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" VOLUME II

PERIYAR MAIN CANAL;—PROPOSAL TO EXCLUDE
BED SEDIMENT WITH MINIMUM WASTAGE
OF WATER.

(C.B.I. & P. No. B-2)

Synopsis :

i ich is the main feeder caual of erstwhile famous
Periyar Main ﬁ:nsll) ﬁ?lggp;; from River Vaigai at the site of Peranai
Periyar Project pllifce the other canals under similar conditions it had drawn
regulator. ]ustl d. A novel proposal to convert the left extreme vent.of
heavy sediment 1l0ac to a scouring vent was put forth by the Super_mtenc.hr;g
Peranai Regulator n The proposal was theoretically analysed and split up Ln o
Engineer in charge% arts. Optimum dimensions were arrived at for these
various Cpmponef}d pf models. The efficiency of the final shape of the proposal
devices with the &1 0'cer of 5, 10, 15 and 20 per cent of the full supply discharge
with a waitlaigsec?)frlggered sufhcient to justify the proposal. Detailed recommen-
of the can

dations regarding each component part are also given.

1. Introduction :

: . i i e main feeder canal of the unique Periyar

1.1, Periyar QMSII\I,h?;?a:h;SrS; off of Periyar basin was diverted to Vaigai
irrigation Schems ille long tunnel from the Periyar laks formzd b}{_a dam. The
basin through a ml icks up its supply from River Vaigai at the'site of Peranai
Periyar Main (:Jana;tg:l across it lowzr dowa with th= sols purpsz of dlvert_mg
Regulator _con:tfllllv canal (vide Figure 1). Naturally supplies just sufficient
the ﬂowt'mtod;nfand were let down and the canal had drawn large quantity of
for irrigation

roblem of drawing sediment-free water into
‘coarse bed load. igélrt:cllyartlgea%ovel proposal to convert the left extrfame_vgnt
.the 1gemal Wa};e‘;(l’lriztor into a scouring vent was put forth by the Superintending
of Peranai

Engieneer in charge.

ill of the Peranai Regulator is 3 feet lower than
1.2. The PrOi’o;“ig—l;fie(; lgfolt)etl}jlyar Main Canal. It was contended that
the sill of the heta Fﬁgient and two more factors will have to be reahsed,_.nam‘el
this alone was r}Ot Sl:he canal and curved entry into the scouring vent with high
straight entry 1nt ﬁrou h the scouring vent. Hence it was propasz1 to exc avate
velocity of ﬂ?“i ¢ theg head regulator and turn the left extreme vent qf Per nai
a chalnxt]el 2;(125 t(()> have its alignment at about right angles to the Perivar Maiy
Regulato

1 Regulator. It was also proposed to convert the 40’ wide vent into foyr
. Canal Regulator.

- apable of being opzrated individually. A few groynes
Yentsa?s iele)tro‘;),:gz(f E}cghd(i‘sgrt the flow into the straight channel,
were X |



2. Analysis of the Proposal :

2.1. The principle on which the device works i
straight channel. An interesting fact is mentiorslelci ti}ria:noilﬁc?clof.ftake from 3
on fourth meeting of I..A.H.R. that a canal offtaking at right emlthe report
parent 9anal and drayvmg only 1/6 of the total discfl’arge a.%lowfjl ne es from a
much silt as the main canal. Schoklitch has given from m (f lten times as
the rc;latlonshlp between the division of bed load and discha? ; feXpenment
of 30°. He has also shown that most of the bad material fge Or an angle
channel entered the offtake when the angle was changed fr. "30° the parent
discharge in both channels after bifurcation being the same OI’Il‘lh30 —150°, the
zre reproduced in Figure 2 from which it can be seen that the offte Il;?latmmhips
T;ewﬁas much as 50 per cent of the bed load when discharge shar da {18 channel
he figure indicates in general terms that an offtake from oc s only 20%.
will draw silt in much larger proportion to its discharge @ straight channel

2.92. For the abovementioned principle to b ; '
the proposed scour vent should act as a dIi)s‘cribut(;ar;I1 }})11;251(1 atr?d t'}tle present case,
appear thata channelised flow into Periyar Main anal will,m.amke1 t}lelll eventually
oif1 the vent much better. But a channel dug in the river bed i erfunctmning
. silted up. Whenever flood occurs and may necessitate canal e o lkgly to get
year and hence a proposal which will have the flow to erod ?thavatlon every
so as to give an axial approach to the head sluice, had to be et channel
the inclination of the scour vent in plan to the Periyar H (siought for. Again
be recognised as an important factor ™. It wasy also 2 cgulator has to
longitudinal extension of the wall accommodating the scourC onsidered that the
extent would function as a divide wall during floods whi vent to the desired
exclude the bed sediment to tremendous degree. ch is well known to

2.3. Thus the studies were
pointe proposed to centre around the following four
(a) To evolve a structure to induce a strai
into the Periyar Main Canal. straight channel approach of flow

(b) To arrive at the best inclination (i
the proposed scour vent. ton (tn plan) of the wall accommodating

(c) To arrive at the optimum length of the wall to act as a divide wall
vide wall,

(d) To study the sediment exclusion that would be effected by th
y these

improvements.

It is to be stated that the studies w i
ere . .
such a low stage as 1,600 cusecs in a river ha\cz(i)r?glie;sd .WorthWhlle» since, at
cusecs, the tractive force along the bed may be little gllénum flood of 70,000
10 per cent may be able to reduce this sediment entry to a m:r\{gcll 3é Vtvasgage of
xtent.*

3. Experimental set-up :

3.1. A mobile bed river model to a hori
t F 1
scale of 1 : 20 was constructed. The entireZ Olgle?;nsaf? llgggtu}at.orm(l)): o vecl‘:;i;cial
? nyar » al

* When Sri D. V. Joglalzar raised the doubt as to w
V ; to what sed’ment exclusi ou' f
3 on cou'd be effestad

with such a low wastage as o ot 10 per cent, this was ¢ §
>, ts was gl/enas ar
eply and h: was pleased to actept
, ~ . to aczept

the point,

“at its nose with a resul

.
a short reach of Periyér Main Canal and a sufficient reach of

Head Regulator, .
were all simulated. Local river sand was used as mobile

River Vaigai upstream
bed medium.

3.2. Asthestu
were for local action,
injection of sand charge

dies were all concerned with a channel flow and th

e struct
the quel was pro_ved. only to an extent to find the ratlclergi
which will maintain the bed configuration.

4. Experiments and Discussion :
4.1.1. Structure to induce the flow to erode a channel for axial a
aim was to evolve a structure which will make the flow erode a cfﬂgﬁf }sltr—a;r lﬁi
to the head regulator. Hence it was obvious that it should function for %h
lowest possible flow 1n the river. As per the present regulation practice, Peri ae
draws 1,450 cusecs out of which 50 cusecs is let down into {:he rize;

Main Canal A ecs out «
through a sluice on the right bank to flow back into the river f i :
anicut. Arbitrarily 2 discharge of 75 cusecs was proposed to bfa s(;;tc?ﬁiﬁg

the left extreme vent of the Peranai Fegulator. Hence experi

conducted with a How of 1,525 cusecs in the River Vaigai. T%e u?xféﬁél wvsre

run for 45 hours to test each proposal installed. Sand was injected at tl?s
After the run scour readings were taken and contourg

rate of 10 lbs./hour.
f the contours were taken as indicative of the utility

drawn. Configuration 0 ;
of the proposal in inducing a straight approach, though the contours levels may

not give quantitative scour pattern in prototype.

the structure itself, the field officers were in {
ositioned as an attracting spur causes ﬂowa’zlo0 Ié(l;r?(feflrt):'lrf :
tant curvature of flow which in turn caused the bedate
scour and a deep channel to form. This in turn attracts the flow toward '(t)
as the river falls so the deep ghannel tends to persist and this continues so 1'; 1
as the curvature of flow remains favourable, which properly locates spur tenrc'llg
to ensure. A single unrelqtegi spur or a single island will not, however, hold .
river permanent ¥, unless it is connected with a large area of submer, ed 1i '3
materials (rock, ime, kankar) " *. ged rigl
But a single spur, by creating and maintaining a curvature i
it to swing bac and an oscillating flow is set up. gI-Ience, to avoci’fl 11(})1‘;2 lsI\lN(’iilrllce
a series of spurs were proposed. But scour holes which form at the nose of thesgé
spurs is of an inverted cone shape with the apex at the nose and it should be
paved. Series of such paved scour holes disturb the flow to a considerabl
extent. Hence, it was thought that a straight bank in rear of a spur ;
that it would satisfy the following *hree conditions :-_.-p may

serve better in
(1) It will prevent the swinging flow in rear of the spur.

9) It will give a straight deep scour along its t i i
@ Jong way to a smooth channelised ﬂogl. Th?sei;” glghai“mnn fg tha
particular part of study. of the

3) The yevetm.ent of the bank will serve as a rigid .
( " umison with the spur in holding the flow Peg;m;nnz:ftlil;l to act in

_ 4.1.2. As for
“ Spur when correctly p

4.1.3. With this in view tests were conducted in three seri
with a set of two spurs, the second with a straight bank in ;ZZr Sglfqe;s s;}:; ?trﬁ;
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length of bank and inclination of spur being varies. This is preferably called a
Guide Bank for brevitv) and the third with series of three and four spurs only.

Scour contours for six salient tests are given in Figures 3 to 8. Out of these the
guide bank of Figure 6 is adjudged the best. '

Hence, further experiments on the other parts of the study were done
with this guide bank in position. Throughout the studies the efficacy of this

guide bank in giving a straight approach was observed and found to be
satisfactory

4.2. Best inclination of the scour vemt.—This part of the experiment also
was done with 1,525 cusecs in the river. The left extreme vent was constructed
to 8 feet width and 75 cusecs was passed through that vent. A curved wall
was simulated to guide the flow from the scour vent to the left vent of the
Peranai Regulator. The scour vent was placed at angles varying from 90° to
120° successively. Sediment reduction over sand drawal in the basic run was
calculated for each of these tests and the results are furnished in Statement 1.
It can be seen from the statement that the scour vent inclined at 90° to Periyar

Head Regulator yielded the best results. In all the further experiments, the
scour vent was kept at this inclination. ’

4.3. Best length of divide wall.—Divide walls are known to be at their
best when there is flood in the river or when the full width of the river is covered
by the flow. In lower stages their functioning is erratic.. Hence by a few
trials, a discharge of 5,000 cusecs was chosen for this part of experimentation
as the discharge of 1,525 cusecs adopted so far did not cover the full width of the
river. The divide wall was kept at right angles to Periyar Head Regulator
as per the results obtained in the previous series of studies. For this stud
the constriction of the left extreme vent was removed and all the ten Shutte}r,é
of Peranai Regulator were operated equally. The main canal was drawing its
full supply discharge of 1,400 cusecs. Percentage reduction over the sand
drawal without any device was taken as the criterion. Results are furnished in
Statement 1T and from the sketch accompanying the statement it can be seen
that the 100 feet long divide wall gives the best results. ’ ¢

4.4. Sediment exclusion with the final shape of the proposal.—4. .
the left extreme vent of the Peranai Regulatorf was 'di\fi ded Tn‘%c :'lf;) uI;n;aE}’i
vents 8 feet wide each and .ex'tended upto the divide wall by means of Cu;lveaa
guide walls. Incidentally, it is to be observed that restricting the ventway ig
not going to give a higher velocity (as was meutioned in the original PrOPOZaJ)
as u: v locty is governed by the head causing the di '
this »~rticular case the gate opening for a discharge of, say, 70 cus-cs to he
pass \d through a vent 40" wide with a I}ead of 12 feet, works out to 1.2 inches
the operation of which m~y be almost impcssible in the field. It is presum é
that this fact might have been the cause for the proposal to reduce the size of
the scour v nt. Anyhow, dividing the vent into smaller vents may also haveo
benefic'al cff:ct in that or a given gate opening, a smaller vent will functi a
with a 1 wer discharge. As per the present information the transported Seg?
ment pa'ses a ventway ina more or less vertical band in the middle of a ani
whi h siggests that a smaller vent with a larger opening may give a better
sedlment exclusion. _ ‘

scharge only. But in

3

i o e decided to divide the vent and tests carry out’ the
g ‘442, -Henee€ ét‘ezﬁjggigi the divide wall have their sill at El. 614.62 (the,
further. The er ?he lgeranai Regulator) and were prowdegl with shutters. Inter-. ’
same as thatg lls were simulated right from the divide wall to the Peranai
ve .ing curve wi}nt'ain the high velocity of flow in rear ‘of the vents even when
Regulator to mtad individually. - The outermost curved guide wall was teken
they are operate water level. To improve the functioning, the frontage of
above maxlmu_Iile the Periyar Head Regulator was paved so as to act as a deflect-
this wail Opposdl‘ 200 feet. The details of the final shape of the propos:l cre
1:g vane of ra rlu% and 10. With the Periyar Main Canal drawing 1,400 causes,
shown in Figures of 70, 140, 210 and 220 cusecs were sent by operating one, two,
waste dlschargeSf the -vents to the same extent successively. ~The reduction in
thr.e and fOufrs(e)md charge over that of discharge percentage are given in State-
I;féﬁin{tﬁge ’?‘hese reductions can be seen to be quite substantial. '

5. Conclusions and Recommendation : o _
‘ ies conducted it can be stated that the proposal
5.1. Asa rels‘ﬁt g}ftigfnitu\f-ient of the Peranai Regulator into a seourpvent
to eqnvert thteh econ ditions to a marked extent. While the percentage reduc-
wili improve t §tatement III are considered sufficient to justify the propcsal,
tions given M t be taken to indicate directly proportional quantitative imprcve-
they shoiid 27 tally it is to be noted that even sediment excluders require a
ment. I.nCI(%)eI‘l ? 2% to 30 per cent of the canal discharge. The proposed scour
wastage of 2 m}gioning with as low a wastage as § per cent of canal discharge is
vent v:h&li (;f;llgg get choked up, as sediment excluders usually do. The principle
expecte

; i ) the excluders and ma
4 s a whole 1s conmc}ered_better than y
an.(‘:c t’:cllllz I;;‘glv)gisﬁ;; conditions of the rivers in this State.
sul

ide bank it is to be stated that spurs as river traini

5.2.1. As regt?)r%?ngr: llc)lge?l adopted in the case of large meandering rivell‘lsg..
measures appear ts are considered to be the only mode of solving problems of
Mod .1 expertme™ Sime condition®. It is considered that the present problem
flow under non-reg A channel flow in a river can easily be classified under
being one of tra lnln%ndition. The model showed that a guide bank will func-
eglm%gt spurs are considered much cheaper and as effective as
Y Under tﬁese circumstances, the nature and type of constructicn
guide banks ‘bank (whether to construct as a long bank or as a series of
of LheJr gglg;urs) is left to the decision of field officers.
armo

ce of guide bank, acting as a spur and speciall
5.2.2. Thé% Egsgeeﬁr?oﬁlded agnd protected (foundation being takex? to c¥1
the tip shoul than the scour shown in inset in Figure 9). Velccity ob erva-
elevation lowe;rh o flow of 30,000 cusecs are given in the same figire just to
tions mad}iﬁe Vr‘gg gnitude of velocity that can be expected. The portions should

i]ildigit'eg ;e d suitably to withstand the corresponding velocities.
e d:st

ivide wall it is recommended that the foundation should
5k3 Av:e{?%:}:;,dgér:nai Regulator sill and’ after a flood the scour hole
be taken

4 the nose of the divide wall, could be paved to suit the profile with heavy
aroun

stones each weighing not less than 500 Ibs.
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§.4. The outermost curved wall should be taken above the maxi
water level of the pool. The other curved walls need be only to the heféﬁu;?
flow expected in rear of individual vent. y to the height qf

5.5. As for the advantages on account of restricting the vent size accurr:
the model cannot indicate any definite infermationn%e,cuase. of S"t?;é uf}?g(l,:f
defect of this type of models, namely, the suspended silt is not Simﬁlat‘&
Hence, it is recommended that construction work for dividing the vent can be
taken up only if the field officers consider the gate opening as impragtical and
decide on dividing the vent straight away (vide para. 4.4. 1) otherwise :btctype
observations can be made for one or two seasens by COBStr_iCtifig the even
temporarily before constructing the inner curved walls permanently. -

6. References :
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STATRMENT 1.

RESUBEs oF GRDINENT GOLLBGTION TBEIS CONDUCTED TO WIND THE BEST INCLINATION OF 6COURS
i VENT ARIGNMEBNT.

Dischergs ih river ... 1,525 cusecs.
Rate of infection of sand charge o 10 1bs./bour.
Total nwnber of hours of run . 45

- Fe
PERANAL—"
REGULATOR —
. ' 3 ¥ 3/
Tolal s‘ami 4 P ' o
ils. drawn into verage evcentage
No. Detasis Periyay  houtly dvawal. veductiofz. Remarks.
' Main Canal. :
a) 2 (3) (4) _ (5) 3 )
- . Ty
] LBS. LBS. 1B8.
) i 418 9.3 The 1
th guide bund as in e left exit vent was
1 W;ﬂg afe 6 and no scour turned as ptoposed. not
vent.
: ¢ 9.3
ith no guide bund and 419
2 w:vt?th-scogur vent at 80°.
3 With guide bund and scour 147 33 64.5 These tests were conducted
vent at 90°. . with guide bund as given in
. 8 49 Figure 5.
4 With guide bund and scour 7 . 47.8
vent at 160°. '
. 167 3.7 80.2
ith guide bund and scour
5 leeng at 110°. ‘
With guide buad and scour 188 4.2 549 Do.

vent at 120°.

8.3 — Col. (4) X 100

Nm,—\Figﬁres in column (5)m =3
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STATEMENT 11

7 "RESULTS OF SEDIMENT COLLECTION TESTS CONDUCTED 10 FIND THE BEST LENGTH OF

§

STATEMENT II1.

RESULTS OF SEDIMENT COLLECTICN TESTS TO FIND OUT SEDIMENT EXCLUSION EFFECTED BY THE

DIVIDE WALL. PROPOSAL.
Discharge in river . 5,000 cusecs. Discharge in river ... 1,400 cubic feet
Rate of injection of sand charge 300 Ibs./hour, Rate of injection of sand charge Phllg ‘l"l’;St}fiowater
Total number of hours of run 45 : B ./hour
Total number of hours of run 45 hours
Total sand
drawn Avevage  Pevcent-  Pevcent- : Waste water. Total sand drawn. Avevage hourly
No. Particulars. into hourly age age Remarks. drawal.
Periyar drawal. reduction. ’ - Pevceni- P .
v , main canal. No. In pevcentage Pemyar Pevanai Periyar Pevanai ag: ;;ceent Remarks.
) @ @ e (5) (6) @ In  of PM.C.full  Main  Regu-  Main  Regu- veduc- '
¢ ; ‘ ) C.ft. supply discharvge.  canal. lator. caral. lator. tion.
. L. 3
LBS, LBS. 1) (2) 3) “) (5 (6) 7 (8 ) (10)
1 Basin run (without any 3,080 (8.4 22.8
divide wall). . 1 70 5 174 384 3.87 8.53 31 67.5
9  D’Wall135’long ... 544 12.1 4.0 82.5 2 140 10 109 481 2.42 107  18.5 79.6
3  D’Wall125’long ... . 500 1.1 3.7 83.8 3 210 15 71 510 1.58 11.33 0.12 86.0
4 D'Wal100’long ... - 618 18.85 446 806 Bes{: llength (vide Figure 4 280 20 96 457 2.13 10.16 17.3 79.1
: elow).
5 D’ Wall 75’ long e 882 19.6 6.53 71.4 Col. 6
- Norg.—(1) Col.8 = Col8 Col7 x 100
) Col. 4
NotE.~—(1}Col. § == - x 100 1400 c
4 o D = ———— == 01.8
e (2) Col.9 = rrresrory X 100
.8 — Col. x 100
@ Col. 6= 228—C0L5 . 1q0
22,8
1400
x 100
1400  Col.2
100
o - e e o .
o . ““"":—#__A .
80 5 / -80
- »
® " 70
@ £
, & S 1. .
-60 / 60 S
@ |
o 7/ i
B~ ] / !
-
I . L )
30 @ - BEST LENGTH
@
Q.
-20
pivide Wall Length
)
2‘5 550 7? lq0 |¢15 !qO
&-20

P-11-2
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~ SREEVAIKUNTAM ANICUT—EQUITABLE DISCHARGE.

1. Synopsis :

The report deals with the studies conducted to establish equitable distribu-
tio of discharge through the two canals taking off from either side of the anicut
by _hifting the deep course of the river from the left margin to the cenir\,’
Th ' e groynes of length 435 feet? 495 feet and 342 feet resp -ctively werc fcrnd
to Me the best to achieve the object. Two curved leading cheznnels bifurca’r"ng
from the shifted deep course, a little higher up the anicut were finalised. Cir.
cular curve has been found to be the ideal one for the shape of the nnse at the
bifurcation point. To protect the groynes and the no<e during floods launcling
ap ons have been proposed. ’

2. Introduction :

2.1. Srivaikuntam anicut is the eight and the last anicut across the river
Thambraparani which originates from the Western Ghats and flows into the
gul’ of Mannar through the Tirunelveli district for about 75 miles, draining
an area of 1,750 square miles. Two main canals, namely the North Main Canal
and the South Main Canal take off from either end of the anicut, their sill eleva-
tions being kept at the same level.

2.2. Salient features of the anicut and the canals anicyt—

Crest level lower portion ... 39.40 (1,0\26 ft. long).
Crest level upper portion ... 41.10 (226 ft. long).
Upstream apron level ... 31.40.

Sand vent right side .. 9Nos. 4' x 4.

Sand vents left side ... 9 Nos. 4’ x 4.

Total No. of spans (29 spans each 38’ 0* 33,
long, 4 spans each 37’ 6" long).

Piers ... 32 Nos. 4’ 0” thick.
North Main Canal—

Sill level of the head sluice ... .. 31-40.

‘No. of vents ... 6Nos. 4’ x 8.

Full supply depth in rear .. 60

Full supply discharge ... 1,330 cusecs.

Bed width ... ' cee ves .. 360"

Ayacut ... .. 12,093 acres.
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South Main Canal—

Sill level of the head sluice ... .. 31.40.

No. of vents, 5 Nos. ... ... 2Nos. 6 x 6.
3 Nos. 4’ x &,

Full supply depth in rear .o 70"

Full supply discharge ... 1,525 cusecs.

Bed width ... .. 500"

Ayacut ... ... 12,185 acres.

3: Problem: *

This anicut, being the tail end one, does not receive adequate supply ang
no water flows over the anicut except at times of flood. As the low disc}}’1 .
runs for a partial width of the river, deep course usually gets formed inaifgle
river along left margin due to a sharp bend of the river, at this site. The Nort}e1
Main : anal, by virtue of its closer proximity to the deep course of the rj
draws more water than its due share, thereby depriving the South Main (;Veri
of its full share of supply. The problem, therefore, consists in shifting the S-:a
course of the river towards the centre of the river for establishing condition fe
equitable distribution of water in the canals at times of lo > or
1iver.

4, Model :

A model has been constructed to a scale of 1/1°0 Horizontal
vertical representing the entire anicut and the canals on either side a
of about a mile upstream and about half a mile downstream of
Preliminary studies have been conducted and the model proved.

and 1/36
nd a reach
the anicut.

5. Studies :

5.1. Experiments were conducted with a dischar :
the river—the discharge just sufficient to make theal;geed os‘,fil'c2 7r}12c}\§e St}cshecst o
canals drawing their designed discharges. The rate of sand injection was fe wo
out to be 11.25 1bs. per hour to keep the river in the regime candition 0’}1;11,:1
condition was maintained for all the proposals studied. ) 18

5.2. To shift the deep course of the river towards the ce
five proposals consisting of groynes placed on the left side of the ri
tried. After 54 hours of run for each proposal, scour profiles were falr{lg/ne ra:;fer?
the river along the five cross-sections and the levels were plotted :—- 058

ntre, the following

(a) A single groyne 320 feet long was tried  ( ide Figure 1).
b) Three groynes 360 feet, 457 feet and . .
() If‘?gué; : .‘}ZI). and 375 feet long were tied (vide
(¢) Three groynes 435 feet, 495 feet and 342 feet long were tried (vid
Figure 3). €
(d) With a view to get reduced lengths of groynes three g
334 feet and 342 feet long were tried (vile Figsr{ér?g.nes 283 feet,

Three groynes 300 feet, 334 feet . : -
() Figuge 5y>1;1e | eet and 345 feet long were tried (vice

w discharge in the

13+

5.3. A statement regarding the performance -of ‘the groynes in all. the
five proposals is given in Statement I. A comparison- of the scour profiles
plotted for all the five proposals shows that the third proposal is found to be
the best (vide Figures 6 and 7). This proposal consists of three groynes each
435 feet, 495 feet and 342 feet long and has been found to be very effective in
shifting the deep course of the river towards the centre.’

5.4. Studies on the equitable distribution of the discharges.—5.4.1. The groynes
if constructed as mentioned above will be useful only for diverting the deep course
towards the centre of the river. The problem is to establish an equitable
discharge through the two canal head sluices. In view of the fact that the ayacut
for the two canals is almost the same being nearly 12,000 acres, it was decided
to send in the model almost equal discharges through the two canals.

5.4.2. As a first trial, a main deep channel 250 -feet wide was moulded
at the centre of the river along the shifted deep course, bifurcating. closer to
the anicut, into two leading branch channels 125 feet wide each with straight
entries to the canal head sluices. In the second trial the deep course was
bifurcated at a point, a little higher up the anicut into two curved leading
channels of equal width as before. In the third proposal, keeping the bifur-
cation point and the shape of the curved leading channels as the same, the
widths of the leading branch channels to the South Main Canal and the North
Main Canal were made as 143 feet and 107 feet respectively. In the fourth
trial the corresponding widths of the branch channels were altered to 160 feet
and 90 feet having all other things the same as before. Of all these four proposals,
the last-one was found to function most satisfactorily in sending almost equal.
discharges through the two canals (vide Figure 8).

5.43. It is considered that the excavation of the main deep channel
950 feet wide is unnecessary as it may involve lot of desilting work. Instead of
that the shifted deep course itself can be used as.the main supply channel and
the curved leading channels can take-off from the deep course. Also, the shape
of the nose at the bifurcation point has been studied.

5.4.4. In the model, after the de_ep course of the river was shifted to the
centre, the two Branch channels of width 160 feet and 90 feet to the South
Man Canal and the North Main Canal respectively were incorporated. The
nose was made in teakwood with a circular curve at the bifurcation point, and
fixed in position. Low discharges ranging from 1,000 cusecs to 4,000 cusecs
were allowed in the river, the idea being that if the discharges through the
canals are distributed (_aqultab}y for these low dlschar_ges then it will automati-
cally hold good for higher _dlscharges also. The discharges through the two
canals were measured and it was observed that almost equal discharges were
drawn through the two canal head sluices. A graph is plotted representing
the variation.of the ratlo'of the discharges through the two canals with the dis-
charges in the river. It is seer_l-therefronx that the ratios of the two discharges
in tre canals li€ within the limits of 1.00 and 1.15, thereby indicating the
corrected nature of the equitable distribution (vid: Figure 9).

545 For the low discharges the velocity of water in the river and the
brancil channels was very low and _ittle or no scour was observed. When a
discharge of 4,000 cusecs W.s running in the river a negligible scour of 2",

4
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prototype) was observed at the nose. - So much so, any rigid structure wit
sharp edges can be had for the nose. From the point of view of ease of 1::%?—
struction, a circular arC about 10 feet radius may preferably be used for the
nose at the bifurcation point. ' '

5.5. Stwdie< forthe Protection of te Groyres and the Nose fom Floods
5.5.1. When high discharges flow in the river, considerable scour is pfoduée—ci
around the groynes and the nose and so they have to be protected from bein
undermined. Launching aprons around the groynes and the nose have beeg
proposed. In the model, small pebbles were spread around the groynes ané1
the nose of bifurcation. A discharge of 27,216 cusecs was allowed in the rive
with the usual conditions as before. After eight hours of run the launchi.nr
apron was found to have sunk to a depth of 1’ 6" (prototype value) Somg
more pebbles were put in so that the apron level is maintained constant a 3
the model was cont nued to run as before. Afterwards no sinking of the a rg
was observed  So this proposal was found to be satisfactory. In the protoIt) .
large size boulders can be dumped around the groynes and the nose. If ther}gz
any :inking of the dumped stones due to heavy floods, some more boulders
may be dumped so that the apron is kept at constant level. ?

55.2. For studying the function of this launching apron th )
photographic views were taken in the model and compared ;Ii_ € followmg

View I—Bed moulded to the ‘original level, with the grovnes and n
in position. ' ) - riose

View II.—Conditions of bed around the groynes and
of run for a discharge of 27,216 cusecs. Y nose after 40 hours

View III—Bed with the proposed launching apron aro
and nose before running the model. P und the groynes

View IV—Bed with the launching apron around the gro -
after running the model for 40 hours for a discharge of 27,216gcus}ércl§.S and nose

5.5.3. Practically no difference in level can be noticed in the b
the groynes in the V}i,ews I, IIT and IV. Thus, it is seen that th: pr%(iriéslir(()) N~
launching apron protects the groynes and the nose during high floods to 3 glrlegﬁ
extent.

6. Conclusions :

The deep course of the river which was originally very clo

margin has been shifted towards the centre by me%lns o%] threz grO;enet:‘;tg%efleft
495 feet and 342 feet long, constructed on the left margin of the river %et,
shifted deep course of the river can be used as the supply channel which bifurc he
into two curved leading channels to the two canal head sluices, with 4 nos
the bifurcation point, the width of the leading channel to the South Main C
being 160 feet and the other being 90 feet. The nose may be a rigid struct

and it may be circular in shape at the bifurcation. point. Launching a rure
may be provided around the groynes and the nose for protecting these strucliuons
during high floods. The above proposals have been finalised and are rec res
mended for adoption at site. om-

ates
€ at
anal
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STATEMENT 1.

SRIVAIKUNTAM ANICUT DIVERSION OF DEEP COURSE TOWARDS RIGHT.

Si.
)

Details of groynss.
@

Performance. Remayks.

® 4

A gingle groyne of length 330 feet
with position and size as marked
in Figure 1.

Three groynes of length 360 feet,
457 iget}:r‘ld 376 feet as marked in

Figure 2.

Three roynes of length 435 feet,
495 feet and 342 feet as marked in

Flgure 3.

Three groynes of length 283 feet,
334 fget}a:nd 342 feet as marked in
Figure 4.
hree groynes of length 300 feet,

* 334 fgeet?’n342 feet as marked in
Figure 5.

The bottom filamentsfwere 1t was desided to have some
passing 549 feet away from nmore groynes.
the right abutment (Total
length of the anicut 1,380
feet.)

The bottom filaments were The first groyne was not eftec-
passing 549 feet away from tive. The other two more
right abutment. having only local influence.

The bottom filaments were pass- All the three were eftective by
ing only 309 feet away from way of giving a better per
the right abutment. formance~~FINALISED.

The bottom filaments were The firstand the second groynes
passing 435 feet away from were not eftective.
right abutment. ,
The bottom filaments were The first two groynes were not
passing 492 feet away from eftective.
the right abutment.
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PALAR BARRAGE SILT EXCLUSION STUDIES
(CBI &P. No. )

Introduction :

The existing anicut across River Palar was proposed to be converted into a
barrage. Sediment exclusion studies were conducted to exclude coarse bed
load from the four canals taking off above the proposed barrage. As a result of
studies conducted in the model, a device consisting of a divide wall, divert
wall and a breast wall was finalised and this was reported in the previous’ annual
report of this Station. This report deals with the further experiments conducted

" for arriving at the optimum dimensions of the divide and divert walls.

Experimental Set-up :

A river model of Palar constructed to a scale of 1 : 216 hori
1: 36 vertica} was utilised for the studies. Experiments were co?ir(itzlcértlzglv;?g
17,040 cusecs in the model equivalent to 1,70,040 cusecs in the prototype with a
rate of sand injection of 190 lbs./hour. Sediment collection tests alone were

conducted.

Best Length of Divide Wall :

Keeping the divert walls on the left and right sides 500 f
long respectively the length of the divide wall w%.s progressivel;eleée?cl?eistgoffgre;
250 feet to 100 feet (vide Figure 1). Each trial was run for a total number of
72 hours and in each case the percentage reduction of silt entering in all canal
based on the silt entry for the basic run was found out. The results are tha:
the divide walls of 200 feet length each are best suited for the purpose (vide

Sketch 1).

Best Length of Divert Walls :

The top of the divert wall would act as silt excluding head duri '
floods. Experiments were conducted for low dischargges in tcllllénrr;\gre?asﬁléﬁu:;
50% and 30% of the maximum flood discharge. -Various lengths of divert
walls were tried both on left and right sides of the river, near the proposed
barrage. Results of the model studies conducted to that effect are f?lrnlzslsled
in Statement II. It was concluded that 400 feet long divert wall :
either side will give the best performance. one on

Conclusion :

The optimum length of the divert walls and divide walls on th i
of the proposed barrage for the maximum exclusion of silt entering inteo Eﬁzhc:ﬁi

are suggested.

pP—I1—3



PALAR BARRAGE SILT EXCLUSION STUDIES,

STATEMENT 1.

RESULTS OF SEDIMENT COLLECTION TESTS CONDUCTED TO AKRIVE AT THE BEST 1ENGTH OF

DIVIDE WALL.

Discharge ... 17,040 c.fs. (Prototype).
Rate of injenction of sand charge 190 1bs./hour.
Length of Name of canal. :
No. divide wall Particulars. - Total.
leftright. : : Mahendra- Kaver- Sakkarva- Dusi.
i vadsi. pauk. malluy.
m @ ) (1) ) 6) @) (8
No device ... Average drawal 4.64 19.48 1.24 7.09 32.45
2 2507/230’ ... Average drawal 1.70 3.77 0.05 0.50 6.02
Percent reduction 0.74 8t _ 96 ‘93 81.4
3 2007200’ ... Averagedrawal 2.30 3.22 006 065 6.23
Per cent reduction 50 84 .95 91 £0.8
4 150°/150° ... Average drawal 1.98 . 7.22 0.19 1.48 10.87
Per cent reduction 57 63 - 85 79 66
5 100°/100” ... Average drawal 340 . 948 0.28 1.57 14.73
Percent reduction 27 51 77 78 55

NoTeE.—(1) Average Drawal—Percentage of sand drawn per hour averaged oOver a run
Percentage being over total injected sand.

of 72 hours.

{2) Per cent reduction is over the average drawal of study 1 wiht no device.

STATEMENT II.

RESULTS OF SEDIMENT COLLECTION TESTS CONI UCTED TO ARKIVE AT THE FEST LENGTH OF

_Discharge ...

Rate of injection of sand charge

DIVERT WALLS.

51,120 c.ft. (Prototype).
255 1bs./hour.

Name of canal.

Length of
No. divert wall Particulars. Makendra- Kaveri-  Saklava- Dusi. Total,
left side. vadi. pauk. mallur,
(1 (2) 3) 4 (5) ) ™ ®)
No device ... Average drawal 1.19 3.25 0.06 1.09 5.59
‘ 2 500°/400’ ... *Average drawal ... 0.47 0.88 0.04 0.39 1.78
t Per cent reduction 60 73 33 64 68
3 400'/400° ... Average drawal : 0.79 0.69 0.01 0.42 1.91
Per cent reduction 34 79 84 62 €6
4  300’/300’ ... Average drawal 0.55 1.24 0.14 0.76 269
Per cent reduction 54 62 -— 133 30 52

* Average drawal—Vide Note under Statement I.
t Por cant reduction—Vide Note under Statement I,

PULLAMBADI CANAL SCHEME—OFFTAKE PROPOSALS TO
AVOID ENTRY OF COARSE BED LOAD

(C.B.I. No. 27.)

1. Introduction :

1.1. River Aiyar, tributary to River Cauvery rises in Killi Hills and joins
the parent river just above Upper Anicut after traversing a distance of 33 miles.
There are 14 anicuts across this river for irrigation purposes, the last one, Neiveli
Anicut being located at M. 26 F.5 from the source.

1.2. The offtake of the leading channel of Pullambadi Main Canal is about
4 miles below the Neiveli Anicut on the left bank of River Aiyar just before its
confluence with River Cauvery. There is no other structure nearby across
this river which is likely to affect the fun_ctlonlng of the present scheme. " Just -
below this offtake point there is an existing channel, Perumalai channel with a
maximum discharge of 500 cusecs taking off from the same river. ’

1.3. The average bed level of the River Aiyar opposite the offtake point is
El 236.25. As the canal bed level was at El 230.75 at start which was 800 feet
fron. the offtake point it was considered that a lot of course bed load will enter

the channel due to the steep fall. Hence, to control sand entry three proposals
were formulated. They are given below :—

Proposal T :

(a) Constructing a drop at the offtake point with the top at El. 237.00,

(b) Excavating a leading channel of 52’ x 9.5’ with pucca
either side, and

~. (c) Constructing a head sluice of 4 vents of 10’ x 9.5’ with sill at El. 230.75,

flood banks on

Pyoposal 11 : _
(a) Excavating a leading channel of 120’ x 4.25'.
. (b) Constructing a combined head sluige and drop consisting of 10 vents of
10’ X 4.32' with sill at El. 236.18 and bed in rear at El. 230.75.
Proposal 111
“*." (4) Excavating a leading channel of 100’ x 4.25’. - 7
(b) Constructing a head sluice of 9 vents of 10" x 4.32' with sill at E1 236,18,
(c) Widening the rear channel to 118’ x 4.25" from 33’ x 3.5,
(d) Constructing a drop 5.43' high at C/4 of Main Canal. . .
. For all /thér,thr:e’eprol;nosals/ the head sluice was proposed to i;er"lécaféd
800 feet from the offtake point. » - T



2. Problem :

This Station was requested to conduct hydraulic model stu lie
the best proposal from the silting point of view. S to suggest

3. Model :

A river model to horizontal scale of 1 : 100 and vertical scale of 1 : 40
was constructed. The flood bank on the left, the leading canal and the Pull.
badi Canal were all constructed in masonry and finished smooth. Cross sec‘zci' on
templates were prepared with 1/4” rods fixed on to teakwood reepers ’Il‘(l)ln
head sluice for all the three proposals and the drop were prepared in teak de
Measurement of discharge was made over right angled V notches at heagood_
in rear oSf caélal. Olthef stilling and sand collecting arrangements were mad:;l I;s
usual. Sand complete assing through 40 mesh sieve .
bed material (v-de Figugle I1)). s g Was used as a river

4. Experimenis and Discassion :

4.1. Proving the model.— First, experiments were

the regime rate of sand injection and tpo find whether tcl?élcll*?\gfdbetg find out
would be maintained for this rate of sand injection. A suitable dis iontours
1,620 cusecs in the River Aliyar was chosen for purposes of experi scharge of
Without any control of rear water level the water level in thepriv(rgn entation.
the o.itake was read to be EL 232.15. As this was higher than ther 9qus1te
water level for which the head sluice had been designed, viz., K] 2401gl(l)n_lmum
considered suitable. Next sand injection rate was arrived at. Aft 1t was
trials and some notifications to fix the flow along left margin the rate e
at, to be 30 lbs./hour. But it was observed that the deep bed OVEafharrly ed
got silted up and the berms scoured out though about the same C e
injected sand was ejected out by the model. This was found tolbe rgantlty of
following reasons. The deep channel was with steep sides at site ’;l elto the
the model vertical exaggeration is given as a necessity to simulate el
and allied phenomena so much so the sides became still steeper %u}fvature
used in the model having an angle of repose less than the steeﬁ)néss (f' sand
itself to give a slightly flatter section by silting in the centre and sc adjusted
the berms. As the studies were to be only a comparative nature Stcl?unng at
was tlfaft a\tf %%a’gben% the e}gmriments continued with the regin.e rateeo?zgfé
injection o s.fhour. Duri i i :

W;s kept closed. / ing this phase of proving the model the canal

4.2. Experiments.—As the problem was to su
t}ﬁe silting poilnt of view only sediment collectio
ree proposals were constructed one after t intaing
the water level in the river at EL 243.15, by o};fer:’cc}ilne; ’calﬁadt:iflter tmalntalmng
was made to glrav_v the full supply discharge of 1,066 cusecs ’lglalL e% tlhe canal
depth was maintained in the canal by operating the tail gate in feae ul} supply
collected at hourly intervals were tabulated and the average hor'l he sand
over a continuous run of 16 hours was taken as the criterion for ¢ oy drawals
performance. The results for the three proposals are given inor':lparlng e

statement appended. It will clearly be seen that the hourly sand (?rzv::ll;ui?:

ggest the best proposal
n tests were condu(l:)ted. fl:l?lrll(:

almost identical in all the three cases and that the average is about 90% of
the injected sand, through the discharge in the canal is only 67%, of tie total

discharge in Aliyar River.

4.3. Some minor details at the offtake were modified to suit the conditions
obtaining and they are given below :

4.3.1. For proposal 1 the leading channel of 52" X 9.5’ was taken straight
and 1 c.ft. with a straight entry, with a drop of length 64 feet at top covering
the whole width at entry. The canal being deflected through 100° fron. river
axis, was not able to draw the full discharge for this entry width, By experi-
ments it was found that a flared entry with the drop of length 205 feet will just

rovide means to draw the full supply discharge. Experiments were done

| with this flared entry only for this proposal (vide Figure 2).

4.3.2. For the second and third proposals the leading channel flared
was of section 180" X 4.25’ yet, the entry was made slightly flared, +ide Figures 3
and 4, the outer flared portion being almost the same dimension as that for

roposal I. Even with this flared entry it was observed that only about two-
thirds the right side width of the leading channel was utilised, and in order to
atilise the full width, the flare should have been much more. It was possible
to draw the full supply discharge in the canal without any difficulty.

5. Conclusion :

5.1. The silt exclusion studies _conducted to select the best of the three
proposals mentioned in the pr‘ecedl.ng paragraphs haye revealed that all the
three proposals are more or less identical in so far as their silt drawing nature is
concerned. This proves tl}at the geometrlgal chqracteristics of the leading
channel, drop and head sluice as well as ’ghelr relative position do not play as
such an effective part as the entry condition of the leading channel. So much
so, the best proposal is that which is the most economical in the cost of construc-
tion. Based on this consideration a suitable selection may be made.
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NEW KATTALAI HIGH LEVEL SCHEME—OFFTAKE POSITION

1. Introductioﬂ :

1.1. Necessity for the Project.—The River Cauvery i .
river of Madras State, and had been utilised for dev}:zlcl)sprtr}ll;éa;%feiiiiP:{?mlaI
an almost complete extent through various schemes, of which theg Mlotl}[ to
the (}rand Anicut and Kattalai High Level canal schemes deserve Se ur,
mention. Even though the Cauvery flows through Tiruchchira allip ecial
Thanjavur Districts, the area under river Irrigation in Thanjavur pII))ist _and
very much larger than in Tiruchi District. At present irrigation in Tr.lct is
District is confined to the Vayyakonda channel and existing Kattalai lrﬁl?hl:
Level Canal executed in the year 1935. Observing the benefiits derived f 18
these schemes, the ryots of Tiruchi District, were clamouring for the extensi rom
the Kattalai High Level Canal to bring additional areas under irrigation 1%1}11 of
the New Kattalai High Level Canal scheme, which is for utilising the surplus
waters of the Cauvery after meeting the existing demands of irrigati %rp us
the Mettur Dam, came up for consideration. ‘ gation below

1.2. Kattalai High Level Canal.—There is an existin
Cauvery near Mayanoor in Tiruchi District which goes gybigereixg;lrfg OIr{ atctg(iss.
High Bed Regulatoy. A.combined South Bank and Kattalai High LevelaC "
take off from the right side and water from the river is led through a | 3? al
channel 850 f(?et long. Kattalai High l.evel C n 1 branches off from tge co e%. "
channel at mile 0/5 ( ‘ide Figure 1). To reduce silt entry into the canaI{l m?]d
trap had also been constructed in front of the leading channel to the co 12)1' e
canal. The silt trap as existing is at an inclination of 65° to the ali ot
the leading channel and ends in a scour vent of 2 Nos. 20’ x 8.5 ingiliment. of
the regulator. There is also a small irrigation channel named Kriéhnara.ne with
channel with a maximum discharge of 40 cusecs. The site plan is slglpura.m
Figure 2 and typical sections of the Kattalai Bed Regulator are hown In
Figure 3. The details of silt trap are shown in Figure 4. Shown in

1.3. Proposals for the Scheme.—Various proposals i .
new canal taking off a few miles upstream %f ‘?he Kalzcigﬂ? gBirg nIlqélnult%ntlrely
remodelling of the existing High Level “anal were considered Bg ator to
alternatives were essentially direct irrigation schemes and as mu llllt all the
could be counted upon only in favourable years. Therefore the Ch supplies
modified as a tank irrigation scheme, with the :ew Kattalai High ic erlne was
functioning as the main supply phannel for filling the existing tagnks §Ve_ Canal
periods when Mettur is surplusing, and with some direct irrieatio during the
favourable storage at Mettur. gation in years of

1.4. Main features of the Scheme.—The scheme i .
Jevel canal which is divided into three reaches. In t(ii):l Errsliefe;fh? ?i"(‘)’ high
the new canal wﬂl run parq]lelcand close to the existing Kattalaj fl’ miles
Canal and there is no irrigation in this reach (vfde Figure 1). The set 1gh Level
will be 24 miles long and areas of 5,658 acres under tanks and 8,622 agf:sncclli::g&h

S y
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will be irrigated. The third reach will irrigate 6,342 acres under tanks. Thi
canal will have a head regulator just by the side of the head regulator for ths
existing combined South Bank and Kattalai High Level Canal, and water fr e
the river Cauvery will be led through a leading channel 920 feet long with (ﬁn
offtake at the upstream portion of the silt trap. The Krishnarajapuram chann ?
will be provided with a new leading channel parallel to that of the South B an(i:

Canal and new regulator beside the latter.

2. Problem :
The problem referred to the Station was to examine the proposed offtake

arrangements for the new Kattalai High Level Canal.

3. Data : ‘
Hydraulic data relevant to the problem are given below :

Kattalai Bed Regulator---

Average river bed level El 318.50.
Length of regulator ... oo 4,225 feet.
Crest level of regulator (ch. 0--865) ... El 32295

(Ch. O is left end of regulator) (ch. 865- El 320.95.

4,225). ‘
Height of falling shutters ... 2 feet.
Length for which falling shutter is fixed. 3,360 feet (from ch. 885

4,295),

Combined South Bank and Kattalar High Level Canal—

Bed level of leading channel ... ... ElL 312.00.
Gill level of Head regulator ... ... ElL 315.00.
No. and size of vents . . 4 Nos;19H x 46"V
Bed width of the canal ... 78 feet. |
Full supply depth .. . 5 feet.
Full supply discharge 1,380 cusecs.
Bed fall ... 1 in 2,640.
Krishnarajapuram Channel—
Sill level of regulator El. 320.30.
No. and size of vent 2Nos.; 4 H x 335 V
Full supply depth 7 feet. ‘ )
Full supply discharge 40 cusecs.
New Kaitalai High Level Canal—
Sill level of Head regulator El. 313.70.
No. and size of vents 4Nos,;9 Hx gV
Bed width of canal ... 36' 6", ’
9' O”.

Full supply depth

4
i

5

Krishnatajapuram channel was not reproduced but its discharge of 40
e o c

| 25
Full supply discharge '
Bed fall ... g. } ’0646 00
.. in 6,600.
S1lt trap and scour vent— -
Bed level of trap ...
Top level of trap ... .. . ]]3 93,1538 Upst
: - J18. pstream.
Width of trap .. o725 Pownstream,
Length of trap g; oot
Sill level of Scour vent E183f(13;t(.)

No. and size of vents 3 Nos. ; 20 H
.3 X 85V,

Note.—All elevations are local Thanjavur le.x;t.alé

4. Models :

4.1. Studies were conducted in tw.
) ' : 111 o models ; a full wi
1800 Hand 1 : 50V with rigid bed and the other a parpmiocs. (0,2 Scale of
scale of 1 : Hand 1 : 24 V with mobile bed. partwidth model to a

4.2. Full width model.—The river Cauv. i
: ery w ]
ggg&ﬁéggg ifrelet upstream and 2,000 feet dogvns?:e;;nula%ﬁd ;C_lo a distance of
were also lastma;onry and finished smooth. River crosse 0od banks were
rap scour%entered tz;Llnd finished smooth. The Kattalai B :&36%@5 and bed
G I’. shutters v:fleI:- Ny anal head regulators were prepared in egulator silt
o ding chanmels a.nil %)}fowded for the scour vent and canal wood and fixed.
: e canal head regulators were pr eparedainrsvgulgtmz _The
ood and §

notch was utilised to measure model discharge One devi ti
V . viatio
was added on to the South Bank Canal discharge and experilnents d
condu

4.3. Partwidth model.—Cauverv ri :
Yy river was simul .

{%%tog%;;??ni%% Eeg% {e%gl‘;tﬁr fgr a distance of GOzgige:Ofr%gli%:ce of 3,000

, ne A sc
were all constructed in masonry angngn?;lhzge left, leading channels ar?grczﬁgf.
trap, scour vent and canal head regulators smooth. The be s
Still galvanized iron shutters were provided fWe:: ;31 all
regulators. Cross section templates ConStruc(t)é d 1e SC
at inlet was made up of medium sized pebble ll}r masonr
passing through 40 mesh sieve. In this moj'1 1h
channel_vxfas not simulated but its discharge Wae also the Krish
Canal .dls"]h?t”{é'lefas the discharge is not measurasi)ladded on to the
Weée ;é?z)u a t?c tO{la length of about 6 feet in the rr?ogl lthe model.‘
a"li'; chargel;rnlrzs me:lsurggées were imncorporated in rear fe . Measuring v notches

at Vnotch at the head SPeciZI .the canals. The model
. : in ;

%?;itftg;e élllaac?ee Sueo’io I\:theSdifference in level between lead

. s P angles was also pre ng flume and mode]

inject sand charge. prepared for housing workers t
o

P-T11-4
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5. Experiments and Discussion :

5.1. Experiments in full width model :—5.1.1. A discha .
head of overflow of 4.6 feet over Kattalai Bed Regula’co;g svtigﬁlﬁserétst;gg
cusecs was chosen for purpose of experimantation. Discharge scale r t'] f
1:HV 15, ie, 1: 10,670 was adopted as it was a rigid bed a 1odo1
Discharge equivalent to 65,796 cusecs was allowed in the river moT;:1 .
falling shuttets were removed. The canals were made to draw th e
respective full supply discharges. It was observed that laminar ﬂe1r

ersisted throughout the model due to the smoothness of the a fow
First the inlet section and then relevant areas of the model were rOuSl}Jlr ace
locally. For roughening the smooth top plaster was removed and was rg 1ened
with moitar of very coarse sand finished rough. This roughening w eSp gced
progressively (vide Figure 2). Finally, when turbulant flow was 0% ong
throughout the model experiments were started. D square grid was paj Stercife
100’ (prototype) intervals. Flow lines were observed with a we‘i I})f}[mde at
ball and the flow lines could be defined only beyond 600 feet fromg tle o
vent and within that distance, i.e., in front of silt traps a still pool was lt(; scour
with a low return flow (vide Figure 5). With the help of these flow (1). served
width of the partwidth model and its horizontal scale were fixed. Ip theS the
width model Kattalai Bed Regulator was simulated to a distance of 98()13?;’;

from the scour vent.

5.1.2. After fixing the relevant length of the Kattalai B .
the partwidth model the flow line for the boundary alone was traec(idlil%gvglaior in
of the regulator also and the flow on the two sides were physically Sens re?m
by a galvanized iron sheet. The discharge passing in the partwidth was pira ﬁd
measured in this model with a V notch set in rear and the correspondin rai 11& y
discharge to be adopted for the partwidth m_gdel was arrived as tg I];eo?,% ng

cusecs.

5.2. Experiments in the partwidth model :-——5.2.1. Experi
done to examine whether the position of the head regulator all)gglgmf}?tsl were
channel would have any effect on sediment drawal. For the first exe eading
the regulator for the New Kattalai High Level Canal was placegen{nent
proposed section, i.e., by the side of the existing regulator of the aS the
Bank Canal. Trial run was made to arrive at the correct r tOuth
injection of sand. Discharge scale of 120° was adopted. Model dis?:}f of
equivalent to 30,484 cusecs was sent in the model. In this case also a dis harge
of 1,420 cusecs was allowed in the South Bank Canal as a sum of itg disc} alige
and that of Krishnarajapuram channel. Thus the two canals simulate d‘? 1a1}gle
model were made to draw their respective full supply discharges of 1,420 in the
and 1,054 cusecs. The rest was allowed to flow over the Kattalai Be d’Re Clusecs
The head of overflow was checked and as it fluctuated only by a small gu ator.
of 0.1 foot, experiments were started. mount

5929 Various rate of sand injection was tried. Shoaling an ..
the model was observed and a rate of injection of 3/4 c.ft. org63 ﬁ)ss ?ﬁgg} S
arrived at. After arriving at the rafe the sand drawal per hour Was'ver li“:ﬁs
and hence drawal per day was taken as basis. The model was run for sizf( da .
and drawal of sand per day averaged over the run of six days was taken as b;syi:

for comparison.
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5.2.3. The head regulator of New Kattalai Hi
shifted 525 feet upstream and the experiment ;lpealt%ﬁ Le};’;{ tchaén?}lli Ifl(ione was
ment the regulator was shifted 475 feet further upstream and th d oo
was found out as before (vide Figure 6). e sand drawal

5.2.4. The results of the sediment collection t i i

. > ests ar
acc&m%)anylmg. t}ljr(imd’ghat 1r11’c can readily be seen tlfafn‘?lelg lgotgilfﬁflatffm fﬂ:
regulator along the leading channel d :
drawal of the canal. s oes not have much effect on the sediment

5.3.1. As for the other particulars of offtake it i i

. . . t ;

point to standard information available and a noffce1 islsgi(ifoerrllgl?:ll:v% ;i eSIrilll.)le to
The additional informations are from Buckley’s Irrigation Pocket ngﬁr ingly.

5.3.2. Sill level of offtake. —“ Sill of the Head Regul
as high as possible 7. The idea is based on, the fact lfhg? ﬁfgﬁefh&fin'i’elke” :
VYIH be, the intake of sediment. But in the case under consideration th eS1Ser
side wall of silt trap is at El. 312.00 and that of New Kattalai High Lev 1;8 eft
Regulator at EL 313.70. As the silt trap covers the mouth completel eth anal
obviously no advantage of raising the sill upto EL. 818.00. If at all %Ih ere 1s
to be raised it should be raised above El 318.00 to derive benefits by it ¢ sl is

5.3.3. Waterway of regulator. —'‘ Ample waterwa .
the regulator so that only top layer is tal?en into the c};nzllmafg tl;li 3210 W_id in
intake is reduced ”. The ventway provided for the combined South B 0C11< y of
Katt-alal High Level Canal is 3_43 sq. feet for 1,380 cusecs whereas, the ank and
provided for the new Kattalai High Level Canal is only 216 sq ,feet fVenltway
cusecs which falls short of the proportional area by 50 sq. feet "In & or f,064
fact that the former had silted the short fall of ventway Can.be cons(?:iN of the
indicate that the ventway is not at least ample. This point is worth 1dered to
consideration by field officers. orthy of further

5.3.4. (a) Head regulator should be kept cl : )
the river which make it necessary to open alll?checszzflaﬂ' 3;1;11:151g heavy floods in

() To keep the scour vents closed as much as ibl '
still water in front whereby deposition of sil > Possibie o as to allow of
couraged. y aep of siit outside canal head may be en-

6. Conclusion :

6.1. As a result of studies and from stand i i . :
conclusi.ons. are arrived at while examining tﬁe aggtirlifeorr%:gio - t}l © follqwmg
Kattalai High Level Canal :— position Ior the New

(1) The position of the regulator al i
ciable effect on its sediment drav%:l. ong the leading channel has no appre-

(2) The sill level should be as high as possible. B :

A Py e . t there is ihili
f any advantage in raising the sill u no possibilit
%l.aBI%.OO. g g the sill if it is not done to an elevation abovi

(8) The waterway allowed appears t i i a
out for consideration by field ofﬁcerls).p 0 be insufficient and this is pointed
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NEW KATTALAI HIGH LEVEL CANAL SCHEME —
SEDIMENT EXCLUSION STUDIES

Synopsis.

The New Kattalai High Level Canal takes off from the River Cauvery
at the site of Kattalai Bed Regulator beside the existing combined South Bank
and Kattalai High Level Canal. Sediment exclusion studies were conducted to
evolve a device to prevent entry of coarse bed load into the canal as the existing
silt trap was found to be ineffective. Studies were conducted in two stages,
one being devoted to devise ways and means to improve the functioning of the
existing silt trap and the other to evolve an entirely new device. A divide
wall 200 feet long perpendicular to the Kattalai Bed Regulator is recom.mended.
A slight modification in the alignment of the leading channel for the New Kattalai
High Level Canal has been proposed to give an equitable distribution of sediment
load between the two canals. A regulation procedure which aids the functioning
of the divide wall is also recommended.

-

1. Introduction :

1.1. Necessity for the Project.—The River Cauvery is the largest perennial
river of Madras State, and had been utilised for development of Irrigation to an
almost complete extent through various schemes, of which the Mettur, the
Grand Anicut and Kattalai High Level Canal schemes deserve special mention.
Eve: though the Cauvery flows through Tiruchirappalli and Thanjavar
Districts, the area under river irrigation in Thanjavur District is very much
larger than in Tiruchirappalli District. At present irrigation in Tiruchirappalli
District is confined to the Uyyakonda channel and existing Kattalai High
Level Canal executed in the year 1935. Observing the benefits derived from
these schemes, the ryots of T iruchirappalli District were clamouring for the
extension of the Kattalai High Level Canal to bring additional areas under
irrigation. Thus, the New Kattalai High Level Canal Scheme, which is for
utilising the surplus waters of the Cauvery after meeting the existing demands
of irrigation below the Mettur Dam, came up for consideration.

1.2. Kattalai High Level Canal.--There is an existing bed regulator across
Cauvery near Mayanoor in Tiruchirappalli District which goes by the name Kat-
talai Bed Regulator. A combined South Bank and Kattalai High Level Canal take
off from the right side and water from the river is led through a leading channel
850 feet long. Kattalai High Level Canal branches off from the combined
channel at mile 0/5 (vide Figure 1). To reduce silt entry into the canal a silt
trap had also been constructed in front of the leading channel to the combined

canal. The silt entry trap as existing is at an inclination of 65° to the alignment
of the leading channel and ends in a scour vent of 3 Nos. 20" X 8.5’ in line with
the regulator. There is also a small irrigation channel named Krishnarajapuram
channel with a maximum discharge of 40 cusecs. The site plan is shown in
Figure 2 and typical sections of the Kattalai Bed Regulator are shown in Figume 3
The details of silt trap are shown in Figure 4. )
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1.3. Proposals for the Scheme.- Various proposals ranging fr i
new canal taking off a few miles upstream I())f {)he Katta%ai gBe(? Hlli:gnulea?ct)lll:eiy
remodelling of the existing High Level Canal were considered. But all tho
alternatives were essentially direct irrigation schemes and as such suppli €
could be counted upon only in favourable years. Therefore the schemg P
modified as a tank irrigation scheme, with the new Kattalai High Level C Was1
functioning as the main supply channel for filling the existing tanks durin a?};:
periods when Mettur is surplussing, and with some direct irrigation in g ;{
favourable storage at Mettur. years o

1.4. Main features of the Scheme.-—The scheme compris :
level canal which is divided into three reaches. In the fIl)rs’Eersez;)(fhao;1 (28 h}lgh
the new canal will run parallel and close to the existing Kattalai High inl o
Canal and there is no irrigation in this reach (vide Figure 1). The %ecogr;ld e
will be 24 miles long and areas of 5,658 acres under tanks and 8,622 a{cres di reach
will be irrigated. The third reach will irrigate 6,342 acres ur,lder tanks lrerftl.y
canal will have a head regulator just by the side of the head regulator t bis
existing combined South Bank and Kattalai High Level Canal, and wat orf the
the river Cauvery will be led through a leading channel 920 feet long V?,F hrqm
offtake at the upstream portion of the silt trap. The Kri%hnar% ‘with its
channel will be provided with a new leading channel parallel to th ]taplgram
South Bank Canal and a new regulator beside the latter. at of the

2. Problem :

As a first stage of the study thc position of the head r
canal along the leading channel was 1examined and it \vaseg(:gfgﬁdicg ;CIllle new
gosition, as such, did not have appreciable effect on sediment draw 1at the
eld officers had then decided to have the head regulator by the sida' fThe
existing head regulator at the end of the leading channel of 1,000 feet lgngththe

With this finalised position of head regulator, studies w i
conducted to exclude coarse bed load. ’ ere required to be

3. Data:
Hydraulic data relevant to the problem are given below :
Kattalai Bed Regulator—

Average river bed level ... El. 318.50.

Length of regulator ... oo 4,225 feet.

Crest level of regulator (ch. 0-865) ... EL 322.95.

(Ch. 0 is left end of ch. 865-4225 EL 320.95
regulator). '

Height of falling shutters . 2 feet.

Length for which falling shutters is fixed. 3,360 feet.
~ (From ch. 865-4225).

Combined South Bank and Kattalas High Level Canal—

Bed level of leading channel ... ... EL 312.00.
Sill level of Head regulator ... ... EL 315,00.

No. and size of vents
Bed width of the canal
Full supply depth

Full supply discharge
Bed fall ...

Krishnarajapuram Channel—

Gill Level of regulator
No. and size of vent
Full supply depth
Full supply discharge

New Kattalai High Level Canal—

gill level of Head regulator
No. and size of vents

Bed width of canal ...
Full supply depth

Bed fall

Silt trap and scour vent —

Bed level of trap
Top level of trap ...

4 Nos. : 19' X 4.5 each.
78 feet.

5 feet.

1,380 cusecs.

1 in 2,640.

El. 320.30.

2 Nos. ; 4 X 3.35 each.
7 feet.

40 cusecs.

El 313.70.

4 Nos.; 9" X 8 6" each.
36’ 6".

9'0".

1 in 6,600.

El 312.00.

El 318.00 upstream.
El 317.25 downstream.

Width of trap 81 feet.
Length of trap 358 feet.
Sill level of scour vent El 312.00.

No. and size of vents

3 Nos. ; 20" X 8.5 each.

Note.—All elevations are local Thanjavur levels.

4. Model :

The mobile bed model constructed already to a horizontal scale of 1 : 120
and vertical scale of 1 @ 24 was utilised for these studies also. But with the
large vertical scale the sand movement was observed to be negligible. To
improve the sand movement the vertical scale was proposed to be reduced to
1 : 48 as it is an accepted practice to lower the vertical exaggeration of part-
width model'. The model was modified to suit this vertical scale.

5. Experiments and Discussion :

5.1. Proving the model.—With the lowered vertical exa i
discharge scale of H? could not be realised where H = horizontgat%e;iglzn’ Ttﬁﬁ
flow in rear of the Kattalai Bed Regulator submerged it and hence tfle rear
bed levels had to be lowered. With the bed regulator functioning free, the
required gauge reading of 4.6 feet was maintained and even then the sand
movement was found to be negligible. Hence the model was given a slight

P—I1-5
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tilt to give the required sand movement. With this tilt

observed to be good and the experiments were switched O\fehre tgl(;‘;?irxrrl:ntt VX}?S
discharge scale. ~Model discharge for the gauge reading of 4.6 feet wag obsa g
and by correlating it with the corresponding prototype discharge, the discirve

scale was arrived at to be 1 : 21,940, Comparison of this with the dis harge
scale according to Froude’s criterion which works out to 1 : 39 950 willC arg?
that a model discharge required is about two times that arrived at by F vea
criterion, Y Froude’s

the other to evolve an entirely new device. Just as in ot imi

studies the basic run with sand injection of 24%) 1bs./hour w{algrcglr?cllﬁize(rin 0‘?}? l
percentage sand drawal in the canal was computed and was taken as the b o
for purposes of comparison. The results of basic run along with those fo %}S;S
entire study are given in F igure 5 in the tabulation form, " the

5.3.1. I Series.—At the very outset, it was clear that the river bej
perennial one and the location of the bed regulator being such that quite aIl1
quantity of water will have to be let down for irrigation of ayacut lower o
a divide wall suggests itself as a good solution () (%). A divide wal] 265 feet(iwn'
was tested and found to be satisfactory by model experiments also (vide Stud 03 >
Yet, with a view to explore the possibility of adopting other devices, a serj 4 )f
study was conducted to improve the functioning of the existing silt ’tra els‘}(l)
principle of creating a zone of suction in operation of silt excluders was g'tili de
The principle of straight entry into canal and curved entry into the scS -
vent which was found to be successful in the case of Periyar Main Capal *) vas
also used in conjunction with the means of improving the silt trap. was

5.3.2. As a first study the outer curved wall of the silt tra ;
above the water level. A breast wall across the silt trap with Snwg)sctgilssigd
upstream of the silt trap, was incorporated. The scour vents were kept o n
fully. Though the silt trap got choked up at intervals the overall reductl:i)gn
V\;as fncouraging ; but it was observed that the new canal got little or no beneﬁ;1
of silt reduction, the bulk of the benefit going only to the existi .
Proposal 3). : Ng canal (vide

The extension of the breast wall was omitted for the next Proposal which,
gave more or less a similar performance (vide Study 4). Here also the new ¢ c 1
derived only a minor portion of the benefit. This is attributed to the E;na
that the zone of suction of the vent created by the breast wal] across the a.?t
trap did not extend beyond the centre line of the existing canal. Hence ‘31 t
zone of suction was extended by incorporating barrels as in excluders. T}, e
barrels got choked up completely after two hours (vide adjacent phOto)' - teﬁe
proposal was hence abandoned. €

As the zone of suction could not be extended, the next alternative f
having the total discharge of the two canals to bass through the zone of sucti )
created by the vent under breast wall was tested. The mouth of the lead‘on
channel of the new canal was closed and the discharge for both the canalg V;n
drawn through the leading channel of the existing canal which was bifurcat a;
about 500 feet downstream of the silt trap. This arrangement gave betteer
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sediment exclusion than the previous one but the choking was found to be
more severe (vide Proposal 5).

5.3.3. Analysis of the studies of Series I.—The proposals (one to five)
gave encouraging results as far as sediment exclusion is concerned but the follow-
Ing two drawbacks were observed. The portion of the silt trap between the
breast wall and the scour vent got choked up at intervals (vide Statement I)
and in the prototype, where suspended load will also be present, the choking
may be more frequent and at the worst may be even permanent. Due to severe
curvature induced on the scouring water entering the vent there was_severe
disturbance of the entry with vigorous vortex formations, These disturbances
may assume devastating proportion at the site throwing all the bed materials
into suspension and eroding the banks. The outer curved bund of the silt
trap will have to be raised which will mean that the existing bund will have to
be demolished and a new bund formed. This is a structural consideration
affecting the economy of the proposal. Hence, studies were switched over to
improve on the proposal of divide wall.

5.4. Series 11.—Another divide wall 400 feet long was tested and was
found to be more efficient than the 265 feet long divide wall (vide Proposal 2),
but even in this case bulk of benefit went to the existing canal and the new
canal derived only a small measure of the benefit (vide Proposal 6).

An attempt was made to obtain equitable distribution of sediment load
between the two canals as follows: The two leading channels were combined
at the silt trap end and the leading channel for the new canal was so aligned
as to be on the concave side of the combined leading channel. Incidentally it
was found possible by this arrangement to reduce the length of the divide wall,
By visual observation the divide wall of 200 feet length was fixed. Experi-
ments were conducted with still-pond regulation. Sediment reduction to a
tune of 959 overall, was obtained (vide Proposal 7). The alignment of the
leading channel of the new canal gave redistribution of sediment load so much
that the new Kattalai High Level Canal did not draw any sand at the end of
the experiment and the existing canal drew all the sand (vide Study 7).

The new device had given almost complete exclusion with none of the
disadvantages observed in the case of the proposals of the first series. It ig
also observed that the construction of the divide wall will not be costly as the
rock -outcrop is observed at the site at a depth of about 10 feet from river bed
level. Hence, further studies were centred on improving the functioning of
the divide wall. .

5.5. It was proposed to improve the efficiency of the finalised device by
adopting intermittent operation of the scour vents, With the scour vents
kept closed the canals were open for a duration of a fixed number of hours and
then the canal regulators were closed and the scour vent kept for a fraction of
the duration of canals opening. Three studies were conducted on this aspect
In the first study canals were run for four hours and scour vents ha.lf—an-hour‘
in the second the cansls for eight hours and scour vents for one hour and in
the third the canals were run for three hours and scour vents half-an-hour
Comparing the first two runs it can be observed that the ratio of the scour vent



38

tun to canal run is the same, i.e., one in eight but the first had given a better
sediment exclusion indicating that intermittant operation of scour vents at
shorter intervals will be better than that for longer intervals. No conclusive
results could be obtained as to the best ratio of scour vent run to canal run.

. 5.6. Verification and final alignment.—For verification, the final device
with the divide wall and the new alignment of the leading channels were incor-
porated in the full width rigid bed model to study the approach condition. It
was observed that the curvature of the right bank of the leading channel of the
New Kattalai High Level Canal corresponding to a radius of 450" was acute and
a return flow zone along the curved bank was clearly observed. Hence the curve
was smoothened out by adopting a larger radius (1,000 feet). Sediment collection
test with intermittent operation of 4 hours canalrun to half-an-hour scour vent
was run gave 95 per cent sediment reduction against cent per cent reduction
as in the case of the curved bank of radius 450 feet. Though the reduction is
less than in the case of the curve with 450 feet radius the larger radius is
acceptable in view of the fact that the flow into the canal is much smoother than
in the former case.

6. Conclusions and Recommendations :

. 6.1. As a result of sediment collection tests conducted in connection with
the functioning of the New Kattalai High Level Canal and the combined Kattalai
High Level and South Bank Canal it was concluded that a short divide wall
200 feet long and an alignment of the leading channel as given in Figure 6 will
give sediment exclusion to an almost complete extent.

6.2. To improve the functioning of the divide wall an attempt was made
by adopting intermittent operation. The conclusion on this aspect is that inter-
mittent operation of the scour vent should be at as short intervals as possible
and practical. No definite conclusion could be arrived at as to the best ratio of
scour vent run to canal run. The ratio of one to eight with canal run of 4 hours
was found to yield good results in the model. The time scale for distorted models
is given by H/¥V where H is horizontal scale and V is vertical scale. Inthe
present case the time works out to 17.3. But no definite recommendation for
intermittent operation in terms of prototype time can be given for the following
reason. Because of the inherent defect of this type of model that suspended
silt is not reproduced, the rate of silting is slower and the rate of scouring greater
in the model by proportion than in prototype (5). Roughly it may be stated
that the scour vents may have to be kept open for about 12 hours for every
3} days period. After constructing the divide wall it is recommended that
sounding may be taken along the silt trap and on the canal side of the divide
wall before and after operation of the scour vents according to the rough timi
given above and the data may be furnished to this Station so that a practiorﬁ
regulation procedure can be formulated.

6.3. Recommendations regarding the component parts of the device.—(a) 1f a
better is proposed for the divide wall which, of course, will have to be founded
on rock strata, it is better to have it on one side. The divide wall should then
be placed with the vertical face on the river side. The top of the divide wall
should be above maximum flood level with adequate free board. ~
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(8) The entire outer curved bund of the silt trap (shown as X in Figure 4)
should be removed upto EL 312.00 (i.e., sill of the scour vent). Only then a
deep channel will be formed axial to the scour vent when it is operated. ‘

(c) It is known that a scour hole gets formed at the tip of the divide
wall in the shape. of an inverted cone with the axis along the tip of the divide
wall, It is essential that the scour hole should be there as it aids the sediment
exclusion to a great extent. Hence it is recommended that at the end of the
first season after construction of the divide wall the resulting scour hole may
be pitched to the profile with boulders.

(d) Noses for the junction of New Kattalai High Level Canal and Krishna-
rajapuram Channel, and the junction of the latter and the combined South
Bank and Kattalai High Level Canal may be of a suitable shape. A scour
hole will get formed at these noses also and hence suitable protection at the end of
the noses for scour considering the extra turbulance that is likely to occur at
the noses will have to be made.

It is to be emphasized that all the sediment exclusion is effected by the
divide wall and the alignment of the leading channels is only a refinement
observed to give re-distribution of bed load between the two canals and the
latter plays only a very minor part in sediment exclusion.
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STATEMENT 1.

ProrosaL 5.

XCLUSION STUDIES.

SAND INJECTION RATY OF 240 Lps, PER HOUR FOR

. NEHL.  SB. Remari | NEKHI. S.B.

our. (‘;Z.‘; (‘;Z,‘; emarks. ] Hour, C?szz)l C‘Zl,;:i Remarks
1 ,' 21
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3 . 23

4% 5 l 24 2

. 5% 22 25 8 2 Choked.
6 4 26 15 . Do,

7 5 27 4 2

8 1 28 2

9 11 Choked. 29 4

10 20 Do. 30

11 7 31 10 3

12 5 32 20 2

13 2 2 33 4 . (hoked.
14 34 3 2

i5 1 35 3

16 4 1 36 3

17 3 37

18 4 Choked. 38

19 4 Do. 39

20 3 40 1 2

* Silt trap between breast wall and scour vent got choked.
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KALARI TANK SUPPLY CHANNEL-FINAL REPORT
(C.B.I. & P. No. C. 8)

1. Introduction :

1.1. Supply to Kalari tank is drawn from river Vaigai (right bank) at
Averanendal Village limits in Paramakudi Taluk, Ramanathapuram District.

1.2. When the supply channel had an open head it was reported that during
floods water rushed into the channel carrying with it large quantities of silt
which in turn, silted up the entire channel. Consequently the channel was
unable to draw the supply during low stages of flow in river Vaigai. "This
problem was referred to this Station for model studies,

1.3.1. A partwidth model of the river Vaigai reproducing only about
1,000 feet length of the river upstream of the head-sluice was constructed and
studies conducted to find out the best location of head sluice.

1.3.2. After model experiments. a head sluice located 230 feet from the
head of the leading channel was recommended.

1.4.1. In continuatign of the above, it was felt that some silt exclusion
“device may also be provided at the offtake point to improve the performance.

1.4.2. This report deals with the experiments conducted to study the
erformance of the head sluice on a full width model reproducing about 5,000
eet length of the river upstream of the head sluice.

2. Data :
Head Sluice—
Sill level ... ... ElL 89.0.
No. and size of vents 5 Nos. ... .. 80 x 3 ¢
Pier thickness ... 26,
Discharge ... .. 490 cusecs.
Supply Channel—
Bed width ... . 47" 0",
Full supply depth ... e 4
B. L. at off-take’ ... ElL 89.0.

River Vaigai—
Maximum flood discharge ... . 42,900 cusecs,
M. F. L. at site of offtake e ... EL 94,0,
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3. Model :

A model with a mobile bed of-—14 sand to a_distorted scale of 1/120
horizontal and 1/24 vertical was constructed. In this model the entire width
of the river was reproduced to a distance of about 5,000 feet upstream of the
head sluice and about 400 feet downstream: All_ the arrangements for measur-
ing discharges in the river and canal, maintaining water levels' both upstream
and downstream, etc., have been made. The area reproduced in the model is
shown in Figure 1.

4. Experiments :

The head sluice was made of teakwood and fixed in position at 23 feet
from the head of the leading channel. A maximum flood discharge of 42 90y
cusecs was allowed in the river and full supply discharge of 490 cusecs was drawn
in the canal maintaining the full supply depth. For these conditions of ryp g
sand injection rate of 10 c.ft. per hour was found to give regime conditiops,
Hence this rate was adopted and the silt distribution between river ang canal
was ohserved.

Similarly 50%, 25%, 10% and 5% of maximum flood
allowed in the river and observations of silt distribution wer
case.

discharge were
€ made in each

5. Results :

The results of observations are tabulated in the Statement I
herewith. The percentage of silt entering the canal for_ M.F.D
observed in the full width model compares favourably with the
previously on the part width model as seen from Statement IT.

enclosed
- conditions ag

result obtained

In all the conditions of runs, the flow pattern obtainin
sluice was closely observed. It was found that because of the curvature effect,
supply to the canal was drawn from the concave side of the head. Consequently,
the bed load was diverted away from the canal into the river and only the gijt.
free water entered the canal. As seen from Statement I very little quantity
of silt moved into the canql fqr all. discharges. .A graph connecting the diSCharge
in the river and the silt distribution between river and canal Las beep drawn to
illustrate the above point.

€ near the heagd

6. Conclusion :

As such it may be safely concluded that the location of the
very favourable for drawal of s_ﬂt-free water into the canal.  Tle performance
and behaviour of the head sluice and the supply channel. may be watcheq in
the field for about two or three seasons after the construction of the heaq sluice
to see how far the recommended location of the head sluice has been effective
in drawing into the canal as much silt-free discharge as iy Practically ossible.
Therefore, if any further model studies are found necessary on silf-e

I i if o ref ; -€Xcluslon
devices, the problem will be taken up again, if a reference is made to this Station

head sluice is
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STATEMENT 1.

Silt distribution.
. Total numbey 7 5 - -
] Conditions of run, of hours ercentage erceniage
Sx:)al 4 £f run. of sand in of sand n
) rivey. canal.
1 M.F.D. in river F.S.D. in canal 48 99.50 0.50
2 509% of M.E.D. in river F.S5.D. in canal 48 99.38 0.62
3 25%, of M.F.D. in river F.8$.D. in canal 48 99.29 0.7
4 109, of M.E.D. in river F.S.D. in canal 53 08.10 0.9
5 59, of M,F.D. in river F.S,D. in canal 36 99.53 0.47

STATEMENT II

COMPARISON OF SILT DISTRIBUTION RESULTS BETWEEN PARTWIDTH MODEL AND FULL WIDTH
MODEL.

Partwidith model.

Serial Full width model, Remarks,
No,
1 % of silt in canal (Py) % of silt in canal : (Py)
P, = 0.27 x 100 = 0.5022, Py = 0.5 (from Statement I.)
1= gy X 100 = 0.502%
2 % of silt in river = 99,4989

N.B.—Conditions of run :

(1) The maximum flood discharge of 42,900
cusecs was allowed in river.

(2) The M.F.L. was maintained in river.

(8) The designed discharge of 490 cusecs
was passed through canal.

(4) Full supply depth of 4 feet was main-
tained in the channel.

(5) The rate of injection of silt was 13 c.ft.
per hour,

% of silt in river = 99,59,

N.B.—Conditions of run :

(1) The maximum flood discharge of
42,900 cusecs was allowed in river.

(2) The M.F.L. was maintained in river,

{3) The designed discharge of 490 cusecs
was passed through canal,

(4) Full supply depth of 4 feet was main-

tained in the channel.

(8) The rate of injection of silt was 10 c. ft,

per hour,

P-11—6
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NATHAMPATTI SUPPLY CHANNEL—SILT EXCLUSION
STUDIES.

(CB.L &P. No. )

Nathampatti channel takes off from Arjuna Nadhi in Srivilliputtur taluk of
Ramnad district. The channel takes off with an open head at a point where the
river takes a sharp bend. It is stated that during floods in the river, major
portion of the water finds its way into the channel without passing down the
river as the result of which the river course is completely silted up. This silt
uitimately enters the supply channel thereby silting up the bed of the channel.

Studies were conducted to exclude the silt and control the flow into the
supply channel. It has been proposed to put up a head sluice at the off-take
to control the flow in the channel during times of the maximum flood in the river,
This will enable the diversion of the supply water into the river course thereby
scouring the bed. In spite of this it was observed in the model a considerable

quantity of silt entering the channel.

So a groyne of 100 feet length placed perpendicular to the head sluice
was tried, which was found to be effective for maximum discharge in the river,
Experiments are in progress for testing the effectiveness of the groyne for low

discharges.



CHITRACHAVADI ANICUT—SILT EXCLUSION STUDIES
(C.B.I. & P. No. C-8.)

1. Introduction :

Across river Noyyil, there is an anicut near Chitr .
. . ', ach

f{'om the -amcut is drawn into the Chitrachavadi Channel thli)%ig%a l?elﬁl \Xa'_fer
situated in the left margin of the river. The salient features of th stice
and the channel are given below : e anicut

2. Data :
(a) Anicut—
Crest level ... ... El 1,405.26.
Length of anicut ... . 17475 feet.
Maximum flood discharge ... 12,050 éusecs.

(b) Head sluice—

No. and size of vents ... 4 Nos.of 60" X 5 ¢
. ‘ each.

Sill level ... ... EL 1,400.55

'F.S. discharge ... 146 cusecs .

F.S. depth ... ... 4.6 feet.

(c) Sand vent—
No. and size of vent .. 1No.;4 0" x5 8"
Sill level ... ... EL 1,399.63, '
3. Problem : . .

It is reported that in times of floods, large quantities of sil i
in front of the hpad s}uice and are also drawn throigh the can:;.t %r()eng: pg:ltteid
the canal is getting silted up. Hence a method will have to be devised ‘g <I:lo .
ducting model studies to prevent deposition of silt in front of the headszslui::lt;

and silt drawal into the canal.

4. Model and Experiments :

A distorted model to a scale of 1/25 horizontal and 1/10 i

constructed. The bed of the river 1s moulded with sie\{ed \nggt(lica:)lf h:g ls)ieze n
Various proposa_ls of. dlylde_walls and groynes have been tried for exclusion ef
silt taking the silt distribution between canal and sand vent as the govemil?g

factor.

5. Further Programme of Work :

Different types of groynes for creajcing an_effective still pond fr .
the canal will draw the supply will be tried and the most effectli)ve deVi%?r::;%lg}

mended.



GRAND ANICUT CANAL—SILT EXCLUSION STUDIES

1. Introduction :

Grand Anicut situated about 12 miles from Tiruchchirappalli is an old
irrigation structure across Ullar, which is a prehistoric breach on the left margin
of Cauvery river joining Coleroon some distance downstream from the anicut.
At the site of the anicut the river Cauvery divides into Cauvery, Vennar and
Ullar (already described). There are regulators across Cauvery and Vennar.
After the construction of Mettur Dam, a canal was taken off from the right bank
of Cauvery river near the Grand Anicut called the Grand Anicut Canal (Figure 1).

2. Hydraulic Particulars :
(a) Cauvery—

(1) Average bed level of Cauvery at Grand Anicut. EL 185.00.
(2) Normal water level (Upstrram of the regulators) EL 196.31.

() Grand Awnicut Canal— Existing _Proposed
Head Sluice Head Sluice.
(1) Sill level ... ... El 185.91. El 187.91.
(2) Full supply level ... ... EL 19291. ElL 192.91.
(3) Bed width .. 180 feet. 110 feet.
(4) Bed fall ... ... 0.15/1,000. 0.15/1,000.
(5) Existing discharge ... 4,100 cusecs.
(6) Existing size of vents .. 30" x 5 4
(6 Nos.).
(7) Additional discharge 1,273 cusecs.
(8) Size of additional vents ... 3 vents of 20' X 5’
or 2 vents of

, 30" x 5.
3. Problem : :

The bed of the Grand Anicut Canal in rear of the head sluice is silted up to
an average depth of 3 to 4 feet with the result that the present head sluice is
not able to draw the required full supply of 4,100 cusecs. It was suggested that
an additional head sluice may be constructed on the right bank of the upland
drain so that the backed-up waters in the upland drain can be supplied in the
Grand Anicut Canal through the proposed head sluice (Figure 2).” It was felt
that the supply thus drawn from the upland drain may not contian much of
silt and it was decided to study by model experiments the approximate silt
reduction that can be attained by drawing a discharge of 1,273 cusecs through
the additional regulator and the rest of the supply through the existing regulator.

4, Model :

A partwidth geometrically similar model to scale 1/24 was put up repre-
sent‘ingpthe right bank and a portion of the Cguvery river above thepa.nilc)ut_,
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some length of the upland drain, the Grand Anicut: Can
and the Vennar regulator. The river bed and the canal
sand passing through No. 14 sieve. .

al and the regulator,
bed were moulded ip

A rectangular weir was provided at the upstream end
measuring the discharge let into the river. Another weir wa
stream of the Grand Anicut Canal to measure the quantity of .
through the canal. The additional regulator provided \372]_3 O‘fVa:t;erVg):tSsmg
20 feet span.  Silt traps were provided downstream of Vennar regulator GS of
Anicut Canal and the proposed additional regulator, so that ] » Grand

i j 1€ quantity of
sand passing through each of these can be separately collected f yo
the results. ; fed for the analysis of

of the model for
S provided down-

5. Experiments and Results :

Two comparative experiments were conducted tos ' :
partial discharge through the additional regulator. 'tﬁgyvg};s f{:‘c,tlof drawing
of the regulators, i.e., in the Cauvery river was maintained at E| 196e3 Ubstream
the normal water level upstream of the regulators as furnishe(i fror ! which is
As per the details received from the field, the maximum discharge rom the fielq.
the Vennar regulator during the last season wag 12,000 cusecs %ngqssed through
Anicut Canal the maximum discharge passed was 4,300 cusecs ll}rthe Grand
ponding discharges were maintained in the model through the | he_corres-
takes. The water level in the Grand Anicit Cana] v taiea CPective off.
which is the full supply level of the canal. The w
-maintained at El. 188.28. Of the total dischar
assed into the Grand Anicut Canal, a discharee cor
\Iz)vas passed through the proposed additional rggulatgispondmg to 1,273 cusecs
charge through the existing regulator. Sand was inj ]
per hour. The model was run under these conditi0n]Se Cff)idi*li/l'tZ t}?e pote of 1 ct.
of 12 hours per day. The quantities of sand that passed thro Olilr
Grand Anicut Canal were collected at the end of each day and ugh Vennar and
quantity collected thus was steady only after the model wag rumeiasured. The-
Only after this the model attained a regime condition. Hepce rihor 216 hours,
sand collected was considered only for the rest of the 156 ho, 1€ Quantity of
following table gives the quantities and percentages ofbsand urbn of Tun. The
above case ;— Collected ip the

Quantity of
sand collected .

Vennar 85 C. ft.

Percentage of
Sand collecteq .

o , . 63%
Grand Anicut Canal including
the additional regulator ... 50 C. ft, 379,
TTTe——
1009,

al regulator
It was only

The quantity of sand that passed through the Proposed adeis
into Grand Anicut Canal was separately collected ané meascﬁiriglon
39, of the total sand injected. :

The next experiment was carried out after closing the . ..
regulator completely and drawing the full discharge corrggggga?ggaczglt;o%
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cusecs through the existing regulator alone. The rest of the conditions such_ as
upstream and downstream water levels, discharge through Vennar, etc., being
the same the model was run for 372 hours. Here again for 216 hours the sand
collection was not steady. Especially, in the Grand Anicut Canal, the bed
that formed when the additional regulator was also functioning got changed
and a state of regime was attained only after 216 hours. The quantity of sand
collected was considered only for the rest of the 156 hours of run.

i‘he following table gives the quantities and percentages of sand collected : —

Quantity of Percentage of

sand collected. sand collected,
Vennar 77 C. ft. 589,
G. A. Canal 56 C. ft. 429,
1009,

6. Discussion on Results

The first experiment has been conducted with the proposed additional
regulator drawing a discharge equivalent to 1,273 cusecs. Only the balance of
discharge, i.e., a discharge corresponding to 4,300 — 1,273 or 3,027 cusecs was

" drawn through the existing Grand Anicut Canal head sluice. A stagnant pool

was formed in the upland drain upstream of the new regulator. because of the
backed upriver water and the discharge drawn through the upland drain was
found to be almost free of sand. Scouring of bed was observed downstream of the
additional regulator. But the existing head sluice of Grand Anicut Canal began
to draw sand almost immediately after the experiment was started. After
some hours of run sand was seen entering the upland drain slowly. Though
the pool of water appeared to be stagnant in the beginning, because of the
constant drawal of water through the additional regulator, movement was
seen in the upland drain also, though very slowly. It took considerable time
for the sand to move and reach the additional regulator. Even after this, very
little quantity of sand passed through the regulator as seen from the results
obtained. (Only 3% of the total sand injected.) But the upland drain was
silted up to a considerable level (corresponding to 6 feet depth in the prototype).
Of course, these were conditions attained in the model with all the mode] limita-
tions. To cite a few of them, there is the condition that during heavy rains
the upland drain may be discharging into the river and the frequency of such
floods, the discharge and the quantity of silt change in the flood waters are
factors that are not known and are of a varying nature. The effect of such
flood draining into the river on the performance of the additional regulator
cannot be predicted precisely. However, it reflects the performance on a
qualitative basis.

Therefore, the experiment was conducted, limiting to the condition that a
steady flow was maintained in the river, i.e., or certain water leve] corresponding
to normal water level was maintained upstream of the regulators and the flow
through the regulators were maintained constant for the experiments. Wnder
these conditions, the upland drain had some still pond effect in the beginning of

P 117
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the experiment which went on decreasing due to drawal of sand into the drain
and consequent raising of the bed level of the drain when a discharge of 1,273
cusecs was drawn through the additional regulator.

It was observed that the proposed additional regulator also started contri-
buting to the sand drawal into the Grand Anicut Canal during the later stage of
the experiment.

To obtain a comparative result for assessing the efficacy of the proposal in
the matter of silt reduction, another experirient was conducted in the same model
under the same conditions of operatior, with the additional regulator kept
closed, and with the full discharge, corresponding to 4,300  usecs, being drawn
through the existing Grand Anicut Canal Regulator itself. The model was rup
for the same number of hours as in the previous exXperiment g
was attained almost after the same number of run as in ¢
ments. The number of run for which the sand collection was
for comparison in both the cases was the same.,

The following table gives the results obtained in both the experiments :.—.

Wi;htthef additional Without the additional
reguiator functioning regulator functionin

(Drawing 1,273 cusecs). ¢ June g,

Name of river or e~ ———A

channel. ‘ | Quantity Percentage Quantity Perccniaé?

of sand of sand of sand of sand

collected. collected. collected. collected.

Vennar . ... — 85 C.1t. 63% - 77 C.ft. 58%

Grand Anicut Canal ... 50 C.1t. 37% 56 C.f, 429/

A comparison of the above results show that there has been no 4
reduction of silt due to the functioning of the additional regulator whi
1,273 cusecs through it. The percentage of overall silt reduction w.
only 5%. Though the quantities of sand distribution as obtained in
are not strictly comparable with those of the Prototype distribution, due to the
model limitations, especially in a partwidth model (where only two regulators
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. Even though a discharge of 1,273 cusecs (about 30% of the total
discharge) was drawn through the additional regulator, the consequent gjlt

reduction has been only 5%. As such the Proposed additional re ul
cannot be said to be efficient in so far as silt reduction IS concerned EWlator

PPreciable
le drawing
orks out tq
the mode],

On the other hand, the quantity of sand that was collected in the
the additional regulator was only 3% of the total sand injected, or 7.53;:r gg
the total sand that was collected in the G_rand Anicut Capal Or in other
words, when the additional regulator is drawing about 309%, of the discharge of
the Grand Anicut Canal, it draws only about 7.5%, of the ‘sanq that comeg into
the &rand Anicut Canal. Though this seems to be a redeeming feature in
favour of the proposal, other observations reveal (as already seen) that the
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total 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 desirable,
The water passing through the additional regulator had an appreciable velocity
and immediately after it left the regulator it came into contact 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 additional regulator. The
rest of the sand passed through the canal and was accounted for in the total
collection made at the end of the Grand Anicut Canal. But it is only the small
quantity of sand remaining in suspension because of the turbulance that might
have escaped the accounting for the addltional. regulator, but had been 1n<_:1u.ded
in the total sand collected for the Grand Anicut Canal. At any rate, it is g
significant point to note that this silt charge of the 30%, supply taken through
the proposed regulator is less concentrated than that of the 709, supply let
down through the Grand Anicut Canal regulator.

Conclusion :

From the results obtained, it is seen that ‘the additional regulator dra\ying
1,273 cusecs has not got much effect in_ reducing the sand that is moving into
tl,ie Grand Anicut Canal. Perhaps, this may serve to supply more discharge
into the Grand Anicut Canal in case the existing regulator 1s not able to draw
the full discharge required. But its performance in reducing the Incoming
sand into the Grand Anicut Canal seems to be doubtful.

Anyhow, some more experiments will be conducted in the vertically
exaggerated comprehensive model and the results and conclusions ) Wlll‘ be
furnished as a supplement to this report. Also, the suggestions and dlrectloiis
given by the Chief Engineer (Irrigation) as per the latest mspection notes will
be studied in detail in the comprehensive model.

nt on the proposal of drawing part supply through the additional
regul(z:i(t)(r)ls,e%;ll: mouth ofpthc}:) upland drain is likgly to get silted up, destrqying
thereby the effectiveness of the upland drain in giving the much-needed drainage
facilities to the adjoining irrigated lands. Due con51derat10ps to this aspect of
the problem will also be given in the pursuit of further studies.
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RIVER MODEL EXPERIMENTATION
WIT |
MEDIUM—KEERANALLUR BRIDGE__ZIT,(SJ}]E)I;'g-RIGID
ON BANK EROSION. S

(C.B.I & P. No. B-12)

Synopsis.

hnique, for conducting studi i
semi-rigid material as the medium, hasgbeen dzsvggpgg elrns t?f.ld SChapnels using
study of erosion of protected bunds by direct impact of the ﬁls tation, for the
of flow playing 1o significant part. The development of t%w, the curvature
limitations and probable pitfalls are given in the first part AE: technique, its
he protected bank upstream of a bridge hatSYIl))lgéﬁ 'Sstlud?if
olve

i .
a] 1 p *

PART L

A model tec

1. Introduction :

The equation
Gerald Lacey are
ver or channel model is in regime but it i

» t '
ually to models which exhibit the samésc?:;g?»:ﬁ?ethég the equa-
m regime

of fill, as their prototype. Regi i
t similarity for all alluvial e ons are accepted-as

s for model scales derived f : '
discussed below : rom the regime equations of Sir

““ No ri

tions apply ed
either of scour Or

embodying the laws 0
\ The four basic equations derived for models fro
m the original regi
gime are

as follows :—
Wooe OF U
V e f Dt 92
D)t
V e ('V)« (RS)% L3
f e« mit = km? 4

where W is the effective width,

is the discharge,

is the mean velocity,

is the silt factor = K V#/D,
is the effective depth,

is the hydraulic mean depth,

g is the slope, and
m is the mean diameter of bed silt.

WY <o
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Employing the above four basic equations t ; )
can be derived :— 4 ns the following model equations

W e O} ... 5

D o (Q/mi )P .. 6
1 .

D/W W . e 7

The last equation stated in a different form ie., W/D o (mQ)'# indi
that as the discharge goes down the W/D ratio goes down ; in other n 1((:iates
smaller channel is relatively narrower than a large chanmnel. This COWolr S, a
demonstrates that vertical exaggeration is inevitable for all models of ncllusl.on
channels. It also indicates that in cross sections which are géomi _uvia}
similar, the mean diameter of the bed silt would vary inversely as the dizclﬁca ly
Hence, a geometrically similar river model would require material of e arge.
grain size to simulate bed movements'. normons

It is well known that curvature can be reproduced effectively in a mod
by giving vertical exaggeration. The amount of exaggeration is giveno bel
VE = H'” or V= H?P2where VE = Vertical Exaggeration V = Verticeﬁ

scale.

2. Development :

In mobile bed models dealing with bank erosion, the verti . .
entails a complication in that the material in the model bank i(;a}:;fl(eadg %eratlon
stand at a slope very nearly equal to or greater than the angle of repose POI& o
may slip at the slightest disturbance. When the curvature of flow is tl{eag SO
nant factor causing erosion, the approximation of tilting the bank back ar,Orm-
the axis of water line is adopted. In these cases, models of lower v T.lnd
exaggeration with suitable vanes to reproduce curvature can also be ader ical
But there are certain other channels where the formed and pitched banﬂpted‘
damaged not so much by the curvature of flow but by direct impact ? are
flow. In such cases, thé necessity for vertical exaggeration being ne 1? _ghe
geometrically similar models are considered not only desirable but alsoga gible,
able. The other drawback of geometrically similar model is still there naCcept_
that these models will have to be moulded with large sized incoherent’ martnel_y,
like gravel. The red gravel is fragile and so loses its size gradually by im erial
Hence the possibility of using a coherent or semi-rigid material has %ice‘;

examined.

Preliminary observations were made during the studies made )
the bank of a stream named ' Malattar Odai” and has been preggiégsion of
Annual Report of this Station for 1957. Mixtures of clay and sand i;l the
proportions varying from 1 : 1 to 1 : 8 were prepared into rolls and dl’iedtl}e
order to find the possibility of development of cracks. The model was mouldln
with these mixes and was operated to find their eroding properties. The ] ed
mix was found to develop cracks whereas the 1 : 8 mix showed consider 1-)11
eroding tendency. A mix of clay to sand of 1 : 3 was found to be free f? e
cracks and its eroding qualities were also found to be suitable and adequaot?

Thus, a model technique named as semi-rigid bed model came into being. As
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per this technique the entire model should be moulded with this mixture and
the discharge which would simulate the prototype scour after a reasonable
number of ours of run has to be arrived at by trial.

Experiments should be conducted for this discharge—scalé ratio.

3. Difficulties and Pitfalls :

Though the technique appears to be feasible, the following difficulties are
likely to be met with while actually operating the models. River models being
large, the quantity of me_xterla_l‘ required is also considerable and consequently
unskilled manual labour 1s utilised for preparation of the mix. As such, uni-
formity in the mix is difﬁcu'lt,.lf not 1mp0551b1¢ to ensure. Thus, an imper(,:epti-
ble human source of error 18 involved and this can be overcome only by strict
technical supervision of the entire process of mixing. The presence of clay as
one of the ingredients makes the lower portion of the model material saturated
with water and at times vitiate all attempts at laying by providing a mobile
oscillating medium. The saturated material beneath the surface prevents
complete and uniform drying and induce heavy scour by retaining the moisture
in some areas of the model. The entire area of the model under study requires
removal to a sufficient depth and replacement with altogether new material
for each study, and this increases the cost of running the model. Probable
pitfalls are that improper mix may indicate too much or too little scour in
comparison. Difference 1n drylng of various areas under study may give
misleading results. In addition the technique has its own limitation of being
adoptable only for studies of localised action of direct impact of the flow.

4, Conclusion : ,
The technique is nevertheless. acceptable as a river model technique since
river models are mainly used.for v1suqhslpg a pro_blem,’ for verifying the data
ng comparative, qualitative studies. This technique permits

for conducti rat ,
and for trically similar model and provides the best means for visuali-

h of a geometrica . X I
;ine uze roblgem in doing away with the inherent psychological effect that a

ically exa; erated moglel may Produce in the mind of an experimenter. Iti
Zg;t;ﬁi, good Sgsga conventional mobile model constructed with incoherentrma‘fteli
A tor verifying the data. It has been proved beyond doubt, that by over-
‘Hiculties and avoiding the pitfalls enumerated in the paper, fairly

ing the di :
Zgﬁ;;gte qualitative studies could be conducted.

PART 1L

1. Introduction . i
nallur Bridge is sfcuajce(-i at M. 15/7 of Mallapuram-Para -
adi 11{1%6;3 in Kerala State. This is resting on screw piles and had bgalr)laltl:zﬁ-
g r 1906. The bridge and its immediate precincts were streng-

in the yea . .
igﬁg(}f‘the ye}:,ar 1940 as the foundation of the bridge were found to have been

weakened by excessive floods.

Jllur River is a small stream with a catchment of 12 squ i
" thlé?)erriilge site. The bridge1s situared in the river about 350 feetqav?;ir rfrll.ges
ith River Kadalundi. In times of low flood in both the ﬁv£

; ew .
(l)tl‘s ﬁ?grgl‘%egl;d 7 the Keeranallur alone the Keeranallur flows into Kadalundj
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but in times of high floods in the Kadalundi only or in both the riv.

lundi ﬂovys into the Keeranallur, spills over its comparatively loexifs g;;éadaa
the flood joins the sea by a shorter route. The Keeranallur acts as an auxil'an
flood carrier for the Kadalundi (vide Figure 1). Hary

But the bridge in question being fairly old with inadequat
could not allow the high floods. Witha vie\x} to restrict the %fg%ﬁtid‘:a}e{}vfay
floods, a cross bund was constructed across the entrance to the KeeO lese
with a navigation vent 30 feet wide at base (vide Ifigure 2). This con Eana .lur
was completed in 1942. During the floods of that year the toe of th S eroon
Keeranallur was scoured out and the revetment Slipbed in several la(? nght of
problem as referred to this Station is to analyse the causes of thisperogaiso'n ;}g

suggest the necessary remedial measures to correct the flow and avoid the scq
scour. -

9. Causes for the Scour :

Field officials have concluded that the navigation .
cross bund is the main source causing the damageg In vi\gx}tofo ihnOtCh o tl}e
fall to the sea obtaining by the shorter route provided by the eKmore rapid
there appears to have been a tremendous rush of water through ei;»fanallur’
which has issued the discharge against the revetment and caused t%le stcoe;nfl otch

In addition to this rapid fall it is also observed th :
on the downstream (reckoned along the direction of ﬂgfvbiﬁ }E:én‘% the Notch
end of the cross head, the rapid flow has been forced to take a severa ;1 ndi river
entering the bridge and the approach is not axial. It is this obli o before
that appears to have damaged the abutment bank of the bridque “pproach
maximum flood discharge of 21,540 cusecs the linear waterwa ge. For the
meagre. This must have been the cause for the weakening of thy F 1'0v1de51 is
of the biidge prior to construction of the cross bund. ¢ ‘oundations

Studies have been conducted to arrive at the best solution .
erosion and for protecting the bridge abutment. Bridé%{lcfl(i;_avmdmg the
one of the suggestions given by field officials. regulator jg

3. Data :
Data pertinent to the studies are given below :

(1) Kadalundi River—

() Maximum flood discixarge . 81,540 cusecs
Surface fall ... ... 11in 2,640. ‘
Water surface elevation near the notch ... 56,0,

(b) Dominant discharge ... T o 30,090 cusecs
Surface fall - .... . lin 2,640, .
Water surface elevation near the notch ... 47.9
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(2) Keeranallur River—

() Maximum flood discharge ... 21,540 cusecs.
Surface fall ... ... lin 2,640.
Water surface elevation at bridge site ... 55.65.
(b)) Dominant discharge ... ... 4,450 cusecs.
Surface fall ... 1 in 2,640.
Water surface elevation at bridge site ... 47.0.
4. Model :

A geometrically similar model to a scale of 1 : 48 was const
tliadalundfi Iliiver vc&l/as lzﬁc} 1in :ssaf;md and the Keeranallur river vs?z?ss ri::)%ﬁi%d V’flilﬁ

e mix of clay and san : 3). The bridge and the cross b i
were made of teakwood and fixed in positiogn. oss bund with the notch

After a few trials a discharge of 2.5 cusecs was fixed as model dischrge to

‘give the scour pattern in conformity with the prototype. The flood levels

observed in the field at the notch and at the bridge sites were maintai ;
' t
the model. Heavy scour was observed right under the bridge, 3\71{111(;&};1132‘,1;

- showed any signs of ceasing. This confirmed the view that the linear waterwa;

of the bridge is inadequate. To simulate the site condition

bridge and its apron were made rigid. With these modiﬁce’lt%r?sﬂ?ﬁz ?Ifloglei
was run fixing the time of each experimentation as 12 hours. When the model
was finally run through 12 hours, scour was observed in the corresponding lace
of the model and prototype, i.e., upstream of right abutment and downstregm g?

. cross bund AB (vide Figure 3).

5. Experiments and Discussions :

Experiment 1.— As suggested by many field officers the

and CD shown in Figure 3 was removed.y The actual removcarloi)sf ?Il;eral dcrAB
bund was made after the flow became steady in order to observe the increaseoiss
flow into Keeranallur. The flow did not increase but had a smooth entr intn
Keeranallur and consequently there was no scour. anywhere downstreg ?
cross bund AB except at the bridge abutment (vide Figure 4). ‘ m o

However this ex-
periment indicated that
the inadequate linear
waterway of the bridge
controlled the flow
rather than the cross
bund and this is not a
desirable feature as the
bridge may be seriously
damaged if sudden and
excessive floods occur.
Therefore, it has been
concluded that flow
control at the entry
would be desirable. Smooth entry of flow into Keeranallur with the cross bund removed

p—II—8
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Experiment 2.— To control the flow at the site of the cross bund, the notch
itself was proposed to be used. But it was shifted upstream (reckoned in the
direction of flow in Kadalundi river) by lengthening the cross-bund AB.

Another cross bund AB (vide Figure 5) was placed as a submerged repelling -

groyne upstream of the bridge. Severe scour was cbserved on the right bank of
Keeranallur downstream (reckoned in the direction of flow in Keeranallur river)
of the submerged groyne and also at the junction of the left bank of the Keera-
nallur river and the left bank of Kadalundiriver (Point C). The flow overtopping
the bund A' B' was observed to continue to have oblique approach and the
failure of the submerged groyne indicated the futility of correcting the flow
approach by any such device.

Experiment 3.—The top of bund AB was raised above water level and the
submerged groyne was removed. The sharp point C was smoothened out
with a curve of radius 80 feet. The flow smoothly entered the river and there
formed a still pool which acted as a water barrier in front of the right bank of
Keeranallur. But obliquity of flow to the bridge was still present and scour
was observed at the right abutment though not to the extent observed previously
(vide Figure 6).

Experiment 4 —The only solution appeared to be appropriate is to re-orient
the bridge alignment so as to suit the flow approach in a straight direction and
so it was shifted by 50 feet towards right bank of Keeranallur. The right
abutment was shifted towards the notch to give a horizontal tilt of 7°. This
proposal indicated no scour (vide Figure 7). '

Experiment 5.—The next studies were conducted on the proposal of a bridge-
cum-regulator. The bridge and cross bund AB and CD were all restored to
their original position as shown in Figure 8. Shutters were installed for all the
four spans of bridge. The total discharge let into the model was maintained
constant. The discharge into the Keeranallur river was reduced successivel
to a quarter, half and three-fourths of that which was allowed originally by
operating all the four shutters. While quarter and half the discharge did not
give any scour three quarter discharge indicated conspicuous scour at the abut-
ment (vide Figure 8).

Experiment 6.—-The cross bund AB and CD were removed. Three quarter
discharge was allowed into Keeranallur river by operating the shutters. The
obliquity of approach was quite visible and in addition severe return flow was
observed on the downstream side of right abutment with the bank being severel
eroded. Slight scour was observed (vide Figure 8) an upstream right abutment
also. The return flow and erosion in river were observed for the previous experi-
ments also and so may call for protection of the bank. The flow upstream of
bridge was extraordinary, still and tranquil.

6. Conclusion :

Of the three factors enumerated already dealing with the causes of damage
namely, steep surface fall, obliquity of flow approach and control of flow, the
second is assessed to be the most important and predominating over the other
two. When the model was tested with regulator-cam-bridge and oblique

approach the scour produced indicates that the flow will have to be corrected
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even if the surface fall is reduced by way of fixing up the shutter to the bridge.
Scour observed in experiment 1 with the cross bund AB and CD removed indi-
cates that removal of cross bund alone does not correct the flow to the desired
extent and this is also borns out by the last experiment. It is obvious that
the flow control at the site of the bridge is not desirable in that the excess flow
will have to be allowed to spill over the right bank if some more serious damage
to the bridge is to be avoided. The cross bund AB (vide Figure 5) does fulfil
the two-fold objects of gontrolling the flow and also training it to some extent.
Since a new structure 1s proposed to be built advantage of the opportunity
has been taken to re-orient the structure to suit the flow which has been partly

trained by cross bund AB. Since the mere shifting of the existing bridge

alone has proved so effective in correcting the flow, a new bridge with adequate
linear water way is expected to function better.

Shifting of the navigation vent and training the left bank at the offtake of
Keeranallur as given in Figure 7 are recommended. The new bridge should
have sufficient waterway and the right abutment should be farther away from
Malappuram than the right abutment of the bridge in the shifted position.
The navigation vent should be designed as a controlling section to allow the
design flood discharge to be allowed into the Keeranallur. The silted up bed
should be excavated to form a channel for the corrected flow.

The bridge-cum-regulator with strong bank protection works considered
necessary (vide experiment 6 appears to be too elaborate a proposal, which
will no doubt result in some additional advantages ; but it may not be commen-
surate with the extra cost involved.

. References :

(1) Article on “ The selection of Alluvial model scales ” by Gerald Lacey,
page 91 of Annual Report (Technical) of C.B.I. India—1942.

7

(2) Article on_‘‘ Reproduction of curvature ‘in a model,” page 9—
Annual Report on Indian Waterways Experiment Station, Poona for the year

1943.
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AVALANCHE SCOUR VENT ENERGY DISSIPATION
STUDIES.

(CB.I & P. No. C-2 (ii))

‘o :

1 Tntrodbe he dam forms part of the Kundah Hydro-clectric scheme. A
The Avalanc dissipation arrangements in rear of the scour vent of the dam

design for energy dl S%bsequenﬂy it was found that the top elevation of the

was recommendec s constructed were different from those recommended

basin and _the aPron 2 h certain modifications in the design were found to

from this Statiqlr‘lﬁ?sngegts)riuics about the revised design evolved in order to suit
be necessary- :

Jitions resulted from constructions.

the field con

2. Data: El. 6515.00.
(1) MWL ¢ El. 6350.00.
(2) Sill of scour vent -

. ¢3) Size of vent :
(3) Sizeo ve. ¢ basin El 6,327.0 as adop-
(4) Top elevation ted in the design

recommended.

E1. 6,330.00 as found-
suitable in the
field.

El 6,336.0 as adop-
ted in the design
recommended.

El 6,328.0 as con-

structed in the
field.

30 feet as adopted in
the design recom-
mended.

24 feet as construc-
ted in the field.

(5) Top elevation of apron

(6) Width of basin ...

. .narity in the levels of the basin and apron between
In view of the gre?tndlrsgz?;nr}r’xended from this Station and as constructed
d in the heiegdesign had to be revised and the revised one should
in the field, the Wﬂﬁa height of the baffle wall and in finding out suitable
consist illl)lf‘(’f::rtlo be placed inside the stilling basin.
0

to the construction in the prototype, changes were in-

1.C prormmgo del by reducing the basin from 30 feet to 24 feet in width
corpo rated mt _tlﬁiog; Jevel from 6,327 to +- 6330 and lowering the apron from
AN S
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6,333 to + 6,328 with the result‘that the basin got higher than ¢

by 2 feet as against the fact that it was lower by 6 feet in the previou;ed:s%gln )

However withthe baffle wall withits top at El. - 6,335 asin the previous design

a depth of 5 feet was created for ‘the basin and experiments conducted §or’

M.W.L. in the reservoir. Energy dissipation was found to be satisfactory onl

for partial gate operation up to half vent, beyond which the jet issuin 03{

from the sluice was found dashing against the baffle wall with violent gnoi

and escaping over it in an unstable and undesirable manner. With 5 viesvi

to obtain a stable hydraulic Jump, the battle wall wag raised by 1 foot, 2 feet

and 3 feet and for each case studies were made. ’ ¢

Raising of the batffle wall to + 6,338 by 3 feet above the level 6,3 :
commended previously was found absolutely necessary to prodt(;:: h?;g?gu?' o 6 g). 633500
jump when full vent was in operation. It is to be noted that depth of thc Ky E1-633
stilling basin required is 8 feet and it is same as that of the stilling basin I‘eCOm? T 1-6333-00 ]
mended previously. 12'- 0" X ‘ . _ 7 Y

4.2. After the top elevation of the baffle wall was finalised, experiment §1-6330:00 t— 30'-0 —
were conduct%d to improveif ‘lc)llle l}()erformance of the basin. Various types 0? : 7-00 The Depth Of Apron To Be
blocks and different rows of blocks were tried and as a result 2 bl . E1-€327- . . . .
4" x 3 X 4’ each placed symmetrically at a distance of 25 feet frorrcl)ctﬁ (tfosl(z)(; Decided in The Design Office.
the glacis were finalised as sufficient to effect satisfactory energy dlSSipatlon-

4.3. The length of basin was 44 feet in the design reco . o
viously, But due to raising of the level of the basin itgs len gthmgrggniii?e ell)sr% o
to 53 feet though encroaching on the glacis. With 4 view to economise tﬁ o
“length of the basin, studies were made for various lengths below 53 feet and the i
length 45 feet was found sufficient. € i o NOTE -

: o -

4.4. Though the site of the basin and apron is of rock : 3 . A( _ 2
were made alslo on the velocities of the flow immediately in %;ag‘f“f}’l:%lffﬁ: ~ " Curve ® Y =0-02889 x2
wall. The velocities observed were in the order of 20 to 22 f . W - A.
as against 17 feet per second in the previous design. This higlf eieﬁ)iﬁt?econd ~ - 4 Curve Y=o 0”4! X 2
expected because of the baffle wall being 10 feet high above the apron a}r’1 (;Nas = © Curve © Y =0-007397x
such it could not be avoided. HOWCVCI:, it is to be noted that as the pl N o~ > - :
rocky it can withstand very well the high velocity of 22 feet per Seco%gce 13 ® w
therefore doubts need not be entertained as to the safety of the structi?ed " 2

4.5. For the design of the divide wall, the one between the . | s
the spillway, top elevations of the water surface profile were tak:r(io:;lridvmlltt2l nd . ; c }(

The top elevation of the standing wave in the stilling basin wag observelziqc ed. 2 - :

-+ 6,349 and therefore it is necessary to have the top of the divide Waﬁ) be w ) -

+ 6,350. ~ at I :
' o

5, Conclusion : °

The design which has been recommended for adoption in Trp; ti Public Works Deportment, MADRAS.
Division Report ﬁlo,] L/58 }t?d to tbe 1rev1scd in the light of th%acloariggzsggz ‘ .n‘.o'. Ircigation Reseorch §tntig’n POONDI.
by the field authorities in the actual construction of the st h
re};ised design consists of a stilling basin of length 45 feet fornﬁggtl;)r;sa b];flie 82’ KUNDAH HYDRO ELECTRIC SCHEME
wall at the end with the top at + 6,338 and provided with, ¢ blocks ‘ofa‘ e _ AVALANCHE SCOUR VENT
4’ x 3 < 4 and pla(‘(ﬂ symmetrically }1}51(10 at a distance of 25 feet frslze Feet 9 ENERGY DISSIPATION AT EXIT
the toe of the glacis. The top of the divide wall shoul be at 1 6,350 ,Iﬁ)m = . ' .
whole design is shown in Figure 2 and it is recommended for adoption.° he — 8' ||6 Finaglised Design

T v ' ,gT-BViswonofhun C-S-Kuppuraj 'Z‘L)ﬂ
>
of v - E-R A -E-R E - E - R]
8 Trd.__ J-J | Ckad. 1 Fig. i

Printed by sri “.SQMPAT“.B,H.,A.p.,c.s.o.,P.'L.P.,Madl‘aS.
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AVALANCHE DAM COEFFICIENT OF DISCHARGE IN
SCOUR VENT.

(C.B.I. & P. No. C-2 (ii).)

1. Introduction :

1.1. In the first stage of the Kundah Hydro-Electric Scheme, three dams
are under execution of which Avalanche Dam is one. This is being constructed
across the Avalanche river which is a tributary of river Kundah.

1.2. In this dam, one scouring vent is provided to prevent silt accumu-
lation in the vicinity of the offtake of the low pressure pipe line.

2. Data:
(i) Average bed level (downstream) ... ElL 6328.0
(ii) Top of dam ... EI 6520.0
(iii) F.R.L. ' ... EL 6515.0
(iv) Sill of scouring vent ... ... EL 6350.0
(v) Size of vent e e X7
(vi) Basin Elevation ... EL 6327.0
(vii) Apron Elevation ... EL 6333.0
(viii) Top of baffle ... EL 6335.0
(ix) Width of basin st .. 440"
(x) Size of vent at Exit ... BRETE o W x 31
3. Problem :

Experiments for the design of the exit portal and the energy dissipation
_arrangements have been conducted in this station previously and suitable
recon;mendations sent separately. Now the discharges for various openings
and for heads ranging from maximum water level to minimum draw down
level have to be determined and suitable calibration charts diawn. '

4. Model:

4.1. A model to a scale of 1 /20 was made in teakwood and was installed
in one of the bays of high head tank having a maximum head of about 14’ 0"
For this model a head of 8.25 feet was required above sill of vent. The ﬁna:
lised designs of both energy dissipation and exit portal were incorporated in
the model.

4.2. For measurement of discharges, a *V’ notch was provided down:
stream of the vent. Suitable honeycombs were provided aEOVe the O‘W\?’
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‘v’ 65
notch to make the water flow uniformly over the ‘ V'’ notch. A gauge well was
provided between ‘ V' notch and the honeycomb to measure with accuracy : STATEMENT 1.

the head over the * V"’ notch.

STATEMENT OF DISCHARGES FOR VARIOUS OPENINGS AND DIFFERENT UPSTREAM WATER LEVELS

4.3. The gate opening was reglﬂated by a shutter prOVided with SCrew Water Discharge in cusecs for the opening.
sutface -

gearing arrangements. The measurement of the opening was done with the Surface o ” o o

help of a pointer attached to the top of the shutter rod.

6,515 1,783 1,510 1,240 795
4.4. The water level inside the tank was indicated by a water level indicator N 6,495 1,680 1,420 1,155 715
which functioned by a simple “U" tube arrangement. ' 6,475 1,550 1,340 1,070 655
45 Model Scales - 6,455 1,420 1,250 085 585
Linear scale e 1/20 : A 6,435 1,280 1,155 875 515
) 6,415 1,120 1,035 760 440
Discharge scale . 1/1789 6,395 930 868 650 354
Velocity scale ... 1/4.48 6,375 690 615 475 230
Time scale .. 1/4.48
5. Experiments and Discussion of Results :
5.1. Experiments were done for the following gate openings :—
(1) Full gate.
(2) 3/4 opening.
{3) 1/2 opening.
(4) 1/4 cpening. N

For each opening, observations were made for various heads at intervals of
10’ 0" ranging from the maximum water level to the minimum draw-down
level. For each reading, after adjustment of head, about 15 minutes were
alloweed to make the flow over the “ V"’ notch and in the gauge well stead

Also before the start of the experiment the pointer was checked for trye indBif'_.

cation of the opening.

5.2. For this study, the finalised cnergy dissipating arrangements were
incorporated in the model (Vlde. I*‘lgure [ | _he dl.scharges obtained jre
plotted and discharge characteristics are furnished in Figure 2. The value
of observed discharges for various heads are given in Statement I. E

6. Summary :

Avalanche dam forl.ns part of t}le }(updah Hydro—_Electric Scheme for which
the scour vent was designed at this Station. Experiments for the determing-
tion of coefficient of discharge for this sluice were conducted and results gre

given in Figure 2 and Statement L

P—II-9
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KUNDAH HYDRO-ELECTRIC SCHEME—-KUNDAHPALAM
SCOUR VENT—ENERGY DISSIPATION STUDIES.

(C.B.I. & P. No. C-2-(ii))

1. Introduction :

The final recommendations for the energy dissipating arrangements
below the Kundahpalam scour vent were furnished in the Annual Report
for the year 1957. As the recommended design was altered during construction
to avoid heavy rock cutting it was necessary that the changes were incorpor-
rated in the model and the flow observations made. Blue prints of the changed
design were also received for conducting model studies after incorporating the
changes. This report deals with the observation made in the model with
the alterations proposed at the site, and with the suggestions of remedial mea-
sures for correcting the flow.

2. Problem :

To observe the flow conditions for the revised arrangement of the stilling
basin (skew in plan with respect to the Central line of the Scour Vent) and

Offer comments on the performance of the energy dissipation arrangement
(vide Figure 1).

3. Experiment :

3.1 The experiments wer_e‘ conducted on the same models section and
3 dismensiona’ constructed previously to a scale of 1/24 and 1/50 respectively.,
The salient details of the model after incorporating the changes were as
below :— ‘

Maximum water level in the reservoir ... El 5330
Stilling basin floor ... EL 5240
Width of the basin . eeo 22 feet.
Apron elevation ... ... EL 5249,
Depth of basin ... oo 12,5 feet.
‘ (9 feet sunk basin
and 3.5 feet baffle).

in the model upto the end of divide wall between the spillway stilling basin
and the scour vent stilling basin. The right side wall was turned to be paral-
lel to the left side wall at a distance of 22 feet. The baflle wall was kept at
right angles to the left side wall at the same location as Was recommended pre-
viously (at 55 feet) (vide Figure 1).
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3.2. Flow observations were recorded for the following 3 (three) conditions:

(@) With the altered design as furnished by the Superintending Engineer,
Technical (Civil) in his letter, dated 15th December 1958 with 2
pool of length 55 feet, width 22 feet, and depth 12.5 feet, the
pool being skew in plan as shown in Figure 1 and the baffle
wall kept at right angles to the flow in the basin.

(b) With the right side guide wall kept straight from the exit end of
the scour vent (from where the exit width is 16 feet) to a point
where the baflle wall is located (Le., with a width of pool
varying from 16 feet to 22 feet) and with the baffle wall at right
angles to the flow in the basin (vide Figure 1).

(c) With the same arrangements as given in

b) but with the ]
wall kept parallel to the exit end of the( ) e baffle

scour vent.

3.3. The flow observations for each of the 3 cases mentioned above are
given below :

(a) Due to sharp turning of the right side wall and due to the cur-
vature given to the right side flare to joint with the turned posi-
tion of the right side wall there were cross flows from the right
side towards the centre of the basin. The depth of flow on %he
right side was also more than that op the left side. This

induced heavy whirling action just in front of the exit of the scour
vent. ‘

(b) With right side wall kept straight as shown in dotted line in Figure 1
the cross flows were reduced to 2 great extent. The whirling
action also ceased. However the standing wave

¢) With the right side wall kept as i b

() "o t% the exit ond p n case (b) and the baffle wall kept
para end as shown in dotted line in Figure 17t
was seen that the flow conditions improved. The standing wave

that formed now was nearly parallel to the exist end of the scour
vent.

4. Conclusion :

4.1. The flow observations for the altered design
graph 3.3 (a). The flow profiles and the resultant vel
plotted in Figure 1. It can be seen that the maximum

height of h i
El §5,271.3 against hump elevation of 5,263.5 in the reco J ooP DOW 1

mmended design.

4.2. A few changes that were introduced to improve the fi dit'<
are described in paragraphs 3.2 (4) and 3.2 (c) and 3.3 (3) and %vg 0(2;1 ions

—————
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i2-5' depth &
40 Width

Without blocks

—FEI-8252.5 _

El-5249-0
\51-52400 |

ptm 6 7 —

Stilling pool 67'long
12:5' deep &
40'Width with one

row of 3blocks 4'x 4kS'
at20'From end of basin

El5252:8  _  _

Blocks 4X4'%5’ ,’_LE!-5242~5
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- 3y S
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12:5'deep & 40’ Width
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rof 2742 O

67—t
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(CBI & P. No. C-2-(ii) )

tection arrangements near the toe of the dam and to facilitate Smooth and
€quitable distribution of flow through the four vents of the Proposed bridge
downstream.

2. Data: ‘ |
Deepest bed level of the river at the dame site.  EJ. 5240.0

Deepest bed level of the Tiver near the proposed

bridge site .. El 52960
Average sloi)e of the river .. . 1/40
Maximum computed flood discharge for the

spillway . 50,000 cusecs.
Maximum computed tail water near the spill-

way . El 5255.00
Maximum computed flood leve] near bridge

site -« El 5236.50
No. and size of spans for the bridge -« 4 Nos; 5’ g” each,.
No. and thickness of piers .. .- 3 Nos; 5’ ¢* each,
Deck level of bridge -« El 5248 33
Top of roadway ... -« El 52530
Width of roadway coo 22 feet,

Shape of cut-waters and ease-waters e Serni-cincular.
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3. Problem :

The problem is to evolve suitable river trainin works f
ting the protective arrangements for energy dissipzﬁ:ion inS r:;r((l))f %}Clgo? ;ﬁOda-
and ’ghe scour vent and (2) facilitating smooth and equitable distrib-%? way
flow in all the 4 spans of the proposed bridge. ution  of

4. Model :

4.1. A comprehensive model representing the

feet upstream and 1,200 feet downstrle)zam of tl%e damg;?tlelzneilngotrlllteo?rs 11.1Pt0 200
sections and the protection arrangements below the dam for ener m?i.lse.d dam
was constructed to a scale of 1/50. The model was con%tructede_ 1sSipation
‘to facilitate necessary river training works to be carried out Withln masonry
bridge with its piers was constructed in masonry to facilitate n o The
training works to be carried out with ease. The bridge with e,iessa.ry river
constructed in teakwood and fixed at the given alignment. I 1 ihpler.s was
the left extreme end 1/8” copper tubes were embedded at ‘Sa'lien? € pler at
vertical sections (vide Figure 3) both at the right and left face of 'Izomts along
the pressures obtaining at the sides of the pier when there is flo It to register
under 't}}le bridge.f 1'I‘She }i)ressurgs were noted from a manometervif)zgl’zjc[?yl\%l*‘.la
on which a row o " glass i oar

ﬁttedl.l /8" glass tubes connected with the above copper tubes Were

‘ 5. Model Scale:

Linear scale ... 1/50
Velocity scale _ _ 1
v 50 - —7‘1
_— 1
' Discharge scale ~S05n — T’%g‘o

6. Experiments :

To determine the pressure distribntion alon fh 1 .
of the extreme left pier, four separate eXperimgntSewietfﬁ ?11111(1’1 %he ri
1/4th the maximum flood discharge over the spillway were cq /4th

ght faces

, 1/2
Conducted./ and

7. Discussion of Results :

7.1. River training works for the spillway and ,
downstream of the dam.—The ground 0111b the r};ght sicﬁeg osfc iﬁg vent upto 500 Seet
and also turns towards the left within a few feet of the toe of tr}iver rises Steeply
Figure 2). Due to this turn, there was no proper draing . fedam site (vide
discharge from the spillway. The ground on the right si d% of the maximym
and interfered with the independent functioning of the spill acted as q barrier
tion arrangement. Further as the scour vent is also 1§ca‘t}%§y energy dissipa-
the spillway to accommodate the stilling basin for the scour i to the right of
proper drainage arrangement for the scour vent dischargeg EIit and to ensyre
on the right side had to be trimmed to a great extent. Thigs ;v 4150, the groupq
stages to involve minimum of earth cutting since the ground as done 1 severy]
of rocky nature with only.a few feet of over-burden, A Won the'rlght was
from almost a vertical section near the end of the scour Ve*;rt ed transition

to a maximum flat slope of 1 to 1 at about 500 feet downstream fls':()inil:}gl basin
Om the dam
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on the right side was given. This arrangement afforded proper draining with
a few feet of free board over the maximum tail water at each place along the
right bank. Some minor training works have also been carried out on the‘left
side of the river. Details of cross sections (Figure 5) of the finalised arrange-

ment are shown on the field plans received.

7.2. River Training Works for the proposed bridge site at 900 feet downstream
of the dam.—About 200 feet upstream of the proposed bridge location there is
curve where the river takes a turn towards the right. To study the effects of
this bend in the river on the flow at the bridge site detailed spot levels and
cross sections were called for. Accordingly the river from ch. 600 feet to ch.
1,200 feet was moulded as per the latest plans received from the field. It was
first observed that there was full flow in the extreme left vent of the bridge
and negligible flow in the right side vents. The water surface also shot up
along the semi-circular cut waters in front and spilled over the roadway. The
river portion on the right side was gradually trimmed involving cutting of the
right side ground to suitable slopes to ensure normal flow in the extreme right
side vent under the bridge. The bed level of the river above and below the
bridge was also trained suitably. To overcome the effects of the bend in the
river on the left side a straight embankment from the left abutment pier upto
ch. 700 feet upstream and thence joined by a smooth curve to the slope of the
river at the left bank at about ch. 650 feet was found to be most effective
(vide Figure 5). The maximum water level observed in the model near the
bridge site after river training was El 5,236.25 against a-calculated maximum

water level of El. 5236.50 at the same site.

7.9.1. Psessure studies for the bridge pier at the extreme left.—It was observed
that with the maximum discharge over the spillway, the right face of the pier
registered a maximum negative pressure of —17.08 feet of water for the pro-
totype at the junction of the right side of the pier with the semi-circular cut
water portion. At the junction of the left face with the cut water portion a
maximum of — 12.58 feet of water for the prototype was observed for the same
discharge (vide Figure 3 and Statement I). Negative pressures of varying
magnitude for even a discharge of 1/4th the maximum was observed through
the left and right faces of the pier. The distribution of pressures along the

pier faces is furnished in Statement L.

8. Recommendation :

8.1. The river training works as detailed in the plan showing spot levels

(Figure 5) and the Cross Section (Figure 4) and showing the proposed levels
superimposed on the cross sections received from the field are recommended

for being carried out at site.

8.9. The heavy negative pressures noticed on the faces of the piers are
injufious to the masonry and may endanger the safety of the structure. How-
ever, the authorities of the Electricity Board were of the view that the occur-
rence of a flood of the magnitude of 50,000 cusecs was a very remote possibility
and that no serious consideration need be given to this aspect. Hence further
studies were not taken up for reducing the velocities in this reach. However
the fact that heavy negative pressures are developed on the pier faces is placed
on record for such action as they may deem fit.
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STATEMENT 1.
STATEMENT I—(cont.)

KUNDAH HYDRO-ELECTRIC SCHEME - PRESSURE STUDIES
FOR THE LEFT EXTREME PIER UNDER THE BRIDGE —(contd.)

KUNDAH HYDRO-ELECTRIC SCHEME -PRESSURE STUDIES
FOR THE LEFT EXTREME PIER UNDER THE BRIDGE

Pressures in feet of water for prototype.

; ' s — e Pressures in feet of water for prototype.
Pzeisfzwter g@iﬁ%iﬁ? Full Three-fourth Half Quarter Piczometer  Piezometer —— . . --—ji~—~]~rjw Ji. profotyp
’ Discharge.  Discharge. Discharge. Discharge. No. Elevation. Full Tthree-fourth Half Quarter
(1) (2) (3) (4) (5) 6) Discharge. Discharge. Discharge. Discharge.
| (1) - (2) (3) (4) (5) (6)
Right Face. —
First Row. Left Face.
1 5244.83 067  — 088 — 08 _ (g3 Fourth Row.
2 524283 — 2.33 092  — 006 _ 0.08. 25 5244.83 0.67 9.33 0.67 — 133
3 523983 — 458 — 133 . 183 0.17 ' 26 5242.83 017 — 958 1.17 — 3.08
4 523786 — 083 — 358 — 108 0.17 ' 27 5239.83 — 558 - 183 0.33 — 208
5 523483 — 1508 — 933 _ 483 _ g4’ - 28 523783 — 283 — 033 — 058 __ (s
6 523283 — 1708 — 508 — 883 __ 3.58 ‘ 29 523483 — 1205 — 1083 1258  — 208
7 522983 — 1108 — 78 __ 533 __ 2.83 30 523283 — 633 — 808 7.33 — 7.883
8 522783 — 108 — 033 0.92 1.17 ' 31 522983 — 558 — 508 483 — 283
. 32 522783 — 083 — (08 0.83 — 0.83
Second Row.
Fifth Row.
9 5244.83 1.17 0.67 0.92 0.92.
10 5244.83 0.61 — 1.08 0.83 1.08 33 5244.83 1.42 1,42 1.17 1.17
11 5239.83 523983 — 0.08 0.17 0.42 ‘ 34 5242.83 1.67 1.17 1.17 1.17
12 5237.83 0.17 0.17 0.92 0.17 35 5239.83 0.08 0.17 0.17 0.42
13 523483 — 158 — 208 — 933 2.08 36 5237.83 0.17 0.17 0.42 0.42
14 5232.83 3.42 2.42 1.42 0.17 37 5234.83 0.17 0.17 0.17 0.17
15 5229.83 4.42 4.83 2.67 117 38 523283 — 083 — 058 0.83 —  4.49
16 5227.83 5.92 5.67 4.17 3.17 39 522983 — 033 — 033 0.58 —  0.08
. o 40 5227.83 — (.83 0.42 L17 — 008
Third Row.
S1ath Row.
17 524483 — 2.58 — 0.08 — 0.33 — 358 i
18 5242 83 0.97 0.67 0.42 0.17. 41 5244.83 1.67 1.42 1.42 1.17
19 523983 — 193 — 083 017 __ 0.08 42 5242.83 0.67 1.17 0.67 0.72
2 523783 — 283 — 208 — o083 __ 0.08 43 523983 — (.58 0.17 0.17 —  0.08
21 523483 — 708 — 633 __ 508 __ 0.83. ‘ 44 5237.83 0.67 0.67 1.42 0.67
29 5232.83 — 4.33 — 3.08 — 283 0.17 45 5234.83 — 033 — 0.08 — 0.83 —  0.08
23 522983 — (.68 -~ (.83 — 183 — 008 46 5232.813 — 0.33 0.67 — 0.83 0.17
24 5227 .83 217 7.17 1.17 — 033 47 5229.83 0.08 0.67 0.17 0.17
' 48 5227.83 1.92 2.17 2.17 1.99
—_— v

P II—10
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REPORT ON PERIYAR IRRIGATION TUNNEL—EROSION
IN REAR OF HEAD SLUICE.

1. Introduction :

1.1. River Periyar rises in the Western slopes of Western G i
Kerala State and flows through mostly rocky co%ntry before fallirlllgtisnég g;:
Arabian Sea. River Vaigai has its source very near that of Periyar and flows
eastward to the Bay of Bengal. Unlike Periyar, river Vaigai is not perennial
but is of a flashy variety, draining its catchrhent rapidly during storms and
running dry most of the year. This state of affairs was not conducive to growth
of irrigation in the Vaigai basin.

1.2. In the year 1882, Major Pennyquick submitted a proposal td create
a storage relservour across-Periyar and divert the water to the Vaigai basin
The proposal was approved and a site was chosen and a straight o
was completed in the year 1887. : ght gravity dam

1.3. A rock tunnel 5,887 feet long was drilled through the ri
Western Ghats. This tunnel, which will henceforth be calle§l Irrigatigrgle’l‘?lfrnil:}elle
had a rough interior and was non-uniform in cross section and bed slope. Becf
slope of tunnel was very steep, having a fall of 78.67 feet in 5,887 feet. Water
from Periyar lake is drawn through a rocky approach channel 7,600 feet long
and discharged into the tunnel in regulated amounts by a head sluice which
had a vent 9° 8" wide and 12" — 6" high. There are two shafts over the
tunnel one at 165 feet and the other at 1,713 feet from the start of the

tunnel. A

1.4. Proposals by Electricity Department.—Water issuing fr igati
Tunnel falls'through about 1,200 feet before reaching the pliins.omTh{errl\lIg:cﬁ'ZIsl
State Electricity Board, the then Electricity Department, proposed to utilise
this drop for power generation. The proposals were to construct a forebay
dam with a 45 feet long spillway, a scour vent and a penstock of 13 feet diameter
to drill a power tunnel 4,188 feet long, etc. They included enlarging alid,
trimming with 1 foot thick reinforced concrete, the Irrigation Tunnel to a
regular shoe section of area 151.67 sq.ft., and installing a remote controlled
gate at shaft No. 1. The Tunnel was designed to carry 1,600 cusecs dischar e.
The existing head sluice was io be utilised as an emergency gate gir'.n

future.

1.5. Later proposals by Public Works Department.—It was later
to lower the sill of thq tunnel entry by 5.14 feet, to line the approachpcr}?gglslﬁ
and to carry out lowering the invert of tunnel upto 700 feet from start of tunnel
The head sluice vent was proposed to be enlarged to a section 9’ & wide

and 15’ 9" high.

1.6. Execution.—During the year 1957, most “of the length of i
gation Tunnel was lined. Lining in the first 22 feet length (g)f tunnglear&iu_
short length upstream of shaft was not completed. ' aT A
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2. Problem :

2.1, During the irrigation season of the year 1957, the existi .

’ st
upstream of the start of tunnel was operated as the remote ci)rilgtr}(l)?ﬁe%smeige
had not been installed.” During that season a maximum discharge of 1g858
cusecs is reported to have been drawn. ge o 1,

2.2. During inspection of the interior tunnel face i i
period, it was observed that the lining in the reach b;et(\}vlflarelrrllgshilflt)r;\?fﬁllosum
head sluice had worn out exposing reinforcement in the conérete 8" e;.nd,
spots dents were also noticed and that the wear was conspicuous o hlnﬂew
and the junction of side wall and invert. on the foor

2.3. Tt was proposed to conduct model studies to fi '
therefor. Incidentally it was proposed to find out the Veloréciltyo?é a:ch(:hrea.sons
gency gate and head sluice (the present head sluice gate and shaft N; l)e emer-

-

3. Data :
Tunnel—
Width .. 14" 0
Overall height ... 127 @
o Designed discharge ... 1,600 cusecs.
Head Sluice (Vide Figure No. 3)—

Vent : cee cee U 4 ‘ 68" X 15’ 9"
o Sill . . El 2,810.81 (M.S.L))
Shaft Gate (Vide Figure No. 4)—

Yent ... Tunnel section,
- Sill ‘ s ... EL 2810.35
“Cross section of shaft in plan ... SO L N P
‘ . (Along) (Across) - -
4. Model : N

The existing model of the Periyar Trrigation Tunnel N
similar scale 1:36 was utilised, for these geXperiment: tﬁelae vgeometrlc.ally;
were produced in teak wood with the top half of tunnel remOVaablllt portions’
velocity observations with a pitot tube might be made. Gravit f;,SO fcha}: )
charge scale ratio was adopted for the experiments. a 1on§1 d.‘%‘l

5. Experiments and Discussion :

5.1. During the studies to analyse the flow characteristi D
Irrigation Tunnel, it was observed that flow will be an open Ch(;s;llcl)il tlﬂle Periyar.
supercritical region mostly. For a discharge of 1,600 cusecs the flow ;)w in t_hef,;
head sluice was found to be an open channel flow, when the water 1eVeilif1¢?;}gﬁ

bay was at El. 2:814.0 or below. As in the case in rear of a sh
velocity must be Cyv2g", where Cv is a coefficient and H is thélfltee;dwé}ere the
over tail water level here also it was calculated to be in the order of abo‘g?tfé

feet/second.

It was thought that this high velocity which w .
be of the order of 46 feet/second, might have been the Probablea?agzi)g?g;i%iggf
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erosion. Hence, velocity observations were made in .the model. Velocities
in rear of head sluice and shaft No. 1are given in Statements I and II.
Negative pressure occurred to a tune of 11.35 feet at a point noted in the sketch.

It is understood that steel lining is provided for gate grooves. The cons-
truction work is glso completed. If-the curve can be made into one of a larger
radius the negative pressure is likely to get reduced.

- .5.2. As the velocities are high, it was proposed to reduce by placi

across the tunnel. To allow low discharggs tg be passed the sﬁig ?)(Z?E%e;) a:frf;::

roposed to be Ventqd baffles, with suitably sized vents at the invert level
Due to the construction of water way, a standing wave forms within the shaft
and hfaad slmqe shaft gmd experiments were conducted to observe the depths
at various sections. Piezometers were connected to the head board and depths
were obsprved from the water elevations noted in the piezometers. Velocit
observations were madq at different cross sections with a pitot tube withou}':
any baffle end with various proposals tried. Velocity observations in rear of
shaft gate'and head sluice are given in statements. The depth of the water
at the various reaphes are marked in the L.S. of the tunnel for 1,600 cusecs
for 1,850 cusecs discharge (as got from the model). The calculated velocit
in rear of the gate aqd the one that is got from model studies tally. The cal}f
culations are shown in Appendices I and I for this discharges of 1,600 cusecs
ta;n?ﬂl,SSO Ci:usecs. As glle ﬁeldhofﬁc?fs ?xpressed their difficulty in constructing

affles and removing them when the forebay comes into o i idea
of providing baffles was dropped. Y © operation, the idea

6. Conclusions and Recommendations :

-The next alternative, that could be thought of, for creating a standin
wave, was the provision of a sunk basin in the tunnelin rear of the gateg
This was also considered as not feasible in view of the advanced stage of eXecu-
tion of improvements to the tunnel. Therefore the only remedy that could
be suggested for overcoming the effect of high velocities is to adopt cutstone
flooring 1n place of the proposed reinforced concrete flooring both in rear of
Head sluice and Emergency gate. To decide the length upto which such cut
stone flooring need be provided, velocity observations with F.R.L. in the
Periyar Lake and F.R.I.. in the forebay, were 1ecorded for discharges varyin
from 1,600 cusecs to 4,000 cusecs. The results are furnished in the Staterr}:en%
IV from which it may be observed that the dispersion cof the jet below the
gate in shaft No. 1 gets dissipated considerably within a length of 50 feet frem
the gate. Therefore it is recommended that the flooring for the tunnel may b

aved with cutstones set in cement mortar from Ch. 180 to Ch. 240 If}; .

ortion of this reach has already been connected and if any difficult is I;(y
perienced in removing the concrete so laid, the cutstone paving ma 1?)’e de .
wherever it ls‘f(;;lSill))le within Elhisf reach, so that the necessity or otslllerwiseo 1(13?
this paving might be examined after watching the i
t thz.tunnel ght be examined afte g performance of the flooring

‘Regarding the emergency gate siniilar éondition of veloci i

i : : ocit

exist .a.nd in order to safe guard the floor where the velocity is Z r?xr:xigrgﬁlng tlc;
is quite necessary to pave the floor with cutstones of suitable thickness to tlzik
the hl%h vlelo.(élty. of 46 fe:zt/second. This high velocity will transit into th:
normal. velocity in a certain zone and it is in this z i
protected. one the flooris to be

P Il—-1
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- Discharge 1,600 oo
discharge = 1,600 cusecs
‘Discharge per foot=" 1600 -
width v 5133 cusecs.. -
o133 = Q .. =4, (Effective head H1 is taken

into account).
= h.¢v2 (H, —d,) '
133 = 0.62 h x 0.96 v/64.4 (50.29 x 0.92 — 0.62h)
0.62 x 0.96 h v644 (46.6 — 0.62 h)
1332 :

096X 097 X 644 — I (466 —0.620)
777 = h® (46.6 —0.62 h)
‘ ~h 4.2 satisfies the above equation
.. the assumption h 4.2 made in the beginning is correct.
4, 42 x 062 =26
— .,‘. PR e - 1600 4
Velocity = [Tx 42 x 062
— i =_51 ft./sec. _
~ Velocity at the bottom= 51 X 0.9 approx.
mee——--gf the tunnel. _

= 46 ft.[sec.
“Discharge 1,850 cusecs.
Q = _1__?_32 = 154 cusecs.
154 = 096 x 0.62 X h v64.4 (H, —062h)
154?
096 < 067 x 644 — I (H,—0862 h)
H, =H
0084,
- 50.29 0.92 :
Assumeh = 4.9 thend, = 4.9 x 062 = 3.0
0.08 x 3.0 i
Then = 5099 = 0.92
= 0.925 P
H] = 46.7 o )
Substituting this value in the above equation we get
154 a , ' ‘
006X 062 X 644 = I (467—062h)
7 h = 49 satisfies the above equation
-~ '+ the assumption that h = 4.9is correct

d4q = 4.9x0.62"=.:3‘,"o’

87

. 1850 o
Velocity of flow = 9% 30> 50.6 ft./sec.

Velocity at the bottom may be in the order of 0.9 x 50.6 = 46 ft./sec.
Shaft No.1. |

.

-

Head Sluice

El-i01-2
CH',ss.zsn___

ot o= o e L om e — P

:, Flow s
)
d, — h is assumed as 0.62 as before
4 velocity coefficient assumed as
0.96 as before. '
H = 152.00 —101.25 . R
. = 5075 ° T ' -
Effective head = H
where = (1 —¢?) EH'-‘P“

0.08 '
i ) = m’s d] 0.92




Assume h = 3.6

d, 3.6 x 0.62
2.23 feet

0.08 x 2.23
Therefore =  TB5095 0.92

= 0.923

0.923 x 50-75
= 46.84

Operating head = 46.84 —0.62 h

Il

Effective head

Discharge 1600.

Discharge = 1,600 cusecs.
Discharge per foot width = —1%
= 114.3 cusecs.
1143 = 0.62h X 0.96 v64.4 (4684 —0.62 h)
114.3*
h' (46.84 —0.62 h) = G55~ 0697 % 64.4
= 5§74
. 0.62 h? 574
o~ 8 T %M
h* — 0.0013 h* = 12.26
h = 3.6 satisfied the equation
~. The assumption that h = 3.6 is correct
) 1600
Velocity = 4z 36 X 062 = 51.25 ft./sec.
Velocity at the bottom = 51.25 X 0.9
= 46.125
= 46 ft./sec.
Discharge 1850.
1850
14
= 132 cusecs.
= 0.084d,

—so75 092

Assume h
d,

H,
132

h? (46.9 — 0.62 h)

0.62

oW~ gy B
h? — 01241
Put h

then left hand side

Put h
then left hand side

s h
d,
Velocity
Velocity at bottom

I |

I

I

o

I

L |

89

4.2

42 % 062 = 2.6
008 X26 . .
5075 092
0924
0.924 x 50.75

46.9

0.96 X 0.62h v64.4 (46.9 —0.62 1)

1322
0.967 x 0.62* X 64.4
763.7
763.7
469
15.3
4.2
422 —0.0184 x 4.2°
17.64 — 0.92
16.72

. 4.0

16 —0.79
15.21
4.0 correct
40 x 062 — 248

1850, - e
dx 248 — 9533 ft/sec.
533 x 09 — 48 ft./sec.

{ e e



Head sluice gate height opened : Discharge 1,600 cusecs.

90
APPENDIX 11
Periyar Head Sluice.

(Rough Method.)

50°29
Y . l
_ )
i 25
Q = C b  ByZ%y y = 5029
B = 12
C = 057
From page 537. Engineering Hydraulics—
Assumeb = 3.5 ‘
Vi _ 50.29
b = 735 144
C = 057 _
1600 = 0.57 X b x 12 X v64.4 x 50.29
b= 4l1feet d, = 062 x 4.1 = 254
Shaft No. 1, Gate height opened.
1600 = 0.57 X b x 14v64.4 x 50.29
B = 351 d4 = 062 x 355 = 22

Note.—The gate openings have been checked by detailed calculations and

are found to tally.

For a discharge of 1850
j Q _

Shaft No. 1.
C b Bv2gy vy, = 50.29
b = ?
B = 14
C = 058
Assume h =

48

91
From page 537, Engineering Hydraulics.

v,
is = 10.5 . e
1850 = 0.58 X b x 14 v64.4 X 50.29
b = 4.0

Versus 4.00 as given previously

Head Sluice No. 1

1850 = 0.58XxbXx12 v64.4xX50.29

40 x 14 ,
~ b = —73 = 467

Versus 4.9 feet got from calculations, exactly as shown previously.

0.58



: Annugl Report Of 1958 )
e 40/45 176
PERANA! REGULATOR Ttom g T
L 2 ‘
M .
4, i3 ain c o
&
v,
R4 e
' R
Thirumangalam N MADHURAI
" Main Canal LA
(Proposed)
v ,'_. .
.._Thnrumonq_olom
Scale in feet
-1 F T T I |
q o 4 8

ol Public Works Department, MADRAS.
v 9| Irrigation Research Station ,P O O N D L|
0| PERIYAR HYDRO ELECTRIC SCHEME
3 IRRIGATION UNNEL
| @ LOCATION MAP
Ju| Periyar Hydro Electcic And Vaigai
Rgggrvoir Projects .
glP’K'J"Y_W""?' C:S-Kuppuraj R-R Redd_i
€ A N g -E -RIA-R- O E-E - R
g STrd. J:J | Ckd. Fig. 1
=" Printed by SYi.\&.SAMPRTH-B-A')A'Dvc'5-°'IP-1--9~;MQ‘:’M%“ o



E}.2790-00




Annual Report Of 1958
40/45 4/6

EL-2s24-1 .Ei-zsza-'ros; item no[Drg. ng
' A L - ' .
DA _EL1.2821:959; :"\\,
-3 |4'_ oll -
©
[+)]
- <
14'- 0" - "
£1.2810-.245 7 £1.2810 21
| - 8" AT CH: 192'=11"
- 191- 86
El.2822:705
© .
o o 5
$s 9 o ‘),'L
o L® _ lerzsiz-ass

L14'~ .0 > N

14'= 0"'—=

— 1 12541~

£1.2810:165 |

AT CH: 198 - '

FINISHED TUNNEL PROFILE TRANSITION

Public Works Debartment.MADR AS. |

| §3 irrigation Research Station P OO N DI.
z&» PERIYAR HYDRO ELECTRIC SCHEME
I ) S IRRIGATION TUNNEL
;4 - 00—™ ,L_-‘_'-_’ PROPOSALS FOR TRANSITION
. <"/ DOWNSTREAM OF SHAFT Ng: |.
T 3 J-E -RIA-R -O|E-E - R
8 7-5 & Ted. JJ|ckd. _ |Fig. . &

Printed by Sri-K.SAMPATH.B.R,A.D,C.5.0,P.2 P.,madras.



Annual Report Of 1958

minal ,
— 40/45% §/6
ISR item ng| Drg. no
legged)
ond at -
. TR PR
{ 2 2 -}
Curvature 28-09 X +900Y<=25281-0
E!.106-75
> AR Y - = . - s . - PO -y
o S epm - X \-,2? < I Nteve o N L o -
— "
U —
gl 1 e —————
= = =
Tunnel 7

14

Public Works Department,M ADR A S.
Irrigation Research Station,PO O N DI .

GEl
(+4

A-3-0
File

e

PERIYAR HYDRO ELECTRIC SCHEME
IRRIGATION TUNNEL

HEAD SLUICE .

PROPOSALS FOR PROVIDING NE

EMERGENCY GATE.(As Received)
C-S-Kuppuraj R‘R-Reddi

3y . E-R|A-R - O|E-E-R

ol Trd.

—J-J | Ckd. |Fig. s

printed bY Sri.K.SAMPATH.B.R,A.0,C.5.0,P.Z.P, Madras.

i



- 93

PARSHALL FLUME. =~

(CBI & P. No. D-3)

1. Synopsis :

.. Parshall Flume is an improvement over the Common Venturi Flume.
It ‘can be used for measuring the Irrigation supplies in the water courses
from the smallest ditch to a canal carrying as much as 200 cusecs. One such
flume was designed to carry 2 maximum discharge of 3 cusecs in the modular
region and constructed in the laboratory in connection with the installation
of such flumes for the purpose of measuring the outflow in irrigation works.
Experiments were conducted in the modular and non-modular ranges to find
“out the accuracy of the Parshall Flume.

2. Introduction :

_Parshall Flume is an improvement over the usual Venturi Flume. It
"can be used for the measurement of water in the water courses from the smallest
ditch to a canal carrying as much as 200 cfs. It functions with less loss of
head than the weirs and the modularity level is also high, as much as 60 per cent
so that only one head measurement need be made for measuring the flow in
most of the cases. Tt has the advantages that it can be made portable, silt will
not settle in the flume and that the accuracy of measurement is also within the

allowable limits.

One such flume was designed and constructed for measuring a maximum
fiow of 3 cfs. 1n the free flow stage. Experiments were conducted both for
free and submerged flow and the results are presented in this report.

3. Design of 2 Parshall Flume for 3 cfs,

- ‘1t is proposed to install the Parshall Flume in a masonry flume of width
two feet. Taking Manning’s coefficient of rugosity to be 0.013 for concrete
surface, the normal depth of flow can be found out by the application of Man-
ning’s formula. The normal depth was found to be 0.87 ft. For the maximum
discharge of three cusecs, and for a head “ Ha " of 1.0 foot, the throat width
was found to be 9 inches from Tables (Table 7, Reference 1).

For the free flow, the afflux in the flume
= 0.4 Ha
= 0.4 ft.

So, increased depth of flow
: = 0.87 0.4

= 1,27 ft.

So, the height by which the floor of the flume should be raised is 1.27 — 1.00 =
0.27 it. The other dimensions of the flume can be taken from any Sta'nda—r_(-i
Text-book on Irrigation Engineering. The details of 9 inches throat width
Parshall Flume are given in Figure 1. ‘
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4. Experiments :

The Parshall Flume was constructed in a  two feet wi ,
in Figure 1. The discharge into the flume was measured wﬁdg ﬂ\l/'lfget is shown
upstream end of the flume. The same discharge passing through tohc Pat the
flume was also calculated using the Standard Tables for Parshgall I?l arshal
regulator was put up downstream of the Parshall Flume and the disch ume. A
assessed by observing the water levels upstream and downstream cf arge was
lator and calculating the discharge by the empirical formula of the regu-
where A is the area of flow and h is the head causing discharge. Althh= 6 A vh
discharges are shown plotted in Iligure 2. ' ese three

For free flow, the Standard Tables always give a dischar
V-notch discharge and the formula Q = 6 A vH always gives g d
than the V-otch discharge. It is easily seen that the discha; 1scharge lower
Parshall Flume is more accurate than that assessed by the for rgle Ocasured by
as the curve for Parshall discharge is the discharge curve I?u a.Q =6Avh
formula 6 A vh. urnished by the

ge greater than the

For submerged flow, the submergence correction gj
(Reference 2) is so very approximate that it was fouigi?o?;lsmndard curves
brate the Parshall Flume for submerged flow. ecessary to cali-

5. Conclusion ;

Parshall Flumes can advantageously be used fo
in small water courses used for irrigatizn purposes.r t}’ll?h?easurement of water
portable. They can be designed for any discharge range}’bcan })e made even
standard Text Book on Irrigation Engineering. In free flow ry relerring to any
obtained is far better than the discharge assessed by the f ange, the acCuracy

ie,Q=6A vh | ormula usually ysed,
6. References :

1. Israelson, Orson W.«Irrigation Principle . : o
& Sons, New York. pres and Practices —Jop ey -
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CONTROL OF EVAPORATION LOSSES FROM OPEN
STORAGES,

(C.B.I & P. No. D-4))

Synopsis :

It has been concluded from experiments i :
countries that a monomolecular ﬁlIr)n of Cety(llog(lictclfgii ;grgl(listgglé? gllld other
surface arrests evaporation to a certain extent. The applicability of the V‘{)ater
process to any particular place requires data regarding wind wg’ath eta ove
rature, humidity, etc., as the success of this process depen ds on o er, tempe-
factors. In order to collect these data and to find the effect of the esehvarlgus
factors on the monomolecular film experiments were conducted inSe changing
- sized tank near the Irrigation Research Station, Poondi. This a medium
forth the details of the experiments conducted and the di'fﬁcultiesp‘ripetr sets
during these experiments. The experiment is being continued for Icmﬁ with
o}fl m(.)rel data f(g c};awmg definite conclusions regarding the efﬁcac; sfc t%})f;
gufgcl:gl as an eliective agent to control the loss due to evaporation from water

1. Introduction :

1.1. Evaporation is -the process by which a liqui ‘3
into a vapour. The exact nature of th}i,s phenorﬁeill(()l;l1 lg ggtays'?l(l:?e 151 changed
stood. But a logical explanation based on the transfer of rhomentar y ll)mder_
continuous movement of the molecules of water is that the fast um Dy the
moleéules near the surface escape into the atmosphere. There wi lfi‘rb moving
return of these molecules back into the parent medium i.e., wat bedalso a
on the whole, the number of molecules escaping into the air is er fc) y. If
the number of molecules coming back to the water bo dy there igrea. gr than
evaporation from the water surface, Thus evaporation is necessaril;aall ccfgligg

pfOCBSS.

Immediately adjacent to the water surface i i .

temperature is the same as that of the water. eTilsisaggli,}ai?te(g an('i whose
vapour pressure of the air above is less than that in this film the and if the
the water surface will be dispensed through diffusion Con’Vecti vaPOfur near
section and consequently evaporation will continue. The rate of on of wind
depends &;PO,? th%h41ﬂer§nqe lbet“’ee“ these vapour pressures or upcfr:, atll)l(::r?)tlon
sure gradient. i1s principle is k , S . res-
the f()grrm . princip nown as Dalton’s Law and is expressed by

] E=c (pw - Pa)
where E is the rate of evaporation,
P, is the vapour pressure of the film adjacent to the watervsurfbace
P, is the vapour pressure in the air above ’
¢  isa constant which varies with upon
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(1) the depth of the water surface ;

(2) the wind velocity ;

(3) the seasonal variations ;

(4) the topography of the surroundings ;
(5) the barometric pressure and

(6) the humidity gradient of the air above.

A number of methods are available for assessin

thi S
from water surfaces.! They are, & this rate of evaporation

) The storage equation,
2) Measurement in auxiliary pans,
3) Evaporation formulae,
) Humidity and wind velocity gradients and
5) Measurement of insolation.

Since evaporation causes a considerable loss of usefy] sto
in tropical countries, various measures are being tried to reduce t}rlage especially
due to evaporation. € loss of water

1.2. As a result of the studies conducted in 2 s
cluded that a monomolecular film of Cetyl Alcohol, (ﬁﬁztrlsiléi j’klt has been con-
canol, spread over water surface reduces the loss due to eva NOwn as Hexade-
are being conducted in this Station in a medium-sized tank to%oratlon. Studies
of the economic usage of this chemical for conservation of nd the feaSibﬂity
open storages for the different meteorological conditions obt Water from large
of the State based on the information available on the tech -ANINg in this part
followed in Australia. Mque and procedure

1.3. For the spreading of the chemical Cetyl Al o
the following two methods are available : (1)ySoliCci) hriitoﬁ’oeé the water surface
method (i.e., the chemical Cetyl Alcohol is dissolved ip and (2) Solution
and this solution is sprayed on the water surface). Of thea Sultable solyent
has already been settled by Australian experiments that t}sle two methods, it
not capable of application to areas of water spread 1 € solid method is
and hence the solution method has been recommended :;ebgilan t

large application.

WO acres®
g fruitful for

2. Laboratory Experimeynts :

2.1. Before starting the field experiements in P . .
ments were conducted in the Concrete and Soil Resea?(?llll (}llalgrehmmary experi-
for arriving at a suitable solvent for the chemical. Solve E[)l'a’mry at Madras
spirit 40/60 S.B.P. spirit 55/115°C mineral turpentine eté1 S such a5 SB P
regards the S.B.P. spirit it was found that though the Cotui X,ere tried. As
easily soluble in this spirit, these solvents volatilised off of y1 Alcohol] is £ airly
rate with the result the hexadecanol would not spread oyt an extremely rapid
be desirable and besides these, was a tendency for the Ca: rapidly as would
thrown out as a Crystal over the water surface. Algq o'?h}él Alcohol to be

culties encountered in storing large -quantities of thege sol\:eIffchfn‘iC’dl difg-
S Tor which
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special licence is required ruled out the possibility of the selection of these
solvents for large scale application Mineral turpentine is not so highly volatile
as the others but as regards its solvent power for Cetyl Alcohol it is a bit low.
But after actual trials it was found that at the usual atmospheric temperature
obtaining here the Cetyl Alcohol was sufficiently soluble in Mineral Turpentine
and this solvent was used in the field experiments conducted. Studies were
also conducted in the laboratory for arriving at the concentration of the solution
to be used and the rate of frequency of the application. After these experi-
ments, a concentration of 13 grains of Hexadecanol in one gallon of solvent
was -arrived at as a suitable proportion. The rate and frequency of application
being dependent on many variables such as wind, waves, etc., it was considered
impracticable to arrive at any conclusions by means of small scale laboratory
experiments and hence these aspects were reserved for field studies.

It is gathered from available literature that the ideal condition for securing
maximum resistance to evaporation is the one at which the surface pressure
of the Cetyl Alcohol film is maintained at 40 dynes/sq.cm.” In the absence of

. any definite information on the .exact method of determination of the surface

ressure, a few indicator oils such as, cocoanut oil, castor oil and oleic acid
were tentatively used to indicate surface pressures below 17 dynes/sq.c.m., 17
to 30 dynmes/sq.c.m. and 30 to 60 dynes/sq.c.m., respectively. Later Shell
High Speed Diesel oil, Shell vitrea 0il-13, Shell vitrea oil-21, Shell ensis fluid-256
were used to indicate surface pressure of 13 dynes, 16 dynes, 24 to 40 dynes

respectively.

3. Field Studies :

3.1. Two medium sized irrigation tanks, viz., Uthukottai and Sengaral
tanks were selected initially for conducting experiments on a comparative basis
by treating one of the tanks with the chemical solution and the other untreated.
Due to late arrival of the chemical and difficulty in procuring the solvent, the
studies could not be started well in time as anticipated. By the time the
chemical and solvent were procured one of the tanks got dried up and so only the
other tank was utilised for conducting the experiments.

In this tank also many difficulties were met with. The enormous growth
of weeds in the tank was not conducive to the effective formation of the film.
Fishing operations by local villagers and the activities of stray animals and
birds in the tank contributed towards the disturbance and rupture of the film
with the result that at no time was the film found to be fully covering the whole
area of the tank. Moreover the outflow from the tank which could be measured
with great difficulty when it was only through sluices was made, impossible
due to the baling out of water directly from the tank for irrigation purposes.
Above all, this tank also got dried up considerably and the venue of experiments
had to be shifted to a more suitable site near the Research Station at Poondi.

3.2. Experimental set up in Buderi Tank.—After due consideration, a tank
called Buderi Tank which is situated just two miles south-west of Poondi
Research Station and adjacent to the Poondi Reservoir on the western side was
selected (vide Figure 1). This tank has a waterspread area of about 20 acres
and a maximum depth of about 11 feet of F.T.L. This tank has the added '
advantage in that the water of this tank is not used for any irrigation purposes

P—II—13
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and in summer there is no inflow into or outflow from the tank which is a very
desirable feature as far as the evaporation experiments are concerned. For
purposes of these studies a field laboratory was set up on the northern foreshore
of the tank containing (¢) a Maximum and Minimum thermometer for recording
temperatures, (b) a wet and dry bulb thermometer for humidity observations,
(c) a rain gauge, (4) an Anemometer for knowing the wind velocity, (¢) a wind
vane for knowing the direction of wind,, (f) two land pans of the standaid
U.S. Weather Bureau type. In addition to this three, four feet diameter
ans were installed to float on the water surface of the Buderi Tank. A gauge
well was fixed in the tank to take observations of water levels from which
losses due to evaporation could be computed. A seepage meter to measure
the seepage through the tank bed was also installed in the tank. Two land
pans and one gauge well were installed in the adjacent Poondi Reservoir for
recording similar observations. Floating rafts were used for the purposes of
spraying, taking readings of water levels from the floating pans, replenishing
the water in the floating pan and for testing the film strength at various places
on the tank surface. The location of all these experimental appurtenances
in and around the tank are shown in Figure 2.
3.3. Experiments.—In the present set of experiments the object is to collect
data regarding :

(1) The amount of chemical to be used per acre and the concentration
of the solution required to give optimum results.

(2) The extent upto which the loss due to evaporation can be reduced
by spreading the chemical Cetyl Alcohol on the water surface.

(3) The effect of wind and rain on the chemical film.

(4) The best and the most economical method of applying the chemical
for large storage reservoirs.

Before starting the regular experiments, with a view to clear the water
surface of dirt and scum a large quantity of the solution, i.e., 9 lbs. of Cetyl
Alcohol in 20 gallons of Mineral Turpentine was sprayed on the Buderi water
surface. The chemical while spreading locks in its film all the dirt and scum
and this is swept along with the film by the wind towards the leeward shore
The area covered by the solution and the actual spreading of the chemical Waé
easily visible to the naked eye in that the microwaves and ripples got quelled
over the treated surface. Varied high concentration solutions were sprayed
for the following few days to get the water surface practically clean. Systematic
experiments were then started.

3.4. Surface pressure of film.—The surface pressure of film being the main
contributing factor in arresting the evaporation, attempts were made to assess
the actual surface pressure exerted by the film spread on tank water surface
Due to the erratic behaviour of the indicator oils, viz., Cocoanut ojl Castox"
oil and Oleic acid, when used on the treated water surface, it was not ’possible
to precisely assess the surface pressure of the film. It was next decided to
test the same by taking the treated water of the tank in a sauce Ppan and con-
ducting similar tests. This method was also found unsatisfactory as the film
got ruptured or dislodged if the sample was not taken carefully, Next an
enclosure 3’ 0" diameter open at top and bottom was suspended in the surface
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and tests were carried out within these enclosure. This proved to be more
effective than the other methods and hence was adopted for testing of film

' strength. The oily patches of surface were carefully removed after every

test.

Later the following indicator oils were used for testing the strength of the
film as these oils gave sharper indications of the surface pressure of the film.
Surface
pressure in
dynes/sq.c.m.

(1) Shell H.S.D. Oil 13
(2) Shell Vitrea Oil-13 16
(8) Shell Vitrea Oil-21 24
(4) Shell Ensis Fluid-256 ... 40

3.5 Concentration of the chemical solution.—To arrive at the optimum
5. of the solution, various proportions of the chemical gnd the sol-
ent were applied and the observations were recorded for a certain period in

. ch case. Treatment with the chemical solution was given to the tank surface

'?3 one of the floating pans provided in Buderi ank and to one each_ of the pans

of land pans provided on the shores of Buderi Tank and Poondi Reservoir.

The other pans were left untreated in order to collegt the corr.espondlng data

for untreated surface. The experiments were done in five series, the propor-

tions used being 3/4 1b., 1 1b., 1} Ib, 13 1b. and 2 lbs. in 10 gallons of Mineral

Turpentine. All the relevant meteorological data and the loss of water from

the pans as well as the tank were recorded during the period of experimentation.

concentration

In the next series it has been proposed to apply various quantities of the
solution to the tank water surface keeping the concentration of the solution
18 1bs. of Cetyl Alcohol to 40 gallons of Mineral Turpentine) the same—Various
(uantities of this solution from 1/2 a gallon to 3 gallons in increments of 1/4
allon is being applied to the tank water surface every day for a certain period
: each case and the relevant observations are being recorded. By this means
}?'S roposed to find the amount of solution required for getting the maximum
;axlzinpgs in the evaporation loss from which the amount of chemical required
or acre to obtain the maximum savings in evaporation can be worked out,
Observation without any treatment to the tank is also proposed to be recorded
for a certain period in between these series so that this result can be used as a
basis of comparison for the results obtained after treatment with various

quantities of the chemical.

3.6. Method of application of the chemical.—In the beginning spraying was
done from a floating raft moving at right angles to the direction of the wind.
Later spraying was done along with windward shore by means of spraymax
carried by a man walking along the shore. It was observed that both these
methods were defective, when the velocity of wind was high in that the film
was swept towards the shore as soon as it was applied to the surface. Hence
it was decided to have the chemical dripping from dispensing units made out
of tins with a pin hole each at the bottom. These were mounted on stands
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i i 1so had some drawback
shore. But it was observed that this mpthod a .
ﬂ?en%att}é:al dispersion of the film was not sufficient to cover the entire tank.
"The number of such units and also number of dispensing points per unit were
then increased to overcome this drawback to the extent necessary to have the
entire tank surface covered with the film.

_ Effect of wind.—The wind was observed to have beneficial as well
as d:e;gime{j:tal eJ;fect on the process as a 'whole. To clea:rz1 tl}lle sillrfage 1ash.al
preliminary operation to the regular operations and to spread t e_cdemlca the
wind was beneficial, whereas it was ('ie.trl.mental in what 1t c%rlrle awaiy tl e
film towards the leeward shore, thus vitiating the effe_cts of the én i:lorrfxill) ete y(i
Moreover the violent surface waves caused by the wind ruptured the film an
made it almost useless for prevention of loss due to evaporation.

ing f water due to evaporation
3.8, Seepage loss.—For calculating the loss o .
alone, it is rjl)ecgessary that the loss due to seepage from the tank is known.
In or’der to assess the quantum of water lost due to seepage from the tank,
a device called the seepage motor was installed in the Buderi Tank.

ice consists of two cylindrical pans of equal diameter and size
e ’l; hft .%gﬁz ter and 1} ft. diameter) is drilled in the middle of the pans and

,-Aid tor the pon .

1t Top ;'pcn ag
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short metal pipes about 4" long and of the same diameter as that of the holes

i i . These pipes
are welded to these holes to project outside from the bottom _pipe
~~¢ for the purpose of connecting these pans to each other by means of slipping
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the ends of a rubber hose on them. One of these pans is inverted and rammed
into the bed such that at least 9” of its sides penetrate into the soil and the rest
is above the tank bed. The other pan with its open end facing upwards is
supported on a framework above the first pan with its bottom at least 9" below
the water surface of the tank. The top pan is covered by a lid for prevention
of loss of water due to evaporation. Water is poured into the top pan to the
same level as that of water in the tank. As the pans are connected to each
other the hollow portion of the bottom pan will also be full of water. .When
the water from the bottom pan seeps through the bed of the tank, the water
level in the top pan will get lowered by a corresponding amount and as the
pans are of the same diameter the fall in level of water in the top pan will directly
indicate the loss of water due to seepage.

This meter is being tried in the tank and no definite conclusion has yet
been arrived at. Further experiments are proposed to be conducted in the
two or more similar devices installed at various places in the tank. There
may be variations in the bed material in the different places in the tank and
consequently the amount of seepage may also vary from place to place in the
tank bed. It is proposed to study this aspect by taking observations simul-
taneously on two or three such meters set at different places in the tank.
Further, observations in a number of meters instead of in only one will also
be helpful in acertaining the correctness of results obtained. Hence conclusive

- results can only be obtained after these proposed studies are completed.

3.9. Collection of data.—During the experiments, the following data are
being collected daily : )
() Maximum and minimum temperature.
(b) Humidity at 8 a.m., 12 noon and 4 p.m.
(¢) Rainfall measurements, if any.
(d) Intensity and direction of wind.

{¢) The water temperatures of the four land pans and three floating
pans daily at 8 a.m., 12 noon and 4 p.m.

(f) Water temperature of Poondi Reservoir and Buderi Tank at 8 a.m.,
at 12 noon and 4 p.m.

(g) Water levels in all land and floating pans.
(h) Water levels in Poondi and Buderi Tanks.
(1) Water level in the seepage meter.

4. Conclusion :

From the data collected the savings in evaporation loss obtained due to
the spreading of the chemical Cetyl Alcohol over the water surface can be worked
out. The temperature and humidity observations will facilitate (1) Calculation
of evaporation loss theoretically from formulae, based in Dalton's Law and
compare the results from other computations made from field observations.
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(2) Preparations of charts like humidity vs. Evaporation loss, Temperature vs
Evaporation loss, etc., and (3) arriving at conclusions as to the effect of vapour
pressure of air ‘and wind velocity on evaporation loss.

More data need be collected before arriving at definite conclusion :
the practical utility or otherwise of the proposed treatment with thg zﬁ%il;%;lg
Cetyl Alcohol. i

5. References :

1. “ Hydrology "' by C. O. Wisler and E. F. Brater.

Limited Chapman and Hall,

2. “ Influence of Monolayers on the Natural Rat

f )
Water ” by W. M. Mansfield, Australia. e of Evaporation of

3. C.S.I.R.O. Leaflet Series No. 15— Saving Water in Dams.”
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SUB-SOIL FLOW—EARTH DAMS.
(C.B. L & P. No. E-1 (iii) {a) )

Synopsis :

This report contains a detailed scheme of studies proposed to be conducted
on seepage through earth dams and the previous foundations on which the
are founded. The methods of analysis and solution of the problem on the th
aspects of Phreatic line and quantity are indicated. Based on the principles
of dimensional analysis, all the variables have been assembled into one “ Gengral
Function . In addition, this report also gives a detailed description of the
Electrical analogy set up and a detailed design of the Hele-Shaw Channel
Thehtionita;lt htead a;nd variable hea}tli permeameters designed and constructed
in this Laboratory for measuring the permeabilities of t i
of soils used are also described ir% full cﬁetail. he different samples

1. Introduction :

1.0. Earth dams have been used for storing irrigation wate i
immemorial and certain earthen bunds in Indi% andgCeylon are rsogr ;ighi:;r;?z
originand unknown antiquity. When water is stored by the construction of an
earth bund, a certain amount of water flows through the pores of the soil, of
which the bund is made and is thus lost. This flow of water through the ea,rth

bund is called seepage flow.

The quantity of seepage depends upon many factors. They incl :
type of material used in the construction of the bund and the me}:chlfl)lg :)1? ?:011:1}1:
truction adopted, the type of the foundation available, the type of cut off
provided and the drainage measures provided, etc.

The free surface of flow through the bund or the line of saturation i
 The Phreatic Line . If the soil is very fine, there may b: :LOILéSgI(i:;iI%)eld .
small amount of flow through the  Capillary Fringe " region also. The see }i
age phenomenon has got the following important points of significance :— P

(1) A certain quantity of useful storage is lost by way of see
unless the foundation is very porous and the permeability };f the &aﬁiﬁa{sg’;
construction of the bund is very high, this loss is not bound to be of any great

importance.

(2) A considerable portion of the dam gets saturated .
appreciably the safety of the side slopes. ® and this reduces

(3) If the seepage water issues from a relatively highe i
downstream side in the form of a spring, the finger pa¥ticlegs al;'epi)ill?etl mtlotlﬁe
washed away and this may lead to the failure of the dam. y e
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(4) If the material of the dam is very fi
flow is appreciable, this will cause ™ slougﬁlin;1 g at)r;ldt(ﬁaye
certain remedial measures may have to be adopted. ©d

Y and if the see ‘
a
Oownstream sidepalgg

(5) If the quantity of seepage is more and if syitabin 1. .
have not been provided, the landsgadjacent t(;l %hl; ?)lﬁlg%ble dramage meastres
logged and thereby may be rendered unfit for cultivation SPIISEY become water-
0ses,

To compute the quantity of seepage, at ;. :
f_ormu}ae based upon many assump}t)io%s andprae;;?f);i}rﬁr‘z,afe a few éinpiri:c'al
experimental techniques of a precise nature are being ua, dlons. - A number of
study. If these studies could be conducted on a rather Wis((i3 NOW-a-days in thig
basis, a reasonably sound theory can be proposed for tehr.ange and thorough
seepage. ~Furthermore, rational formulae and simplif dls Phenomenon  of
gvolved. With 'ghls objective ip view, the studies to bI; de .Chaf'gs. could be
ing pages are being conducted in this Station in collaborai-scnbe_d In the follow-
and Soil Mechanics Laboratory, Chepauk. This schem le)n with the Physics
by the Central Board of Irrigation and Power unde 2 ol study is Sponsored
and Fundamental Research.” T the scheme of Basic

2.0. Progrdmme of work.—It is proposed
dam under four divisions as below :——p posed to study  the section on Earth

(1) Homogeneous sections, (2) Zoned sect;
dams and (4) HydraulicPill dams. Each secti?); 1\%?151’ b(e3)StC§.mPOSite Rockfill

foundation ‘at d?fferent depths. udied assuming the
- (1) Fixing the Phreatic line.—This will b i
and (2) An Electrolytic tank model. ¢ done in (1) A Hydraulic model

The seepage line obtained above will be ch,
obtained by the analytical methods.

(1) Relaxation method.
(2) Casagrande’s method.
(3) Principle of the ““ Complex Potential .

ecked and Compared With that

(2) Computing the quantity of seepage flow — T )
each section studied by the following z(bliéere{lf urjl.letgc})l(liss will be obtained for

(1) Hydraulic models. Sandy models.
material.
(2) Electrolytic tank method.
(3) Hele-Shaw Viscous channel.
(4) Casagrande’s method.
(5) Dupuit’s method.
(6) Dr. Dachler’s method.
(7) Pavlovsky’s method.
(8) Computation from flow net. (Prof. Forcheima’s method,

Models hay;
S IR the protot
: ype
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3. Diménsional Analysis.—The various factors affecting the seepage are:

(1) Permeability of the material of the dam k (the horizontal permea-

bility is assumed to be the same as vertical permeability),

(2) the top width of the dam b,

(8) the bottom width V, .
(4) the upstream slope m, (if there are berms, the average slope is to be

taken into consideration).

(5) the downstream slope m, (if there are berms and different slopes,

the average slope should be taken),

(6) the depth of water on the upstream side H,

(7) the depth of tail water h,

(8) the depth of foundation d,

(9) the permeability of the foundation material k,,
(10) the factor to represent foundation stratification,
(11) depth of cut-off provided D,

(12) distance of cut off from the heel of the dam,
(13) the specific weight of fluid (water),
(14) the dynamic viscosity of water,

(15) the surface tension of water,

(16) the acceleration due to gravity, and
{17) the velocity of flow.

Writing down the different quantities in the form of a function :

t{q k b H hm,mdkaDPY Fe % 7k=0
combining these 17 physical quantities by the principle of dimensional analysis,

b B h d D s

4= ¢{FRWEK.K g g p ™M g ko g

Froude’s number may not have much influence but still it is included in the
functional relationship to make the study complete in all respects.

The effect of each variable on q is to be studied by putting a number of

sand models.

From the data obtained, it is prppgsed to evolve a rational expression for
the quantity of seepage. Secondly, it is proposed to develop an equation for
the phreatic line. Thirdly, attempts will also be made to evolve simplified
charts to fix the seepage line and to compute the seepage quantity.

The same scheme of studies will be repeated for Rockfill dams with such
suitable modifications as may be found necessary, -

P 1114
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3. Hydraulic Models :

Description of the model :

The first section chosen for study was that of a zoned

constructed on a (sandy) foundation of 20 feet depth.

Details of the zoned section .

Impermeable rock level
Top of sandy foundation
MWL. ..

Top of dam

Cut-off trench :

Bottom width of the cut-off trench ...
Side slopes of the cut-off trench

Top width of cut-off trench

Width of the cut-off wall

Height of the cut-off wall

Details of the corve-wall -

Top width

Elevation of the top

Side slopes on both sides
Bottom width of core-wall ...
Material at the core
Clay—709, fine sand

Details of the shell

Top width
Upstream slope
Downstream slope

With 2 numbers of berms ..
Free board for the dam

Details of the Rock Toe:

Bottom width
Side slope upto G.L.
Top of rock toe

Material of the toe is properly graded to satisfy the requirements of 'a film

ElL 0.00
El 20.00
EL 112,00
El 120.00

10 sq. ft.
lonl.
55 feet.
5 feet,
10 feet.

10 feet.
112.0
lon }
102 feet.
Silty clay.
30%,

20 feet,
1on 3.
1 on 1 upto El 90.

1 on 2.5" El, 60,
1 on 25" EJ, 20,

15 feet wide each,
8 feet.

10 feet,
1on1l,
El 435.0.

section of a dam

- main labora
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Description of the model

The model was constructed to a scale of 1/60. This scale was arbitraril
fixed. Anyway, it was assumed that the capillary rise and the discharge throug

the capillary fringe will be negligibly small. |

s constructed inside a glass flume shown in Figure 1 in the

. The mog)e;ly‘.”aThe impermeable founda’tion was simulated by a horizontgl
bed plastered with rough cement mortar. The cut-off wall was constructed in
Iilt mortar. The trench was filled up with silty clay and rammed to the
g;ggﬁcatidns to be given later under the item on the construction of thé core.

The core wall and the shell portion were raised simultaneously. The
material for the core wall was silty clay having 70.per cent of c}ay and 30 per
t of fine sand. The material for the shell was silty loam having 70 per cent
cenﬁ sand and 30 per cent of clay. A moisture content of 10 percent was
:ike?me For consolidation, every layer was spread to a gllepth of 3" and rammed
by means of wooden rammers to an uniform depth of 2. :

Fixing the phreatic line

For obtaining the phreatic line, 23 piezometers were embedded in the
body of the dam at the required spacings as given in Figure 3." Each piezo-
o is made up of a 1/4" diameter vertical copper tube of suitable height
meter horizontal copper tube of 1/8" diameter at the.bottom. These L-shaped
with 2 ters are embedded in the body of the dam and are connected to the

piezom oard by means of suitable rubber tubings. The manometer board

manometer b

is fixed so as to give the phreatic line directly.

‘Water-supply to the model

te pipe line was laid to ensure constant uninterrupted water-supply

thA fﬁgg;f © ’1[)‘153 dam was kept loaded with water tight through for so many

to the The water level on the spstream was maintained constant at the M.\W.L.
%;yrsr;e ans of a rectangular weir constructed on the upstream side.

Measurement of seepage

dre the quantity of seepage through tI}e earth dam, a sump of

" )’f olsrfll eisgg was constructed on the downstream side and the seepage wgter

Bas led into it by 2 suitable leading channel. A gauge plank set up has been
:;ected to enable discharge ‘measurements.

d the permeability of the shell and core materials, a constant head
and ’ggr?;{)le hea% permeameters have been designed and fabricated in the

“Jocal workshop. The permeability of the shell and core materials have been

found out. A detailed description of these instruments and the statements of
f?ie‘ readings are given elsewhere in the report.

The difficulty experienced with the model is that the phreatic line has not
béeﬁestabhshed itself. The water column in piezometers is raising very slowly

and it may takea few more weeks to get the final phreatic line.
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Hydraulic model—For a homogeneous section :

A homogeneous section on an imperm un‘ .
. . i
studies. The details of the section arepshO\:%bilfx i%g dation is chosen for the
\ ure 4.

The model is to be constructed with 14-
L1 o has been found ot by mea; ! 40f1§[ }i?ncc(l).nstTh(: permeability of the
ant h

The statement of the readings is given at ead per
struction inside a masonry flume. It is prog(l)z end. The mode] ie$%t?i?£;

ed to i .
o FH Wk, ky o o, B investigate the function,
q= 'L ’ s ) By B, ﬁ’ H’ ﬁ7 m;, m,,

T ke o P LA .
H ° i [ this model.
The scale of the model is fixed as 1/20 so as tq g

model. This may reduce the capillary ris et hei
phreatic line to a minimum. This fz}:ct ﬁa:rtlg th: resulting distglretli%)lrllt c?ff :Iﬁe
number of models to different scales till a constant established by putt; e
is obtained. Nt pattern of the PhIr)eat!ngl' a

1C line

ive a three fe

Methods proposed for fixing the phreatic lin, -

1. By the manometric set up as before
2. By an electrical method. '

Description of the electrical method :  After the 1

tubes 1/4” in diameter will be inserted at dj OW is establi
line and a graduated pointer will be ins;teglﬁ%rﬁnt points alonagbh,fﬁgd» glilss
: : centre

to an electric circuit with a calling bell ag shois pointer

: . will be ¢
pointer touches the seepage water insi Wn in  Figyy onnected
the bell rings. By this method, the égsgeg’e the circujt gl‘; € 5. When the

. lin Completed
A low voltage battery of 6 volts is pro € can be f ed and
: posed to be used xed acc
O
1rcuit,

3. Chemical Methods

The principle that a solution of silver nj .
tate with a solution of lead nitrate, will ebg rrlrlgg;e 8ives g curdy

line in the sandy model. use of, for ﬁxinwhite'precipit
8 the phreatic

4. Electrical Analogy Studies :

Two dimensional electrical analogy stud;
the equi-potentials and hence the ﬁov%rrynetug)l;3 Stﬁée Usually congye ted £o of,
0 obtain

different Sections tested

F iguré 6 w
ajcale of 1 /12(1)5()jcak1?ﬁ u
4 model. Thjs W €
€ Was simulat

amphﬁer S N

Firstly, a homogeneous section shown in
The model was constructed in teak-wood to g
has to be fixed approximately in the electric
using Casagrande’s method. This phreatic
Further studies could not be taken up as the
had been sent out for rectification.

P for study.
phreatic lir317e
as accomplished

d ir 1 the m
- .l odel.
et-up Was in repajr- € d

The electrical analogy method of fixing the

; J : 1 ST .
and sufficiently accurate unless a very high res})szzi;itécvé]i?}? 1S ot very reliable
Wiformity is ysed

5. Heleshaw Channel.’
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. olectrolyte.! In figure, the phreaticvlin.e is to be fixed for all the sections
?If fl};?i:afﬁic n‘z]odels. Photos show the electrical analogy model and the set up

available in this laboratory.

This apparatus takes its name from Prof. Heleshaw of Liverpool, England,
who more than fifty years ago, built a similar apparatus to demonstrate to his
students, stream line flow patterns‘ar‘ound boundaries of different shapes. It
two plates are spaced only a small"distance apart, fluid flow between them is
laminar and hence forms a two dimensional potential field. Since flow is a

orous media also represents a.potentlal flow field in accordance with Darcy’s
law that the velocity is proportional to the slope, the channel can be employed

as a model analogy of flow in porous media.

he advantage of enabling accurate measurements of porous-

odel has t . : A
medirla:hf(leor\fv1 to be made without encountering the difficulties of a porous media.

face is clearl visible : a variable zone of partial saturation above
The free suriace yd by a calculable capillary zone ;- variable porosities

face is replace D¢ 1
;?1?1 flr)g;;g;b?lciiies arg avoided and velocities can be measured directly by dyes

tric measurement. _Also the free surface for steady flows can be
ggal‘:c)llugfectly without resorting to p1ezometers and motion pictures can be
used to record unsteady flows. A suitable channel has been designed for the

soned section described under “ Hydraulic models ” and the computations are

given below.

Design for the flow of water—Principle of design © _

For the earth dam considered as the prototype,
v, = k. (Darcy’s law)

whére v§ is the discharge velocity, ; |
k is the transmission constant for the material of the dam and

i is the hydraulic gradient.

For flow between two parallel plates, spaced very closely, .
B2 .
Ve =1 7 12
where vy is the velocity in the channel,
i is the pressure gradient, .
g is the acceleration due to gravity,
2 is the kinomatic viscosity of the fluid, and

B is the spacing between the fluids.

Since Reynolds law is the criterion for these model studies, the velocity ratio

vr = 1/41. vm"‘_’G]éz_

w212
k. i

For given values of k and 2,

B can be calculated.

i
LY
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Computations for water :

[

Vr = = 60 (for the model proposed).

~

T

Maximum value of vP is controlled b
Khuslani®) yoR=1 (

V,
1= Td'_

_ 'Vp 07
= 7826 x 10° X oBq

0.07 . , ,
When 557 represents the size of the material (40-60 size) chosen

Vp = 0.0003 ft./sec.
m = 60 X .0003

= 0.018 ft./sec.
= 0.02 ft./sec.

Arvea of flow = 1/16 x 1/12 x 2

= 1/96 sq.ft.
using a nominal spacing of 1/16*
Q=axv

= .02 x 1/96 = 0/.08 gpn..
Head to be pumped against = 2.0 + 3'0" 4 57 ¢ 15
- 10' 0" neglecting the friction loss of ki it

124
H.P. requlred '-—-gg()-

= a very small quantity. -

So, a fractional H.P. Motor of 0.5 H.P. can
late the water. If the suitable pump is not avai?:bifeg

With a pum
. P to circy-
able in the workshop can be made use of. o

n air Compressor avajl-
Capacity of over-head tank (2 hours sﬁpply) ‘ | |

= .08 X 60 x 2

= 10 gallons

= 1.6 c.ft.

A small tank of 24" diameter and 24” height can be used,

Capacity of the sump at the bottom is fixed as 40 gallons.

Length of the pipe line required-—50 feet. . _

Suitable gauges have to be provided for the measurement of W‘at.e‘r lovel
evels,

Similar computations have also been made

for crude i1 .
sq.ft./sec. ¢ oll of 2796 . 14

according to K. B,

11

The construcfion of the channel is to be taken up soon and the finalised
design is shown in Figure 8.

6. Mathematical Method :

Relaxation method" : ' g
g xation method developed by South-well is being used to obtain the
The rgiathe different sections analysed. Computations for the homogene-

" f ; :
gg;vsgcettioﬁ have been taken up and may take some more time for completion.

Complex potential :
| Using the principles of ** Theory of Functiens ” the solution of the stream

. . and the potential function ¢ are being attempted and if ¥
};:if bfemslgf\l?ercll fz‘r the phreatic line, then that will give the seepage quantity per
foot width of the dam. |

Using the principles of “ Conformed Transformation ”, mathematical
solutions for the seepage line and seepage quantity are being attempted.

»

7 Permeameters :

Variable head permeameter : |
' This is used for finding out the permeability of sails of very low permea-

bility like silty clay or clay.

Derivation of the formula snvolved :

Let 1 be the thickness of the sample,
A be the area of cross section of the sample,

o be the area of cross section of the stand pipe.

If he is the head over the sample at any instant, and if dh is the drop in
head in an interval of time of *dt

=k -11—1 dh. A
h
v=k T
where V 1S Darcy’s discharge velocity and k is the permeability of the material.
Simplifying
impily .1 ‘_12
Integrating ,_
a |1 loge h—z-
T=—7% % ° h

wheré h,' and h, are the

heads at the beginning and end respectively of the
time interval of T ‘ , ‘



Rewriting the above equation

a 1 , h
k= z— X7 X 2.3 1ogm——}f2

Description of the apparatus

Referring to Figure 9, it consists of a steel cyl’ : .
meter and 8 inches length. It is surmounted byya Iclgrelfa ’2t11;(131}61:e§c nternal dia-
pipe is fixed at the top of the cone. It is provided with a sto op. A stand
wooden scale which graduated in inches, gives the head of wat P cock.  The
sample from the beginning of the graduations. To get the totz?lr I?Ctlng on the
sample, a value of 165 inches should be added to every reading ead 6ver the

At the bottom, the water is collected in a circul : o
meter and 4 inches in height. It is also provided %ﬁtﬁa;t;l:l })% lnﬂChes in dia-
maintain a constant water level steel plates with 1/8” diametereil (1>w 1pe to
spaced are provided at the top and bottom of the sample, instead f0 es, closely
tional porous plates. ’ ot the conven-

Method of experimentation :

The permeameter cylinder is filled up with the sample and
degree of consolidation as in the model. It is saturated fully b .
immersed in water for 24 hours. Then it is fitted in POSitio}lg y keeping it
observations are made at the intervals of half an hour for 24 hou?;ld the head

given the Same

The permeability is computed by using the formula
a 1 h
=3 X 7T X 2.3 log,o}—l—;

The average of the several calculated values is taken as the
for the material of the dam.

" In the same way, the permeability of the sample in th. . .
also can be found out with certain modifications. P ¢ vertical direction

permeability valye

A sample sheet of computation is given in the statements attached

Constant head permeameter .

This is used for finding the permeability of sand i .
steel cylinder 6 inches internal diameter arSId 8 inch}éssqgrsl;gml t consists of 3
tubes, each 1/4” diameter are pl_rovided at a central spacing of 6 fnc'h
top and bottom, suitable covering lids are provided with porous p] o At the
with fine mesh. Suitable manometric set up has been constructpdates covered
the head lost between the two tappings. ed to find out

Method of experimentation

The sample whose permeability is to be found out is take
It is filled with water and saturated. The connections are
allowed to flow up through the mpdel. After steady condi
the discharge through the sample is found out by collectin
jar for a known ‘interval of time. The loss of head betwe

is found out from the manometer.

1 In the cyling
made and Watere{s.

tions are obtained

en the two tappings
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Now v = -kil—l (Darcy’s law) ¢

where v is Darcy’s discharge velocity,
k is the permeability of the sample,
h is the difference in head between the two manometric tappings
and 1 is the distance between the two manometric tappings.
V= k—lll-
volume collected
V =Time taken X area of the sam.ple.

k=% @

Permeability experiments have been conducted for 24-40 and 14-18 sands.
14-18 size sand is being used for the model of the homogeneous section. The
computations and the results are given in the statements attached.

8. Conclusion :

At this stage, it is really impossible to give any conclusions from the results
obtained. But still the following points are brought out :—

(1) For hydraulic models, there is no necessity to use the same material

as that used in the prototype structure. Because, if it is used in the model is
takes so many months for the phreatic line to be established. So, usually sand

or granular slag can be used in hydraulic models.
(2) It is really laborious and also not very accurate te fix the phreatic
line by means of the electrolytic tank method.

(3) In the matter of choosing sca_les for the earth dam models, care must
be taken to see that the capillary rise is small. Secondly, thga material of the
model should not be so very coarse as to cause turbulent flow in the pores.

(4) The validity of Darcy’s law for a gradient of 3 to 5 has been checked
up and found to apply as well.

(5) A criterion for transferring the seepage quantities in the model to
the prototype values is to be established.

References : .
1, “Electrical Analogy »_Central Board of Irrigation and Power

Publication.
2. Flow in Porous Media, studied by Hele Shaw Channel by David K

Todd, Civil Engineering, February 1955.

3. “Irrigation Engineering . by K, B, Kuslani, Vol, III,
P II—15



PERMEABILITY COMPUTATIONS FOR THE SHELL MATERIAL—SILTY LOAM

Apparatus used : Variable head permeameter zoned section—Hyd., Model 1.

F ormula used : k = zx —

114

STATEMENT No. 1.

1
A X g X 23 log,

_

h,

115

STATEMENT No. 2.

PERMEABILITY COMPUTATION FOR THE CORE MATERIAL (i.e., SiLty CrLAY).

Apparatus used : Variable head permeameter.

No. h, h, T kin
1nches. 1nches. hours, 1nch/hour:

(1) (2) (3) (4) (5)
1 44.125 40.875 0.50 .00240
2 44.125 36.00 1.50 .00187
3 44.125 34.060 2.00 00179
4 44.125 32.375 2.50 00179
S 44.125 29.875 3.00 00179
6 44.125 29.500 3.50 00160
7 44.125 29.437 4.00 00141
8 44.125 27.062 4.50 00150
9 44.125 24.000 6.00 - 00141
10 44.125 22.875 6.50 00139
11 44.125 22.312 7.00 00135
12 44.125 21.625 7.50 .00131
13 44.125 20.935 8.00 00130
14 . 44.125 20.187 8.50 .00128
15 44.125 19.437 9.00 .00126
16 44.00 41.312 0.5 00178
17 44.00 38.938 1.0 00172
18 44.00 36.875 - 15 00162
19 44.00 35.062 2.0 .00157
20 44.00 33.500 25 00151
21 44.00 32.062 3.0 .00147
22 44.00 29.687 3.5 00155
93 44.00 29.500 4.0 00139
24 44.00 27.312 4.5 .00146
25 44.00 26.687 5.00 00139
2% 44.00 24.562 6.5 00124
o7 44.00 23.625 7.0 00123
08 44.00 22.875 7.5 00121
99 44.00 22.125 8.0 00119
30 44.00 21.325 85 00116

Average vilue of k = 0.00149 inch/hour.

Formula used : k :2 X lf X 2.3 X log, }I:—:

Ne. w}:t;h mhczh hoirs. inch/khour.
(. 2 (3) (4) (5)
1 33.625 33.00 4.50 .000852
2 33.625 32.875 6.00 .000666
3 33.625 32.813 6.50 .000504
4 33.625 32.781 7.00 .000467
5 33.625 32.688 7.50 .000437
6 . 33.625 32.688 8.00 .000410
7 33.625 32.625 8.50 .000386
8 33.625 32,563 9.00 000365
9 41.500 40.688 5.00 .000706
10 41.500 40.625 6.00 .000657
11 41.500 40.625 6.50 .000606
12. 41.500 40.500 7.80 000466
13 41.500 40.433 7.50 .000436
14 41.500 40.375 8.00 .000409
15 41.500 40.313 8.50 .000386
16 375 36.313 8.00 .000411
17 375 36.281 8.50 .000388
18 37.5 36.188 9.00 .000367

Average value of k = 0.000494 inch/hour.
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_ 116 STATEMENT No. 4

STATEMENT. No. 3. SEEPAGE OBSERVATION FOR THE ZONED SECTION

PERMEABILITY COMPUTATIONS FOR 24—40 SizE SAND. -
: Water Diffe- Qtv. Rate of  Seepage
of

Apparatus used: Constant head permeamétgr. | - , aﬁa]t\%. Time. l?,)fl re;;ce Seepage ;‘S;f %bc;tg(; Jfglu(;‘/'ff;t.o/t
v 1 , = G . sump feet. - C.ft. hour. length,
Formula used:  k = g7 X - , (1) (2) (3) (4) (5) (6) (7)
- Head lost Vol. of _ 16-1-1959— |
No. h water T in secs. kin ft.[howr 1 11-00 am. . 920
a f:;; | V’g)cjcf e 5) 2 1130 am. 1098 178 400 800 - 0.320
— 3 1200 noon 127.0 179 403 808  0.322
1, 100 420 60, 5.94 4 215 pm. 807 e
2. 105 - 305 60 . v 566 5 230 pm. 902 095 214 856 ' 0342
' o 6 245 pm. 997 095 . 214 856 0.342
3 0% 0 o0 o600 7 :;'oogm. 1090  .093 209 .83 0.334
A 085 350~ 80~ 582 8 315 pm. 1186 096 216 864 0336
5 080 350 60 6.17 9 330 pm. 1270 084 189 756 0.302
6 080 ', 350 60 6.17 10 340 pm. 827 .
G 080 a6 60 6.10 11 355 pm. 920 093 209 836 0334
8- 080 345 & 5.82 12 410 pm. 1008 083 198 792 0317
| - e 13° 495 pm. 1109 101 226 - 904  0.362
9 080 . 330 60 1 5.82 4 ‘ |
10 080 - “330 60.11 582 . 17-1-1959—
- 11 080 330 - 60 5.82 14 7-45-am. ~79.3
jo 080 g3 o 5 55 15 800 am 923 100 . 225 900 0.360
e o N 16 815 am.  993° 100 225 900 0360 .
LB 080 330 60 5.82 17 830 am. 1093 100 225 900 0360
e - 2440 51 P Y ~ 18 855 am. 1018
Pmeabmty Of e sand s taken assgm/hom 19 9-10 am. 111.8 ° .10 225 900 0.360
20 925 am. 121.8 .100 225 900 0.360
21 940 am. 1318 100 225 900 0.360
22 955 am. 141.8 100 225 900 0.360

23 1000 am. - 993




SEEPAGE OBSERVATION FOR THE ZONED SECTION -
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STATEMENT No. 4—(contd,)

(contd.)
Date Time VzVeZZy {/)6%2 Qﬁ% | §;‘;a0f Seepage
and No. S%’ZL 5 fzgt Segpage inC .ffj qu%ﬁb/t
: Jeee. Jt. houy. length
(1) | (2) (3) (4) (5) ®) (% :
17-1-1959—(contd.)
24 10-15 a.m. 109.6 .103 232 998 0.371
25 10-30 am. 1196 100 225 900 (360
26 10-45 a.m. 139.6 100 225 .900 0.360
27 11-00 a.m. 139.6 .1‘()0 225 | 900 0.360
28 11-15 a.n.. 102.6 ..
20 1180 am. 1129 103 232 o 0.371
30 11-45 a.m. 122.9 .100 225 .900 0.360
31 12-00 noon  133.8 109 .246 964 .386
32 1215 pm. 1439 101 228 912 365
33 2-00 pm.  100.0
34 215 pm.  110.8 108 243 962 385
35 2-30 pm. - 843
36 2-45 p.m. 94.3 .100 225 900 360
Average value for the seepage loss in C.ft. per hour per foot .length of the

Dam = 0.352.

Inflow To Dam
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LAND RECLAMATION IN PULLARAMBAKKAM.
| (CB.I & P. No. F-4 (i) & (ii).)

Synopsis :

This report deals with the reclamation of about 300 acres of wet and dry
lands of the Pullarambakkam village in Madras State. Water-logging and sali-
nity of soils are explained. The causes of water-logging are analysed and
suitable measures have been worked out for arresting further seepage into the
lands. Shallow open drains have been designed to lower the water table to the
required level. - The operation of removal of salinity has been given in three
stages. This report also presents an approximate estimate of the cost of the
proposed remedial measures.

2. Introduction :

Magnificient, extensive and crop-insured irrigation systems, commend-
able water-supply systems, gigantic hydro-electric projects and large:
flood control reservoirs have been developed by the construction of mul%i—
various types of hydraulic structures across the natural water courses. But
not always are the good acts of man unaccompanied hy evil effects at
another end and the storage reservoirs, constructed for the permanently profit-
able uses of man-kind, at times, result in the submersion of fertile lands
prosperous villages, industrial towns, resourceful mines, rich reserve forests'
thrilling game sanctuaries, antique archaeological sites and in the undue rise of
the ground water table of the adjoining lands, thereby causing water-logging
and salinity. One such case of water-logging and land reclamation has been
referred to this Station. : : .

3. Problem and its Location :

- About 300 acres of wet lands and dry lands within the limi
Pullarambakkam village in Madras State (Figure 1) lie on the r?azilrnéﬁlse %ff ’3112
eastern bund of the Poondi Reservoir which was commissioned in 1944
Before the construction of this reservoir, the wet lands getting their suppl"
from the Periya Isa tank were giving remarkable yield and the rainfed dry
lands also were giving fairly good yield for one crop. After the Pooncﬂ
Reservoir was filled up, due to the excessive seepage from the Reservoir
there was -a continuous rise of the ground water table in the adjoin-in :
lands. In a few years, the ground water table came up to the groun§
surface and as a result, the whole area became water-logged. A

Followed by the movement of the ground water upwards, due i-
dual head and also aided by the soil evaporation, the irlljjurious saltstgftlslgc;i?lsrlxx
and Calcium which have been lying before at considerable depths, have come
up to the root zone of the crops thereby affecting the yield of the crops. To
state it briefly, the 300 acres of adjoining lands have become water-logge(:l and
saline. Phe problem was referred to this Research Statiow for suggesting

remedial measures.
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4. Water logging and Salinity of Soils

4.1. Water-logging.—(1) A soil is said to be water-lo _
pores within the root zone of the normal crops are Sa,turategdg ?’i'litﬁ}i:t the soil
off the normal supply of air from the atmosphere. This state of affai e(fl to cut
not only upon the depth of the ground water table but also op thersh epends
the capillary fringe which varies wi‘_ch the type and structure of the elglht of
a land is to be free from water-logging, the depth of the t0p of the soil.  If
fringe should not be less than about two feet below the ground surfCaplllary
if the height of the capillary rise is, say, X feet depending upon th ace. So,
of the soil, then the ground water table should be at a depth of nOteletszx&lre

an

(2 X 4) feet.

According to Dr. McKenzie Taylor, the factors responsibl : .
of the water-logged soil are — P e for the infertility

(1) Anaerobic conditions created,

(2) The difficulty of carrying out cultivation operations

(3) The competition between the crop and the natura] flora to éXist d
- an

(4

) The possibility of concentration of the injurioy .
zone of the normal crops. J S salts in the root

4.2. Salinity.—Saline soils are coils having excess sol . .
the ground water sufficiently concentrated t% injure th:blglzilttss which make
soil productivity. The term alkali soil is applied to soils which p
of exchangeable sodium either with or without excessive total ?;Vii an excess
Among all the salts, Sodium Carbonate is the most injurious oy N uble. salts,
known as black alkali. It has been found out that even 3 trace O(fibl It is also
in the root zone is injurious to the plants. When the water tah] ack alkalj
the salts move up along with the water and get deposited on the s efls fising,
the water is evaporated. During dry seasons, the ground water urtace whep,
leaving the salts in the root zones. When the concentration of the m{’Ves down
a maximum safe limit, the plants will wither away. Various te salts €Xceeds
permanent measures have been proposed for reclaiming saline Iag‘dpsorary and

and impajr

5.0 Analysis of the Problem

Causes of water-logging of the Pullarambakkam lands, —Fr,
analysis of the site conditions, it was clear that the W.ater-lom .3 carefy]
to the excessive seepage from the Poondi Reservoir %filllg 1S due
from the Poondi Reservoir into the adjoining lands ma L € Seepage
the earthern bund and the foundation as well. But on an in}s’ %, through
site, it has been observed that the upstream face of the eartherrll) e}i 100 of the
particular reach is rivetted with concrete slabs thereby making it und in this
So, there cannot be any appreciable quantity of seepage throu hlr;lﬁ)erwous.
Further, fron: Figure 2, it can be seen that the bund is constructe dg on e bung.
clay blanket which extends to a depth of a few feet, varying from 4 fél Natury]
overlying a porous strata. It was found out that during the cq 08 feet,
of the bund, borrow pits were dug inside the water-spread areg near ?lsltructmn
thereby removing the clay blanket, which, as a result, exposed i e bunds
strata occurring to the deleterious action of seepage with the fy] hea(:l Porous
stored up water. So, the entire seepage flow should be occurring throy %f the
porous strata partially blocked up by the irregularity aligned cut-off “g/allsthe
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6.0. Remedial Measures : ,
To arrest the seepage from any reservoir into the adjoining lands, the
following methods are available :— _

(1) Land-side berms,
(2) Relief walls,

~ (8) Sub-levees,

4) Impervious blankets on the upstream side,
)

(

(5) Cut-off walls,

(6) Drainage blankets and
(7) Drainage trenches.

Amongst these seven methods, land-side berms and sub-levees cannot be
used for reducing the seepage through the foundation. Impervious blankets,
if they ate to be effective in reducing the seepage through the foundation to a
considerable extent should be laid to a minimum length of 10 H feet on the
upstream side of the bund, where H is the maximum depth of water in the
reservoir. Hence this may prove to be very costly.

Cut-off walls can successfully be used for controlling the seepage through
the foundation if they are taken to the impervious strata underlying the porous
foundation. In this particular case, this may be impossible from the point of
view of constructional difficulties.

""" Drainage blankets or normal filters in earth dams will only reduce piping,
but cannot reduce the quantity of seepage and hence cannot be used in the

present case. -

Drainage trenches dug on the downstream side of the bund to the required
depth, can be used for intercepting the seepage flow and leading it to some
tank downstream, when the depth of the bottom of the porous strata is con-
siderable, shallow drainage trenches can be used in conjunction with suitably
spaced relief wells,

In this particular case, the thickness of the porous sub-stratum of sand and
sandy loam varies from 1'0" to 30" and lies at a relatively shallow
depth of 40" to 6' 0". Hence the excavation of a drainage trench to
a ‘depth of about 5 0" to 8 0" from the ground level may thus com-
pletely penetrate the porous strata and hence will intercept the seepage flow
completely. If suitable fall is given to this drainage trench, the entire quantity
of intercepted seepage can be safely led out into low-lying tank situated down

below. -

If it is thought that in certain locations, the 11'0” depth is excessive
from this point of view of stability of the side slopes or the excessive top width
of the trench and also from the point of view of giving a uniform grade at this
depth, then the trench can be dug to a depth of about 50" and relief wells
sunk to a depth of 11’ 0" at suitable intervals to completely intercept the

under seepage.

It is very important to see that sufficient bed fall is given to the drainage
trench, so that the intercepted seepage flow is readily drained out and let into
an outlet down below. .

P—II—16 End.
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6.1. Location and design of the drainage trench.—There is an existing
drain in the rear toe of the bund closer to the road. This drain has become
almost blocked up by stones and by the growth of weeds and has lost its bed
slope and consequently, is remaining as a dead pool. Further, the access

to the culvert provided in the main road to draw off this seepage water has been
completely blocked. .

To intercept the seepage flow from the dam, th

: : is existing trench itself
can be remodified to house in the following modifica

tions :—
(1) The bottom width should be equal to 6 fee

‘ t with side slopes of 1 on 1
suitably revetted with stones.

(2) The silt and stones deposited in the original trench should be re-
moved and the trench is to be excavated to a depth of 5 feet at
the end away from the culvert. (Marked in Plan No, 5 enclosed.)

(3) A longitudinal fall of 1 in 1,000 may be given.

(4) Suitable relief wells of 6’ 07 diameter completely penetrating
the porous ‘strata should be dug at intervals of about 200 feet,
and the portion of the wall upto the bottom of the longitudinal

trench should be filled up with graded metal. The section of the
proposed trench is shown in Figure 3. :

(5) Suitable approach conditions should be given to the existing drainage
culvert.

(6) From the culvert, a leading channel should be excavated upto the
Orangal Madagu, to lead away all the seepage water.

It, after the construction of this drain, it is seen that all the seepage flow
is not intercepted, then another set of relief wells of the same dimension as in

the previous case can be provided at intervals of 100 feet. This arrangement
is believed to intercept all the seepage flow. .

7. Land Reclamation :

After arresting further seepage from the reservoir, the water-logged and
saline lands have to be reclaimed. This has : 88 !

to be done m two stages. Firstly
the existing ground water table should be lowered. “Secondly, t L
of the ground should be removed. ¥, the salinity

7.1. Lowering ground water tablé.—For lowering the ground water table
which, in this case, is at the ground level, one of the following methods of
solution may be chosen :—

(1) Open drains—
(a) Shallow open drains,
(6) Deep open drains.
(2) Covered under drains—
(a) Relief system,
(b) Interceptor systems.

“where h; 1S the fall- of bed upto the drain and
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jns.—In the present case, the water table has to be lowered

1 71.)2. gf)‘:ﬁ: gfgzx 3.0 feet orpso. Further, if deep open drains are adopted,
e oo ive lot of trouble by way of slipping of the sides which may require
they Ipay'git may lower the water table to a depth much lower than thq root
revettlng ’further if they continue to be in operation after the reclamatmn is
g(:ft: at?ley may ‘;rap out a considerable portion of the deep percolating part

of the irrigation supply.

: i disadvantages
and, shallow open drains do not have the )
- tcillefo(i"t}(lfereé1 drains. This will lower the water table to the required
ment;one’[he can be used at a later stage even for conveying the 1rr1gat1on
deg;ﬁes H%nce open drains can be used in preference to the deep drains,
su . C

i ins are used sometimes to trap the percolating water

i ey 'dosiilze:ﬁgn?rt{g\rérés the lower terrain and also for lowering the ground

which ‘:)Il1 . No doubt they have got the advantage that their trapping capa-

Watel: @ e'h more than the open drains. But it Tequires sk1l.led labour for

city 18 1111'1 ue keeping them in the correct position against any possible settlement

1ay$n 1gf tthir;/l’get Ic)hoked up, their relaying will entail considerable expenditure.
an

In view of the above difficulties, it is preferable to use the shallow open drains
fcI)lr lowering the ground water table.

; drains.—The design criteria is that the water
Deszg%ldoééh;t Slﬁilslg Zg.%%eqeet below the grogrlld" level. _Choosing a drain
table Sho  ehape, bottom wide 4’ 07, depth 4' 0" and side slopes 1 on 1
of trapezoll : itudinal gradient of 1 in 500, the spacing can be calculated for
%{ggp?;lg Eth:amvgater table 2.60 ft., lower than the ground surface.

The flow of ground water is given by Darcy’s equation v =k X i

where v is Darcy’s discharge velocity.
ik is the coefficient of permeability and
” ;i is the hydraunlic gradient.

Assuming that the depth of flow in the channel is 1:00 ft., and referring to
ssu
. e 4,
Figur k X Iy
v = "

- 'gR  is the spacing of the drains.

Gubstituting for k= 2 x 107 ft./sec.,

o hyo== 040 ft. _
Ao e 040
v =2 X 100 X Sy

1

I
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Flow in the drain from both sides for a length of one foot is given by the
equation

q = f(axv)
““ 4 being the mean area of flow,
A X R
q = (120X 1) 2x10° X ®R X
= 0'0011{92 c.ft./sec.

and if L is the length of the plot parallel to the drain, the total seepage =
085
gL = 9% x L cft.fsec.
To find out the channel capacity to pass this discharge
where v is the velocity of flow,
¢ is Chezy’s constant,
m is the hydraulic mean depth, and
1 is the energy gradient of flow.
Assuming that ¢ = 80,

V5.0
v = 80 5&g x 002
Discharge Q = iv
v5.0
= 5 X 80—Ferx 002
= 0.0152 c.fs.

Equating the discharge capacity of the drain to the seepage from the drain
;(_)_Ong_Z x L = 0.0152

In this case L = 0.75 mile = 3,960 {t.

0.00192 X 3960
0.0152 =500

The spacing of the drains is 1,000 ft. For efficient functioni i
and quick lowering of the ground water table, the spacing (:annll)% ?afkggeag rg;;z
furlong, so that in this case where the width of the affected plot is about 6 fur-
longs, 75drams can be provided. The final alignment of the drains is shown in
Figure o.

7.3. Removing the salinity of the soil.—The affected lands s .
a high concentration of the ‘.black altkali’ or Sodium Carbonatzervrvlhg?:hbﬁilsagn ng
mainly responsible for the withering away of the crops. een

i ; h Anyway b
solution is given, a thorough chemical analysis of the soil sh%u{g b:fr%fdg final

8. Approximate Cost of the R
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The éperation of reclamation can be carried out in three stages:

. , i f water is available
‘no the surface crust.—Since a large qu;mtxty o : ’
from(tllzeléiig};;nigsaegtanl{, the obj ectionablia Sa%ltSdWhlih age 1df1p;ﬁf)e(tlt:: stl}ll:lltoc'\g
d surface can be leached out and le 10V
layersdilgj(:lso n\;,f}}:::hgr\(n)r‘xlllil leZd the saline water to the Orangal Madagu. This
g‘gz?ation ca’n advantageously be carried out in the rainy season.

; ! black alkali into harmless salts.—If gypsum or
val $12121 i&?;;;t::gist}:dgggﬁ% Soc;lium Carbonate, the following reaction takes
calci ‘

place :—
Na2Co, + CaSo, —> Na, So, + CaCo,

and the black alkali is converted into harmless salts.

i jed out along with the ground
i i f adding CaSo, can be carrie d
T Op’eratém;r(;tion so that the prec1_p1tated salts can a{iso be lovls.f::n;cllﬂl oatﬁd
wat;elr clloivxvlicr)u'élgxe grains The exact quantity of CaSo, required per ac
washe .

be found out by experiments.

' al
3) Land managements with tolerant crops.—A felz" altypes ,19{15; ﬁnar{)de i:::w;
are t(o)a certain extent, tolere}l‘nt to 51111:1 2f£f:‘iltlyaéf thzséalts e e effectivellxy
i the rest ! o US.A.
for a season or two till even e, fion regarding the plants in U.S.A
me niormer v, d out to suit

removed. Table L gives *° k on similar lines shonld be carrie
t;)llerzlmﬁ1 i:()l aélggggsi.o-ngut’rggr Department of Agriculture may be contacted

the 1IN .. .

on this point.

eclamation Scheme :

(1) Earthwork involved in th(? improvemletmt) of the 0 e
existing toe drain (One unit = 1,000 c.it.

(2) Earthwork involved in the excavation of 7 shallow

800 units.
open drains
its, Cost :
Total earthwork involved = 980 or 'lt,OOO units osn e 18000
of the above work at Rs. 18 per unt . '
v' toe drain, excavation of small )
‘ f eraded metal for \ .
Cofsiilg diins, revetment for open drains, etc. | ... Rs. 3,000
i tions, pur-
f CaSo, for leaching -opera ‘
Probab.le COfS t ?ﬁtable 4 grass, expenditure of leaching :
chasing ot 3 A Rs. 9,000

operations, etc.

Total cost of the scheme ... Rs. 30,000
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9. Conclusion :

About 300 acres of wet a.n_d dry lands of Pullarambakkam village have
become water-logged and saline due to the excessive seepage, from the
Poondi Reservoir. The problem was analysed critically “and it ag
concluded that the excessive seepage was thro.ugh‘ the’pervious strata below the
bund which has been exposed to the deleterious action of SeePageduring‘ t}W
construction of the bm?d to arr(.ast. further seepage into the affected lap ds, ¥
is reoommended to modify the existing toe drain so as tohavearegular drainage
channel of 6 ft., bottom width with 1. on 1 revetted sides and ap av‘erage‘ depth
of 5 ft., and a bed fall of 1/1,000 with 6 ft. diametey relief wells. ¢ 200 f¢

centres.

To lower the ground water table by about 2.60 ft., on the average
epen drains of 4 ft. bottom width and'4 ft. depth with 1 op 1 Sidige I51111'(;1}1710W
excavated, at intervals of one furlong with a longitudinal slope of 1/500, paralla]
to the Trivellore—O@hukottm Road.. To remove the salinity of the lands, firstly
the leaching operation may be carried out followed by the treat ment of the lan(i
with gypsum. If these measures are followed. by the cultivation of ot
“ tolerant crops’ for one or two seasons, the Injurious salts may compleal:
be removed and the reclamation will be complete. The approximate tota] Cos}’:
of the scheme was found out to be Rs. 30,000.
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TABLE No. 1.

TOLERANCE OF THREE TYPES OF CROPS FOR SALINITY AS DETERMINED BY THE UNITED StA1ES
REeGIONAL SALINITY LaBORATORY.

Under each of the three types of crops the most tolerant crops arc listcd
first and the best tolerant last.

Sall tolevance.

Tgfo;?f Good Modevate Poor
. (Group I). (Group II). (Growp I11Y.
¥Fruit. Date Palm. Pomegranite. . Crate fruit.
EFig. Pear.
Grape. ’ Almond.
Olive. Apricot,
DPeach.
- Plum.
Apple.
Orange.
Lemon.
Field and Sugar beet. Alfalfa, Cantaloupe. Vetch.
truck.  Garden beet. Flax. Lettuce. Peas.
Nilo. Tomato. Sunflower. Colery,
Rape. Asparagus. Carrot. Cabbage.
Kale. Foxtail millet. Spinach. Artichoke.
Cotton. Sorghum (grain). Squash. Egg plant.
Barley. - Rype (grain). Onion. Sweet potato.
Oats (grain). Pepper. Potato.
Rice. Wheat (grain). Green beans.
Forage ... Alkalisacton. While sweet clover. Wheat (hay). White Dutch clover.
Salt grasses. Yellow sweet clover. ‘ Oats (hay). Meadow foxtail.
Nuttall Alkali. Perennial rye grass. Orchard grass. Alsike clover.
Bermuda. Mountain-brome. Blue grams. Red clover.
Rhodes. Barley (hay). Meadow fescue. Ledino clover.
Rescue. Birdsfoot trefoil, Reed canary. . Burnet.
Canada wild rye. Strawberry cover. Big trefoil.
Beardless wild rye.  Dallis grass. Smooth brome.
Western wheat. Suedan grass. Tall meadow oat grass.,
Hubam clover. Cicer milk vetch,
Alfalfa (California common).  Sour clover,
Tail fescue. Sickle milk vetch.
Rye (hay]).

Solar Works, Madraey
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