the Superintending Engineer. Meanwhile further silt clearanc
carried out. The portion of the curtain wail which was constry
Random Rubble in clay got damaged several times and had to. be repaired
often. Proposals were also submitted in the year 1954 for the construction ef
a new training wall with concave curve (vide item 7 of Figure_?g
(instead of the curtain wall with convex curve in random rubble in clay )
existing). The Chief Engineer for irrigation was of the opinion that t}?s'
construction of the curtain wall might await till the experiments conducted 7,
Poondi were over. The prototype observation showed clearly that the ¢ 2
tain wall had no effect in excluding silt entering the @rand Anicut "y
Silt clearance was carried out and it was observed that after the silt
ance the designed discharge flowed into the canal without any reductij

ng of
prov-
8 was.
cted in

clear.
0n0

Then, the desirability of converting the right end six vents of Velnna;
regulator (vide item 9 of Figure 8) into scouring sluices by lowering the sill
by 2’ to 3’ was asked to be examined by the Superintending Engineer,

'

8ilt clearance works were taken up and done manually in the voa
1958. While these operations were going on, the Executive Engineer, irrj r
tion Research Division inspected the site and during his inspection sevegrai
proposals were tried to desilt the basin in front of the Regulators. To eff at
the desilting, the shuttors of Cauvery and Vennar were opened as much %
possible and a minimum water level in front of the regulators was rxminta.ims
ed, at the same time closing the Grand Auicut Canal head regulator, It wn-
clearly seen in the field that the sand was getting desilted ata very ¢ ?3)
rate. As this wss expected to remove a good amound of silt upstregm ot?};)};
regulators the Executive Engineer, Irrigation Redearch Division suggest g:
that this type of regulation might be tried in the remaining period of clo'sm«e
He, further suggeed, an inner cur method to desilt the canal but this was ot
approved by the Chief Engineer for Irrigation. . not

In the year 1958, the Chief Engineer for Irrigation instruot
necresary estimates might be prepared for raising the. sill of t}?ea((l}:hag
Anicut Canal head regulator and also te provide a supplementary hﬁnd
sluice to draw extra supply from the upland drainage, 93 Q.

studies were oarried out in the Irrigation Research Station, Poondi to find out,

Canal,

Necessary mods).
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the efficacy of this proposal in excluding silt entry int.o the Grand Anicut
Canal. The reduction in the silt entry was not appreciable and the result of
experiments were furnished in the form of I. R. 8. Report No. 4/59. Further
studies were carried out in the same model with increased d{scha'rge as well
as the full discharge drawn through the additional head sluice did not help
much in reducing silt entry into Grand Anicut Canal. Results of these ex-
periments were furnished in the I. R. S. Report No. 5/60.

Meanwhile it was proposed to conduct further model studies to arrive
at remedial measures at the head of the regulatoritself and hence the requir-
ed field particulars were obtained and a new model representing the Cauvery
river two miles upstream of Grand Anicut with all the regulators was cons-
tructed. This report deals with the studies conducted in this model.

or suggestion that has been made to reduce the silt entry into the
'-GrandAt{)r(l)ité]ut Caigl is to construct a new head sluice on the ‘right bank of
the Cauvery river about two miles above the present head (at old Vennar
offtake) where favourable curvature of the river exists and to utilise the old
Vennar river for the formation of a Qanal to link up with the present one.
Model studies on this proposal are being takenup.

5. Model setup: ‘ i
A vertically exaggerated modal was constructed to a scalq of 1/200
horizontal and 1/40 vertical. The upstream_of the Cauvery river above
Grand Anicut was represented upto two mile and the regulators of the
Cauvery, Vennar and Grand Anicut Canal were represented together with

'the Grand Anicut and the scour vents. The river banks were formed with

tar. All the regulators were also constructed with cement mot-
gfené ‘r{‘.o:hzet ghutters were.provided for all the regulators. The ' portion
rcpresenting the padugai landS_ was made rigid with Ceu;ent. mortor with a
rough finish. The bed of the river alone was kept _moblle. Rods mountéd
on wooden reepers were placed at different cross sections, the top level of the
‘rods representing the bed level of the Cauvery river. This arrangement was

~adopted to facilitdte the moulding ‘ef the bed, thereby, to simulate the exist-

ing bed level of the river. The sand used for the mobile bed was of
size 40-60. o ' P ‘.

gilt traps were provided downstream of the regulators to collect the
sand passing through regulators.

V-notches were placed up stream of the Cauvery river.and downstream
of the regulators for measuring the discharge let into the river and the dis-
.charge passing’ through each one of the regulators. 'Necessary honeycon_wbs
were provided as stilling arrangement, Gauges were fixed for measuring
the discharges. The whole model set up has been shown in Figure-4.

6. Experiments and Results : o

" A discharge corresponding to 26,500 cfs was allowed in the river. This
was a representative discharge taken from the water rigister of 1957, when
the Grand Anicut Canal was discharging 4,000 casecs, Corresponding to this
discharge in the river, discharges of 1,800 cfs, 12,000 cfs, 9,000 cfs and 4,000

.cfs were'allowed in Ullar, Cauvery, Vennar and Grand Anicut Canal res-

i . The Water level upstream of the regulators was maintained at
-Eg%tt::%% 0 and the rear water levels downstr‘gam of the regulatorz wePe
maintaifisl at El. 180. El. 196.66, El. 191.19 in scouring sluices, C ‘uUe’x‘l;r,

“Vennar and &. A—Ganat-respectively.
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The bed was moulded with a sand of size 40-60. The model was run to
“find out the correct rate of sand injection so that the model would come to
regime conditions. By trial and error, it was found that a rate of sand
iwjection of 50 1bs/hour was suitable. During the basic run observations like
the velocity distribution in front of the Grand Anicut Canal head regulator,
(Figure 5) and tracing of the fllow lines (Figure-5) and also taking the cross
sections of the regime bed after the basic run (Figure-6; were made. Hourly
collections of the sand that was passing through the various regulators were
made and the following statement gives the silt distribution through each
of the regulators.

STATEMENT—1

Quantity collecte rcentage

Name per hour d P:ollectign
Grand Anicut Canal 42 1bs. 6.2 %
Veonnar 7% lbs. 138 %,
Cauvery 5 lbs. 9.5 9%
Ullar 1 1b. 0.5 %
“TOTAL 543 1bs. 100 %

After attaining the regime condition, experiments were conducted to-

find out devices for silt exclusion in Grand Aunicut Canal by trying some

“temedial measures in front of the head regulator. ‘Firstly & divide wall of

‘300 foet length the enclosing the right'six vents of the Vennar regulator and
‘placed perpendicular to the regulator was tried.

The enclosed vents of the Vennar regulator were kept closed. The top

of the divide wall was kept above the water level and atudies were conducted

to find out the efficacy of this proposal. The silt distribution through
various regulators are given below :

PROPOSA =1

STATEMENT-2
Divide wall length .. 300 feet.
No. of Vennar vents enclogsed 6 Nos.
Quantity collected Percentage
4 Name per hour collection
“Grand Anicut Canal o 223 1bs, | 42.8 % -
. Vennar 224 1bs. : 43.2 %
Cauvery 62 lbs. 13.0 9,
. Ul‘ar ) [ 11) : } lb‘ 1.0'%‘ ]
TOTAL 52 Ibe. 100 9
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As mentioned in the basic run, the same observations like velocity
distribution, flow lines and cross sections of the bed were taken separatively
for various proposals. Two more proposals were tried by increasing the-
width of pocket enclosing 9 vents and 12 vents respectively. As before, the
divide wall was kept at right angles to the Venqar Regulator and the length
of the divide wall being the same as before (i.e.) 300 feet. The enclosed
vents of the Vennar Regulator were kept closed.

The following tables give the distribution through various regulators..

PROPOSAL-2
STATEMENT-3

vide wall length e 300 feet
gxlofeVennar Vents enclosed 9 Nos.

’ Quantity collected Percentage

Name per hour | collection
Gl‘&nd Anicut Canal ees 17% lea 33.6 %
Vennar 32 lbs. 60.6 ¢,
Cauvery s 3% 1bs. 4.89
Ullar }1b. 1.0 9,
TOTAL 533 lbs. 100 9%,

PROPOSAL-3
STATEMENT—4 -

' Divide wall length w300 feet.
g:)v.‘o; Vennar vents enclosed 12 Nos.
~-Quantity collected Percentage
Name per hour ‘ collected
. ' ‘ .
Grand Anicat Canal 14 1bs. : 30.4
Vennar ' 291 1bs. 64-1 9,
c 1} 1b. 3.3 9,
auvery
11b. 2.2 9,
Ullar . EE

TOTAL ‘ 46 1bs. 1€0 9

The olosed vents of the Vennar regulator were operated intermittantly

; soour vents for flushing out the silt in the pocket, keeping the
g’ fzn%t;ggf I,,-egulator closed during this time. The sscond proposal i.e.
di.vid.e wall Qlaoed nine vents apart from the right end of the regulator was
incorporated: jn the model pnd these tests were carried out. The enclosed
vents Were obéned for a period of 48 n}mutes at regulqr intervils of 11 hours
94 minutes covtesponding to one day in a fortnight in the prototype. The
results are tabulated below :— ‘
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STATEMENT-5

i Percentage
Name Quan;lqg }?g‘lllrected collecte?l
‘Grand Anicut Canal 121 1bs. 271.2 9,
Vennar 301 ibs. 66.2 o
Cauvery 2% Lbs, 6.0 o,
Ullar 3 1b. 0.6 2,
TOTAL 46 lbs. 100 o,

The same experiments i.e. the operation of the enclosed vents of
Vennar regulator for a period corresponding to one day in every 15 days in
the prototype, were conducted in the model with the divide wall of 300 feet
length at the second main pier (i.e ) enclosing 6 vents of Vennar regulator
The results are tabulated and given below : '

" STATEMENT—6

: ; Percentage '}
Name | QUan:::Is.’ }(l:(c))\lllrected collectio?
Grand Anicut Canal 114 1bs. 3.7 %
Vennar 92 1bs. 45.7 9%
Cauvery 13§ 1bs, 24.4 o
Ullar 3 lbs. o 629%
TOTAL | . 4811bs. . 100 %

As suggested by the Chief Engineer (Irrigation) a divide wall of
length 232'6” equal to the length of the straight curtain wall was incorpora-
ted in the model, keeping the top of the divide wall below water level at
El. 194.00. The spur and the curved curtain wall were also incorporated in
‘:)h? model. The silt distribution through various regulators is f%lbl;,lété,d

elow : - .

STATEMENT -7

Quantity. . -

- Name. AR Percentage. |

. Grand Anicut Canal o . 8658
- Vennar C 3R Y%y
Cauvery : S A (X'

Ullar : R oo b %,

TOTAL ) X Co X . T Tt 100' %;‘ .

BE DA 1 AR B L
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Observations were also made for the same divide wall of length 232 6"

but the top kept above water level. The spur and the curved curtain wall
was removed. The results are tabulated below :—

STATEMENT—8

Percentage

Name collection.

Grand Anicut Canal :61 :/
Vennar %2 é
Cauvery 2.74,
Uller 160 0/
TOTAL - A

f divide wall was increased to 500 feet_ and the top level

of the El':\?i}leengg}ilowas kept above water level. The same six vents of Vennar
egulator were kept closed, the location of the divide wall being the same as
;.ngthe previous case. The following table gives the results of the observation:

made on this proposal.

STATEMENT—9

Percentage

Name. collection.

Grand Anicut Canal §(2)g ZA,
Vennar 17.2 é’)
Cavery 0.2 70
Ullar lbO A
OTAL %

7. Discussion of results:

n of the Grand Anicult tGana.l head JOSUIM;OT ?’ith reglpect' .

! d the other regulator seems to be most unfavorable in
to t?: };'wet;l (;?uﬁ':; ::ns to draw a disproportionately larger quantity of silt
tga ue :ime  hars of discharge. In this connection itis to be pointed out
t a;xths iuftake of Grand Anicut Canal branching off at right angles to the
that the o algo aids more drawal of silt into the canal. In Joglekar’s works.
E)amdrllver  riments and field experience have definitely shown that an off
X Ilgoa: ?x}gtangles to the parent channel does, in no way help exclusion,
C?n :ho or;:trary ‘muoh less too water, moving at high velocity is deflected
into the offtake as compared to slow moving bed water which brings ina

large amount of course bed materials "’(1).

The locatio

; led offtake of the canal combined with the general un-
favou;l;ltl)'.ierggfr:ftﬁe of the river aids in the movement of .a large .quantity
of silt into Grand Anicut Canal and the inadequacy of the slope of the canal,
further aids in the deposition of material on the bed of the canal.
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The results of the basin run clearly reveal the eifects menti
and the quantity of silt passing through Grand Anicut Car?al 1o$:g;6b§\;/a Anicut Canal head regulator is responsible for the reduction in the silt.
* []

(Table-1) of the total collected silt, while the discharge drawn by the canal intake by Grand Anicut Canal.

was only 15.1 % of the total discharge in the river (400 cf

cusecs). Though these model results may not exactl(y taﬁys‘q?l:gt?tfa%ﬁ}z(l)g The ratio of the velocity en lthehriv?é‘ ;ide to the \{lelocity oFr‘l the Crand

with the prototype values, yet they will furnish itati i . ) ide of the divide wall shou e greater than one (Figure 5 and
a qualitative appraisal of the Anicut Canal si eases the reduction in the percentage silt entry in

situation. tio incr
“ grﬂ%aﬂ?ﬁz{%;nal will also increase. This large velocity on the Vennar
~ The bed flow lines observed for this basic run show clearly (vide side of the divide wall will help in drawing more silt through the Vennar
Figure-5 and photo 1 and 2) have the bed filaments curve towards the Grand regulator.
Anicut Canal regulator. o d\ .
In the basic run it was found that the percentage of silt drawn by
Grand Anicut Canal was 76.2% (vide statement 9 and Figure 8) and after the
ph f the divide wall when the width of the pocket was about 83

Devices that are to be evolved for avoiding this silt entry into the introduction o
introduc vents of Vennar regulator, the percentage silt drawn by

canal may be divided into two types; (i) shifting of the offtake to a positi

: ! - ) . position ing 6
where the river hasha. favc&m"able curvature and (ii) providing suitahble struc- g:et e;ig?éﬁgo)anal was reduced to 42.8 % (vide statement 9). As the width
tures upstream of the head sluice to correct the flow to avoid silt entry into ofrige pocket Was increased the stilling effect of the pocket was more pro-

the canal. Item (1) is being considered separatel i ; : . . . )
; - i . A ! 2 y (as mentioned in the s reduction of the silt entry in Grand Anicut Canal was
history) and item (ii) is being discussed in this report. Other forms of solu- nounced and th 8o, as against the first proposal, the silt exclusion was

A . e - . ! ; er. . .
tions consist of providing silt ejectorsin the canal to eject the siltin the ;‘:::%i%dmf,ﬁ;t&d in the second proposal. Referring to Figure (8), the curve

canal into the Vennar nearby. Experiments were carried out alread i d i i

< A : y on this , ‘coly flatter after the second proposal. Referring to Figure (8),
in the previous years and reports submitted. :)}?gzl‘?::erggggfe:relatively flatter after the second proposal and there is not
appmigble difference in the sand entry bttheenli;;he‘ se?ond l;;ropqsdal and the
As a remedial measure, divide wall upsteam of t lat ; third proposal. Hence there is an optimum limit for the width of the
late the canal head regulator from the nia?in flow (\)Nas h?oéﬁg‘zoavzl;yt%s;sfm po::kei? bgyon which any further increase in width may not result in pro-
in excluding silt. Since the top level of the divide wall was above the water portioﬁately increased reduction of sand entry into the Grand Anicut Canal.

level and also the end vents of Vennar enclosed in th kot - - . ..
closed a still pond was created in the pOckets?ro:xrll Ewl?\icqlmcaenalwgl;'Zwkeirzt As can be 808 fram the&tatementé& the divide wall ot 9ﬂ’e.ct1ve. b
supply. The improvement in the exclusion of silt due to divide wall is bases diverting the silt towards the Vennar and Vennar can take up. this silt with-
‘on the reason that there is a difference in the discharge intensities»;;er foot out its bed getting silted up, asitisa natural river, directly having its infall

run in the pocket and in the river. o into the sea. -
. A scour hole gots formed at ghez glip of the dlivic}l]e wi?il%) in the shape of
Referring to Figure-3 and photos 1 and 2 it n that i . : : cone. 1ti8 necessary that the scourhole should be there as it aids
‘run the bed flow lines are converging towards thel G:faf;ge Anicut‘é’:,‘?:l ?,?;3 ':}?el:evd‘,ai’;xt):?:t reduction in the pocket. Considering the extent of scour at the
regulator and this is one of the reasons why Grand Anicut Canal is drawin nose of the divide wall, the materials thrown_into the scour, due to intense
a lot of silt, as the flow lines are indicative of the movement of bed loa.dg turbulence and dne to greater velocity on the, Vennar side are taken towards
When the divide wall is introduced and the enclosed vents of the Vennas - the Vennar reg ator.. The scour around the nose has got a good bearing in
regulator are closed, a still pocket is formed which, in turn, reduces th; digerting the silt towards the Vennar side. '

flushing of the pocket was tried and found to be effective

. velocity of water entering into Grand Anicut Canal. Ro the bed material is 1
Occasiona t entry into Grand Anicut Canal. With the divide wall at

dragzed towards the Vennar side where a higher velocity exists. It can be

seen from the flow lines (Figure 7 and . ines i sil
flected towards the river(side. The stg?;to(::skiﬁ;,sogsgg) g‘;?ﬁg‘:&me de- igeretg‘i]:cinxgatilrlxepier of the Vennar regulator from the right end and at right
cave curvature of flow and Grand Anicut Canal draws its supply ff-: C(t)}?- angles to it (second proposal) and with occasional flushing of the pocket, the
outside of the curve and hence the reduction of silt is effected. m e gilt entry was re uced, to 21. 27 as agam.st.33.‘6% (vide statements 2 and 5)
; for condition of A0 flushing. With the divide wall of 300 feet length at the
Referring to the velocity distributi . ' : "s'ec'nnd'ma}h piet enclosing 6 vants of Vennar régplator, the reduction of silt
(Fizars g to the oot 1y distribution diagram for the basic run due ‘to flushing offoct WS qupg to be much more (vide Statements 2 and 6).
(C g 3 e}; )gont_ours od jgher velocities are entering into the Grand Aafout "The duration of the opetation f the scour vents of Vamnar regulator was so
Vzg?xa ea sllulce ?‘Tnh' cpntoursf of lower velocities are entering into the arranged in the model as to correspond to one day’s operation in every fifteen
yonn: r r&gu a‘icor. | 15015 onle of the reasons why large quantities of silt are days in the prototype. It has to be mentioned that this study is only a
ntering Grand Anicut Canal and Vennar is not taking its due share of silt. -qualitative study ahd itican bo concluded: that the intermittent operation of
‘ Canal e eits, keoping the cansl closad:at the same time, helps fo reduce

But . X ‘ . b il s “entering imto Grand Aniout Ca t. In the field -

dmpe e e e ad combara ey Tomer vormily contous aro ore e e fudh out the sand accurnulated in the okt oan by done when-

tering into Grand Anicut Canal. This lower velocity of water near éer:;‘.; “ger it 1s foasible b.e. who,neveﬂr it i8 ‘possible to clase the canal for & day or
’ w’o- e ' i [ ; ! ' seld S0 ' i

I—-16

i
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DEEP COURSE

At times in the model, a narrow deep course got formed adia

right bzg,nk of the Cauvery river upstream of Grang Anicut Ca.naJl cx?engttfloatt%:
{vide Figure-6). After the formation of such a deep course an abnormal
decrease in the collection of silt in the Grand Anicut Canal was observed
and the percentage collection came to about 129, It could not be ascertained
from the model studies that the formation of such a deep course is due to the
divide wall or not. It cannot also be clearly stated whether such a deep
course when formed in the prototype will effect such a heavy reduction in
the quantity of silt t hat enters into the Grand Anicut Canal.

In view of the case and cost of construction, it is proposed th:
existing curtain wall (top El. 189.00) may be rsised to pEl? 196.0(1);}1?:1);};2
water level) so that it forms a divide wall enclosing six vents of Vennar
regulator in this case, no fresh foundation is necessary for a length of 232 «¢
and this may be extended to 300 feet. As seen from the results of the experi
ments, the percentage of silt entry into the Grand Anicut Canal is 56 5¢y~
when the divide wall top is below water level (El. 194.00) and its lengt.h ig
kept as 232’ 6 (the same length as the existing curtain wall). When " the
top of the divide wall is raised above water level the percentage of silt entry
into the Grand Anicut Canal is56.5% when the divide wall top is below
water level (El. 194.00) and its length is kept as 232'6" (the same length ag
the existing curtain wall). When the top of the divide wall is raised above
water level the percentage of silt entry drops down te 469 (vide statement-S)
The effect of still pond is more pronounced in the latter case in diverting tht;
bed flow to the Vennar side aud thus inducing a bigher velocity zone. Also
in the Figure 9 the curve shows that when the length of the divide wall is
increased, the percentage of silt entry into the Grant Anicut Canal decreases
For a length of 500 feet, the silt entry into Grand Anicut Canal gets stil]
more reduced to 29.8%. The divide wall ef 300 feet length enclosing 6 vents
of Vennar regulator may be tried in the field and if the performance comcs
upto expecta}fiolns, t:;}im ftl&q fr&nctiorllloti’) the divide wall may be improved by
increasing the length of divide wa another 200 feet makin
length of the divide wall as 500 foet, 20 fo § the total

8. Conclusion and Recommendations.

It is found from the results obtained, that a simple divide wal)
Whose top is above water level with the enclosed vents of Vennar regulator
kegt ctlosed. will prevent silt entry into Grand Anicut Canal to & considerable
extent, '

Regarding the width of the pocket, it is found that as the width of the
pocket, is increased reduotion of silt entering into Grand Anicut Canal algo
gets increased (vide Figure-8 Statement-9). Based on this it can be concludeqd
that it'is better to apopt a wider pocket for an effcotive silt reduction.. But
there is already an existing curtain wall enclosing 6 vents of Vennar regy-
later. Raising this curtain wall above water level to function as a divide

- CESAer
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wall will be economical and easy for censtruction. In view of this itis
proposed to have this width of the pocket enclosing vents of Vennar
regulator. :

It is observed that the function of the divide wall is appreciably effec-
tive only when its top is above water level (Vide figure 9-Statement 9).

Considering the length of the divide wall it is found that the length of
500 feet gives the best performance. Based on these conclusion the following
recommendations are made for this problem of silt exclusion in Grand
Anicut Canal. ’

(i) A divide wall of 300 feet length is to be placed at the second
main pier of the Venuar regulator from the right abutment and atright
angles to it enclosing 6 vents of Vennar regulator.

(ii) The top of the divide wall should be kept above water level.

(iii) If any batter is necessary for the divide wall, the face of the
divide wall should be kept vertical on the Vennar side and the batter may
be given on the Grand Anicut Canal side. ' O

(iv) The vents of the Vennar regulatoi' which are enclosed in the
pocket should be kept closed when the Grand Anicut - Canal regulator is

functioning. )

(v) The enclpsed vents of Vennar regulator may, he operated to clear
off the silt collection in the pocket with the Grand Anicut Canal head regu-
lator kept closed. The duration .of oggration and the interval of days
between two successive oparationgmay by decided in the field according to
the feasibility of closing thé Granfl uicyt Canal during rainy reason. Itis
desirable to have scouring operation’ fonat least one.day in about a forte:
night. R .

(vii) At first instance it is suggest‘; that no apron is made atthe nose
of the divide wg}l and after ong’ ¥eagon, tlje scour that may have occured at
the nose may be pitched with loose bouldq!s to the profile of the scourholes.

s o-vafviii) The end vents of the Vennar;tegulator just near the divide wall

Qﬁ*ﬂlé Veonnar stdo may beoperatett 30 alf tq discharge larger quantity of

watsr. But there fs an 6ptimum for this e # widge operation in-as-much
58 exaeagive steips would couse swirls ; g thrr peTwent Inerewedn ¢ischarge ia
m%“meﬁ.mm@h R T

The finalised recommendations ara fusnished in, Figure-1h© - -

- [
N v The e eegbe s

9. Scope for furtbé; studies. . .,

(1) The functioning of the diyide wall can be tested for various stages
in the river inc]uding,“ghf maximum. flood discharge and with various dis-
charges through the regulators. L Y

: Heot ot CERN R SRR e SLoer i

2) Shifting of the offtake two miles mpstream of _the prepent Grant
Anicué éanal heag can be studieg. Itis menggﬁ'ea't&t a }g’sb%x?:gle curva-
ture of the river exists there. An offtake-taken off from the outside of the
curve may not draw much silt and hence the shifting of the offtake upstream
to a place of favourable curvature may be helpful in solving the silt problem
in Grand Anicut Canal on a permanent basis. Studies are to be taken up en
this aspect.

[



PHOTO No. 2
BAS1C RUN

The Bed Flow Lines during the Basic Run are shown here



PHOTO No. 3

PHOTO No. 4

Proposal —I1
Length of Divide wall 300

No. of Vennar Vents anclosed 6

PHOTO 3 and 4 show the bed flow lines after the introduction
of the Divide wall.



PHOTO No. 5

PHOTO No. 6

Proposal —11I1
Length of divide wall 300

No. of Vennar ents Venclosad 9

The Bed Flow Lines after the introduction of the
Divide Wall are clearly seen.
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GRAND ANICUT CANAL—PROPOSAL FOR THE CONSTRUCTION OF AN
 DDITIONAL REGULATOR FOR EXCLUSION OF SILT.

With sill of the existing regulator raised to El. 186.86.

PART L.

1. Synopsis.

: In this part I, the proposal of raising the gill level of the existing head
sluice of Grand Anicut Oanal to El. 186.86 have been presented along with
the performance of the proposed Additional Regulator to be constructed to
compeneaté for-the reduction in the area of flow through the existing head
_sluice. The performance of the additional regulator for various discharges
passed through it has also been discussed. The results have been presented

in the form of Statements and graph. Conclusions regarding the efficiency
«of the proposal have been arrived at.

2, Model.

‘ The same model (part-width) as was used alre'a.dy was made use of for
“these studies.

The river bed and the bed of the upland drains were moulded in sand
assing through No. 14 sieve to conform to the levels furnished in the chart
‘of the Cautvery river for the year 1957-58. As per the suggestion of the Chief
Engineer (Irrigation) the sill of ths existing Grand Anicut Canal head sluice
was raised by 1 foot and kept at El. 186.86. Silt traps were provided down-
sstrexm of Vennar Regulator, Grand Anicut Canal head sluice and the Addi-
‘ttonal Regulator so'that the quantity of gand passing through each of these
three offtakes can be separately collected for the analysis of the results.

3. ‘Studié‘i and results.

‘.Studies,,\ivﬂera conducted on the same lines as described in Part-I1I, for

the following discharges through the existing head sluice and the balance
"}h}'ou‘h the id‘s&ional Regulator :
SN A ' Discharge ‘Dischasge
Experiment through the * through the
No. Additional existing
b ‘ : : ’ Regulator. - head sluice,
i SR e 80% 0%
2 : 3 e 509, 50 9%,

RTINS . 18% 2859
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Observations were made on the

\ e o performance of the Additional R i
;ggl:fal,?i% th;ei.entry of silt into the canal. The percentag; ::Hect?t;‘nuz)?tz;;g
i Uz I:Ch?‘f'ges through the additional regulator is shown in State-l
Anicut.Canagl ?01; valjioa&sodglrz;lwn for percentage of silt drawal in Grand
(Figare-3). s discharges drawn through the Additional Regulator

4. Discussion.

In the experiments conducted incorporating the prop6sed Additional

- Regulator for the cases of drawing 30 9, discharge and 50 % discharge-

;t;rvgtghl:]téfostagnant pool was formed in the upland drain upstream of the
véhax"-geg;. lmos:‘, .Clzgnfsequent on the backed up river water rendering the dis-
D aarge oo silt free. But the existing head sluice of Grand Anicut Canal

g raw sand almost immediately after the experiment was started.

After some hours of run, sand was seen entering the upland .drain slowly..

Considerable time was taken for th
e sand to move and reach the Additi
Regulator as seen from the results obtained, (Only 10% to 15%90f th; lt%l::{

sand collected as seen from the Statement-1). But the upland drain was.

‘blanket i i
Figrlllr:-f;i. with silt to a maximum depth of 5 feet to 6 feet in prototype (vide

It was observed that the iti ‘

i proposed Additional Regulator alse started
contributing to the : ! g i slarte
stage of the experir?;r;xqo.dmwal considerably into the canal during the later

To study the efficacy of the in the \ i
e propesal in the matter of silt reduction,.
another experiment was conducted under the same conditions, of operation.

“with the Additional Regulator drawi
. wing 759, of the ful nd the exis-
itxilx;g ;9&21'2;01' iira.w.mg the balance. 'Igh'e x{xo(:iel ‘:,:;1 rlu:u:g(llyd? wa'lh:f ,g{;sd
Sroo D the of na dwa.s observed. The results obtained are tabu ated galgoin
‘ ent-1, and the bed conditions befare and after the éxperim‘egtq.'z";ire

1

béen presented in Figure-2, v

A -
comparison of the results shows that there has been no appreciable.

reduction of silt due to the functioni

e the functioning of the Additional ulatar. Though

ot aom on and distribution as obtained e motol irs oot strioty

 tions, expecially:i ose of the prototype distribution due to the mode] limita-

. gented). .Yaet Atﬁ-m @j;?l"-tvgrdth medet (where onily two 'tegu}‘ét'dfs'dt"? epre-

effectiveness of t;;l'm ~setve to furnish e+ qualitative anal dlb""ﬁ#“&)" {lﬁe
e functioning of the Addtiona]f?R!ewﬁiaétor with régard'to

silt reduction. Figure-3 show the trend of sand drawal in the G. A. C. for-

increasing’ discharges ranging T d of sand drawa ¥
through t_%'é X&ﬁarges ranging Trom 309 to 75 9 of the full supply drawn

ional Regulator. . i .

I e : L] p A
in each%?ﬁ??v:gtwn (a) and (b) the results are shown to reflect the san d
sluice and through.tﬁgsﬁfd&?w {1.9. through the Grand Anicut Canal head
tions of the full supply discha x?gn:‘ Reg}_l_lator) for the three sgts of combina-.

sand dr:;:fiili%‘mrgg increases, there is a corresponding increase in the
drawal in Grand A,n'o -takes resulting in an over all incresse in the sand
: : T wut.Canal,umnfmFm“ag_ inor S

~ tional Regulator.
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As such, the proposed Additional Regulator cannot be said to be-
duction is concerned. F¥rom the observations, it is-

officient in so far as gilt re
ction that could be effected in the Grand Anicut Canal

seen that the silt redu L , )
is not appreciable. The lesser quantity of sand observed to be contributed by

the Additional Regulator is probably due to the fact thatsand collection in
the rear of the Additional Regulator could not be done as perfectly as.
desired. The water passing through the Additional Regulator had an appre-

diately after it left the regulator it came into con-

ciable velocity and immed!
tact with the already flowing water in the canal. The consequent turbulance
.created kept the moving sand in suspension and only the coarser sand got.

deposited in the silt trap provided for this purpose downstream of the Addi-
But it is only the small quantity of sand, remaining in
suspensior: becaygse of the turbulence, that might have escaped the accounting
for the Additional Regulator, but it had been include@-i# the total sand:
collected for the. Grand Anisut Canal. Relevent views of the model have-
been photo'graped and presented with suitable descriptions given thereon.

5. Conclusion.

As it is seen from the foregoing results that the Additional Regulator
drawing either partof the discharge or full discharge, cannot be said to-
have much effect in reducing the sand that is moving into the Grand Anicut.
Canal. Hence its performance in reducing the incoming sand into the Grand
Anicut Canal seems to be doubtful: But +this regulator may serve to supply
more discharge at times of need in case the existing regulator is not able to.

to draw the full sup‘gly.
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SHOWING THE NATURE OF BED AT THE END OF STUDY FOR 309,

STATEMENT 1.
DISCHARGE THROUGH THE ADDITIONAL REGULATOR
STATEMENT SHOWING THE QUANTITIES AND PERCENTAGE Ok THE RAISED SLLL IN GRAND ANICUT
CANAL HEAD SLUICE

DISTRIBUTION OF SAND IN GRAND ANICUT CANAL.

Percentage sand distribution

Discharge threugh the -
Additional Regulator. Vennar. Grand Anicut Additional Total in
v Canal. Regulator. G.A. Canal.
1) [0)) (3) @ (5

30% disoharge 57.70 %, 31909  30.40%  48.30 %

509, discharge e
75% discharge

54,59 9, 30.419 149 % 45319
51.37 %, 7529, 40.61%  48.13%

Vide graph Fig. 3.

STATEMENT II. D
PHOTO No. 1

STATEMENT SHOWING THE PERCENTAGE SILT CHARGE OF THB .
REGULATORS WITH RESPECT TO DISCHARGE Up stream of existing Grand Anicut
Canal Head Sluice

DRAWN THROUGH THEM

The percentages are based on the total sand collected in Grand Anicut Canal
including the existing head sluice and the Additional Regulator.

(a) ADDITIONAL REGULATOR. (b) EXISTING REGULATOR.

Percentage silt

Percentage silt s
Discharge through the through Discharge through the in Grand
.Additional Regulator. Additional existing regulator. Anicut Canal
Regulator, existing.
) () (1) ()
30 % discharge e 245 % 70 9, discharge ... 169 %
50 % ”» 32.89% 50 9%, v 67.119,
5 % » 84.399, 259, " 15.61%

PHOTO No. 2
Near the proposed Additional Regulator



RUNNING CONDITION OF THE MODEL FOR 75% DISCHARGE
THROUGH THE ADDITIONAL REGULATOR

PHOTO No. 3

Up sterem of Grand Anicut Canal and
Vennar Regulator

PHOTO No. 4
Near the Additional Regulator



PHOTOS SHOWING THE CONDITION OF MODEL AT THE END
OF STUDY FOR 75 9, DISCHARGED THROUGH
THE ADDITIONAL REGULATOR

PHOTO No. 5
Additional Regulator in the Upland Drain

PHOTO No. 6
Existing Regulator and Vennar Regulator
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GRAND ANICUT CANAL

PROPOSAL FOR THE CONSTRUCTION OF AN ADDITIONAL HEAD
SLUICE FOR EXCLUSION OF SILT

(With sill of the existing regulator at El. 185.86)
Part—|1

SYNOPSIS

This report deals with the problem of silt exclusion from the Grand
Anicut Canal by way of constructing an additional head sluice with sill level
kept at El. 187.86 on the common bank of the upland drain and the existing
Grand Anicut Canal, so that a part of discharge will be drawn through the
proposed additional regulator and the balance through the existing Grand
Anicut Canal head sluice, the sill level of which is proposed to be raised by
1 foot to mitigate the quantity of bed load moving into the Grand Anicut
Canal.

1. Introduction,

The Grand Anicut which is situated about 12 miles from Tiruchirapalli
is an old irrigation structure across Ullar and is a prehistoric breach on the
left margin of Cauvery river joining Qoleroon some distance downstream
from the said Anicut. At the site of the anicut, the river Cauvery divides
into Cauvery, Vennar and Ullar. There are regulators across Cauvery and
Vennar. After the construction of Mettur Dam. Grand Anicut Canal was
taken off from the right bank of Cauvery river at the Grand Anicut site.

2. Hydralic Particulars.
Existing Proposed
G. A. Canal Additional
Headsluice Headsluice

Sill level .. EI.185.86  El 187.88

1.
2. F.S. L. .. El.192.91 El 192.91
3. Bed width . = «. 180 feet 110 feet
4. Bed fall v 0:13/1000 0.15/1000
5. Existing discharge .. 4300 c/s
6. Existing size of vents ° .. 6 vents 30'x5'4" ...

3. Problem.

j

The bed of the Grand Anicut Canal in rear of the existing head slyice
is blanketed with silt to an average depth of 3 to 4 ft. with the result that
the present head sluice is not able to draw the required full supp y of 4300
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-cusecs. The Chief Engineer (Irrigation) has suggested that an additional
head sluice may be considered on the right bank of the upland drain so that
the backed up waters in the upland drain can be drawn to the Grand Anicut
‘Canal through the proposed head sluice (Figure-1). It was felt that the
‘supply thus drawn from the upland drain may not contain much of silt and it
was decided to study in the model experiments the approximate silt reduction
that can be attained by drawing (1) a discharge of 2150 cusecs (50% cusecs of
the total discharge) through the additional regulator and the rest of the
supply through the existing regulator and (2) full discharge through the
-additional regulator after closing the existing regulator. The latter sugges-
tion was made based on the line of thinking that the accrued benefit of silt
reduction if any for 30% discharge drawal through the additional regulator
may be extended to the extreme case of drawing the entire supply through
the proposed additional regulator (vide C.E.I's inspection notes dated
20-3-'59).

4. Model

A part width geometrically similar model to a scale of 1/24 was put up
representing the right bank and a portion of the Cauvery river upstream of
the anicut, same length of the upland drain, the Grand Anicut Canal and the
head sluice. The river bed was moulded in sand passing through No. 14
.sieve. .

A rectangular weir was provided at the upstream and of the model for
measuring the discharges 1st into the river. Another weir was provided
-downstream of the Grand Anicut Canal to measure the quantity of water
passing through the canal. The additional regulater provided was of 3 vents
of 20 feet each. 8ilt traps were provided downstream of Vennar regulator,
'G. A. Canal and the proposed additional regulator, so that the quantity of
-sand passing through each of these can be separately collected for the
-analysis of the results.

Note:—As both the alternatives suggested by the Chief Engineer
((Irrigation) namely 3 vents of 20 feet each and 2 vents of 30 feet each have
the same total linear water way of 60 feet the studies were restricted to the
first alternaiive (3 vents of 20 feet each) and the results obtained were taken
as representative of both the alternatives. For the case of closing tne exist-
ing head sluice and sending the entire discharge of 4300 cusecs through the
additional regulator, the required number of vents has been computed and
fixed as 6 numbers of 34'0” each as shown in Figure-1.

5. E‘iperiments and Results

Two experiments were conducted to study the effect of drawing partial
and full discharges through the additional regulator. Through the additional
regulator, 50% of the total discharge (i.e. 3150 cusecs) was allowed and the
balance through the existing Grand Anicut Canal head sluice. :

The canal water level upstream of the regulator (i.e.) in the Cauvery
river was maintained at 196.11. As per the details received from the field
the maximum discharge passed through the Vennar Regulator was 12,000 c/s
and that in the Grand Anicut Canal was 4300 cusecs. The corresponding
discharges were maintained in the model through the respeoctive off-takes,
The water level in the Grand Anicut Oanal was maintained at 192.91 which
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is the full supply level of the canal. The water level in, Vennar was main-
tained at 188.28. Sand of the same. size used for moulding the bed was
injected at the rate of 1 ¢ft/hour. The model was run under these conditions
for 438 hours at the rate of 12 hours per day. The quantities of sand passed
through Vennar and Grand Anicut canal ata place downstream of the
additional regulator were collected at the end of each day and measured.
The results presented here pertains to only that period during which the
model attained steady conditions,

The following table gives the quantities and percentages of sand
:collected in the above case: : y

Quantity of Percentage of

Sand Sand
Collected. Collected.
Vennar 78.55 Cft. 66.5 %

Grand Anicut Canal and the _
Additional Regulator ...  39.67 Cft. 33.5 9%

The quantity of sand passed through the proposed additional regulator
into Grand Anicut Canal was separately collected and measured. It was
only 3% of the total sand in Grand Anicut Canal collected at a place down-
stream of the Additiona]l Regulator. From this it is clear that the silt
charge in the flow drawn through the additional Regulator is less concent-
rated than the silt charge in the flow drawn through the Grand Anicut Canal
‘head sluice. Therefore, it was propose to send the entire discharge .of 4300
cusecs through the Additional Regulator so that it may perhaps result in
considerable reduction in the sand drawal in Grand Anicut Canal ultimately.

The next experiment was carried out, drawing the full discharge of
4300 cusecs through the Additional Regulator alone after closing the existing
regulator completely. The rest of the conditions such as upstream and
.downstream water levels, discharge through Vennar etc., remaining the
o size and member of vents provided for the Additional Regu-

.fzg:’:gx'lga tered to allow the full discharge (i.e. 6 vents of 34' x 5). The

‘model was run for 266 hours. .

table below gives the quantities and percentages of sand collected
for theT Bt.eady conditions obtained in the model .

Quantity of sand  Percentage of sand

Collected. Collected.
Vennar ‘ 21.125 Cft. 45319
Grand Anicut Canal 25.5 Cft. 54.69 9,

6. Discussion on R esults

In the first experiment conducted with the proposed Additional Regu-
lator drawing a discharge of 2150 ousecs, a stagnant pool was formed in the
-upland drain upstream of the new regulator, because of the backed-up water
.and the discharge was almost silt free. But the existing head sluice of
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Grand Anicut Canal began to draw and almost immediately after the experi--

ment was started. After some hours of run sand was seen entering the:

upland drain slowly. Considerable time was taken for the sand to move and

reach the Additional Regulator. Very little quantity of sand passed through
the Additional Regulator as seem from the results obtained (only 3% of the-
total sand collected. But the upland drain was blanketed with silt to a

considerable level corresponding to about 7 feet depth in prototype).

It was observed that the Additional Regulator also started contributing
to the sand drawal into the canal during the later stage of the experiment,.

To study the efficacy of the proposal in the matter of silt reduction, another

experiment was conducted in the same model under the same conditions of

operation with the additional regulator drawing the full discharge of 4300
cusecs and the existing regulator completely closed. The model was run,.

and drawal of sand into the canal was observed.

The results obtained are tabulated in the enclosed statement showing

the quantities and percentages distribution of sand to Grand Anicut Canal.

These results have been presented in Figure-2 in the form of a graph.

A comparison of the results shows that there has been no appreciable
‘reduction of silt due to the introduction of the additional regulator. Though
the quantities of sand distribution as obtained in the model, are not strictly
comparable with those of the prototype distribution, due to the model limita-
tion, espesially in a partwidth model (where only two reg}llators are
represented), yet this will serve to furnish a qualitative analysis as to the

effectiveness of the functioning of the additional regulator with regard to.

silt reduction.

As such the proposed additional regulatdr cannot be said to be efficient.

in 80 far as silt reduction is concerned.

From the observations it is seéen that the silt reduction that could be
effected in the Grand Anicut Canal is not appreciable. The lesser quantity
of sand observed to be contributed by the Additional Regulator is probably
due to the fact that sand collections in the rear of the additional regulator

could not be done as perfectly as desired. The water passing through the.

Additional Regulator had an appreciable velocity and immediatély after it
left the regulator, it came into contact with the already flowing water in the
canal. The consequent turbulence created kept the moving sand in sus-

Pension and only the coarser sand got deposited in the silt trap provided for:

this purpose downstream of the additional regulator. The rest of the sand
passed through the canal and was accounted for in the total collection made
at the junction of the Grand Anicut Canal. But it is only the small quantity

of sand remained in suspension because of the turbulence, that might have.

escaped the accounting for the Additional Regulator, but it had been included
in the total sand collected for the Grand Anicut Canal. .

7. Conclusion.

.As it is seen from the foregoing results that the Additional Regulator
drawing either part of the discharge or full discharge does not seem to have
much effect in reducing the sand that is moving into the Grand Anicut Canal.
Hence its performance in reducing the incoming sand into the Grand Anicut

Canal appears to be doubtful. But this regulator may serve to supply more-

discharges at times of need in caso th is not able to draw
the full discharge, © the existing regulator 1

STATEMENT SHOWING THE QUANTITIES AND-PERCENTAGES DISTRIBUTION OF ,

SAND IN GRAND ANICUT CANAL.

-

Without the

Additional Regulator - With the Additional

(Full discharge
through Additional

Without the existing
regulator functioning

With the Addittonal

functioning (Full dis- Regulator.drawing 1273 Regulator drawing 2156

Nanmge of river or

channel.

-charges through cusecs (30 discharge) ~ cusecs (30% discharge)

existing regulator)

Quantity Percentage

Regulator)

'Qnanfity Percentage Quantity Percentage
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of sand
collected
(9)

Quantity Percentage

of sand
collected
(8)

of sand
collected
(7)
66.5%

(6)

of sand
collected
78.55 Cft.

of sand

-of sand
collected collicted collected
4) ‘ v

of sand

of sand
collected

M

VENNAR

®

153%

?)
77 Ot

45.319,

21.125 Cft.

63%

85 Cft.

54.699,

25.5 Cft.

39.67 Cft.

37% -

53 Cft.

Column (2) and (3) & (4) and (5) vide I. R. S. Report No. 12/59 Pages 3 & 4. -

oo

GRAND ANICUT

33.5%

50 Cft.

42%

CANAL
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GRAND ANICUT CANAL
SYPHON AQUEDUCT—PROVIDING SAND VENTS

Part—I1]

1. Synopsis

Studies were conducted with a view to observe the performance of the
sand vents and the curtain wall proposed for construction in Grand Anicut
Canal at R. D. 2/34 for diverting a portion of the bed sand,. which the canal
carried from its upper reaches. A brief note on the problem has heen given.
The experimental set up has been explained and the results of the experi-
ments are furnished. Conclusions arrived st based on “these results are not.
encouraging for adopting the proposed construction at the site.

2. Introduction

The Chief Engineer (Irrigation) during the inepection of the Grand:
Anicut Canal suggested that the Syphon Aqueduct at R.D. 2/34.may be taken
advantage of for comstructing two vents in the left parapet wall of the.
aqueduct and a curved curtain wall in the bed to guide towards them, the silt
carried by the Grand Anicat Canal, from its ypper reaches.

The proposal envisages flushing of bed sand diverted by the ocurved.
curtain wall into the vents and thereon into the drain.below which.
ultimately sill hoin Vennar within a short distance of ite run. The gquantity
of discharge required for this flushing operation is preposed to be drawn in.
Grand Anicut Canal and ultimately letin Vennar through the drain at the.
aqueduct site. This proposal was thought of perhaps because the water
levels in Grand Anicut Canal and Veunar at this site will permit this flushing -
operation through the sand vents. Alao it was expeoted that the curved
curtain wall will divert the bed sand into the sapdvent effectively for
successful flushing operation. Figure-1 shows the ptopesals &8 received
from the field. It was required to test the eflectiveness of this proposal by
model studies at Poondi.- ; :

: v :

Accordingly, model studies for finding -out the effcacy of the device-
suggested by the Chief Engineer (Irrigation) wege congucted in & geometri-
cally similar model and the resultshave been presensed in this report.

- * -

3. Problem

It is required to determine from ‘experiments, the best arrangement:

for optimum flushing operation of #and; with least obstrugtion to waterway
in Grand Anicut Canal (i.e.) th® ditnensions and shape of the curtain wall
must be such that it guides_the hed load towards the sand vents, with,
minimum heading up of water in Ggand Anicut Canal.
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4. Data
Full supply discharge 4300 cusecs
Width of canal over the syphon 120 feet
Canal bed level El. 182.32
Canal full supply level El. 189.32
Size and number of sand vents 2 Nos. 80"x 10"
Sill level of vents El. 182.32

5. Model

A full width model was constructed to a scale of 1/12 with a mobile
bed moulded with sand of size passing through 14 sieve and retained on
18 sieve. The Grand Anicut Canal was simulated in the model for a length
of about 150 feet upstream of the syphon aqueduct. This portion was con-
structed to a constant bed width of 180 feet (Prototype dimension) and the
mobile bed was moulded with sand giving a suitable longitudinal slope.

The suphon portion and the two vents in the left parapet wall was
constructed in masonry and plastered smooth with cement. Shutters were
prepared in glavanised iron sheets and inserted in the grooves provided in
the masonry. A curtain wall 2 feet high 1} feet wide curved in plan as
shown in Figure-2 was constructed in neatcement. Sand traps for collecting
sand, arrangements for maintaining tail water levelsin Grand Aniocut Canal
and V-notch to measure the discharge passing down the sand vents, were
provided in the model.

6. Experiments

The miaximum discharge of 4360 ousecs was allowed in Grand Anicut
Canal maintaining the full supply depth of 7°0’. The two sand vents were
kept open by one foot. Dispharge corresponding to the full supply and 509,
of the supply were allowed in the model and the regime rate of sand injection
in each was arrived at after a few trials. The distribution of silt between
the sand vents and the canal and flow lines (bed and surface) for 100% and
50% of the sull supply discharge in the canal were observed for each of the
two different heights of the curtain wall tried in the model (namely 1 foot
and 2 feet height). Vide Figures-2 through 8.

7. Results and Discussion

The results of the observation are tabulated in the Statement below,
The percentage of silt passipg down the sand vents is found to be low as seen
from the Statement.

STATEMENT
_Perceniigge distribution of sand
Discharge in canal Grand Anicut Sand Remarks.
Canal Vents
Full supply discharge 98.89, 1.29

4 the full supply discharge ... 100 %

I—18
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Itis seen from Figures 2 through 8 that the flow lines entering the
sand vents are very few or none at all as compared with the large number of
them passing over the curtain wall. This has been observed to be 8o for both.
heights of the curved wall tried in the model. As the flow lines surve as an
indication of the extent of bed sand movement one way or the other, fewer
they are, the less will be the quantity of sand movementin the corresponding
direction. The distribution of these flow lines shown in the Figures clearly
brings out the reason for the begligible beneficial effect of the sand vents in
flushing the bed sand.

Another important point is the turbulance caused by the introduction
of the curtain wall in the zone of movement of the bed sand. As a result of
the turbulance created, the sand particles are 1ifted up from the bed and kept
in suspension only to jump over the curtain wall and not to get diverted by
it, as is erroneously expected. This provides the reason as to why the com-.
bination of the curtain wall and the sand vents will not be an effective
measure to get rid of even a portion of the bed sand moving along the Grand.
Anicut Canal bed.

8. Conclusion

From the results it is seen that only a negligible amonnt of silt is being-
flushed through the sand vents, by the curved curtain wall, Henoe it is not
advantageous to provide sand vents in the syphon aqueduct for the purpose
of flushing the bed sand from Grand Anicut Canal. :
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NATHAMPATTI CHANNEL-SILT EXCIUSION STUDIES

To mitigate the quantiy of silt passing into the Nathampatti supply
«channel and to divert the silt into the Arjuna nadi, many renedial measures
ware tried in the hydraulic model. Construction of head sluice at the off-
take to control the flow in the channel, use of various lengths of groynes at
various positions and divide walls of varicus lengths placed perpendicular to
the head sluice were tried. Finally, the behaviour of 100 feet length divide
wall placed perpendicular to the head sluice was found satisfactory for
maximum discharge allowed in the river. Efficacy of this divide wall for low
-discharges has been examined and thus studies conducted are reported.

" Experiments were conducted by allowing half the maximum discharge
through the river and full supply in canal, halfthe maximum discharge in the
river and half the full supply in the canal, quarter of the maximum discharge
in the river and quarter of the full supply in the canal. In all the above
«asges as the flow in the river was less than the maximum flood discharge, the
8ilt drawal in the canal was more. The divide wall was not an effective for
low discharges in the river as it was for the maxmum flood discharge.

For low discharges curved wall of height 1/3rd of depth of the watar
‘with its upstream face vertical and downstream face given a slope of 1 in
5, placed on the up streom side of the 100 feat length divide wall was used.
But after a certain period of run it was observed that the curved wall was
entirely covered up with silt and there was not appreciable reduction in the
entry of silt into the canal. : L C ‘

. Hence it can be concluded that the proposed divide wall placed-per-
pendioular at the line of the head sluice will have pronounced effect only for
the maximum discharges in the river. For low discharges, its effectiveness
reducing the quantity of silt into the channel is less pronounced.
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STATEMENT

Sl.

No.

. DISCHARGE

Percent distribution of

sand in

River

Channel

(a)

(b)

(c)

(d)

Half the maximum discharge
in the river and full supply
through the canal

Half the maximum discharge
in the river and half the full
supply through the canal

1/4th the maximum discharge
in the river and 1/4 the full
supply through the canal

curved wall with half the maxi-

. mum discharge in the river
and half the full supply thro’
the canal (vide Fig. 2).

EEA
66.4 o

70 o,

——————————

Full (100 o)
W %
33.6 ¢,

309,

For items a, b, and ¢ vide Fig. 1.
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SRIVAIKUNTAM ANICUT EQUITABLE DISCHARGE

In the studies already conducted three groynes used to shift the deep
course of the river from the left towards the centre. The performance of
the groynes for higher discharges was proposed to be studied in the model.
Generally the performance of the groynes in shifting the deep course will
only improve with the higher discharges.

Tor conducting this study the already existing model construced to a
scale of 1/180 Horizontal and 1/36 Vertical was taken up. As against the
original discharges of 97,216 cusecs, a dischage of 40,824 cusecs which is
nearly 14 times the original discharges was allowed in the model. Bef_ore-
conducting studies to observe the peformance of the groynes, the sanq injec-
tion rate for this higher discharge to keep the model in regime condition was
to be fixed. ’So, the model wasrun with the orlglpal coqdltlon without
the groynes, and diffent sand injection rates were tried. Finally a sandin-
jection rate of 17 1b/hour was arrived at to keep the river in the regime con-

dition for a discharge of 40,824 cusecs.

three groynes were fixd in position as detailed in the Annual
Repor;r ?:rnlgg?)-ltem %To.25/45 (Vide Fig.-3 of Annual Reportof 1958-Item
No. 25/45). A discharge of 40,824 cusecs was allowed in the model with a
sand injec‘éion rate of 17 lbs/hour. As before, the model was run for 54
hours. At the end of 54 hours the bed levels were taken along the cross-
sectioﬁs furnished already. The scour profile for the discharge of 27,216
cusecs with the groynes in position had already been taken and furnished in
the previous (Vide figures 6 and 7 of Annual Report 1958-Item No.25/45).
F I1);h's higher discharge of 40,824 casecs with the groynes in position the
sc?)lt.:r x;roﬁles were drawn along the same cross-section and compared with

the previous ones (Vide Figure-1.)

m the figure that the deep course which got shifted
% c{t :ﬁ: &en:::nfﬁoa discharge of 21216 cusecs does not get obliterated
owards discharge of 40,824 cusecs as was apprehended. Therefore, as
for hlgarted if the performance of the groynes in shifting the deep course

:]fr:t?g{-i?:r is alright for a certain discharges it will hold good for dis-

charges higher also. b 1th a

. sne the location of the groynes an e nose and the
o The det:;l: }{:8;‘;3;:1%5 to the river course are given in the annexed
lnclul.at.lon?d Figure-2). In the model, the top lev?ls of the groynes were
drawing \ etot pe) above the water level obtained in the model for the dis-
kept 10" (Pro A y ‘At the site the top levels of the groynes may be fixed one or
charge allowe ‘the locally observed maximum, flood level. Fixing the top
bwo foot aboveidf.hlts of the groynes and the thickness and the width of the
and bqttom w Oe are design aspects of the problem. .Wlth regard to the
lqunoh{ng alf‘rtohe nose, & struecture of 100 feet length, with a circular are of
dimensions 0  the bifurcation point (reduced to scals) was used in the
10 feet radius 80 o be adopted at the site, The length of the nose can be
model. The samssary to suit the site conditions. As has already been men-
inoreasgd if ne%e itm No. 25/45 of Annual Report for 1958, any rigid struc-
tioned lt‘l‘l Patge'h :r p edges can be had for the nose, preferably with a circular
ture withou

facing. —
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Vilangudi Bridge

i. SYNOPSIS

This interim report deals with the studies ‘conducted so far, in order to-
protect the left abutment of the Highway bridge constructed at the neck of
a S-curve of a small river called Vilangudi Odai. A brief description of
the model set up has been given. The details of the experiments are given
in this report and results discussed. It is found from the results that an up-
stream repelling groyne fixed on the left margin, will solve the
problem partly. The details of the further experiments that have been
done partly to regulate the flow under the bridge are given in this report.
The scope for further study is also indicated.

2. INTRODUCTION

9.1. Development of Highway is an essential requirement to any
nation. In this country, particularly in Madras State, the development of
Highways is progressing so rapidly that almost all the small villages may
have the much-needad transport facilities. In the formation of-Highways,
construction of bridgea is an important aspect. The main consideration that
requires careful and special attention while proposing a bridge is the selec-

tion of proper site. .

9.9. Inthe road leading to Chilamdaram from Tiruchi a causeway
across one small river called Vilangudi Odai at about 45 miles from Tiruchi
was recently replaced by a new bridge constructed dowrstream of that
causeway. This Vilangndi Odaiisa teibutary to River Coloroon. Two other .
small streams join this fain stream’just upstream of the bridge. These
three atreams simultaneously get the. ;maximum flow during- the rainy sea-
son and the total maximum flood discharge ie about.§500.cusecs.. The slec-
tionﬁ:} the site for this. new bridge was, made outin.such a way that the
bridge had to be looated .only on the meckief a 8-cury: just downstream of
of the junction of the three streams, marked A, B and C for the sake of easy
reference and convenience (vide Figure-1). The main stream A carries the

the bulk of the discharge i,e. adout 5800 cuseos, Since the flow in this stream
approaches the bridge along a curved course with the consequent concentra~
tion of flow on the left side, the left abutment of the bridge, gets attacked by
(i) direct impinging of water due to the cyrved flow. (i) Curvature effect due
to its beipg on the outer edge of the ourve and (iii) concentration of flow on the
left side. Naturally the right portion, of.the bridge, which is the innar side
of the ourye geats shoaled up on agconnt of which_there is very little or no
ﬂowjﬁrbxikh&hé left aputment.of the.bridge is under constant attack. The
reveiment and the bank-coanections are gonsequent y damaged. Therefore,
mode! studies were taken upin tm%_ﬁmrph, Btation to . suggest some
remedial measures to saye the left abutment. aund the revetment from, the
attack of the floods and also fo improve the flow oondition through the
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3. DATA
Maximum flood discharge in Stream-A 5825 cusecs
do Stream -B 258
do Stream-C 4.6 ,,
Total flood discharge in Vilangudi Odai 5579 ,
Maximum water level .. EI.92.40

Details of the Bridge

No. of spans 5 Nos.
Length of span 320" ciear
Thickness of pier 50" each
Road level 101. 50

4. MODEL SET UP

A geometrically similar model to a gcale of 1/48 was constructed
simulating all the three streams upstream of the bridge for a distance of
about 1000 feet and the Vilangudi Odai downstream of the bridge for a
distance of about 1300 feet. The bridge was made in teakwood and put up
across the river as per correct orientation. The total discharges was measg-
ured in a main leading flume over a reotangular notch. The discharges in
the streams ‘B’ and ‘C’ were also measured over V-notches fixed in the
respective leading flumes and balance of the total discharge was allowed in
the stream *A’. The bed of the model was moulded with 14-24 sand as per
the latest crosssection particulars received from the field. Arrangements
had also been made by way of putting up tail gates at the downstream end
of the model to adjust the water level in the model, if necessary
(vide Figure-2). ' ‘

5 EXPERIMENTS AND RESULTS

5.1. Studies were cenducted mainly with a view to save the left abut.
ment of the bridge from the-attack of the fioods and also to correct the flow
condition under the bridge, thus avoiding concentration of flow through a
fow vents alone. The bridge site was inepected by the Chief Engineer
{Highways) and instructions were given in the field to construct two groynes
one at the up stream of the bridge and the other at the downstream of the
bridge. It was decided to conduct studfes first to determine the efficacy of

this proposal.

5.9. Firstly, the model was run without any remedial measure in.
corporated in the model. The duration of run was fixed as one hour, based
on the sgcout pattern produed during some initial trisl ryns as it was found
that the extent of scour near the abutméntand around the piers was almost
éongtant after a duration of one hour. So, at the end of the one hour the scour

vendihgs were taken and the scour contours around the bridge were plottod.
Yj)d‘e »gmgure 3). Alsdoné flow lines weré'traced to assess the nature ‘of
v&' pw dpproach tawards the bridge from all the thrée stroamy and flow lines
are given in Figure 4. : S o S

il
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5.3. It was desired to pass the total discharge ufiiformly through all
the vents as much aspossible. So,.for the original eondition, the discharge-
through each vent was calculated by observing the velocity of flow through
each vent and knowing the cross-sectional area. The discharge distribution
curve was plotted and presented in Figure-5. The same three types of data
i.e. scour contour, flow lines and discharge distribution were followed for all
the trials made to assess the relative merits of each proposal.

Proposal-l.

. . 5.4, After conducting experiments on the lines mentioned above for
original condition, the suggestions of the Chief Engineer (Highways) were
incorporated in the model. An upstream groyne of length 25 feet from the
face of the left abutment was fized at a distance of 40 feet from the end of
the abutment of the bridge and a downstream groyne of length 25 feet was
fixed at a distance of 30 feet from end of the abutment of the bridge. Since
the flow was to be diverted away fiom the left adutment, only repelling
groynes as shown in Figure-6 were adopted. The repelling groynes were
inclined at an angle of 60° to the bank. As before, the model was run for
an hour. The scour readings were taken and the scour contours were plotted
(v.lde Figure-6). Th(_a corresponding flow lines were traced and presented in
Flgure-{. The vglocqyg_ﬂmre observed through-each vent and the discharges
were oalculated, _'I’h_q distribution curve is given in Figure 5 along with the
ourve obtained for, the original condition. :

5.5. Based on he observed scour contours for the two trials i.e. wit
and without rpme‘dgq}t 1%,‘6&;1}? s as suggested by the Chief Engineer (Hightf
ways) the following cenglusions are drawn. When the model was run as
per the original ¢opgdition, without any device, deep scour was formed in the
model arogngi,??e abutment and the first pier ascan be seen from the Figure-3.
and the photps Turn in 0

1 the same Figure. The 75 feet contou
the abntme:ﬁg 8 i ntour passes near

3

Soralt hed ir} the same I
nd >rg?;,mém indicating the deep scour in that region.
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. 5.8, Bgir 5"_"t,z,ipg,,to.3the Figure-6.in which. the scour contours for the
! ;l:pos‘a!_-:iiyvggt}n_ e.remedial measures as suggested by the Chief Engineer
(Highiways) were drawa, it;1s seen that no deep scour has been formed near
tl}e abu‘tn.)ent. e 49’9 _scgur has heen shifted to the first ahd the second
pier. This can be slearly‘seen from the photos furnished in Figure-6,

The 80,00 contour is gpen arppad the first gpd the second piers, but
the abutment only 90.00 dontogi‘ is passing, thereby indicating thatn:g;

abutment has bepy almast, saved from deep scour by the up stream groyne.

] , 8 PR Hho6 thalEd for thb ‘original sondition; 4 i
Bbeer ved ¢h ‘;I? g‘%ég" entrativn of ‘dw‘i?h 455 Toft side, the maximum
{3

i ‘

Y¢o 1gft éXtrd év’én{f“a{'lﬁ!on very little flow

¢
-

vicféiﬂfflguf‘éiﬁé'. in is'Mhiainly ‘due to the

drved. flo  ptread | {¢h carrled the ‘major phrt o €btd]l dischargi
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