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Panoramic view of Krishnagiri Dam and Reservoir.
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EDITORIAL

Lining of Canals as a measure to increase the Hydraulic efficiency of the

Trrigation Canal and to reduce the transmission losses is attracting the atten-

tion of the Irrigation Engineers during the recent years and most of the new
medium projects sanctioned in the State have this feature included in the
Project proposals. But, lining the Canals of existing projects where the Canals
have attained a regime poses a problem which requires cautious handling.
Such lining cannot be done straight away without reducing the cross section
of the Canal and altering the position of the offtake arrangements of the existing
branch channels ete. The analysis on economies may show that there would
be saving in the quantities of water but this saving could be only at a very high
cost. Inold channels where the crosssection is to be reduced large quantities of
earth have to be conveyed for filling up. To this, high cost of cement concrete
has to be added. All these may make lining the old Canal a very costly
project. An important aspect to be looked into in some of the systems is that
the Canal itself acts as recharge area for the ground water. The lining will
block the recharge to some extent and this will present a difficult situation

~when the surface flows diminish. In certain areas unlined channels are the

main source of recharge of ground water storage to be effectively utilised at a
later sta,\ge. - Under these circumstances we have to cautiously approach the
proposals for lining old Canals and we cannot assume blindfolded that lining
would yield large benefits. In case of old Canal systems, the first thing to
be done is remodelling with efficient control structures and regulators to give
better command. The cost involved in this may not be very heavy compared
to that required for lining but benefits can definitely expected to be more.



"ONIIO] S PIRIAIID YRIPPO(T “(T “dof

.L;:;:i:w N3 0} dodityoon]
O3 paonponul (rowary N uoneSuy) WoutSusp jony) :

R e R el EE -
PRy

~ .::.:mu: ._.,:: 490 papisadd (ssutpying) IDUIBUG 1Y, )

LT

A0 st




PILAVUKKAL PROJECT.

By

P

TaRU S. RAJAGOPALAN®

Vame of the Project :

In the hills from where the main rivers involved in
he Project take their origin, especially in the vicinity
f the site where reservoirs have to be built is located
rrominently a standing rock split in two and the project
lerives its name from this rock. Pilavukkal (Sereyssev)
n Tamil means a ‘* Split rock .

Révers involved in the Project : .

Arjuna Nadhi in Srivilliputtur Taluk a tributory of
Vaippar is fed mainly by the three hill streams, Kovilar,
deriyar and Chittar in its higher reaches. All these
hree hill streams emerge out of the eastern slopes .of
WNestern Ghats. Kovilar takes its origin from the Pan-
shanthangimalai at an altitude of about 1,165 metres
3,821 feet, and runs from North to South and at0.8 K.M.
'about half a mile) above Thungankadavukoil, it takes
» turn, towards east. Periyar takes its origin in the
hills at an altitude of about 1,644 metres (5,388 feet)
runs from South to North up to Thavalaiperumalparai,
then takes a turn towards east and joins the Kovilar
tiver just (half a mile) 0.8 K.M. below Thungankadavu-
koil, The combined course ocalled . Periyar traverses
for a distance of 8.2 K.Ms. (2 miles) where it is met with
by the Chittar river taking its origin in an adjacent valley.
Then the combined course finally enters into Viraga-

samudram and Watrap Periyakulam after supplying

a few tanks enroute. The surplus course of Watrap

Periyakulam is the origin of Arjuna Nadhi which in.turn

feeds a number of tanks with the aid of a good number

of anicuts across the river and finally joins Vaippar near

Eglmmeni Village of Sattur Taluk below the Nemmeni
icut.

Existing Irrigation in these Rivers and Present Proposals :

The catchment of these rivers is siubjected to heavy
rainfall during North East Monsoon and fairly satisfactory
rainfall during the South West Monsoon . period also.
Consequently, a considerable part of the area is irrigated
with two crops one a long term crop called Pishanam
(October to February) and the other a short term crop
either Kar or irrigated dry crop = ually Cholam or Ragi.
All the irrigation exists below the confluence of Periyar
and Kovilar and is carried out through channels and
t;nks fed by them taking off at the anicuts built across
the river. . :

The system as & whole consists of 14 anicuts (including
open off-take) each feeding a old number of tanks
spread all over, through the various channels taking
off on its left and right. The existing irrigation details
under this system upto Arjuna Nadhi anicut near Natham-
patti are furnished below : — ’ '

STATEMENT OF AYACUT UNDER THE VARIOUS TANKS FED BY KOVILAR, PERIYAR AND
CHITTAR EXCEPTING THE TANKS EXCLUSIVELY FED BY CHITTAR UP TO ARJUNANADHI

ANICUT. -
I . Average : ‘
o ‘ Regis- Single  Double:  Cultivation. G.A.P. Number
Lash Lo torsd Orop Crop ~ A -~ A ) of )
21 Name of Sgsiemi Ayaowt Single.  Double. Single. Double. tanks Remarke.
v Hectares . Heclares Hectares Hectars Heclares Hoectares . Hoclares fed. '
! Tow . Acres. Aores.  Aores. Aocres. Acres. Aores. Aares., |
W @) ® ) (%) @ . O @ ® a9
"' 1. Perlyar and Kovilar. . 222700 239700 . 16472 3,21082 16472 1511 28 .
' ' 550118 5,501-18 40704 0,46382 40704  37-36 o
"' 2.. Arjuns Nadhi Anicut - L O17:81 -+ 6175 . 5748 566-00 5746 60-64 Y
) . 1,62501 1,52501 14200 1,37605 14200 = 149.86 .- .
. . . PR a 4
S T Uy A . :
ey {me L MESL S w18 ama mMe T . L
Lo T | Acres 702700  7,02000 54004 683937  548:0¢ 18793 T
a0 PRSI e UG PR SR H TN * IR ST
: prsmmredmg:ud: o a76met 4 31318 = 3,990 Hectares. '
A v ok GO o o i ) I I LT R RLE I
A AR L L “q‘,'_' 84304 = 7,388'01 acres say 7,380acems. . 1"
- Tétel AreTrrigated fiictifiiag Povks fod by ChittarindOthes MY Wbdbarns upwmm.ﬁmmmuaﬁwm A
x

TS Exeetts Bngitow, PW.D, Plavulial ok Dividon, Seiilipubur.




Surplus Arrangements.—The catchment area of the
Kovilar river at the proposed dam siteis 2477 km?. (9-57
iq. miles). Adopting a value of 1750 for C in Ryve’s for-
mula the maximum flood discharged works out to 220-8
m3. (7,886 Cusecs).

The catchment areas of the Periyar river at the proposed
iam site is 45-30 Km?2. (13-90 sq. miles). Adopting the
same value of ‘C’ the maximum flood discharge works
»ut to 283-3 m?d. /Sec. (10,120 cusecs).

The Spillways for K ovilar and Periyar Dams are located
in left flank end and right flank end of Dams as no hard
ock is met with at reasonable depths. Two vents of
)14 m. %305 m. (30’ x10’) and two vents of 914 m.X
157 m. (30" x 15’) fitted with radial shutters are proposed
0 pass the designed maximum flood discharge of 220-80
m*. /Section (7,886,C/S.) and 2833 m?. /Section (10:120
2/S.) respectively. The surplus water will be let into
she river through leading channels.

River Sluices.—The river sluices are proposed to be
located at L.S. 80 m. (26246 feet) in Kovilar Dam and at
L.S. 480 m. (1,575 feet) in Periyar Dam. Ome Vent of
gize 1-52 m. X 1-:80 m. (5’0" x 6'0") with its sill at 199 00m.
(652-89’) in the case of Kovilar and one vent of size
1-52 m.x1-80 m. (50" x6'0") with its sill at 190-00 m.
(623-36’) in the case of Periyar are proposed for letting
down the supplies in times of needs for the existing
eyacut. The ventway provided for the sluice is quite
sufficient to let down the normal flows in the river without
impounding, in confirmity with scope of scheme.

Irrigation Sluices.—The Irrigation Sluices are proposed
to be located at L.S. 510 m. (1,673 feet) in Kovilar Dam
and in the central pier of Spillway in Periyar Dam to
cater to the needs of new ayacut in both reservoirs. One
vent of size 1'22 m.x 1-83 m. (40" x6'0") with its sill at
206-00 m. (876 feet) in the case of Kovilar Reservoir and
one vent of size 122 m. X 1-83 m. (4'0"x6'0") with its
sill at 19400 m. (636-47 feet) in case of Periyar are proposed.

Water spread and land acguisition.—The area submerged
by the water spread of Kovilar Reservoir is worked out
as 73-67 heotares (182 acres) and the entire water spread
lies within the limits of Reserved forests. No village
or house sites will be submerged by the Reservoir.

The water spread of Periyar will submerge an extent
of 76-10 hectares (188 aores). Out of this area, an extent

of 48:98 hectares (121-00 acres)

remaining are Poramboke and Reserv:t‘lefopr:stft:mds and

Canal System.—The new a ucut; 3 ectares
(365 acres) and 388:50 hecta.resy(%o a?:f'esl)%fb: served
by two supply channels taking off from Kovilar at 1;
6510 m. (1,673 feet) and from Periyar .

spillway-cum.Canal -

Sluice respectively. The total ] 'Kovi in Cana/
which takos off from Kovilay S Kmm;m. :
(11,811 feet). To feed the new ayacut of 143-65 ileoomm.
(365 acres) under this Canal, there will be 10 |

Shnces. Nece oross masonry works alr?a Irrigation

for all the drains flowing across thi L
length of Periyar Main Canal which t};"l;egaxlfmzh f’ ity
Dam will be 4,200 m. (13,779 feet). To feed th s o
ayacut under the Canal, there will be 13 Trrj ti Shuicon
with one head regulator at L.3. 2700 mguéon Siuicos
of main canal to feed water to Peri,var an(clisg‘ix -t
which is proposed to irrigate an ayacut of 138:40 h re
i’342 acr;;).owfl%sl;hw hectares (960 M) 'mdeec:a.trl?:
eriyar Main Canal. There wi i ration slai
in this branch channel. il be niae Trrigation sluice
Provisions are also made to imprg . I'Sta'nq»
tanks and repair the 12 anicuts beﬂsébot:l lt)_‘l;e t(la))i(s Pro)eg:
Financial and Food Frodudtion Aepssts: :
vukkpl Scheme envisages giving ass;::.’gd'"‘_.ne Pila-
existing ayacut of 2,990 hectares (7,389 ao:zﬁpl.fnf the
system, bndging up an extent of 75-66 hectaves rqthe
acres) of the existing gap in cultiviition under the sy;tg:,
bringing & new ayacut of 532'15 hectares (1,315 )
of dry lands into wet cultivation and raising a s,eco dﬁ?"q’
over an area of 46375 hectares (1,146 acres). Th nbe
cost ratio for the scheme works out to 5162 ande? 8?6 :
6 per cent and 10 per cent interest respectivelvq T}a)'t
Scheme is expected to yield about 6,106 m. tonnp (8 0282

Ton) of food i -
R L 905, ) Gmins per year: The rate per ton -is

‘@ By }mtglement?tion of this acheme
ion of the people in this area will be i :
rably besides the entire management bt:;proved -
management than what is now being obtain,

The Projest works are in full swing. Tt i
to cqmplete the Project in all tespeo:g i 197 od
and impound water in hoth the reservoiry g 1415

irrigation season. < D u"“
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The maximum flood occurs in the months of Oectober,
November and December. After these monsoon months
only scattered rains occur causing uncertain and irregular
flows in the channels fed by this river. Large extent of
wet lands in the regions under the various tanks fed by
the streams do not get water up to maturity of the crop
(i.e.) during the fag end of the irrigation season. When
heavy rains occur the streams are in spate and the tanks
fed by them get easily filledup at once. The surplus flows
down the river to join the main river Vaippar, wherefrom
they go to sea without much being utilised. The necessity
to store a portion of the flood flows by constructing two
small reservoirs in each of these hill streams Kovilar
and Periyar at suitable sites with a view to release them
during the period of maturity for giving one or two
wettings at the end of crop season is apparent and the
present scheme fulfils the above necessity.

Hydrology and storage capacity of proposed Reser-
voirs in Kovilar and Periyar

The main object of the proposed reservoirs is to stabilise
the existing irrigation in Kovilar and Periyar after their
confluence up to and including the Ayacut under theArjuna
Nadhi Anicut near Thulukkanpatti. Bringing the existing
gap in present Irrigation and bringing new area into
cultivation is also envisaged as there is enough yield
available as surplus at Arjuna Nadhi Anicut site. This is
discussed below :—

The combined catchment area of the various hill streams
joining at Arjuna Nadhi Anicut site i8287-2 Sq.Kms, (108-60
8q. miles) and is made up of hills and plains.  An yield
of 0-164MM*/KM? (15 M.Cft./Sq. mile) for the plain
catchment based on the Rainfall Station at Watrap, and
double the yield of 0-328 MM?*KM? (32 M.Cft./Sq. mile)
for the hilly areas of altitude ranging from 1,068M. (3,500 ft.)
to 1,763 M. (5,800 ft.) has been adopted and the total
yield at the Anicut site is computed as 68290 MM?
(2,412 M.Cft.).

The irrigation requirements for the existing Ayaocut of
3,330 hectares (8,228 acres) up to the Arjuna Nadhi Anicut
including that of tanks fed directly by Chittar and
jungle streams works out to 3330/87-5 = 38-0 MM?*
8228/6=1,372 M.Cft.). Therefore the surplus available atthe
Anicut site is 30-28 MM?2 (1,040 M Cft.) and only about
65 per cent of the above surplus namely 1840 MM®
(650 M.Cft.) is proposed to be stored in these reservoirs

SALIERT FEATURES OF PROPOSED KOVILAR AND ’Pnunn_. :!!i;sx_niroms.

’

1 Catchment area
" 2 Water-spread ares at FRL

_right flank end for dfsposing the 1

2477 KM (957 8q. miles.)
.. 7367 heotares (18200 acres) .. 176'10 heotares (16800 agpey.

by filling them twice during the monsoonic months. Th
above storage helps to stabilise the existing ayacut ¢
2,990-21 hectares (7,389 acres) on the Kovilar and Periya
and that under the Arjuna Nadhi Anicut near Thulakka
patti and to bridge an extent of 72-84 bectares (180 acres
gap existing under these systems. Besides, there is enoug]
water to convert 532-15 hectares (1,315 acres) of dry lan
into wet cultivation as also for raising a second ero;
over an area of 463-756 hectares (1,146 acres).

Lozation of Dams :
(i) Kovilar Reservoir :

The proposed Kovilar Dam is located in north altitud
of 9°41' and east longtitude of 77°83'. It is situate
just about 4-8 K.Ms. (3 miles) north of Thungankadavu
kovil acrogs Kovilar river and 17 K:M. (10-56 miles) frox
Watrap Village. The dam is actually’ propcsed to. b
located in forest area. The Catchment ‘area at <R
proposed site is 2477 KM? (9-57 Sq. mfles)., ' -W

"There are two hillocks on either side of thé river an
they will be connected by a straight earthern dam 63
metres (2,067 feet) long. The spillway of the reservoir :
proposed in the left flank end for discharging the max
roum flood discharge.

(33) Periyar Reservoir :

: A
'The dam is proposed to be located in north altitude ¢
9°38' and east longitude of 77°32. It is situated jtu
about 3 K.Ms. (1-86 miles) south of Thungankadavukov
across Periyar river and 16 K.Ms. (9-94 miles) from Watra
Village. The catchment area at the Dam site is 45-8
KM2 (13-90 Sq. miles). o

The dam starts from the foot of the hill rangesatli

left, runs towards east crossing the Periyar river befor
.embracing the Thayalaperumal Karadu, whish is a shaa

hillock. Then it runs southwards joining the foot. of &k
hillock on the right bank. The présent ili%:ment’»of g
dam therefore will be in the form of ‘L’ in plan wit
Thavalaperumal Karadu at the kind and its total lengt
is 872 metres (2,858 feet). R P

The spillway of the reservoir wﬂlbe '

charge. - ..

45:30 KM? (17°60 Sq. miles).

8 Capecity at FRL .. ... 3766MMP(I33MOR) .. 5.437MMP(102MOR).

$. Number of fllings .. . .. .. 2 B 2 R
4 Moximum flood dischaege .. . ... 216Cumecs(T9I)(S) .. 266 Cumecs (10190C/S). !
4 ﬁl‘ullrewvuxgtd L T ‘mm,(mw),‘;&”mum - % .
§ Otiovoafilivey L BSTAMEEGN A  Te

o ;7-. e

9 Top of Dam .

3 %NewAyaéﬁt ce e e e

SALIENT PEATURES OF PROPOSHD KOVILAB AND PERIVAR RESERVOIRS—CONE.

. 8 Total length of Dam
9 Length of Spillway

10 Number and size of Spillway Vents

11 Height of Dam above bed }evel of river

12 River bed level

13 Sill level of tiver shuices

14 Number and size of River Sluice Vent ..

17 Maximum height of Earth Dam ..

18 Top width of Earth dem

19 sil level of Irrigatign Sluice ..

20 Number nd Size of Canal Sluice ..

R TN : e Pes
26 m&y&ouﬁtobest&bﬂiﬂed Y ) ! ibe P ea

27 Gap in existing ayacut .. .. RO

28 Stabﬂisation of Water-rate lands

29 Proposed second terni crop in existing ‘ayacut

DESIGN FEATURES : o
Eorth Dam: The Earth Dam will haves slope of

A 4,2:1 to0 & depth of 5 metres (16:40 feet) from T-B.L. and

24:1 and 3:1 st lower levels: The rear slopp will be 2:1
with berm of 3 metres (9:84 ft) in width at suitable
intervals. Thedam will have rolled impervious hearting
section in the middle and semi-pervious caging sestion on

the depth

* both sides: Cut-off trenches will be “ngvl% 'fand they
N . ’o..

will have to be taken to a depth equ

_of water retained or to  impervious stratum-, whichever

ia higher. In places; whees the depth of pervious strate

o cay Dl on. tho upsesems i he ouk

.

.. 21400 M, (702:10')
660.00 M. (2165')
2013 M. (6800")

1802 M. (59.14")
195:98 M. (643 feet)
199.00 M. (652:89")
1xX1'52M. X1.80 M. (1 50"

1802 M. (59'14')

366 M. (12'0")

206:00 M. (67585 feet)
o IXT22M. 183 M. (1 x4’d” X 1x09M. x 1'22M. (1x30”" x

14365 hectares (355 acres) .. 3885 hectqug;(ﬁﬁﬁ{uteé)ﬁ_

toe

Kowilar. | Pmyar
206-50 M. (677-50")
884:00 M. (2900’)
24:40 M. (80.00").

2x914x305 M. (2X30x100") 2x9'14 x4'57 M. (2 x30' x15'0)

1891 M. (6202').
187-50 M. (615 foot)
19000 M. (623-36").
1X1:62 M. x1-80 M. (1 x50 "

6'0). 6'0").
15 Discharge through River Sluice .. 5 Cumeos (172 C/8.) 5 Cumecs (172C[8.). -
18 Length of Earth Dam 64000 M. (2100') 864:00 M. (2835').

18:91 M. (62-02")..
3:65 M. (12'0).
19400 M. (636-47 feet).

ERLESN

| 60"). 40%).
21 Discharo through Canal Sfice ... .. 0251 Cumeos (887 C/8) .. 0.68 Cumecs (24 OJS.).
22 Tength of Main Cenal, ., .. . 3600M. .. ‘ (4200 + 3800M.) — 8000 M-
| ~ (26247 foet). S
28 Number of Irrigation Shuices . 10N . .. .. 2N
‘ﬁﬁ#hrsb;er9£}taﬂké[f‘é9§eﬁmdb§thé.8chemé o 37 Nos. SRR T o

2090 hectares (7389 acres).

. 7568 beotarch (187 acresy i
202'70 hectares (501 acres).

. 46376 heotares (1148 acrea).

off trench will be provided. Key tremches will also b
provided for proper b in the u side of out

trenches. The ggmhgtgof the m be ol
with revetment of 0-60 m. (1-98 fect) thick using jedd
stones over & course of gravel ba cking 0:8 m. (cne feet
thick. The rear face of the dam will he turfed.  Neoes
sary chutes at frequent intervals. will be: provided in th
rear face of dam. Horizontal 2oned: Afters ‘with: roo
and longitudinal toe drsie; are also proposed for th
drainage of the rear portion of the-iag.” The abov
mgqus earth Dain eare  ottsmas *for both th
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Surplus Arrangements—The vatechment area of the
Kovilarriver at the proposed dam site is 2477 km?®. (957
8q. miles). Adopting a value of 1750 for C in Ryve’s for-
muls the maximum flocod discharged works out to 2208
m3, (7,886 Cusecs).

The catechment ares of the Periyar river at the proposed
dam site is 4530 Km?®. (13'90 sq. miles). Adopting the
same value of ‘C’ the maximum flood discharge works
out to 283-3 m® /3ec. (10,120 cusecs).

The Spillways for K ovilar and Periyar Dams are located
in left flank end and right flank end of Dams as no hard
rock is met with at reasonable depths. Two vents of
914 m.x305 m. (30’ x10') and two vents of 914 m.X
4-57 m. (30’ x 15) fitted with radial shutters are proposed
to pass the designed maximum flood discharge of 220-80
', /Section (7,886,C/S.} and 283-3 m3. /Section (10-120
C/S.) respectively. The surplus water will be let into
the river through leading channels.

River Sluices.—The river sluices are proposed to be
located at L.S. 80 m. (26246 feet) in Kovilar Dam and at
L.8. 480 m. (1,575 feet) in Periyar Dam. One Vent of
gsize 1-52 m. X 180 m. (50" x 6'0") with its sill at 199 00m.
(652-89') in the case of Kovilar and one vent of size
152 m.x1'80 m. (50" x6'0") with its sill at 190-00 m.
(623-36') in the case of Periyar are proposed for letting
down the supplies in times of needs for the existing
ayacut. The ventway provided for the sluice is quite
sufficient to let down the normal flows in the river without
impounding, in confirmity with scope of scheme.

Irrigation Sluices.—The Trrigation Sluices are proposed
%o be located at L.S. 510 m. (1,873 feet) in Kovilar Dam
and in the central pier of Spillway in Periyar Dam to
cater to the needs of new ayacut in both reservoirs. One
vent of size 1'22 m. x 1-83 m. (4'0" X 6/0") with its sill at
206-00 m. (676 feet) in the case of Kovilar Reservoir and
one vent of size 132 m. x1.83 m. (4’0" x 60"} with its
sill at 194:00 m. (63647 feet) in caso of Periyar are proposed.

Water spread and land asquisition.~The aren submerged
by the water spread of Kovilar Reservoir is worked out
a3 73:67 hectares (182 acres) and the entire water spread
lies within the Limits of Reserved forests. No village
or house siteg will be submerged by the Reservoir.

The water spread of Periyar will submerge an extent
of 76:10 heotares (188 sores). Qut of this acea, an extent

of 4898 hectares (12100 acres) are ta lands
remaining are Poramboke and Reserved fof;:t ands. and

Canal System.—The new ayaecut " of 143-65 heotares
(355 acres) and 388'50 hectares (960 acres} will be served
by two supply chanuels taking off from Kovilar at LS,

510 m. (1,673 feet) and from Periyar spillway-cum.Canal

Stuice respectively. The total length of Kovilar Main. Cang;
which takes off from Kovilarnggam wﬁlh}fe 3,600 ml
(11,811 feet). To feed the new ayacut of 143-65 iuct,am
(355 acres) under this Canal. there will be 10 Irrigation
Bluices. Necessary oross mesonry works are -
for all the drains flowing across this Canal. e total
length of Periyar Main Canal which takes off from Peri ar
Dam will be 4,200 m. (13,779 feet). To feeg the n{-w
ayacub under the Canal, there will be 13 Irrigation Sluices
with one head regulator at L. 2,700 m. (g 853 fect)
of main caual to feed water to Perivar Branch Chanael
which is proposed to irrigate an ayacut of 13840 hectares
{342 acres) out of 388-50 hectares (960 aores ) uuder.the
Periyar Main Caual. There will be nine Trrigation siui
in this branch channel. Sititee
Provisions are also made to imprgve ¢ istinq
tanks and repair the 12 aniouts beﬁfﬁtted bfl;e t;!i(s Pto;egtz
)

Financigl and Food Froduction Aspecis—The Pila.
vukkal Scheme envisages giving sssured supply to the
existing ayacut of 2,090 hectares (7,389 acrea) under the
gystem, bridging up an extent of 7568 he
acres) of the existing gap in cultivhtion under the systess
bringing & new ayacut of 532:15 hectares (1,315 aores)

of dry lands into wet cultivation and raising a second’srop ..
over an ares of 463-75 hectares (1,146 acres). The benefis

cost ratio for the scheme works out to 5162 and 2.87 at
5 per cent and 10 per oﬁ;xt ;’;terest respectively. The
Scheme isex to yield about 6,108 m. tonns (8,022
Ton) of foocf)e?:d (

Ras. 1,255.

By implementation of this sdhieme “the bcbnomio ogndy.

tion of the people in this ares will be improved conside.

rably besides the entire management being put to better-

mansgement than what is now being obtained

The Project works are in full swing. It is
to oomplete the Project in all respects
and impound water in both the reservoirs du
irrigation sseaon. IR,

W - F187

ains per year:' The rate per ton is
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A SHORT NOTE CN THE RAMANATHI RESERVOIR PROJECT.*

General.—Ramanathiriver has its origin on the eastern
slopes of western ghates near Melakadayam village in
Tirunelveli District. After running for 643 K.M.
(4 miles) through thickly wooded forests it emerges into-
plains. At the foot of the hills, it branches off into two
arms and there are numerous anicuts across them bhefore
they unite and join Jambunathi Lower down. After the
confluence the river is known as Veeranathi. Jambunathi
joins Ramanathi which in turn joins Gatana River. This
Gatana River empties into Thamaraparani River. The
total length of the river up to its confluence with Jambu-
nathi is 14-48 X. M. (9 miles).

Benefits of the Scheme.—Ramanathi Reservoir Schemes
contemplated on the formation of a Reservoir of 4-256 mm?
(152 M. Cft.). capacity on Ramanathi and excavation of
a channel to feed new ayacut of about 202-34 Hectares
(500 acres). The Scheme mainly aims at giving assured
water supply to about 30 per cent of the existing ayacut
4f 1691 Hectares (4179 acres) served by the river and which
guffers for want of one or two wettings at crucial period
to reap & good harvest. In addition to stabilishing the
existing ayacut, a new area of 202-34 Hectares (500 acres)
in Ambasamudram Taluk will be brought under irrigation.
The existing ayacut will be allowed to raise double crop.

?:fﬁ yallowed from the proposed reservoir for raising only
one crop during October to February.

Design Aspects.—The catchment of the river is influenced
both the monsoons and there are & number of anicute
across both the branches of Ramanathi for irrigating the
existing ayacut. Ramanathi Dam is proposed at about
160 K. M. (1 mile) lower down the
known as Thalaianai,; where the two hillocks on either side
of the river are wed to be connected by a straight
ehrth dam. On the left flank a masonry .dam with a
spillway is proposed for disposing off flood waters.

“The spillw;yhasz vents of 9-14M. (30 feet) span each
and 4-57 M; (15 feet) high ‘»1.'n4dix\.ldf thg.t:;nll fixed over B?}E?J
The discharging = capscity of the spillway at F.R.L.
condition is 311:49 Cume ‘..(1_1,3%0/8.‘) ,

' The esrth dam is 734:56 M. (2410 feet) long and two
sluices are constructed in it for irrigating the existing
ayacup and the new ayagut. The water drawn from the
shutves will be let dowl into the existing channels taking
off at the ‘eMsting anicuts. The Earth Dam has rolled
ifppervious hearting section in the middle and a semi-

easing section on both sides-of hearting section. -

t off trench has been provided and this has been taken
to a depth equal to half the depth of water retained or
to impervious stratum whichever is higher. Horizontal
zohed filters with rock tee and longitudinal toe drain
are provided for the drainage of the rear portion of the

- dam, ‘
Salient features of Dam and Reservoir :

FRL + 1932 M. (634'00%)
MWL .-+ 193-2 M. (634’ 00")
Water spread area 0.39 K. M3 (0-15 sq. mile).
Capacity of Reservoir at F.R.L.4-26 MM® (162 M.Cft.)

'Reservoir ..

to the new ayacut of 202:34 Hectares (500 acres)

first anicut

195-4 M. (641'00").
61 M. (207).
28.04 M. (92')

2 vents of 9-14 M. x
4-57M. (30' x15').

Masonry Dam Top level of dam
' Top width
Maximum Height

Spillway Number of Vents

Maximum Flood Discharges 10,310 Cfs.

Earth Dam  Top level of Dam 195-4 M. (641 *.)
Length of Dam 788 M. (2,585).
'Top width of Dam 6-1 M. (20").
Height of dam .e
above bed
level of river
at crossing
of Vadakal 31. M. (102')..
Do. Kallakal .. 2895 M. (85').
Deo. Thenkal . 1798 M, (69).

River Sluice—For Vadakal and Kallakal

1 Vent of 1-52°M x 1-82 M. (5' x 6)).
Sill 167-64 M. (550').

For Thenkal—1 Vent of 1-52 M’ x 1-82 M. (5' x6').
Sill 178-30 M. (585').

Fimancial Aspects of the Scheme :

Ramanathi Reservoir Project was administrativel
approved by the Government for Rs. 87-00 lakha in G. (.
Ms. No. 2703, P. W. DX , dated 15th November 1066 u;.;‘
technically sanctioned by the Chief Engineer (Trrigation.
for Rs. 9%-70 lakhs in Chief (Trrigation)ls
(PRN No. 1/1966-67. {The additional food production
anticipated after the completion of this scheme is 1776.NL
tonne per annum. ; B

Stage of Conatruction :

The Projects is in advanced stage. of comstrnetion,
During the last monsoon seasan (October—December 1972)
water was impounded for the first time in the reservoir
up to the creet level of spillway and was let down through
the two irrigation sluices during January, Pebruary 1978
for giving one or two wettings at the fag end of the
season for the standing psdggy, which would have
:}tlherwm’ e withered away Mt water. In this way

© Trecervoir was very reaping a good harvest
in the very first year of ite impounding thus fulfilling
the dreams of the local agriculturists. There is no doubt
that such small achemes ?ﬁ: which there is plenty of
{:;:Istm Tirunelveli tDismwm‘ct) wbmm lnti:nded to mbﬂhhf:ﬁe

ing ayacu [ inereasing the food
e i

* Condensed from the *‘ Report on the Ramanadhi Project ’ reccived from Thiru K. Douinmy, AB'.A., B.E.‘,‘

407-8~6

- Superintending Engineer, P. W.D.: Project cirole,

=
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15

' IRRIGATION SCHEMES IN PONNIAR BASIN FALLING WITHIN
DHARMAPURI DISTRICT.

iver Ponniar originates in the southern slopes of Caichment = .
N;rn](li‘; Irgl?:in Mysore State, flows towards south collecting area tn  Yield in  Ayacut in
monsoonic rains from the hilly Cstchmqnt lying vglthm the . 8q. K. M. MM*  Hectares.
Mysore State and emerges into Tamil Nadu in Hosur Name of the Anicu. -
Taluk. The river passes through Dharmapuri, . North 8g. miles. M. Oft. Acres.

Arcot and South Arcot Districts and finally empties into . . )
the ﬁa;nof B:ngal near Cuddalore. The main tributaries ~Above Krishnagiri Reservoir.

joining the river within Dharmapuri District limits on its 3,326-77 197 . 1312
right are the Kambainallur river and Vaniar, while the 1 Thorapalli Anicut ..
minor tributary on this side is Kottampatti Kallar. Out 1,284-47 2,64143 32-42
of the tributaries Chinnar, Markandanadi and Pambar
joining on its left Pambar has good irrigation- potential 3,338-60 6726 101-69
while Chinpar (Shoolagiri Chinnar) has not so much to 2 Aliyalam Anicut
its aredit. - 1,289-04 2,375-32 261-28

’ Sub Ani 3,3563-66 66-63 6-90

' 3 Subbagiri Anicut .. .
’ 1,204-81 2,352:84 17-06

A flow diagrems of Poniar from the point it enter: | 343498 7370 4288
Dharmapuri Distriet up to its exit into NortEO.Aroot Distriot 4 Bothanatham Anicut.

i ded to this report. The location of each irrigation

:o:- l,)egxisting and 11:1?0posed, across the river Ponniar

and its tributaries and the points where its tributaries »

join the main river are shown in the flow Diagram. 5 Ayarnapalli Anicut.

1,326:10  2,605:82 10597
343859 041, 2608
1,327-65 248638  6i4d
3,445-59 7075 538

o tohment area of the main river and its tributaries =6 Mahabalrao Anicut.. : =
at'ﬁ:hc:f thes: salient points, the yield from such catoljment 1,330-35 2,498-48 1329
and the ares irrigated at this point, in the case ﬁ;ﬁgtzgxon 5 403:08 Twie - s5.25
Works ‘(Anjogts and Reservoirs, eto.) are also indicated. 7 Ulagam Nallh Aniout. s o

1,34820 261878  04.51
3,502:50 7275 3328

§ gisting Irrig ation works sad fature posals 8 Kadavaranahalli Anicut. — ——
a.or'l;h; tl:e main river and its tributaries are briefly s::cnbed 1,362:36  2,560-22 8208
below iver by riveri— | ‘ 356787 T8 . 578

' s 8 Puligundunalia Anicut. s '

1,377:58 2,798 1418
308116 10024 8193
LE17T0 3,689%0, | 12608
508902 11892 | ,s@ss-
108538 . 410253 013y

Theonlyresorvo:racmnPonnhrwithmthe rmagurt 10 Gu]iyam:Aniqqt

' 19 s
‘m”ﬁsng;-th needs of Barur Tank through Nedungal 11 Gangal eri Anfeat ..
* . anjout. . mthymt benefited under : the. Barur tank is : S

"a18-14 ‘hectares (4,000 acres) approximately. - The o ) TR
wﬂgm at the reservoir dh% sq. KM, Below Krishnagirs Reservosr. Lok Lk F;:f} :
(2,048-28 8q. miles) and the svailable yield is worked out L 5,59058 10144 L1545

T a8 13385 MM? (4728-48 MI.Qﬂ;.)é5 The estimated cost of 12 Nedungak Ani o Mo AeA Ay

TR A Coe . . e R o 7.05“09 v"k’m:%*w“:““

S 18 Kumarampatti Aniogt. s

2,72518 2,7190 "

i 14 Tambel Aniett ... 9,88847 .4 670,

- W S e ~;,§’»:‘_’,’/‘ : »;3‘45“, R S i x‘., . I

: s R —— — 2 1431 LIPS > vy L g o N a T PRNCAPS
E¥, . o Eiabedobsd front 0 Axtible’. © RIVER PONNIAR ™ - writtin by Thira ' P, K. Rajagopalan; 5.
Bl ook

' 4E~8—11 T -
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. KAMBAINALLUR RIVER.

This river originates near Palacode in Dharmapuri
District and runs towards east after collecting the Catchment
Water of Semmandakuppam river and Solakkuttai stream
and joins Ponniar near Kambainallur. The total catch-
ment area of this river is 6,700-58 sq. km. (2587-10 8q. miles)
and the net yield is worked out as 5524 MM?® (1958-48
M.Cft.). Almost on the ridge of hill range separating the
Ponniar basin from that of the Cauvery where the Karam-
bainallur river. takes its origin is situated the
famous Jarthalav Tank. There is a proposal to form a
Reservoir across this river near Thumbalahalli in Palacode
Taluk of Dharmapuri District to benefit lands in Thum.
balahalli and surrounding villages.

THE VANIAR.

" The Vaniar originates on the southern slgfes of Sheve-
roys hills at an altitude of 1619-71 . (6314 feet)
above M.S.L. The river after a run of 24-14 kms.
(15 miles) enters the plains near Pappireddipatti and
flows towards east touching Harur and joins Ponniar
near Theerthamalai. The Munar, Peeniar, Kallar and
Varattar are the tributaries contributing major shares
for Vaniar. . The total catchment area of Vaniar is 956-58
8q. K.M. (369-34 sq. miles). The surplus available at the
confluence of point with Ponniar is 40-97 MM?® (1447-99
M.Cft.). The river Vaniar crosses the Salem-Harur road
at 51-60 KM. (32 miles). The.river after its run of about
12 KMs. (7-45 miiles) falls into Ponniar in Poonagarapatti
réserve forest area. ' :

.. There are three anicuts lying across Vaniar namely :

. 1. Venkatasamudiram Anicut.
2. Alaputam Anicut.
3. Elumichaperumalkoil Anicat
A1l the three anicuts are feeding three major tanks in
Ba.rur taluk of Dharmapuri, Viz.,’

_ 1. Venkatasamudiram Tank.
‘2. Alapurm Tank. =
. .3. Paraiyapetti Tank.

There is a proposal for forming a reservoir across Vaniar
st an’estimated vost of Rs. 200 lakhs for giving irrigation
facilities to Pappireddipatti and surrounding Villages in
Harur Taluk.” *° °

This scheme contemplates on the construction of a
storage Reservoir of capacity 9-17 MM3 (324 M.Cft.) across
the Vaniar near the harilet of Mullikadu about 3-22 KMs.
(2 miles) from Pappireddipatti Village and to irrigate
1214-06 hectares (3,000 acres) in the same village and other
ddjoining villages. It is tnderstood that this proposal
was thought-of even prior to 1877 by Mr. Lefarne I1.C.S,,
who was for miny''years emiployed as Collector in Salem
Distriot and she_original investigation of the Project was
madé by Captain Jacksott, Executive Engineer on faming,
dntyinSslem Dggtrict ﬁ that time. - S

P “THE GHINNAR SHOOLAGIRI CRINNAR)
“Fhls is » ‘Gefbaitary 6f Ponniar which has no existing

L 11:83 MM® {417-80 leg:}- -

- THE MARKANADANADHI.

The river originates near Tamil Nadu State
after collecting the drainages of Nachikup rl;gg;l@:ﬁ
Veppanapslli river. An anicut to feed thalav tank
in Krishnagiri was constructed in 1947. Apart from this
anicut there are two more anicuts namely, eemandapalli
anicut serving an ayacut of 60-48 hectares (149-46 acres)
and Kallapalli anicut serving an ayacut of 41:13 heotares
(101-64 acres). The river Markandanadhi joins Ponniar

67-6 K.M. (4194 miles).down stream of Tamil Nadu
border.

THE PAMBAR.

The river Pambar originates on the southern slopes of
Ellagiri group of hills in North Aroot District. The l1)2:,1'01'
tributaries are the Right arm of Pambar which is also
called Pambar, Mathur River and River. The
river after a run of about 60 KMs. (37-28 miles) enters
Dharmapuri District and empties into Ponniar at g distance
of 72 K.M. (44-74 miles) down stream of Tamil Nadu
border. The river has a catchment of 1791-23 sq. KM,
(691-60 sq. miles) with & surp-us of 55-63 MM3 (1968-28
M.Cft.). There is a proposal for forming a reservoir
across this river, near Marampatty villige at a cost of
91 lakhs and the ayacut benéfited under this proposal
will be 809-37 hectares (2,000 acres). = ‘

NEW PROPOSALS UNDER PONNIAR B ]
DHARMAPURI DISTRICT. AS]N IN

1

A net quantity of 12743 MM® (4,500 M.Cfs.) Lias beeri -

worked out as surplus available st Tirukoilur Aniout

on Ponniar lower down and using this surplus six new
%ﬁalor and medium schemes are investigated in Ponniar
asin

1. Forming a Reservoir across Ponniar.

y posed across Ponniar itself near
Ketvaranpalli in Hosur Taluk at an estimated cost of
Rs. 1,68,00,000, The free combined and equivalent catchment
area at the pro site are 2771 sq. K.M. (10-7 sq. miles),
2442-36 sq. K.M. (843-00 8q. miles) and 510-64 8q. K. M.
(197-16 8q. miles) respectively. The yield available from
the catchment fs 45-56 MM® (1608-82 M.Cft.) and the

‘The reservoir is pro

annual storage of this reservoir will be 21-86 (77288

M.Cft.). -

‘The ayacut benefitted under tm.vum.;;m-é 144047
heotares (3581-71 acres) and stabilisation of eywent Wwillle
S e e

VRSP

£ 3]

for 438-42 heotares (1083-35 scres), -

2. Forming o Reberboir across Piimbs

The reservoir is pro

catchment ares at the proposéd site are 626:20 sq. KM, .

(241:388 sq. -miles), 1735-88q. k.m. ~(670-25" gq.
and 847:32 éq. k.m. (327-15 sq, miles) n?;seoﬁ ective
eld avaflable from the catchment is 51-79 MM®
Cft.) and the annual s of the reeervoir will

this scheme will be 809-37 hectares

£

R v

across Pambar mr Earai . -
patty in Uthankarai Taluk of Dharmapuri District estimated -
* to cost Rs. 91:00 lakhs. The free combined and oqui i

rely. ‘l‘haG
1826-38 .
(. » 11 R

|3
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3. Forming a Reservoir across Kallar near Kottapatts.

reservoir is sed across Kallar near Kottapatty
in'gﬁur Taluk to ap::&o of Rs. 86 lakhs. The free catchment
at the proposed site works out to 146:02 sq. K.M. (56-38
sq. miles). The yield available from the catchment is
9-65 MM®, (340-53 M.Cft.) and the annual storage of the
goheme will be 8-66 MM?® (305-82 M.Cft.). La~ ayacut
benefited under this scheme will be 60.-. hectares

(1,590 acrgs).

4. Forming a Reservoir across Pulapatty River near tn
™ Thumbalahalli Village.

The reservoir is proposed across Pulapatty river in
Dharmapuri District to a cost of Rs. 66-50 lakhs. The
free, combined and quivalent catchment at the proposed
site are 78-97 8q. K.M. (30-49 sq. miles), 232-50 sq. KM.
(89-77 sq. miles) and 109-66 sq. K.M. (42-34' s%emﬂes)
respectively. The yield from the catchmet will be 11-26
MM? (397-78 M.Cft.) and the annual storage of the reservoir
will be 6:92 MM® (244-45 M.Cft.). The ayacut benefited
under this scheme will be 431-65 hectares (1,066-63 acres
and proposed stabilisation ayacut is 175454 hectares

(433-77 acres).

17

5. Forming a Reservoir across Varatiar near
Vallimathras.

The reservoir is proposed across Varattar near Valli-
mathrai in Harur Taluk to a cost of Rs. 65-30 lakhs. The
free catchment of the resérvoir at the proposed site will be
6149 sq. K.M. (2374 sq. miles). e yield from the
Catchment works out to 508 MM? (179-24 M.Cft.) and the
storage capaeity will be 2-86 MM? (100-727 M.Cft.). The
ayacut benefitted under this scheme will be 364-22 hectares
(900 acres ) in Harur taluk.

6. Reservoir Across Chinnar River near Shoolagiri.

The reservoir is proposed across Chinnar River in
Hosur Taluk to a cost of Rs. 4590 lakhs. The free,
combined and equivalent catchment at the pro site
are 76-53 sq. K. M. (20-55 sq. miles) 145-30 8q. K.M. (56-10
Sq. miles) and 90.29 Sq. K.M. (34-86 Sq. miles) réspectively.
The yield from the catchment works out to 8:05 MM?
(284-46 M.Cft.) and the annual storage will be 5-06 MM?
(178-69 M.Cft.). The ayacut benefitted under this scheme
will be 3566:12 hectares (880 acres) in Hosur Taluk.

The Gross requirement of reservoirs proposed across
Ponniar and its tributaries works out to 82-77 MM?® (2923
M.Cft.) whereas the observed surplus is 127-43 MM®
(4,500 M.Cft.) leal;vsi:g a balance of 44-66'MM?® (1677 M.Cft)
that can be utilised for future extension under Ponniar
River.



Bn.

- REEERENC
STATE  DOUMGMRY |
NUTRICT BOUNDARY § —-i——sm—r-a—

AL DoamosRY ¢ ~ — —— —
“] maTionAL Hienesfs WVITH NILESTONE | —

MVER AND BRIDOE ¢

467—8—12

RIVER P
OHARMAPUR| _DISTRICT.




19

E AN T A

iy 8

arereeant s,

u

- REEERENC
STATE. BOUNOARY
MOTRICT BOUNDARY

TAMR DOumOaRy
BATIORAL HISHWAYE Wit NRLRSTOME [ —

NVER AN DRIDOE |

wrrerSreanrerny

o s g o

LLBR X 3K ¥Y

o -

467812

LT -




IGDNMIIIIUOJB

HORAPALLL ANICUT
Civy CATCRMENT | 3326 77 S0xM YVIELD. T 97&“‘
\%ﬂk (128447 sQM). (@sara3mern,
c‘?c AYACUT 11312 HEC SURPLUS . 6615 MM
A
% (32:42 acs). (233603 ucrn|
l/ee J(; L..— ]

SUBBAGIRI _ ANICY

CATCHMENT 3383 5550wM  YIELD! 66 c3mn®

cuT

AvARNAPALLL AN

—— LTC (129481 5Q M) {2352 84 McFT),
MENT. 343859 50XH YIELD- T . s
CATCH 327.65,‘,..) AYACUY . 6 90 niC SURPLUS: 6684 M

859 soxm  YELO r075m0° v o SURPLUS (17.06 acs) (2380-00mcPT)
CATCHIMENT . 34488 (2ave 48 uecrT). AYACUT. 2608 o

Wwsam ). - — TS TTTI

‘.BIO [ Ja 70 s wu’ e
m-cut 638 vac WAL e eonert — g
e acS). & — -

R :—-//_KEJ ENNE KULLY_ ANICUT
V] AGAMNAL AR e CATCHMENT 392160 3akM  YIELD 10487 MM
. 13703-54 MCFT)
T 349208 9a.KM. o (1514 44 SQM),
. J”‘_u CATCHMERT: {isaa e 30.W). PLUE AYACUT 24-43 HEC SURPLUS 9033 um3
. LD TR LY
‘.c,uuv::l:::::)n v (9888 ...u.v). avACUT" 3873 ”lcil {60 36 ACS) (3313 00 mCF
surrs: TIOBRM (94-BIACS] — ]
aAwcuT: 3328 MaC. ) (209863 S ——
{8208 ACS. e —
PULIGUNDUNAL AH_ AN
CATCHMENT 3867 B"::‘; v
3 736
NT. 30418 $0.KM YIELD 100-24 MM ') il SURPLY
CATCHMENT . Te sam 3339 @7 MC aocut 3730
ameLUs 9009 (e ac saKm
naw"’ﬂ',"‘?;:z " Csave (7 McPN. —_— — i
/‘ T assveo serwe?
—_— 1462 D2 wCFT)
ISty AT THE CONFLUENCES
_ MAFIKANDANS
QANGALER! Lo e Ta me? AN AND MMERT J04 19 KM GROSS YIELD s an’
CATCHMENT . sou-lu‘:‘ , (a19m 58 HCFT) CATCHMENT 3089 92 50 KXW YIELD . (49 8: 9 M) (296-88 wcF ™).
mes23 34 i (1968 2310 W) ——-
e ounr 5@ WOrT).
| macy wesnac Canr-06 IR - | NEQUNGAL, ANKKUT
{;— ; ; CATCHMENT 3509 88 20.KM. YRLD 1O 44 wu"
; — -
: (24200 s0M) (388321 merPT)
\ | AYACUT 17na 4% mec sumrLUn 042 ma®
|I | (4335 34 ACS). (MNE-08 MCPTL
‘ g - S
r KUMARAMPATTI _ANKUT
i CATCHMENT | T068-08 SO.KN. YIELD: 79-08 mm®
? 40 (272013 30.M). (279170 wcPm)
Wyt AYACUT: sa-D4 nms, SURPLUS. 6842 um®
b4 L (3476 AcE). (241816 McPT)
B S
P ——— ks
-
A,
P S, JENY. 83113 30X NET YIELD 26 78 ma?
\4 (32090 s0.) 1942 82 acrY)
CATCHAENT 534 94 SaKK NET YIELD *103tm>
1209 34200 (ASTIRMCFT)
%
CATOMENT 20010 3QnM NET YIELD 12 56M u> weenA -
(443 SGNCET)
@726 30M) / PROPOSED RESERVOIR ACROSS PAMBARR.
_/W?;ﬁ CATCHMENT [ 1735:89 30xkm  YIELD' 36-81 ¥
CAROmMENY Ne L Jsor (870.23 soml (098.08 werv),
AYACUT 809
(zooo-oo
« Tooo00
e 3 - m—— e — o
e — ——
PAMBAR RIVER
- CATCHMENT . §300-04 $0xu  YHLD. 126-90 ms®
1343831 50} (448330 mceT),
:
—
AT_THE €O POINT.
— VANAR RIVER
CATCHMENT 9806 63350 /M  Y:EL0 MY 30 ma®
13808-88 30,81 (BMIE29 NcrT)

467 8=13



'DYNAMICS OF SEDIMENTATION

BY

ThlruP Kumaraswamy* B.E. (HONS),MIAHR M.I.A-S.H., F.C.AES. (nx-r T.S.A.),
M.C.8.1. F,A.8.0., M.LW.R.A.

- L Syﬂopszs ~—The object of this paper is to surmmarize

" the principal features of sediments, emphasizing the
s that lead to their formation or that cause them

to charge once they have been formed.. As sediments
are largely a product of the environment in which they
are formed, attention is also given to environments of

deposition.

9. Introduction.—Sediments are aggregates of particles
that come to resf in some place after having been trans-
laterally, or vertically for some distance. After

the Sret deposition, cementing material is deposited in the
pare spaces, new minerals-form or old minerals grow,
thus binding particles to one another, and pressure of
overburden compresses the sediment, causing the consti-
tuent particles to interlock with one another.  Soils, being

weathered rocks have many of the properties of recent-

sediments.

'3 Sedxmenta.txon consists of five fundamental

: (@) Weathering, (b) eromon, () transportat:on,

b (d) deposmon and (e} dxa.geneem,
3. Wmﬂemlq —-Weathenng . and cdncomitant
aohhon are the dominant processes by which rock or soil .
- constituents are transformed into a state whereby they
" ean be_eroded and to some .other place of
- deposition. Five fund4mental factors influencing weathering
 oite{§) parent’ “rock 'material, (i) .climate, part;onlarly
-the temperatire and raeinfall, (iii), physical environment;
-onwhich the weathering takes place, especially, topography
- ‘or shape of the land surface, (iv) length ¢ of time th
gueh_sdopemte (v)aotion oforgamw ¥

-,3 *Zl ;A *)

dependent m'ﬂw

ionsnd strongth of mmleonstitum&
Wdominmtin &n&coldregipnamdphaﬂd woatheriig: . - {em
dependent on the exchange and movemnent of ions are the:

" - two ‘precesses. of ‘westhe The longen the
imﬁflme the fuller wln?lgbe the matuneyofthg‘

’uu’l

rel&te&undateosmd bybathm

"4“"1 t

SRS = Imtsohqmﬂ!ﬂ e!‘bﬁion -cotiste ' o 6w prooeases
- .,nam;ely (l) pluukmg due to the, factars, the sise Qf the
i velocity df_‘bhe tmr:;%ortmg agant

epro- b'

mm& e

"-'isﬁrst,upset by somea

M«m -»&'oaion, tramportmun md xon | smooth or ateep dopes due to gravtty

" influences the erogive action ‘of some othu-mn
- however, are direct agents of erosion’ When they g

. ;¢éracks and force & part of the rocks to fall awe§>-"
beuanse of his various uses ofhnﬂrwd’bhe

3:2:2:1. Water~—~The erosive power of water depends
noon the energy relationship of the moving water, parti-
cularly the twhbulence. Water mov ing over relatively
steep surfaces of lend before it 1eaches streams acts in
some ways as a thin flat sheet.” 1f the obstacles to down-
ward flow of the water are numerous, relatively little
material is ercded, as for example, in humid, regions
where plants are pledtiful «r in areas of highly pervious
soil which absorbs the water readily.” Shest erosion
results in a topography that oompnses relatively steep
slopes above and more gentle slopes below, where the
water spreads out over a fan sha; a.rea. before coliecting
in a stream or some body of standing water. The steep
slopes above seem to be related to the rate of weatherin
of the rocks and the permeability of the soil. The fiatter
slopes below represent an equilibrium profile determmed‘
by the average load of sediment that the water is

If the water is underloaded it will cut, if overloa

ded t
will deposit.

,,“;f\

3229, Frosion in the sea and in lakes i& dub o
principally to waves and currents, and to a minor extent to
chemical solution. The abrasion of rocks along the
shore or on thefbottom (iin sbl:llow wl:ster is :lu%ed du:i‘ég
by the im of sand and rock vatticles carried by moy
water. Lp:'QSB sediment- may be scoured by wave aothx A

or by owean currents,

3293, Wind—Al Lnds of earth materials'are worn
awag by impact of particles blown agamst them by tbo

' 3224 Ice-—Iceﬂowin liketarplucksmckﬁ‘hgm@ta .
as it passcs over thern, It also pushes. masses of yook:
‘and sarth ahead of it as'it moves. Rook fragments froven
in the ice abradé the rock or soil over which the ice Hows.-

. “The hatdness of ice seems to increase with deerease ‘in

pemtme 'therefare ice alore witkont.sid Qf ';9& SRR
gmen - call soour s6ft sed:ments and mch s

' 3:2:28. G’ramty ~If the ‘stability ame rock. fx’ ent
ndy other than vﬁ% fragme
and then slidé ‘or down "the

can become unbalan
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by saltation (jumping), rolling or undermining. The

ient of stream bed, volume of water and presence of
objects that impede flow are major factors for transport
by turbulence. Turbulence may lift particles for a short
distance above the bottom but it may not be strong
enough to maintain them in suspension. Consequently
they fall to the bottom, only to be lifted again at a later
time when turbulence once more reaches a sufficient
magnitude. These particles jump or roll along the bed
in pulses. This process is called saltation.

8:3-2. Particles of sediments are blown through the
air or moved along the ground by the same principle of
saltation that applies to water. Ice transports material
either within or top of the ice or by shoving masses of,
earth and rock ahead of it as it moves. Transportation
by voleanism is a question of the force of the explosion
and the direction and strength of the prevailing wind.
“Transportation due to gravity is governed by the angle
and smoothness of the slope along which the material
moves, the co-efficient of friction, and the amount of
material that moves.

8:4. Deposition—The same six agents that affect
erosion and transportation likewise control deposition.

8 4'1. Waler —Deposition in water is essentially a
question of energy, place and time. If the energy
available to move constituents that are in the act of being
‘transported decreases, some of the particles can no longer
be transported and they come to rest. The environment
in which the particles are being transported profoundly
affects the types of sediment that are deposited. Deposi:

“tioh is strongly influenced by turbulence when the interval
‘of time is short, and by changes in average velocity when

- the time is not short. Slowly moving water, seemingly
leads to. poorer sorting of sediments than fast moving
‘water. Silts are rarely as well sorted as sands, If the
“joous of deposition receives debris from two or more
gources the materials deposited will have one or more size
distributions deposited upon another. Likewise, if an
t azeis i8-Subject to variations in average velocity, a similar
“result could arise. The development of layers is one of
the principal characteristics of sediments.

3 4-1-1. Variations in velocity of water ordinarily are
“greater in shallow water than in deep water, consequently
aross bedding is more likely to be indicative of a shallow
water origin of sediments than of a deep water origin.
-Cyoss bedding however, can form in water of any depth
-90 long as variable ¢urrents exist at or near the bottom.

3-4-2, Wind.—In arid regions the socil is poorly pro-
tected by vegetation and can be blown about by the wind.
.In present arid sreas most wind deposits' consist of sand.
‘However, during the ice age, great masses of rock flour
"gomposed. of . fine particles of silt size, formed by the
g ing' action of the glaciers, were washed out by
gtreams flowing from the ice and were deposited in great
‘putwash plains. In the absence of the vegetation
these silt particles could be blown away by the wind. The
msive deposits of loess, found around.the sauthern
m‘r of the glaciated area, in- part are belisved to have

" “Yormed from such wind-blown silt.

343, Iee—Extensive deposits, of _ glacial. sediments
+_'Sge Jound in northern latit? es, in both North Americs,
an g consist of three prineipal

.‘. uto ?:: Th'm AT > . ;
.EEI)M.Q morainal material, and (3) out- - ‘ .
CED - balow the Water tablo, " :.b- -

3431, As the glacier moves along, it plucks up roek
fragments and boulders of all sizes. In addition it scours
the rocks over which it passes and these fragments embeded

in the ice, settles on the surfaces of the land, forming

deposits-called groundtill, when the ice melts.

. 3:43-2, A similar type of deposit called morainal .

material is laid down at the sides or in front of glaciers,

3-4-3-3. The ice melts during summer and the melted
water finds its way along the surface of the ice, in places
dropping down cracks to the interior or ottom.
Eventually this water emergies from the side or front of
the glacier and deposits its load in broad plains, = As
the water flows across these plains rapidly, the deposits
are well sorted, and many of the particles of gravel size
are well rounded. S -

3:4-4. Gravity. —In cold' climate or in arid regions
where differences in temperature between night  and: day
may be extreme, fragments of rock sre dislodged owing
to differential thermal expansion and contragtign®.of: the
rock constituents and of the water ‘it oracks. and pore
spaces. If slopes are sufficiently steep or smooth, “dislodge
fragments roll down and come. to rest .at some - lower
altitude. B

3-4-4-1. Landslides are a manifestation of the effect
of gravity. Soil and rock resting upon g.;slopew art. 4o alide
whg; the weight of the overburden becomes greatgs than -
the strength or cohesion of the earth materials. , Lanidglide
commonly leave characteristic scars upon the hills, shg

the places from which they slide, and the surface of ‘the
landslide déposits is hummocky.' o
3.4:5. Volcanisms.—Volcanic  sediments  consists

mainly of layers of wind blown ash. Ash deposits commonly.
are interspérsed with lava flows. Volcanic ash commonly
gives rise to montmorillonite clay. e

Hier
M

8-4.8. Organisms.—Sediments of biologic ‘origih -are
essentially a product of environment. Deposits ??rgmic
origin, such as coal, diatomite, oil shale, bog iron, ore or
algal limestone, require special.condifions of formation.
Deposits rich in organic matter commonly are relatively -

R VU K

rich in radioactive material.

" 4. Chemical action.— o

41, Chemical action is essentially & questi;ﬁrf**w
degree of saturation. If water is undersaturated” . oan .
dissolve material, if it is oversaturated it can jeecipitate
material. The principel factors are 10nic sencenbition,
temperature, cxi”'ation-redaction potential, -emount” of
water microbial action, types of earth materials in contact
with the water, and rate at wy_hioh ‘conditions ehange,

42, The concentration of the different ions, particula.ﬂy'
the hydrogenion. concentration, is an important factee..
The presence of even a small amount of some minor element -
may sigrificantly affect the soli“ility relations of gthis
substances. Borofr, for example, Ilv 2 :
solubility of calcium corbonate in sea water, Eal ;" .

4:3. Evaporation changes the concentration of &
salts and thus changes equlibrim relationships. -

G ome PR
». 44, Etrth materials o above the witke s X
40 be more-oxilised &M‘*ﬁf t‘ s

) 3 ©
B

- Gulf strean and the Japanese current.
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4-6. Slow movement of water through pore spaces
‘favours the development of a relatively * high degree of
‘saturation of dissolved substances, but if the rate is so
glow that the water becomes saturated, no further mate-
rial can be dissolved.

4-6. The solution of many substances is aided
by the activity of microorganisms or scil forming pro-
cesses. Microbial action is favoured by warm and humid
climate. : -

4-7. Parent earth materials vary greatly in their suscep-
tib1 ity to soluti mn. Limestone isreadily dissolved by acid
golatirns and volcanic ash by basic or alkaline solutions.
Salt, gypsum, nitrate and other products of chemical
evaporation are dissolved by moving water of almost any
character.

" 4:8. Chentical deposition is essentially a question of
environment. The temperature, pressure, or concentration
of dissolved substances must change before material can be
precipitated.

-6 Buvironmeni—

5-1. Environment.—An environment of deposition may
be considered an atea in which the combined effect of the
findamental factors of topography, temperature,
‘Water, organisms, and rates of change of conditions are
gimilar. The -fundamental factors are interrelated.
Changes in environment conditions in furn influence the
environmental factors themselves. Diastrophism, or

' deformation of the earth, exerts a dominant influence
upon environment,  either directly by altering <the
‘shape of thé land and the distibution of water or indirectly
by modifying the climate and thus in turn the rate of
' erogion, transportation, and deposition. The movement of
,wg.t?l pt.rt.ivus(;ﬂy, ourrentsin the sea is greatly influenced

'%-2{ Oceanic Processes—

. B.2.1. Oceanic Processes.—The Chief locus of deposition
" of sediments is the ocean. The surfave temperature of the
~oceah is high near the tropics and low near the poles. The

‘temporature' of. the water :decroases  with depth in all
- 1atitudes, but below a depth of 1524 m (5000 feet) it is
_remarkably constant with respect to latitude, being
-everywhere less than 4.44°C (40° F) at that depth.
- Waser in the ocean is esssentially stratified with reapect to

density. 'Water within indivildnal layers is freo to ‘move

o7 522, Evaporation of ocean water increases the density-.
Water tends to flow from the more dense area to the less
dense ares.. This process of adjustment of mass together
with the wind causes the great ocean currents, such as the

Owing to ¢he

"votation of the earth, currents are deflected to the right
‘i the northern hemisphere and to the loft in the southern.

5,93 The dosan, ke a dog cbasing ita tail is constantly -
" trving o attein a condition ofmnum but never does: :

However, in many parta of the. ccean the rates of ‘chinge
on the aversge.are fairly constatit. 50 & condition of dy-

. mamio, i1 contrast with statlo, equilibrium is obtained. This -

wal cireulati haa profoxind effects tipon
tration of “in
‘. in“m()fﬂnﬂ,m dngs peds

5-2-4. Tides produce currents in shallow water. In
water less than 182:88m (600 feet) deep waves can stir np
the bottom and winpnow the sediments. Internal waves,
developed in - layers of denser water beneath the surface,
conceivably could generate currents. Coarse sediments in
deep water in some areas may have resulted from such
currents. :

5-3. Bays.—In areas where sea level is rising or has
rigsen recently the mouths of streams become drowned and
form bays. Silt and clay are deposited in -quiet water,
and sand or coarse silt is laid down in or near the channels.
The sediments are poorly sorted and vary greatly in texture
from place to place. '

5-4. Areas of calcium carbonate deposition.—Limestone
is formed in several types of environments. The most
favourable environment of deposition of calcium carbonate.
is a shallow flat-bottomed sea  adjacent -to
a low lying coast in a tropical or semi tropical climate.
The activity of organisms is a potent influence in the
deposition of calcium carbonate in lakes.

5-5. Rivers—Many different types of environments of
deposition are found on land. The deposits on land are
mainly the result of stream action. The essential require-
ment is thie formation of a place of deposition, particularly
g flat surface upon which the rivers can deposit their

/load at times when they got out of their channels. ’

5.6.1 River deposits are characterised by cut ‘and
fill action during flood. When the discharge 1s great and
-velocity of the water is high,the Bed of the stream 18 scoured
to a greater depth than during normal periods of flow. As
the flood abates and the streath returns to normal levels,
the depth of scour diminishes and the bed fills up to its
‘oustomary position. Large streams may be scoured
more than 15:24m (50 feet), as is indicated . by the
undermining of deep piers during floods. £

8,8 - Lakes.—Lake sediments are influenced materially
by the natuge of the water in the lake. Critical factors
are ave temperature of water, extremes of temnpera-
ture, quantity of rainfall seasonal and cyclic distribution
of rainfall, activity of micro organisms, concentration
of dissolved materials, size and shape of lake, ‘depth of
water, and supply of detritus. : R

5.6.1. When the deep water does not rise to the sur-
face, a permanent state of stagnation may be produced
in the deep water, in which hydrozen sulphide can be
o‘ontinuall{ ‘present and only a few types of organi.ms, . -
particularly certain anaerobic bacterta can . A
heavy storm or a rare cold spell may cause some of the
deep water to rise to the surface, killing off much of the
life. Lakes that are periodically ventilated by over- -

- turning of the water are in & relatively kigh state of

oxidation compared with those in which the water does
not turnover. The depth of water, howevet, is & factor,
because, the shallower the lake, the more likely the bottom
‘water i to be stirred up duringastorm. = . .

- 5.6.2 The larger lakes havehrg, its and

which have essentially the sameé charkcteintins:

posdin ing features in:the ocean. The spdimenta:
the central parts - of she. large lak g
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6. Diagenesis—

6.1 Sediments change after they have been deposited.
The water is squeezed out of pore spaces owing to the
offect of superimposed loads, thus causing a reduction,
in thickness. This compaction of the deposits presses
the constituents more firmly together and gives the
sediments greater strength. Materials are deposited in
the pore spaces and cement the particles together. New
minerals form and old minerals grow by the addition
of new material. Ultimately the sediment is consolidated
into tock: The sum total of these processes is called
diagenesis.

6.2 For sediments to compact, the water must be
squeezed from the deposits. The permeability, therefore,
is a big factor in the rate of consolidation. Daring
consolidation of the sediment into rock, that is, while
water is being squeezed out, the strength or ability of
the sediment to support a load is affected to a considerable
extent by deformation of mineral constituents, which
. causé the individual consticuents to be more firmly locked
together. A great variety of minerals are known to be
generated in sediments.

" 7. Classification—

- .71 Three main groups of sediments are generally
‘re : (1) elastic deposits, composed principally
of particles that have been transported mechanically
and then deposited ; (2) chemigal deposits, composed
mainly of materials pricipitated from solution and (3)
organio deposits resulting from the activity of organisms.

18" The elastic deposits are classified mainly upon
the-grain' size of the major constituents. The names
gravel, sand, silt, clay and colloid are universally adopted
for elassifying individual constituents by size.

7.3 Bediments are composed of particles of many
different sizes. Geologists are accustomed to classify
the deposit- upon the basis of the diameter of the average
{mredian) particle; the D-50 of the engineer. A consoli-
-dated sand is almost invariably called 2 gandstone, but

a silt is olassed as a siltstone or shale, depending on the
degree of lamination of the rock. If massive, the rock
is called a siltstone, if laminated it is called a shale,

8. Practical applications—

8.1 The practical application of sediments depend
on the properties of the .ediments and the processes
that affect them. The strength of sediments and the

" changes in strength under added or reduced stress, are
. of fundamental importance to the construction engineer,

whether he be interested in bearing strength of founda-
tions, stability of slopes, or the construction of tunnels.

8.2 The permeability and porosity of sediments are
of great practical importance’ to petroleum and mining
geologists, to ground water hydrologists, and also to
construction engineers, because the movement of oil
and water through ground depends so much upon the
permeability. Both the physical and chemical pro-
perties of the constituent minerals ¢oneern mining geo-
logists in search of ore minerals. The mass properiies
of sediments, such as density, resistivity, radio-activity,
or compressibility, concern the geophysicist and geologl;s
in prospecting for oil. N

8.3 The processes that affect sediments copcurit S
people who use sediments. The chsracter of Wedimenty'
and their response to stress depend on the procdsses
that lead to the formation of the sediments. It &ddition,
the processes themselves, have certain very s'}[))eéhl@ plisa:
tions such as.soil erosion, fn.uying of arable la,:t& )
gradation and aggradation of stream valleys below il
silting in reservoirs, beach. erosion, developmenit'of hi

silting in irrigation canals. =~

bours and breakwaters ‘stream ehanne]’ control, ahd ‘"

oy,

8.4 Lastly, sedimbnts are of great use to the geologist
interested in determining the mode™-of origin of sedi
ments, or the environmental conditions ynder -which
they were deposited. Ve RS OO

s (f (
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RURAL ENGINEERING SURVEYS

by

Temvu R. L. RAJU, B.E. (Hons.), c.x. (Hons.), AM.IE.*

1'1. India is a country of villages with nearly 80 per cent
of the total population of 548 millions, confined to the
rural areas. There aré as many as 5,60,000 villages

ad over the length and breadth of the country and
of these, nearly 27,000 villages as compared to 224 towns
lie ini the 21 districts of the State of Andhra Pradesh. The
main stay of ‘the rural population is agriculture which
contributes nearly 50 per cent of the State inoome. Most
of the industrial development is confined to the urban
area. The per capita income of the rural population
is naturally far less than that of the urban population.
1f this country is to be developed, the rural areas are
therefore to be tackled on a massive scale.

»

1.2, It has been the aim and ambition of all the planners
to improve these villages and make thend self:sufficient
as far as practicable. - An ideal village should have good
houses for its population, sanitary environment and
<gsential amenities like schools, markets, roads, electric'ty
and adequate.empl-yient potentials to keep all the people
of the village engaged. The full development of these
several villages is an emormous venture and it cannot
be achieved in a span of few years mainly for want of
resources. For the planned development of the villages
in & phased manner to suit the available resources, the
collection' of socio-economie, agronomical and engineering
data of the villages as existing, is very essential. As
it is, ‘the more vociferous and well-to-do sections of the
villages are enjoying the fruits of the development better
than others and the backward areas are left.in the back-

sand. ; If the full data: is collected, priorities can be
mnah‘the ‘basis of need. .

- 1-3. From the close of Third Five-year Plan, the employ-
ment potential has steeply fallen and along with others,
the ‘engineering and agricultural graduates are remaining
3 ied. Government of India hawe evolved a

sfoF the rural engineering s ‘to compile the
1 'data for the m&mbove as well as

ANRe

progide the nmrach needed employment potential o .

to. pro .

the: unsmployed ‘engineering and agricultural graduates.
Under this scheme, a survey partly consists of two engineer-
.ing graddates and one agricultural graduate assisted by
.«on® technical assistent and five unskilled labourers and
85 suoh survey parties are proposed for & district under
‘the oontrol of an Executive Engineer. -The Executive
Engineer is provided with the required office staff and
_supervising staff both on the engineering and agrioultural
flelds. On an average, a district may have about 1,100

villages'and at the rate of one village per party per month,

it takes 2 years and 6 months to cover the district fally.
To start with, the scheme sponsored by the Central
Government is .introduoced in the backward distriots of
~Mahsbabnagar and Kurnool in Andhra Pradesh. =

L3

& j1-4. Appreciating the value s,ndthe 'ne.ed‘;fpr this ; rvey
for the rural areas, tho{g:vemment of Andhra m :

“Mas further undertakeh to survey

the- villages in the

M

.80il charecteristios, (A) Cropp

~ adopting & 100 metre

 reimmining 19 districts of the State unce: aplightly diffesent . -
Woffﬂmpl Bangine and Planning Survant

the staffing pattern is much on a smaller scale with only
five survey parties for each district as against 25 survey
parties under the Rural Engineering Survey Scheme.
These 5 survey parties in each district are supervised by
an Assistant Engineer and 4 to 5 districts are in turn
attached to one Executive Engineer. With this smaller
set up in each district, it would take longer time to cover
the district. To expedite the surveys, it is necessary fo
increase the number of parties or con¢entrate the available
parties in a few selected districts. This will be decided
as the scheme gains momentum. o

1:5. Both these schemes put together have created size-
able employment potentials relieving the ' distress in
unemployment to some extent. Merely 500 * technical
persons and another 1,500 nen-technical persons could
be usefully absotbed in this venture. The schemes are
supervised by the Chief Engineer, Minor Irrigation of the
Public Works Department under the overall control of
the Secretary, Planning and Co-operation Departmert of
the State Government. ' ‘

2-1. The survey of villages consists of 4 parts—(1) Socio-
economic surveys in the shape of data oollection,(2) Prepara-
tion of an engineering plan of the village to a scale equi-
valent to 8" to a mile with contours super-imposed at } or
1 metre intervals, (3) Preparation of an agricultural
plan to the same scale with suitable classifications: for
the soils and their land capability gradation, and (4)
report explaining the special features of the village,
.essential needs of the village and approximate estimates . -
for providing the essential amenities. The entire informa-
tion is presented in the form of a booklet. - -

2-2. The data ocollection is standardised into a standard
form and it is mainly sub-divided into (z) Occupations,’
(b) Housechold census on lmo(cil holdings, {(¢c) Agriculturel
practices, (d) living acoommodation, (e) Sanitary arrange- . . .
ments, (f) Employment details, (j) Land utilisatior and,.

patterns. (v) Irrigation’ *
facilities,(j) Communications,(k) Electric supply,(!) Educe-

‘Yion facilities,(m) Market facilities,(n) Industries,(0) Water
.supply for drinking and also irrigation, (p) Incidence of

adverse seasons. and (g) Developmental activities in the
village. This information is collected from the ¥illage =
records and by household survey. Field to field inspee.’
tions are also necessary. ‘ o e T

2:8. The engineering plan is traced from
revenue “plan end all the up to-date phys
are marked therein. The entire villige Is theg bl
levelled with reference to the nearest G.T.8. benéh x

 grid for the apot ‘levels.. - Al
rely on the village phn.%yn afe’

E RN LT
. - ‘& Foint Director, R} Kagine
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For accuracy, in levels, adequate care in check levelling as
well as in reduction of levels is indispensable. The same
village plan tracing with all survey numbers is again
used for drawing the soils map. All the fields are inspected
by the soil surveyor and then surveyed with the aid of
profile pits and soil-testing. Based on the data so collected,
the soil classifications and land capability gradation
were marked on the plan in different colours following
the standard notations. Special features like alkaline
and saline patches, soil conservation measures are also
indicated. In short, the plan provides all the soil charac-
teristics required for agronomy.

2.5 The report drafted after collecting the above details
is the summary of all the special features of the village,
the felt-needs of the village and proposals for development
taking into account the facilities and potentialities locally
available. The nearest source of electric supply for electri-
fication, the important roads to be made all-weather
the essential school facilities, drinking water requirements,
the markets required, the possibility of providing irri-
gation facilities, the employment potential that can be
created in the village or nearby and the housing schemes
for the economically weaker section who could not afford
houses of their own, are fully discussed and the costs
indicated. In making a proper assessment of the needs
and costs, certain standard norms are adopted.  Detailed

!

estimates are considered necessary only if there is a pros~
pect of immediate execution of the work.

3.0 While the socio-economic survey gives certain -

information as on the date of survey for immediate plan-
ning, the engineering and soil plans are the permanent
assets of the scheme. They will be useful for all the
time to come as detailed topographical sheets and scheme
for engineering works or agronomical developments can
be drafted with ease and speed. The investigation of
schemes for future development will get very much simpli-
fied. The report will give an idea of the developmental

work involved and will help in fixing priorities to suit -

the available resources. To say: it briefly, ' the suf¥vey

report on the village will be a veritable hand books for-

all referencing in the development of the village. If the
village plans are reduced to a smaller size and combined,
index map with contours at two metre intervals can be
prepared for each taluk for planning schemes connected
with a group of villages. e

4.0 The village survey reports so prepared . are reviewed
by a district level commit consisting - of important.
distriot officials and presided over by .the Distrist Collector.
to make them as complete as possible. After their
finalisation, the reports are safely kept as importent.

in the records district offices for all future . referencing..

in planning and developmental works. - ks
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DESIGN TABLES FOR POTENTIALS UNDER WEIRS ON FINITE
DEPTH OF PERVIOUS FOUNDATION :

. Thiru 8. MUTHUKUMARAN * n.E., m.sc. (Exnea.), ph.p.

1. Introduction.

. Potential i.e., the uplift pressure expressed as fractions
<©f head of water under weirs on pervious foundations are
usually obtained by the procedure given by Khosla et al
(1).** They have provided suitable charts based on their
‘theoretical derivations for the cases of weirs on infinite
depth of pervious foundations. It is generally recognised
+hat when the depth of previous foundation is finite, and is
; mamble to the dimension of the weir profile, the
: ts obtained from a soluation based on infinite prevoius
foundation are not satisfactory (2, 3). Under these
conditions, solutions must be obtained taking into

. ponsideration, the relevant depth of pervious foundations.

Solution have been obtained for finite depth cases by

. Pavlovaky (2) and others aslisted in reference 4. A general
solution has been provided by Muthukumaran (5, 6) for
the case of weirs on infinite pervious foundations. A
design chart has been, provided by Kulandaiswamy and
Muthukumaran (4) for the case of a floor with a sheet
pile on finite depth of pervious foundations. It has been
shown that for estimating the potentials under weirs
on pervious foundations, the solution for this simple case

- and a mutual interference formula are sufficient (4, 5, 6).
‘Therefore, one might conclude that the problem of
nding the potentials under weirs on pervious foundations
monce and for all solved. However, in order to use
-the chart provided in the references 4, 5 and 6 certain

~*<eomputations have to be made. Some designers may feel

_that it might be more convenient, if computations are
" 4voided to the extent possible and tables are provided to
diréctly read the potentials at salient points. In this

 peaper such tables are provided.

.‘.v!\' [

S+, 2. Tables for Potentials—
~ i The theoretical solution for potentials for the case of a .

m consisting of & floor.and & sheet pile, resting on
;. depth of pervious foundations is given by (4,5,8):

vide Figure 1).

o= lal em . RO A
- =g W -

or E-_-._Kl..dnt--(;ﬁ ] 1;.mPi,.'m‘) ’ o (2).

» M3= Poteptialvnpm’so&as a fraction of the head

causing seepage, . |
= complete sliptic integral of the first kind with
: m‘;‘ﬁ:m,w tegr s e

Y Y

) Vot i 3

PR { S ey e 1 -

By :
P—, /(0+8) B R
N/ (B + &) (1—p)
l-mpr — 1—8 1+p (5)
14+8 1—p

m! = 1—m, the complementary modulus

— 1 — Bl 1— 52 (6)

1+8 1+8, '

/\/ 1—8 _ cos, D Sech B; .

14+ 8 1 4 y1—cos® D Sech?® B; fori=1,2
7
I—p _ cos D Sech z (,
1+p 1+ yl—cos® D Sech?z @8y
p = Cos D ¥ tanh? + tan® D ®)
Bi = Cos D ¥ tanhiB; + ten® D fori -1 2
. A} (10’

sp—1 (P, m) = elliptic integral of the first kind with
argument, P, and modulus, m, C

dn~1 vImP?, m = Jacobian inverse elliptic function
and is equivalent in numerical
value to sn —1 (P, m), "

z = x iy, a complex variable representi g the
plane of the weir., P e 5

p =8 +it, an intermediate complex variable,
B = width of the floor of the weir.

B, = width of the floor of the weir, on the upstream
of sheet pile. S

B, = width of the floor of weir on the downstream -
side of sheet pile. ~ ’ .

D = Depth of sheet pile. .
T = Depth of pervious foundstion. All dimensions

in the plane of the weir are expressed in the
scale. LAt
T = 2. R e

The oomplete elliptic integral, K. and mm yors: Aﬁﬂi'il' =
f\lnction, dn—ll can mexpm mdcomnmmea in B
of mr: It was suggested in reference £, that ¢ M! EE:‘;

obtained from Eq. 2. For this purpose, the designer 48
expected to compute V1—mP* and ‘mg Mﬁ!. =
b and 6. Them, using a chart provided, ' the “potensisl ¢.

can be read for the computed vilues of mj sad ViTads, .

& Exetmtive Engh;br, :
Qallege of Engineering, Guindy; Madras-26, -

A b ] s

"P:W.D., Madras, cn otiwr,duly 84 Amsisheant Profeswor, -Soil Mochenise

sstél nutibisiin the list of reforsnoee. . .
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Now, it is proposed to spare the designer, the trouble

of computing m! and v I.nps. Suitable tables are provi-

ded. from which the potential can be read directly, given
the details of the weir profile, namely B,, B,, D and T.
For this _purpose, 1t was proposed to use Eq 1 for
computmg ¢ The elliptic integrals K and sn—! vary
‘rapidly ‘when their modulus is close to unity: If the
argument P is also close to unity, then the second integral
varies more rapidly. Therefore, it is necessary o compute

m and P to many significant figures, in order to compute 4:
It is possible to express and compute the integral, K,
in terma of m' and the integral, an—l in terms of P,
v 1-P% and ml or P, v1-P* and m!. 41-P* can be

¢omputed ithout oomputing P, by the following
squations : /
l—pe = (Bt p (1—8) (12)
6, +8) 0d—p) | B
1 —P = Cos? D Sech? z (13)
' 1 + Cos D ytanh? z 4 tan® D
1—8, = Cos* D Sech?® 8, (14)

—{—Costta.nh’B + tan®D
Ifp, B,and P are closetoumty,l ps 1-8, a,ndl—P2
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The potential at the salient point, E, corner where
the sheet pile and upstream floor meet, can be obtained
from the Tables for potentmls at C using the followmg
relationship :

Potentials at E = 1. — Potential at C (16)
for B /B ~ for (1.——-B,IB) oy

4. Worked out Examples

’ Example 1: Find the potentmls at C, D md E, given
the following :—

B/D =30; B,/B = 03; D/T = 0-75.
From Table 1-9, Potential at C is read as 0:6411.

From Table 2-9, Potenbml at. D for B,/B = 0- 7 is
read:as 0-3171. Using Eq. 15, Potentul a.t Dis oomputed
as 1.-03171 = 0-6829.

From Table 1--9, Potential at- C for B /B = 07 is

read as 0-2753. Usm Eq 186 Potential at E is computed
as 1.—0-2753 = 0- 7247 _

Example 2: Find the potential at C, gnven B/D 155
B,/B = 0-25; D/T = 0-66.

may be computed using the above equatlons, thereby .

avoiding the necessity to compute the former quantities
to many Slgmﬁca.nt figures. In this prooedure for compu-

tation of qS, the quantities'm,m?, P and yvI—P¥ need be.

computed only to six significant figures in order to
obtam ¢ correct to four significant figures. A computer

pmgramme was developed, potentials at salient pointe
were vomputed for posgible range of values of B, D, T
.and B, and preeentedm Tableis 1—-1 to 1—22 a.nd 2—1
to 2+-22. i

Tables 1-1 to 1-22 give the potentials at the salient

) g‘o int C,corner where sheet pile and downstrem floor meet.

bles 2-1 to 2-22 give the potentials at the' salient
point D, the tip of shegt pile. .

_mw 2, thehpotenmls foi sinal] values of B/D are
as in these o , potentialy do not differ
iably from thos?e;or ‘infinite depth of , peﬁ'ious
foundaﬁons In othter words, these cases aras:

valent to infinite depth cases, as re&a.rds the potantnh :
st salient points. In ‘such oihses,

e potentials’ for a
en B/D value, can be read from that table correspon-
to the smallest D/T value, in which potentials are

;- F-ovided For example, if ‘B/D = 1.0 and if D/T is .

than 0.2, the epqtentuls gman 13 the table for

{;‘w’r_ 0.2 are valid”

3. Use-of Tubles.
The potentials at the ‘salient

ﬁon is va.li

m»l at the aahent

0 5, the lgot«mtml can be

h tahle is for a fixed
th of pervious foundation. In the tables for DT less

poiﬂt C csnberead‘
y from the TaMles 1-1:-40 . I-22. Whenre, ; the . -

stludo no dprovlcb the- va;ug_g dms@ly‘ lineas, inter- N

L The following is an extract from Tables 1 - 10. and
1L

Potentsal ai C.
B/D. DIT. . B/B.

. . . p A “_‘

| 02 03

16, 07 - 6873 8017
4 er 6738 8900
16 - 08 . 6039 '5079
. 08 8810 5068

4

Iuterpofat,mg ﬁmt in the direction of B/B, then ﬁt
tho directxon of D/T, the following are obtained :— .

- . hl, ‘/B
B/D D/Z'J s 0 VRSN
_ '0-2 03 )
: o o U3 Lo -
L1807 6878 6017 ..
CO18 T 08 0830.° 6070

B

1« o4

int, D, mbem’d*ﬁom o
if B,/B-1s greater than or equal -

: "thb folloﬁng relationship : ~ L
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" &. Comparison with Experimental Resulls.

During the course of several years; work has been done
at the Concrete and Soil Research Laboratory Chepauk,
on this topic and their electrical analogy experimental
results are presented in a report (7). A few values read
from the charts provided in reference 7, are compared—
with those obtained from the tables provided, in
Table 3.

The differences between the experimental and theore-
tieal results in Table 3 may be considered as permissible
in a problem of this type.
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5. Comparison with Experimental Results.

During the course of several years, work has been done
at the Concrete and Soil Research Laboratory Chepauk,
on this topic and their electrical analogy experimental
results are presented in a report (7). A few values read
from the charts provided in reference 7, are compared—
with those obtained from the tables provided, in
Table 3.

The differences between the experimental and theore-
tical results in Table 3 may be considered as permissible
in a problem of this type.
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SETTLEMENT TORPEDO *

i iz spurt in the construction of reservoirs,
ngn:::ebo% dall)ns has assumed a great importance.
o nt in the absence of suitable devices assessment
Aft pl;:?:ment in the earthen dams has become difficult.
oBesea.rse h and development work were put on sound
ot cd ing the post-war era and the significant mark
foot o i ghe Soil Mechanics and Research Division

Xﬁnﬁﬁz l:lecgnt years in the field of instrumentation.
u .

s in the State of Tamil Nadu are
M?lggd e:ittl}l;enve(tl'ts‘igl settlement gauges which are on
T ttern consisting of series of 37 mm. and ‘50
'S'B'B" p:elescoping into each other. The 37 mm. pipe
mm. pipes the 75 mm. channel and embedded in the
is flxed t‘t)nmd at pre-determined ° lgvels. A specla:lly
°a'?he:d torpedo fixed to a 8 mm. wide steel measuring
decigr lowrg:-eed into the installation. The torpedo is
tape.(;sd with pawls which open igp one direction. If
o o _01 tape is pulled up the pawls engage the lower end
e o 7 nl;;l pipe, and prevent the upward movement
of the (seé fig. ’ 1. e readings at dlﬁ:erent periods
of torped? ttlement of earthen bunds. This equipment
ive tho & ed with many difficulties, one

i i front
though mh]"]plz lgu:mtlhl';gnt(,lgedo finally by means of &

such = ¥ stalled latching plate.

specially 1 -
‘ nade to improve on this system.
Ma,nyh:ﬁzrﬁltgzs Evzzi.;le!:ring Research Institute evolved a
The M:vhiCh consists of steel plates 60cm.x 60<:mh><(i)mmd
design tral hole of 60 mm. dis. fixed in the bund
with oen intervals during the eonstruction.
3 mets passes through

at . 40 ) m.
A rigid PYO P;, °f,e of from toull)_ to Dbottom. A

holes of ~the ded by a coil of copper wire
tmanenii al!:“%’}“wﬁﬁ?; broug}.m out and connected
the term itive spot galvanometer is sent down-through
to the sens When the probe passes the vicinity of the
the plg&i late there is disturbance in the magnetic field
embed . Ptro motive force is induced in the coil according
and the elec £ electromagnetic induction which is recorded
to tha.l&:vll On'ometer. The system is not perfect because
in the galve recorded in the galvanometer both when,
the kicks t o proaches and recedes the vicinity of the
the magA]n:o ugxen the probe is held steady there is no
El?it:;tion because of non-disturbance in the magnetic
e _ A

ﬁdd.

JEl otric and elecbronic'devices for settlement determi.
(]

ade use of in foreign countries. The

 nation have been M tion in United Kingdom also

Bullding e of equipment which is claimed to be
: de.veloped at:%eogqﬁ;gent developed in Soil Mechanics
fairly aoour&h "Division, Madras is_based on the system
by the tra Engineering Research
adogf@?‘e 'tho same stecl plate and pipes are adopted
Institute. The probe has been improve by dispex_mx;g

here alsa. rmanent magnet and replaced by two solino,
 with the P:nounted an the'same axis with the spacing
i‘;.dg‘go::n n thoe coils. The dn;el::;oxghof wmdi:nig

’ of curre re so regulated the magne
snd flow ﬁpw:; oach other, When the number of
fields ‘arethepwo coils are identical and the same current
-turns ml] 1gh them th.e,:mnmc. fields - produced
"wualise each' other ab:the pi exactly | nidigbant
RO the two ooils. Another Pwk‘;gf o0il is suitably fixed
B e samo neutral plans whi wil

dateot a po
‘susterial in the viddulty. .- S

od

. ‘

In the prototype finally evolved, the main field coils
consist of 1,200 turns of 36 S. W.G. super enamelled
copper wire wound on al19mm. (} in.) diameter former
over & length of 2-54 cm. (1 inch). The pick up coil also
consists of the same wire wound on 25mm. x 6 mm. (1 in,
X $ in.) bobbins and -three such coils are fixed in the
axial plane at 120° apart. The D. C. resistances of the main
field coils and pick up coils were 65 ohms and 12
ohms for each coil respectively. Figure 2 shows the
details of the coil assembly. ,

The oscillator functions at the frequency of 8,000 cycles
and delivers an output voltage of 8 volts to the field coils.

Three systems of detection have been developed. In
the first system the output of the search coil is amplified
and then fed Yo a rectifier, a gain control and & micro-
ammeter. Figure 3 furnishes the circuit diagram of the
amplifier-cum-detector.. Under steady conditions when
the coil system is free in space the output of the pick-up
coil is nil and so the meter reads zero. When the coil
system is lowered into the P.V.C. pipe, as the lower coil
approaches any of the embedded plates the field due to
the lower coil gets disturbed, upsetting the balance condi.
tion so that there is an output from the pick-up coil which
is fed to the amplifier which after amplification is rectified
and is shown by a deflection of the meter. Further
approach of the coil system to the burried plate increases
the signal and so the deflection in the meter. Soon the
deflection becomes maximum and remains in this position
till the first coil clears the plate. Thereafter the deflection
decreases till at the position when the burried metal
" plate occupies a symmetric position with respect to both
the coils, i.e., when the central plane of the metal plate
coincides with the mid-plane between the two coils, the ‘
meter reading becomes zero. Similarly for the second
coil the deflection increases, becomes a maximum and
when the probe completely passes the plate the deflection ,

comes back to zero. Figure 4 gives a plot of deflection
in the meter against position of the probe and it is - quite .
apperent from the figure that the central line of the"
burried plate could be easily located correct to + or ~.
1mm. II; is to be noted that all these readings are steady .
readings and could be read quite coveniently and does nob-
require any relative movement for taking observations, ete.. « *

- The second system of measurements developed makes
use of the principle of phase change detection. Figure:
& furnishes a block disgram of the arrangemet while®
Figure 6 gives the circuit disgram adopted. In short,
the phase of the signal received from the pick-up is..
compared with the phase of the input signal. is, .
enables us to judge whether the burried plate is in the:
vioinity of the lower coil or the upper coil. A oentre
zero micro-ammeter is used and the micro-ammeter .

. deflects to one side or the bther depending on whether:
the plate is nearer to coil one or coil two. When it ig'
equidistant from both the coils the meter reads zero,
The advantage. of this arrangement is that the system
is most sensitive near to the zero position so that even?
a very small movement of the plate away from the null -

-point produces an immediate change in the meterredding; - -

hmgesofeveno-5mm.fromtheopptrolpodtionpoduoep:,~ .

& measurable defloction in the meter from the rero teading?

By suitable miniaturisation it has been’ peasihle 4o

accommodatg all the required circuits as well as.a bat: .
i the body of probi iteelf. . Only the indlosting see
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held at the ground level. A steel measuring tape is used
for determining the levels with respect to the tap reference
point. Figure 7 gives the details of the assembly inside
the probe and figure 9 shows a photograph of the complete
equipment. ‘ :

The above devices required two electrical leads to be
taken from the probe to the ground level in addition to the
steel measuring tape. In the third system developed
a small radio frequency transmitter is located in the probe
itself, so that the signal from the pick-up coil can be
transmitted to the ground surface without the need for
the connecting wires. A suitable receiver with an
output meter is located at the surface to receive the
signals. Figure 8 gives details of the arrangement used.

D

Condensed from the Paper ¢ A TRANSISTRISED SETTLE-
MENT TORPEDO FOR USE WITH EARTH DAM SETTLEMENT .
APPARATUS”., Written by Thiruvalargal L. Venkata-
narasimhan, R. Rajaraman and T. K. 8. Ramanujam.

Field Trials.—

A system incorporating the above arrangements has
been installed in the sand embankments at Ennore,
Observations will be taken at intervals of one month.
In the same location a conventional device according
to U.S.B.R. standards is also installed so that comparative
data could be obtained. Results obtairied will be reported -

in due course.
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1I. Cavitation Defined :

69"

CAVITATION IN IRRIGATION STRUCTURES.

I Introduction :

The phenomenon of cavitation was first recognised by
Euler in 1774 in connection with the theory of hydraulic
‘machines. Tt was after the first Atlantic crossings “by
the British ships, the failure of propellers of ships were
attributed to this phenomenon. After the World War I
and II, Cavitation problems have been encountered in
varied fields such as high head hydraulic structures,
high head. gates, spillways, high head hydraulic machines,
high speed ships, submarines, high speed under water

ballistics and in the development of high speed rocket

engines.

In General Civil Engineers met with this Phenomenon
much later than Mechanical Engineers. The study of
cavitation became predominant when dam building
programmes began in America and HKurope. In India,
serious research in the study of this phenomenon and its
delitereous effects on various materials and structures
was taken up after the intense damage that occurred
to the world’s largest siphons at Hirebha Sagar Dam
in Mysore. )

In an irrigation scheme or in a multipurpose project,
the various components that are likely to be affected by
cavitation are spillway sections, outlet works, ener
dissipation structures such as baffle piers and other stilling
basin appurtenances, control gates and valves.

* Cavitation is defined as the formation, growth and
collapse of cavities that are formed in flowing water due
to the hydrodynamic reduction of pressure. If the
pressure falls below the vapour pressure of the liquid
cavities are formed. They grow in size and are carried
by flowing water. When carried t0.-a region of higher
pressure they collapse or ‘implode’ causing damage to
adjacent boundary in the form of pitting and erosion of
solid material.

I1I." Deliterecous Effects of Cavitation +n Hydraulic
Structures : \

(i) Deterioration of hydraulic performance :

Because of pitting, the bounding surfaces of flow loose

- the shape of the guiding surface. This may induce

formation of vortices and turbulent secondary motions.
Consequently energy losses increase and the hydraulic
performance deteriorates.

- (i) Vibration :

Some’ of the mechanical failures of the components
of a hydraultc structure such as siphones, penstocks
coh@nits, gater -and valves are attributed ta the intenss
vibration imparted due to violent collapse of the cavities.

BY

G. PADMANABHAN *,

Guiding surface of spillway dams, piers of spillway
dams, gate slots, stilling basins and energy dissipators
are often subjected to severe cavitation erosion. This
leads to weakening of structures.

(iv) Noise :

Cavitation occurs with a characteristic crakling noise.
Such noise generally increases the noise level conside-
rably. This may also pose a serious problem in future
in view of ‘‘noise pollution.”

IV. Different forms of Cavitation in Hydraulic Structures :

. In general, there are three main types of vacuum zones'
in all kinds of hydraulic structures and vacuum zones
are known to be potential sources of cavitation.

(i) Vacuum zones inside flow without separation
of flow from steamlined surface.

(ii) Vacuum zones inside flow with separation of
flow from steamlined surface.

(iii) Vacuum zone under free falling stream.

The first type occurs in spillway dams (Figure 1).
This is also met with in inta.lge strictures o(f conduitl,
siphons and shaft spillways. Sometimes this is favourable
in the sense that it increases the co-efficient of discharge
as in the case of a siphon. But the periodical breaking
down of this vacuum is to be prevented.

The second t‘ype occurs in gate slots (Figure 2). This
also ocours in sharp edged structures, clesed conduits
and tunnels beyond the gates, gate slots and energy dissipa-

tors. This is to be completely avoided because of incresse ' .

of energy losses and intense vibrations of the structure
due to the separation of flowand the presence of vortices

(ili) Cavitation erosion : ' ;

and secondary flows. As an emergy dissipating agency

this is allowed to take place in energy dissipating structures,

sufficient precaution heing taken to wrevent wiaterial |

erosicn. :

The third type occurs free falling stream (Fi . 3).

Very intense vibrations of the structure oocour by the

periodical lyeak i the vacuum.

V. Case Studies of Cavitati-n Damage in H ydraulic
Struduies: T

s

_The typical hydraulic structures ace spillway dams, -
siphons, tunneis, and condrits, energy d,is&‘pam:,l,. govss -

and gato slots. For avoidi
" gtraotures, the déslgﬁ‘m‘“'

or reducing eayithtion:in
espenially model experimenta. '

e based on calovlations and

L . Lo

*+ Looture i, Civil Engioeerng, Gollog of Enginsering Guindy, Madras-600025.

i i
T

t Metric equivalents to F.P.8., Unite used in this article are furnished at the end.

'487—8—20
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some failures of hydraulic structures by cavitation in
the past have revealed that the failure is due to any one
or combinations of the following factors : —

(i) Misalignment of conduits :

After the completion of the Hoover arch gravity dam
across the river Colarado in U.S.A. during the first fill,
the reservoir surplussed and the spillways were operated.
The spillway drops 500" with a 225’ radius bend at the
junetion of horizontal portion and the inclined shaft.
The spillway bas been designed for 2,00,000 c/s, the actual
discharge was only 13,500 c¢/s. After the floods, the
tunnel was inspected and a large eroded area was discovered
in the bottom of the tunnel downstream of the bend.
The eroded portion was approximately 140" long, 30’
wide and 36’ deep and extended through the concrete
portion into the supporting rock below. The velocity
of flow has been estimated to be 150 feet/second. After
detailed studies it was established that the scour was due
to oavitation and the damage was due to misalignment of
the tunnel a few feet upstream of the bend. This was
only a few inches in the vertical direction. The mis-
alignment has resulted in & change in flow pattern resulting
in the formation of low pressure regions and consequent
formation of cavities which have collapsed. downstream
of the bend and caused damage. Very careful alignment
of the structure, i.e., tunnel and proper curvature at the
junction would have avoided cavitation in the structure.

(ii) Surface roughness :

The spillway surface of Grand Coulee dam with a
hydraulic height of 355 is an ogee shaped one with a
discharge capacity of 1 million cfs. At the first operation
severe damage ocourred to the spillway surface concrete.
The cause was traced to surface roughness or protrusions.

Another example is the damage caused to the 18’
siphons at Hirebasagar Jog Power Scheme, Mysore State
(Sharavathi Project). The dam at Hirebasagar is a
composite desm with masonry for alength of 1,120° in
the river portion and flanked by earthen bund on either
side. The expected maximum flood of 2,00,000 cfs.
was impossible to be disposed of through the masonry

jon. Therefore it was decided to pass a portion of
the flood through 10’ x 20’ sluices and the rest by means
of siphons of I8’ outlet diameter. Volute siphons with
dome located at top of a number of pillars was a new
innovation. Though it was first thought to have the
giphon barrel of cast iron embedded in the masonry of
the dam, finally it was decided to have R.C.C. construe-
tion. When the siphons were operated for the first time
due to the high velocities of more than 50’/second severe
damage occurred at the tip ‘of the funnel and the bend
portion (Fig. 4). The cavitation occurring was so severe
that the crackling noise due to the bursting of bubbles
could be heard half & mile away and the vibrations were
80 severe that everyone was hesitant to go near the dam.
Later, model studies revealed that areas of negative

gsure were due to bad configuration of bend. There-
})::p the damage was attributed to the rough surface of
concrete and bad alignment of conduits.

Sudden pagsage of flow from a smooth boundary to rough
boundary gives rise to severe cavitation damage. This
was obeerved in Pine Flat dam located on the Kings
river in California. Here steel liners were provided

467—8—20A

’

-gote-for o distance of about 8’ -

in conduits as a protection measure against cavitation
downstream of the gate. Steel liners joined concrete
surface. Pitting was observed after the first operation.
The reason is attributed to passage of flow from smooth
surface to rough concrete surface.

Cavitation and damage to concrete surface is related
to the relative height of particles forming the boundary
roughness and the thickness of the turbulent boundary
layer. At the downstream end of a gate, a turbulent
boundary layer begins to form in the vicinity of the gate.
Velocities are greatest mext to the floor of the conduit.
At distances far away from the gate the thickness of
boundary layer increases. Model experiments show
that cavitation could be produced by protrusions only
1/16” high in the first 11 feet downstream from a gate
whereas at distances greater than 64 feet from the gate
even a 1/2" protrusion could not cause cavitation.

(iii) Presence of slots as in gate groves :

. This has been observed in a large number of dams
such ag Fort Peak dam in Montana, the Denison dam in
Texas and the Norfork dam in Arkansas. The high
velocity flow over the slots creates vortices in the slots.
At smaller gate openings this is carried downstream.
Lowest pressures occur at the core of the vortex and
cavitation pocket collapses at the high pressure region
at the junction of the downstream edge of the slot and
the base of the condnit.

(iv) Badly designed transitions :

Cavitation damage is observed to be quite severe
in the transitions from gated sections to circular or any
other shape in & downstream direction. Reduction in
length of transition often leads to a rapid change of flow
pattern and consequent reduction in pressure.

At Fort Randoll dam in South Dakota, the two 11’ %23’
rectangular gate passages converge in a 49’ long transition
section to a 22’ diameter circular section. This reduction
in area results in an increase of velocity and a corres-
ponding reduction of pressure. The downstream end
of the transition could have been made tangential to
the conduit. It is reported that the conduit section
and the transition sections were constructed by two
separate contracts.

(v) Simultaneous operation of spillway and sluices
located in the spillway portion : ,

In many high dams it is the practice to locate
the sluices for regulation in tiers in the spillway portion:
itself. In Folson dam in California the drop is 303’ and
the regulating gates 5'x9’. Curved sluices were in the,
spillway section. No damage occurred either when'
the sluice alone or the gate alone was operated; but
damage was observed to the exit portals of the gate
openings, when in both the spillway and sluices funotioned :
simultaneously. The flood passed over the spillway for:
seven days and the depth of flow was 37’. A definite line of *
damage occurred on each side wall beginning at the block
out section and extended to the spillway face. This.
has been attributed to the abrupt change in the align.:
ment at the block out section, resulting in low !
areas extending up to the exit portal. If the height of;
block out section is reduced, the areas of negative pres.,
sure could be eliminated. Damage was also observed&
on the spillway face immediately downstream from thel
gluice exit (Fig. 6). A similar damage was observed in,
T.W m Mww,,..ﬂ.-u\w N ~ -+ ” ;
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(vi) Steps in stilling basins:

Severe cavitation damage was observed in. the
stilling basin of the Bull Shoals dam when the spillway
and gates were operated. The spillway is an ogee shaped
one with a drop to stilling basin of about 225 feet. It
was of hydraulic jump type with a 200’ long apron con-
taining four steps with their faces ellipsoidal to avoid cavita-
tion. A 4’ high stepped sill was also provided for the
bagsin. Most severe damage occurred just downstream
from the top of the first stilling basin step. When the

steps were replaced by paved ramps and the height of

the end sill was raised to 8’ from 4’ no further damage
occurred. ‘

(vii) Impact of high velocity flow:

Baffle piers and friction blocks are used for energy
dissipation either independently or in conjunction with
stilling basins. Because of the flow separation from
the face of these blocks cavitation damage occurs to the
edge of these blocks. Several cases of pitting due to
cavitation at the baffle piers are reported such as Bonne-
ville dam in U.S.A. Cavitation being a local pheno-
menon, the pressure fluctuation at a point due to turbu-
lence may be more significarit than the average pressure
itself. Knowledge of the amplitude and frequency of
pressure fluctnations caused by turbulence enables the
determination of locations of cavitation region. The
pressure fluctuations are reported to be maximum on
the sides of baffle piers just downstream of the leading
edge. The greater the drop of pressure below zero and
the greater the percentage of time that the pressure is
below zero, the more severe is the cavitation likely to be.

(viii) Due to vibrations :

Many hydraulic structures have failed due to
gevere vibration because of cavitation.

Bhakra dam tunnel outlet gate failed causing
considerable damage. While trying to operate the gate
of the tunnel outlet, the gate got stuck up and gate
cavitation occurred. When it was forced down by ex-
ternal force, it could not be closed. Gates and gate
structure started vibrating due to severe ‘cavitation and
resulted in blowing up of the roof of gate chamber.

_ In the Panchet dam above Poona City, a conduit outlet
was partially opened. The high velacity flow struck
the roof 'of the conduit and resulted in cavitation. It
produced severe vibration in the embankment. The
new embankment absorbed a lot of water. Saturation
of the soil and the severe vibrations caused settlement
of the bank and it was over toppled. If the gate had
been completely closed or oompfetely open, this would
not have occurred.

In Krishnarajasagar dam also, the sill of the gate has

- been reported to be damaged due to vibrations when

the deep level sluice gates got stuck up while lowering,
V1. PREVENTION OF CAVITATION DAMAGE.

In most of the cases either it will not be possible to design
& cavitation free structure or it may not be economio
to go in for a cavitation free structure. Therefore the
deliterious effects of cavitation erosion are taken care

. of by any one of the following methods sllowing cevita-
tion to take place: —- .

1. By constructional changes of structures and their
components.

2. By giving smooth finish to the surface. Surface
irregularities form favourable locations for cavitation,

3. Protecting the surfaoee by cavitation resistant
materials.

4, Use of cavitation resistant materials.
6. Injection of air into low pressure regions.

Spillway dams may be of angular profiles with the
free falling stream partially scparated from the spillway,
or those having rounded crests and inclined upstream
sides, or spillway dams with very smooth profiles having
parabolic shape and those with vacuum profile. The
presence of vacuum zones in the first  three  types s
undesirable while it can be permitted in vacuum profile
after due model studies.

Siphons arc spillway structures operating with very
high vacuum. It is necessary to provide adequate air
supply system. All the construction must be smooth
and streamlined with no misalignment. It has been
established from experience that surface irregulerities
such as voids roughness, change of alignment, protru-
sions and abrupt off-sets can cause cavitation damage
in regions of high velocity flow. A careful control of
concrete surfacing and use of high strength concrete
would .prove better against cavitation damage. It i
preferable to use smaller aggregate particles near the
surface and this would provide better wearing surfacc.

The mechanical properties of concrete depend on type
of cement, waterﬁ:ement ratio, composition, quantity
and quality of aggregates and mixing of concrete. Cavi-
tation damage is inversely proportional to-its compres-
sive strength. Reduction of weter/cement ratio likewise
increases the resistance to cavitation crosion.

Though steel plates have been tried as lining material, -
they are often torn away due to cevitation. A simple
painting of concrcte surface with two layers of 50 per cent
epoxy varnish over & base coat of epoxy varnish increases
the resistance of concrete to cavitation erosion by three to
five times. However in the case of metal surfaces epoxy
coatings proved less effective while rubber, nyrite and
other rubber-like materials adhere fairly well to metals
and are highly resistant to cavitation. But these rubber
based materials have very poor adhesion to concrete
and therefore can not be used with concerte. A neoperene
compound applied with a brush to achieve 70-ml. thickness
at the rate of two mils for each application with a waiting
period of up to two hours between each is reported to have
withstood cavitation in laboratory studies.

In tunnels and closed conduits, intake structures with
gates, transition section, tunnel section and exit portal
must all be properly aligned and extensive model experi-
ments would only show the possible vacuum zones. Tn
the case of energy dissipators, the baffle piers are often
damaged due to cavitation. If the corners are rounded
off to avoid cavitation, the piers become less effective -
in dissipating energy. Injecting water or air into the.
vacuum zones in the baffle piers is reported to be most -
effactive in improving cavitation oharacteristios of
baffie piers. In stilling basins with steps, the damage du
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to cavitation can be avoided by replacing steps by paved
rampes to give a smooth flow. Also protective linings
at the corners reduce the damage. The baffle piers are
to be located as far downstream possible to take advantage
of the cushioning effect of tail water.

Cavitation in gates refers to cavitation erosion to gate
itself, to gate slots and cavitation erosion beyond the gate
conduit walls and floor. The partial opening has been
observed to b> the major cause for cavitation damage
in gate structures as is evident from the case studies.
Special air chamber beyond the gate is necessary to admit
air into the vacuum zones. Experiments show that
the shape of the gate lip has no effect on the tendency
of vortex typ> cavities to move down the slot. Tt is
established that there is the dependance between the
width of flow separation region behind the slots and the
erosion intensity. The presence of leakage through the
gap between the sealand sealing surface causes the cavita-
tion which in turn erodes the seal and sealing surface.
Improvements of dynamic characteristics of flat and
radial gates, especially because of separation of vortices
from gate bottom edge at partial openings can be achieved
by using a stabilizer connected with bottom edge of the
gate by means of a hinge. It enlarges the stream lined
surface. Set in working position by flow itself. it
increases the pressure in the throat (Figure 6).

Aeration of the wall boundary layer has been found to be
a very effective method of protection of hydraulic struc-
tures against cavitation. The under portion of the
nappe falling over a spillway surface is to be acrated
sufficiently to prevent the periodic breaking vacuum to
avoid severe vibrations.

VII. Conclusion :

The phenomenon of cavitation and its delitereous
effects on hydraulic structures have been explained.

F.P.S, Unit. Metric unit.
1 (2)

4 feet .. 1122 m

8 , . 244 ,,
i . .. 3.35 '
8, . 549
22 ,. .o 8.70
23 ,. « 7.01 »s
30 . e 9.14 ,,
36 ,, .. 10.97 .,
37 .. 11.28 ,,
49 . . 14.93  ,,
64 ,, .- 19.51 ,,
146 ,, .e 42.67 s
150 ,, .. 46.72 ’»
200 ., . 60.96 ,,
225 ,, .- 68.68 ,,
303 ,. . 92.36 ,,
a66 ,, .. 108.20
500 . .. 154.40 ,,
1z0 .. .o 341.38 ,,

The possible locations of cavitation in hydraulic structures
have been in identified from the case studies discussed.
Precautionary measures to be observed in the design
and execution of hydraulic structures to avoid cavitation
and if it is allowed to occur remedial measures to prevent
cavitation damage have been detailed at length.
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FEW HINTS FOR EXTENDING THE SCOPE OF IRRIGATION WORKS IN PUBLIC WORKS
DEPARTMENT. .

By Er. K. ETHIRAJAN, BE. *

In these advancing days of the world, it becomes very
important that the water sources in our State are to be
utilised in the most efficient and scientific manner, to
achieve our full satisfaction of social and economic needs.
Further, the quantity of water that is being obtained from
all the available sources (Surface and sub-surface) is
rapidly diminishing which has now lead to the scarcity of
water. In some of the districts, the ground water table is
receeding too deep by 10'—15’ every year and even that
available water is unsuited for use, as it contains much
of dissolved salts and other impurities. Thus, time has
come to introduce us to treat the water *¢ Economic
goods *’. :

As regards to the Irrigation, now, we are able to irrigate
only 27 per cent of the available ayacut area by all the
surface as well as ground water sources and the rest go
as rainfed. On the other hand, the rapid advancements
in the Green revolution introduce new and better specis
of foodgrains with different soil and water requirement :

-the crop period, the hehaviour of the plants of the crop

in consuming water and soil nature are studied and different
results arrived quite often with the aim of producing
more of foodgrains with minimum land labour and capital
jnvestments in the shortest duration instead of the
conventional period of 4 to 6 months. This necessitates
the Irrigation Engineers to study and improve or develop
the methods of irrigation, type and duration of various
crops, the water requirements of various crops at their
different stages of plant life, the new methods of culti-
vation of crops and soil water relation in an elaborate
and efficient manner in respect of irrigation aspects.

Apart from the above facts, the careful distribution
and utilisation of water from all its sources increase the
efficiency of water use management. Further, an ela-
borate study on the losses of water in Irrigation, viz.,
evaporation, percolation, transpiration and transmission

- by the Water or Irrigation Engineers will help to increase

e revenue to a large extent. This is an ideal fact
when on one undersiands that out of the total water
supplied to the crop fields by irrigation that required
for the metabolism in the plants of the crop is to the
extent of only 1 percent and the rest of the irrigation
water is lost by (i) transpiration through the plants them-
selves to the extent of 80 per cent and (ii) by percolation
and evaporation to the extent of 19 per cent. Fortu-
nately for us, there are many Dwarf varieties of crops
(from paddy to coconut) which minimise the Transpira-
tion loss through their stem and foliage. (the stem'and
foliage are much less in the Dwarf varieties). Moreover,
minimiging the Transpiration loss goes behind the field
of Agriculture which is successfully tackling this task.
Now it becomes responsible on the part of irrigation
Engineers to study the peroolation and evaporation
losses of irrigation water amfe to minimise the same to save
the water from going waste.

In Western countries, advancements are introduoce
in the field of irrigation and Agriculture, to the extent
that the evaporation loss is minimised or even completely

arrested by covering the whole field of the crops with
polythene sheets, reserving sufficient opening for the
growing population of the crop. Similarly, the water
use efficiency is so high to the effect that a sub-surface
irrigation, i.e., tapping the water (conveyed through porus
drains upto the root system of each plant of the crop)
exactly at the root zone of each plant of the crop, without

the loss of even a drop of water, by way of percolation
and evaporation is carried out.

From all the above facts, it is well established that the
responsibility of the Irrigation Engineers is more to
study the main factors affecting Irrigation, viz., (1) Rain
and Atmospheric changes (Temperature, relative humi-
dity) (2) Variation in the water holding capacity of soils,
(3) soil moisture regime concept and to bring the losses
and wastages of irrigable water under control and put-
forth maximum efforts and use all known knowledge
to increase the efficiency of water use management in
collaboration with field of Agriculture. An intensive
study and revision of the duty of water which mainly
depends on soil texture, relative humidity, losses of irri-
gated water, rate of consumption of water by the different
crops ete., for irrigation shall also keep the water use
management in its highest efficiency.

The water holding capacity of the soils in the different
parts of our State and the soil moisture regime concept
mainly depend.on the soil texture. Thus it becomes
inevitable that the soils in the different parts of our State
should be thoroughly studied for purposes of irrigation
and water use management to decide their textures apart
from their fertility. The whole state may be divided
into different zones of different soil textures and the like
properties and corresponding charts may be prepared for
gax_:h a:nd every zone so that the above said method of
irrigation, Type and duration of crops to be adopted
Methc?d of cultivation in the Zone, the water holding'
capacity and the net water requirement for the cro
at its different stages at different-seasons, losses of irrigates
water in that Zone etc., can be readily known. This
will also lay a guide path to the future generations to
advanoe in the field of Irrigation in collaboration with the
other departments like Agriculture. This work of soil
study and demarcating the whole State according to the
soil classification in respect of irrigation may be entrusted
to special staff of the Public Works Department trained
for the purpose as in the Ground Water Directorate
which is meant for investigating ground water potential. '

Similarly, the intensive study on the Duty of water
for irrigation for different crops in the different seasons
or periods over the different zones of soil texture in our
Btate must be done. The duty of water that is being
adopted now 6 and 7} acres/m.oft. for paddy crops
uniformly seems to be much less while a higher duty of
about 120 acres/cusec (highest) in clayey soil in the Cauvery
river system around Nagamangalam area in Thanjvur
district is arrived at by repeated research wotks by the
Agriculture Department oipe our State. This aspect of
irrigation can also be entrusted to such special staff.

. * Junior Engineer, Institute of Hydraulics and Hydrology, Poondi. -~



RESEAKCH AND DEVELOeMENT Or WATER RESOURCES IN INDIA.

(8sconn Buapar RATNA Di. M. VISVESAVARAYA MEMORIAL ENDOWMENT LECTURE, INSTITUTE OF HYDRATLI(S AND
HyproLouY, POONDI, DELIVERED AT MADRAS.)

BY

D. DODI tALL *

Prelude

Mr. President and brother Engineers,

I am greatly indebted to Bharat Ratoa Dr. M. Visvesa-
varaya Memorial Endowment Committee for having
invited me to deliver the second lecture. It was very
kind and thoughtful of the Committee to have conferred
this honour on a humble research worker. When 1
remember that the author of the first lecture, Shri J. 1.Coil-
pillai was also connected with research for some years,
I feel that the Committee, as is not uncommon with
Tamil Nadu, appears to have struck a new line in besto-

wing this privilege.

This privilege is of special significance as the occasion
is connected with name of a unique personality, an
eminent son of India. Dr. Visvesavaraya was the
embodiment of all the good qualities in man that are
emulative. His industry, punctuality and discipline
have become proverbial. Above all, whether in statesmen-
ship, adminisiration or engineering he was a great
experimenter. The uniqueness of his experiments was
that they combined both research and develqpmental
activities in one step which many would hesitate to
undertake. Whether in the design and construction of
engineering works, expansion of education or promotion
of industries, his experiments were characterised by
originality, boldness and success. By way of paying
my homage to this unique and bold = experimenter I
thought it appropriate to speak to you on_‘ Research
and Development of Water Resources for Irrigation in

India 7.

INTRODUCTION.

The demand for water is always on the increase. It
is required in a greater measure not only for agriculture
but also for power, industries, urban needs, recreation,
ete. There is, therefore, a greater and more urgent need
to keep under constant consideration a1l problems relat-

ing to water resources.

Appreciable development has already taken place
during the plan periods stepping up the potential from
surface wafer resources from 17 to 37 per cent upto end
of 1968-89. 'Greater efforts are required to utilise the
femaining quantity. There is a paramount need, however,
to consider whether the potential created is beidg put
to optimum nse. Optimum utilisation involves two

important aspects : one deals with the use of maximum
possible quantity out of the potential created and the
other refers to its use to realise the maximum benefits,
So optimum utilisation counnotes maximum utilisation
to get maximum benefit. To achieve this, the entire gamut
of water management has to be kept in view.

Water resource may be avsailable in a form or condi-
tion that it may be readily used for irrigation or other
purposes or it may require modification. The water
that is so conditioned to make it usable may be considered
to have augmented the available supplies in any parti-
cular locality or country. A stage has been reached in
this country also when attention has to be paid to reaserch
and development projects towards such inocrease in water-

supplies.

An attempt has been made in this paper, in so far
as it relates to irrigation, to deal with the guantum of
water resources available, current level of development
and utilisation and augmentation of fresh water-supplies.

WATER RESOURCES OF THE WORLD.

The water resources of the world can be broadly
divided into three categories, those available in air, on
the surface of the earth and underground.  The resources
are apparently in plently as indicated in Table 1, but
the small percentage of these resources that are readily

available for use and its unoven geographical distribution

call for all the ingenuity of man for its proper management.

It may be observed from the table that 97-13 per cent:
of the worlds’ water-supply is in the oceans. Of the
remaining 2-87 per cenf, 2-24 per cent consists of polar
ice caps and glaciers. Saline lakes and inland seas account

for 0-008 per cent and readily available surface water

constitute only 0-0091 per cent of total world supply.

While the total sub-surface waters constitute 0-8% per

cent of world’s supply of water, about half of this, at

depths more than 0-75 kilometre may be assumed either

as inaccessible or saline leaving 0-m cent wvailable
and sub surface

for use. Available or accessible s
waters form therefore about 0-32 per cent of the world’s
water supply. It is intereeting to note that sub-surface

water aoecssible for use, without any treatment constitutes

iy o

33 times the surface waters.

[

®Adviser (Retd.), Central Board of Lerigation and Power.
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Tapiz 1.

DISTRIBUTION OF THE WORLD'S ESTIMATED SUPPLY OF WATER.

) Susface area Vol
Lecation. in 108 hqg, wf::t:‘rm:an -i}f;:;:lage
mitliard '
" cu. m,

w ) (2) 3 “
orld-Total areg, 51,023 !
Oomens s . 100
Lo 36,130 .. 70-8

Atmospheri i h 14,808

pheric moisture B v
Oceans of the world . . S oo
Burface water on the continents 1,56 97"13

Polar ice caps and glaciers - Y o
Fresh wator lakes . 1.7385‘ 2058 2o
Saline lakes and inlald seas 70 s ooy
Average in rivers and streams .. i o
Total Surface water . . 1.(;4 oo O
Sub-surface water on $he centinents—. i 20.608 20
Root-zone of the #01l
. . 12,950 "
Ground water sbove depth of 0°75 kilo- " oo
e, . 4,168 0-308
Ground water between ¢ 0 ki
and 0'75 and 40 kilo- .e 4,168 0-306
Total Subsurface water 12,950
Total water on the land , Ny o
Total world supply of water . . 13 63: ’;;)S: 2 A
v ,00, 100

INDIA’S SﬁARE OF WORLD’S WATER—SUPPLY.
Surface waters

India is the seventh lar i
ver gest country in the i
area of 8-276 million square kiltmiatres orgo;;d 221}11':2
héctares. The annual rainfal over the entire country

- ‘repesents something more than 3,700 milliard cu'm. of

water. Of this amount abount 1220 milli
) . ard cu.m.
;n::nedmt’ely due to evaporation. The flow inmth:reril:::
7 ﬂ);wtemsh 'wkestxm.ated at 1,875 milliard cu.m. Utilisable
reckoned at 550 millis.;d cu.m. annually (Table 2)

On the basis of the geographical‘a.rea., India’s share of -

. ‘geound water supply in the i r 078 km:- / ’
‘tillllet?ﬂ:ul: ali)‘o:l;ifz 8(2),36?111 milli&rdpgue.m' It has bﬁ;};‘;ﬁﬁlﬁ;
o 9,700 milliard' ou.m. of rainfall 800 mili
cu.m. of water seeps dowir annwal) aho miliard
» g s t 430 milliard
ou.m. gets absorbed in the top Ia etsy thereg ibuti
to soil moistiire which is essentia.{ for the gx%v;.:}l:tgbtzg:f

]

tation. The remainin ifli
g 370 milliard cu.m. constitut;
;:;lt Oav;;:,g:sog th t“[";ercegt; of precepitation percol:titztgglv?g
Tata and represents the annual enrj
:ifz'n ground water. The total storage underground (:;m:: ;
© 18 therefore several times this amount and can bz

assessed correctly if ide i igation i
iy Y 1 & country wide investigation is under-

POTENTIAL ALREADY CREATED.
Surface Waters

India has more than one fifth of th s irrig

e w i
area and leads the rest of the world i(g‘ldtiemgxggte‘}
rrigation.  With diverse physiographic and climatol '033
regn;ns coupled with ‘the vagaries of monsoons aog’l ul:
tural production in the country can rest on a firmgrﬁ:eu;

only b i o
o d}i’a y assured supplies of waters for irrigation, When

TABLE 2, e
INDIA'S ESTmATED SUPPLY OF WATER AND UTILISATION | .

m o

Land ares-World
. Land area-India ..
- Culturablo ares... ., .
: woo .

Area under caltivation I,
Area that oan be irrigated .. .,

467—8--21

Surface Volume q P
man emwi o
10% ha, ‘millsarg -
Cu.m,
@ (3) 4
14,893 . .
328 . 22 !
181 .. N
1566 . e

R .-



Details.

)
Area irrigated (1960-51)

Area irrigated (1968-69)

Total yearly rainfall ..

Yearly flow in the river systems

Yearly utilissable flow in the river systems
Utilisation in 1950-51

Utilisation in 1968-69

Groundwater above a depth of 0-76 Km. ..
Groundwater between 0-75 to 40 Km.
Total ground ater

Natural recharge sssuming 10 percent of
annual rainfall.

Entered upon an era of planned development in 1950
it was well recognised that the foremost requirement
in rebuilding agricultural economy of the country was by
large scale development of irrigation and power ; irrigation
therefore, occupied the pride of place in the planned
development. At the beginning of the plan period, the
area under irrigation from all sources in the country amoun-
ted to 22:66 million hectares, 971 million hectares from
major and medium projects and 12-95 millions hectares
from minor irrigation works. The additional irrigation
potential created from major and medium sources was
2-49 million hectares in the first plan, 2-14 million hectares
in the second plan, 2-23 million hectares during the third
plan and 2:02 million hectares during the annual
plans 196869 bringing the total to 8-88 million hectares
up to end of 1966-69. During this period minor schemes
created an additiona. potential of 6-15 million hectares.

When the planning was started in 1951, only about
93-0 million cubic metres out of the utilised qulality of 500
milliard cu.m. had been utilised to develop an irrigation
potential of 22-668 million hectares. This was only 17

r cent of the estimated utilised resources. By the end
of March 1969, this;percentage isestimated to have reached
87 per cent with the total utilization of 2050 milliard
cum. Assuming that 550 milliard cu.m. is all that is
capable of being utilised, there still remains quite a subs.
stantial quantity of water to be hardnessed. It will be seen
that while the increase in area was 19 per cent of total
potential, the utilisation of water increased from 17
to 37 per cent i.e., 20 percent increase against 19:0 per cent
increase in area. .
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Surface Volume of

area in water in Percenla

10 ha- milliard of totalg.e
Cu.m.

(2) (3) (4
22.7 .. .
377

; 3,700
1,675
850
93
208 .
92,363
92,383
.. 1,84,72¢ .
370

During the above d . .
medium schemes were t;cl?des of planning, 537 major and

en up fo i
over 300 schex.nes were poo;q?ﬁant:fimcitgon},heo ‘ :23
t 8 been created already. -
maining schemes are continuing into ther;‘ou};'th 'I:PIll:n.re

. '.l‘he;.tota.l anticipated outlay in all
lrrigation projects is about Rs. 17.557 milli
Increase in foodgrains was from 54-§2 to M-OgnfnﬂliTgl:

& P -
(i)&;lg% 9)l~.;oth from irrigated and non-irrigated aroas

the major and medium

Qroundwater.

The actual utilisation

f .
estimated at less}than 25 of ground water at present is

area irrig i y
water in terms of total ares ?n-igat:;ed with ground
04 in Jammu and Kashmir to 59 in Mahm:;l:r? from

A reference to the data colleoted .
of southern states of Andhra Pradesh, m4%m Ry
Maharashtra and Mysore which are Pl‘edom}m"anN du,
up of hard rooks indicates that Tamil Nadun y M
sent utilises about 27 per eent of annual reohu::
in Kerala the utilisation is almost negligible. '

B £
All these indicates the urgent need for Ptk 1
of at least the annual recharge. greater utilisation

TABLE 3.

AREA IRRIGATED WITH GROUND WATEE IN DIFFERENT STaTES IN INDIA (1966-67).

Aren ippi
Total Net irvigated ~ Area wates
States. cropped area area in srrigated Gﬂ;md z.
" lym ha. 1,000 ’la with Wund waler. f-—-—_._.&w m_’f.—- oy
in 1,000 ha. Oropped Irrigated
() . ® 3 (4) iy s
1 Andbra Pradesh .. . . .. . ) 12,676 3,070 . 458 3-8 - 1560
SAMBID .. s e e e ee e 2,853 612 :

3

3
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Area irrigated with

Total Net irrigated Avrea Ground water Expressed
States. ' cropped orea orea in irrigated as per cent of
in 1,000 ha. 1,000 ha+ with ground water  ~ — ey,
_tn 1,000 ha- Cropped Irrigated
area. area.
(1) (2) (3) 4 (5) (6)
3 Bihar . . .. 9,225 1,601 387 42 24-0
4 Gujarat .. 10,188 1,041 866 85 82-7
5 Haryans .. 4,599 1,293 290 6-3 22:4
6 Jammu and Xashmir .. 857 288 88 0-1 04
7 Kerala 2,622 393 5 02’ 13
8 Madhya Pradesh 18,336 1,089 367 2.0 34:1
9 Maharashtra 18,973 1,230 721 38 590
10 Mysore 10,467 1,022 178 1.7 17-4
11 Nagaland . . .. . .. .. 49 12
12 Orrissa .. .. - 7,446 977 648 87 66-3
13 Punjab 5,171 2,276 982 19:0 43-1
14 Rajasthan 15,447 2,121 . 1,236 80 585
15 'ruﬁil Nadu 7,306 2,511 843 8-0 256
16 Uttar Pradesh 22,082 6,225 3,268 148 52:4
17 West Bengal 6,663 1,478 13 02 11
18 Himachal Pradesh, Manipur, eto., and Union Terri- 1,687 245 33 1-9 132
bories. TABLE 4.
UTiLsaTION oF GrouND WATER IN SoME SOUTHERN STATES IN INDIA.
Amount of Present Percersage
annual ammal. wutilisation
State. re-charge draft in of ground
n mmlliard milliard waler.
cu.m. cu.m.
Y 2) 3) (4)
Andhra 24-87 440 18
Kerala 1172 0-005 04
Tamil Nadu 15-90 428 27
Maharashtra 24-42 4208 17
Mysore 18-26 1-270 7

FUTURE REQUIREMENTS.
Rogquirements by the end of 1971-81

To meet the needs of food and other agricultura
ﬁroduots of the growing population, irrigation facilities
ave to be increased. A long-term perspective planning
is necessary to enable advance action to be taken for
detailed investigation and timely sanctioning of projeots.
Accordingly, the Ministry of Irrigation and Power has
prepared a decade plan for the period 1971-81 on the
basis that the population at the end of the deoa.de will
be about 850 million and the additional food requirement
will be 55 million tonnes. Of this, 26 million tonnes
are expected to be available from improved seeds.
agricultural practices, ete. Nine million tonnes are
expected from targeted expansion of irrigated areas in the
iod 1971-74. Of the balance of 20 million tonnes,

t is assessed that 12 million tonnes will have to come
out of additional irrigation facilities to be created under
major and medium irrigation projects. This requires
an inoarease in the irrigated ares of about 8million hectare
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For adding this area an outlay of Rs. 2,250 crores will
be required.

Requirements by 2,000 A.D.

Dr. K. L. Rao, in a masterly analysis of * The Deman9
Patterns of India of Tomorrow > has indicated that bY
2,000 A.D. 70 million hectares would have to be bronght
under irrigation against about 37-7 million hectares unde!
irrigation at the end 1968-69. Of this 40 million hectare®
would come under major and medium and 30 million
hectares under minor irrigation due to surface and sub-
surface extractions. This indicates that tremendous
efforts are required to achieve the target. From the
figures furnished in the paper, it is seen that there would
not be any increase in the sown area. : '

It is further indicated in the paper that with the comple.
tion of all the irrigation projects, it will be possible to
produce 120 million tonnes of foodgrains but this will
have to be stepped up to by 50 to 100 per cent by double

oropping, improved methods of cultivation, use of fertili-

sers and other modern agricultural practices.



MANAGEMENT OF IRRIGATION POTENTIAL
CREATED.

Proper management of water stored, diverted or
extracted from ground water calls for sustained inter-
diciplinary endeavours. An irrigation system can be
divided into three distinct parts—storage reservior
conveyence system and the area to be irrigated. There
are several factors that affect proper management of
water from the system.

Losses from the system :

Water when stored in the reservoir, while conveyed
by the canal system and finally spread over land to feed
the ‘crops suffers loss from evaporation and seepage.
Inadequate maintenance of, and lack of proper control
in the distribution of water from the conveyance system,
improper preparation of land and unscientific method
of application of water on to the land help to increase
these losses.

Losses from the storage Reservoir :

The stored water sufferd loss on account of evaporatio
and seepage. Apart from numerous climatological an
other factors, evaporation is affecteff by the extend o
water-spared at different levels. Of two reservoirs, which
store the same quantity of water one might suffer greater
loss due to evaporation than the other because of the
configuration of the water-spread.

In arid tropical regions, where water is more scarce
evaporation may amount to as much as 375 cms. a year
On reservoirs in South-West Africa, evaporation losses
were found to range from 200 cms. to 250 cms, 250
cms being recorded at kimberley and 145 cms at Cape Town.
In East Africa losses generally amount to 120 to 240cms.
of water according to the locality and may be as high as
300 cms. In Australia the normal loss by evaporation
is four times the consumption. In Krishnarajasagar in
Mysore State, India, elaborate data collected indicate
that 11 per cent of the live storage is lost by evaporation.
From the extensive studies carried out in India and
abroad, it is clear that evaporation losses in a year could
be anywhere from 1-25 to 2:5 m. water or more from
the exposed water surface.

Seepage from a reservoir cannot be estimated accuratfaly.
It may not be as important as the loss due to evaporation.
Roughly minimum loss due to evaporation and seepage
may be taken as 10 per cent of stored water. Losses
from the existing storages may therefore be of the order
of several million cubie metres.

Sedimentation in Reservoirs :

The storage suffers loss from the day a reservoir comes
into operation because of the sediment that is brought
in by river or rivers across which the reservoir has been
formed. The factors that generate sediment in the
catochment area of the reservoir, its transportation to the
regervoir and its entrapment therein require serious
consideration when & reservoir site is fixed up.

" The Nizemsagar reservoir in the state of Andhra Pradesh
which was completed in 1939 and by 1969 lost 97-11
per. oent of its dead storage capacity, i.., the{capacity
specially earmarked for the deposition of silt that is
expected to be received in the reservoir and 44-97 per
centt of its live storage capacity, i.e., capacity which is
utilisahle year after year for irrigation. In eight major
reservoirs for which hydrographio . surveys have ‘been
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completed under research schemes sponsored by the
Central Government through the Central Board of Irriga-
tion and Power, the rate of sedimentation is very much
more than what is generally assumed. These and other
studies in this field, have given rise to intensive thinking
on the need for measures to minimise siltation in the
reservoirs.

An earlier conception was that if enough storage space
in a specified part of the reservoir is set apart for all
the sediment that is likely to be brought and deposited,
the project would be able to serve its purpose or purposes
for any period that one desires. This conception has
now undergone a change on the basis of actual observations
of the deposition of silt in the reservoir area.

One is therefore interested not only in the rate of
silting of the reservoir but also in the pattern of silt
deposition in the water-spread area. Further, a knowledge
of these tow aspects is not the .wnd but perhaps the
beginning of several enquires to be made and the resultin
questions to be solved. Such enquiries relate to the
possibility of reducing the rate of silting, changing the
pattern of siltation, effect of the pattern of siltation on
the design criteria and the most important, possibility
of foretelling from a knowledge of the conditions of the
existing reservoirs, research studies, etc., the rate of
silting and the pattern of siltration of the reservoirs that
are proposed to be built.

The reservoir is the fountain head of the irrigation system.
Non-impairment of its live storage for as long a period
as possible should be of primary concern.

Losses in the Conveyance System :

The conveyance system specially in the ocase of major
irrigation works may aggregate in length to several
hundred kilometres traversing different terrain orossing
tens of natural drainages and studded with masonry
works of various types, Losses during transmission,
comprises of evaporation from water surface, seopage
through bed and sides of the canals and leakage through
eanal structures. Weeds may be responsible for
considerable loss of water. Uncontrolied distribution
and lack of proper maintenance also contribute to
avoidable losses. A broad-based assumption of these
losses and of eventual utilisation of canal supplies in
different countries of the world indicates that about
one-third to half of all the water diverted for irrigation
is lost in conveying it to the fields and farms. Based on
extensive observations, transit losses in the -alluvial
planes in Utter Pradesh and Punjab in India are taken
at 45 per cent . Allowing about 20 per cemt of this
transit loss for evaporation, the loss due to seepage alone
is as much as 36 per cent of the supply entering a canal
head. Thus out of 100 units of stored water only available
at the head of canal, 10 having been lost in the reservoir.
Of this 90 units, evaporation accounts for 8 units

and seepage percolation, ete., take a total of 32 units, the

total of 40 units constituting 45 per cent of 90 units.
Losses from the Irrigated Area :

As water is applied to the land thef‘e will be further.

unproductive losses due to seepage, evaporation' and”
wastage as overflow from the fields.  -This is sdtimated to--
be about 30 per cent of the 6\3:’3?‘“" Mrmheatht

fields that is about 15 units

50 reaching-the' field.
. - 'l..‘ - oo e . -
N £ B . g
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The seepage losses from the fields depend largely on the
permeability characteristics of the soil, mode of supply
and irrigation practices.

Summarising, out of every 100 units of water stored
for irrigation, about 18 units are lost due to evaporation,
47 by seepage and other causes and only 35 units are used
for production of crops. (Table 5) Minimisation of these
losses calls for great efforts.

SUPPRESSION OF EVAPORATION

From Reservoir Water-spreads :

Investigations have been carried out for quite some
time with solutions of long chain alkanols which while
being insoluble in water, spread over water surface
forming a mono-molecular film. These studies were
carried out first in Australia, and then in U.S.A., Africa,
United Kingdom and Japan. In India for the last few

years, both laboratory and field stupies have been
conducted.

TABLE 5.

EVAPROATION, SEEPAGE, ETC, IN AN IRRIGATION SYSTEM.

Component of Quantity to Evaporation Seepage,
the irrigation start with m units. ete., Bclauce.
system. in units, n undts.
1 (2) (3) (4) (5)
Reservoir . .. .. 100 8 2 90
Conveyance system .. .. 90 8 32 50
Irrigated arvas . .. 50 2 13 a 35
18 47

In Delhi Madras and Mysore under a scheme of basic
research. Though evaporation loss can be reduced by
80 per cent under laboratory conditions, field studies,
however, indicate a reduction of 15 to 20 per cent only.
Disruption of the film by wind remains a serious and
unsolved problem with alkanols.

Alkanol films reduce evaporation by acting as a physical
barrier to vapour transfer. With the suppression of
evaporation, the water temperature increases. When
the film is disrupted, the rate of evaporation from the
treated water surface exceeds that from an untreated
gurface.

Floating materials which reflect incoming radiation

- appesr promising as a means of reducing evaporation.

Reflection of radiation reduces water temperature which
results - in lower evaporation rates. Promising results
have been obtained by the use of foamed plastic cellular
material such as expanded perlite ore and hydrophobic
calcium carbonate dustl

From trrigated Area :

Because of the vastness of the area, it is difficult to control
or restrict evaporation from the soil surface. Research
studies are, however, being carried out to find out the
possibilities in this direction. In some of the labaratory
studies, it has been found that evaporation from soil
mixed with cetyl alcohol indicated reduction. The
concentration used was equivelant to about 62 kg/ha.l2

In another study carried out with a few typical soils
like the Delhi alluvium, the black cotton soils of Poona
and sand, the film of cetyl alcohal was able to reduce
evaporation by 27 to 82 per cent.

Laboratory studies in Japan show that the evaporation
from the soil surface can also be retarded by the multi-
molecular film of OED. The evaporation is reduced by

30, per cent by the emulsion in the dosage of 2 gr:/m¥

hy 60 per cent in 7 gr/m® and 70 per cent in 20 grjm.?

The water lost by growing plants during their life cycle is
many times more than the amount of water lost through
the soil surface. Any reduction of transpiration losses
therefore helps to save the water consumed. It has been
found that corn plants, jower and sunflower grown in soil
enriched with cetyl alcohol showed lesser transpiration
rates than those growing in untreated soil.

Studies in Japan have also indicated that OED 70, emul-
sion, even in very thin concentration such as 0-10 per cent
casily sticks and covers the plant leaves and causes a
reduction in transpiration loss. It was found that in an
experiment with citrus trees, transpiration from the
sprayed trees was reduced by about 20 per cent even with
0-1 per cent concentration. Duration of the effectiveness
of the film was over three months, indicating that the fixed
film was fairly stable.ls

The information given in the above paragraphs indicate
that there are possibilities of reducing lossess due to eva-
poration and even transpritaion but semi-field and field

trials are necessary before adoption of the measures on a
large scale. _

MINIMISING SEEPAGE LoOSSES.

Of all the losses, those due to seepage are more amenable
to be dealt with at the present time. The most effective
method for this purpose in the conveyance system is by
lining. The conservation of existing water supply alone
may provide ample justification for taking steps to control
seepage losses. In addition, however, there are several
other well known benefits that can be considered.

Typical economic studies of lined and unlined canals
of U.P. in India indicate that on the basis of eonstruction
alone, the lined canal may cost nearly 3-25 times as much
as unlined canals. But taking the'value of water'loss
due to seepage, the unlined canal costs about l'~08:-tfm'u
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as much as the lined canal, even, when the saving in
maintenance charges and prevention of water logging are
not accounted for. If these and additional agricultural
production are also taken into account, the lining is justi-
fiable on many of the projects.

There is a constant search for low cost lining materials.
Recently studies in U.S.A. with chemical sealants have
shown great promise. There are two varieties of sea-
lants (a) sediment sealants with clay or bentonite and (b)
chemical sealants which may be water-borne sealants
sprayed in places or injected surface sealants.

\

MENACE OF WEEDS AND
PHREATOPHYTES.

Weeds and phreatophytes transpire tremendous quanti-
ties of water from canals, reservoirs and ground water
table into dry air. They cause reduction in the carrying
capacity of canals, sedimentation and damage to canal
banks. They aggravate waterlogging of adjacent lands
and alkaline conditions on farm lands.

Weeds and Their Eradication.

Aquatic weeds grow sub-mersed in, floating on or
emergent from the water in irrigation and drainage canals,
in reservoirs and in farm ponds or tanks. Bank weeds
grow at the waterline or immediately above with their
roots extending into saturated or moist soil.

The problem of weeds is like a creeping disease which,
if not controlled at the right time, may assume very
menacing proportions in irrigation systems. The removal
of weeds by manual labour can at best be adopted on a
limited scale and is a temporary remedy. Mechanical
control also is not a permanent measures. The control
of weeds with the application of herbicides appear to be
cheaper. Bilogical methods are cheaper than others but
they are still in an experimental stage. The research
work in India on eradication of weeds requires to be
incl('ieased severalfold specially on herbicidal and biological
studies.

It is very necessary, that the possible menace of weeds
is considered seriously even at the state of planning
an irrigation Projects. In connection with the problem
of weeds in the multipurpose water resource projects
in the Lower Mekong Basin, Laos-Thailand, the U.S.
Agency for international Development requested the crops
of Engineers U.S8.A. ‘‘ to assess the anticipated’problems,
evaluate present methods of dealing with these problems
and make design and research recommendations ’.  QOne
of the recommendations!® of this committee is that research
should be carried for at least ten years with an annual
expenditure of $200,000.

Phreatophytes and Their Control.

Phreatophytes are somewhat different from aquatio
and bank weeds as regards both the nature of the prob-
lemm and the methods of control. Phreatophytes are
notorionsly heavy users of water. Most of them grow
best when the groundwater table or capillary frings above
it is only 2 to 3 m below the surface . Some will extend
the roots 5 to 6 m deep and even 30 m to reach water.

Along a 64 km. stretch of the Gila River flood plain
in Arizona, the U.8.G.S. found that phreatophytes consu
med 34-60 million cu.m. of water from 3,766 of land in a
12 month period, an average of about 9200 mi.cu.m. of
water per hectare. In an area with dense growth of salt
cedar, the loss isestimated at 15440 mi.cu.m.per hectare.

Most of the weedy phreatophytes are heavy sprouters,
Root and crown sprouts which develop after mowing
buldozing, disking, sawing off, grubbing or burning usually
grow 2 to 25 m in the first year. Mechanical treatment
must be repeated one to three times each year to main-
tain control. Some phreatophytes can be controlled
effectively by 2, 4-D at rates of 1-1 to 3-4 Rg. per hectare.

USE OF CLOSED CONDUITS.

Possibility of using closed conduits for conveying water
for irrigation requires to be studied. It may be remem-
bered that almost the entire seepage and evaporation
losses in the conveyances system may be saved by the
adoption of closed conduits.

The conveyance of water from the government outiet to
the fields is though field channels excavated in earth and
very often poorly aligned. Considerable quantity of water
is lost in these field channels. Besides loss of water by
seepage through the field channels, the crops in the lands
adjacent to them also suffer damage. When it comes
to the question of rice irrigtion, the irrigation is very often
from field to field which means the fields near the outlet
get over-irrigated and the fields further away suffer
from nsufficient irrigation. So studies have got to be mad
as to how bestthe water could be conveyed to the indi-
vidual fields, the alignment to be adopted, to what
limits the field channel should be taken and the type of
lining that should be used so that seepage could be
minimised.

ACCOUNTING OF IRRIGATION WATER.

As basic information for initiation of suitable measures
to minimise losses in the conveyance system is a correct
knowledge of the losses themselves, it is necessary that
the whole conveyance system is provided with mea-
suring devices to find out the whereabouts of every cubic
metre of water that is let into the conveyance system.
Every efforts should be made by the design and research
engineers to make use of canal structures as measuring
devices specially the irrigation outlets. ‘

BETTER METHODS OF TRRIGATION.

Some countries are giving greater attention to sprinkler

and trickler irrigation methods. Experiments on these

will have to conducted in our research stations their econo-
mics studied. and reported uwpon.

WATER REQUIREMENTS OF CROPS.

It would be quite necessary to study also the water
requirements of crops. New high-yielding varietiea
are being evolved from time to time and so the study
will have to be practically continuous. The guanti
of water that is needed and the critical time at whio

it should be applied should all be known. As our water

resources are limited and as we desire to utilise the waters
that are available to secure the maximum benefit, & vory
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careful study of the water requirements of different crops
and the variation of yield with water supplied is needed.
Information of the type given in Fig. 1 helps to maximise
production with a given quantity water. From Fig. 1
and Table 6, it may be observed that with 60 per cent of
optimum irrigation, intensity of irrigation increases by
66-7 per cent and yield by 27-2 per cent.

Semi-field and field studies and particularly the latter
relating to the water requirements of crops and irrigation
practices require to be intensified to suggest modifica-
tions in the existing practices of conservation of water.
In order to solve some of the problems, however, knowe.
ledge of how and why water enters the soil and how to

TABLE 6.

RELATIONSHIP BETWEEN IRRIGATION APPLICATION AND WHEAT YIELDS.

Cropping intensity

Irrigation Yield at trrigation
application. application.
(1) 2)
100 1000
90 960
80 90°8
70 842
60 763

effect more efficient water utilisation by increasing
the water holding power of the soil and increased under-
standing, of the permeability of the soils and similar
factors in necessary.

DRAINAGE NEEDS

Studies with regard to the ideal location of the drainage
channels and designs for underground drains where they
are required, are needed. It is well known that if land
can be kept properly drained, the agricultural production
could be quite high. On the other hand, want of care
can lead to waterlogging and salinity which would con-
siderably bring down the agricultural production.

ANNUAL OPERATION PLAN FOR IRRIGATION
PROJECTS.

An TIrrigation system is a dynamic one. A plan per
paved for its operation when it is first conceived ecannot be
assumed to hold good for all the years to come. It is
evident that the objective of proper utilisation of water
supply can be achieved only through careful budgeting
of anticipated water supply against anticipated water
demand. Technical end product of this budgeting is
an annual operating plan. An operation plan every
year has to be prepared and its working assessed at the
end of the year and changes introduced, if necessary,
the following year. Operating plans are prepared for
reasonable maximum and reasonable minimum condi-
tions of water supply and requirements as well as for the
most probable conditions. Such a plan can be produced
only by electronic data processing method utilising

computers.

Optimisation of water resource development involves
the problem of land, water and people and of the inter-
action among them. An  interdisciplinary approach
has become quite obligatory involving participation of
the departments of civil engineering; agricultural engi-
neering, agronomy, -sociology, economies and. -political
science. It has, indeed, become a highly complex problem
virtually impossible to obtain satisfactory solution
without the use of modern computing machinery. It ia

al respective irri- Production from
gation application. arca and yield.

3 (4)

1000 100-0
111.1 1067
125°0 1135
1430 . 120°4
166-7 127-2

necessary that the computer oriented techniques are
adopted in the country in a large and increasing measure
to solve problems of water resources development in-
cluding optimum water and land management.

AUGMENTATION OF WATER SUPPLIES

Management of Atmospheric Water,

The atinosphere contains a vast amount of water,
most of which is in the form of vapour. 1t is reckoned
that about 5-8x(10)!2 cum. of water pass across the
United States during an average year about one-tenth
of which will fall out as precipitation.

Precipitation, in any part of the world, is not evenly
distributed in either time or space. It falls in areas
where it may not be used at all. It is far in excess of
requirement in some areas and deficient in' other parts.
Confronted with this distressing situation, man has been
dreaming for centuries to control precipitation. But
it was not until 1940’s that a scientific approach. was
made towards the problem. In 1946, Vincent J. Schaefer
discovered a small piece of dry ice when dropped into
a cold chamber filled with supercooled water droplets,
caused the formation of millions of tiny ice crystals.
In November 1946, Bernard Vonnequt discovered that
minute orystals of silver iodide acted as ice-forming-
nuclei at temperatures lower than—8°C. The first large
scale trials using silver jodide took place in June 1950

‘in U.8.A. Extensive Btudies have been ocarried out

thereafter in U.8.A., Auatralia, Israel and Russia. These
studies indicated that precipitation can be increased
by cloud seeding to the extent of 20 per cent over the
target area.

In UB.A. ** Project Skywater”’, as the rogramme is
called, envisions a stage by stage deveﬁpment of a
precipitation modification programme. The aim 'is to
develop the technology for a nitionally - eperationsl

capacity by 1985, : to increase ipitation by an
‘average o‘f,lOPer cent. . Y . preop e y m .

oL ! 4
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It is stated that the programme will be capable of
adding some 590 milliard cu.m. of new water annually
to the nation’s water-supply. Production costs of § 1 to
$ 4 per 1,235 cu.m. are expected, with benefits ranging
from $§ 5 to $ 50 and higher from this quantity. Some
$ 25 million are expected to be spent on there studies,

Studies in India.

India has carried out some experimental studies in
rain-making between 1957 and 1966. It involved the
release of common salt from ground based power sprayers.
Experiment was also made by disposal of common salt
from air craft during one monsoon at Delhi. The results
indicated an increase in rain of about 20 per cent over
the target area. The Institute of Tropical Meteo-
rology has programmed to conduct more experiments in
different parts of the country. India should strengthen
its effort for management of atmosphere not only in the
field of rain-making but also in hurricane eontrol, ete.

Desalination.

The oceans, which cover 70 per cent of the earth con-
tain 9720 per cent of its water. Sea water is unfit to
drink, unsatisfactory for industrial processes and can be
used in agriculture only under very limited conditions.

Generally, water containing less than 1,000 parts of
salt per million parts of water is eonsidered fresh. Brackish
water has the salt content ranging from 1,000 PPM to
36,000 PPM. Sea water ordinarily has 35,000 PPM or
more.

- Mean’s interest in desalting the sea water dates back
centuries. It has been one of the great engineering
dreams. In the fourth century B.C., Aristotle described
& method of evaporating sea Wwater to produce drinking
water. The first known treatise on distillation was
written by an Arabian chemist in the eighth century.

The processes used for desalting water may be classified
into three groups: (1) Distillation involving liquid, gas
and liquid phases; (2) Freezing process with liquid,
solid and liquid phases; and (3) Other processes where
separation takes place from the liquid phase—Eleotro-
dialysis, and Reverse Osmosis.

Perhaps, the most important modern advance in desali-
nation technology was the development of the principle
of multi-stage flash distillation in the early 18560. The
Baldwin Lima Hamilton Corporation has built for Israel
4-54 mi. litres per day flash plant and was commissioned
in 1965.

A 09 mlpd freezing pilot plant is in operation in North
Carolina, U.S.A. from 1964. The advantages of freezing
process are the possible lower cost because of low energy
requirements and minimisation of maintenance problems
associated with scale and corrosion, because of low tempe-
rature operation.

The plant in operation in South Dakota, U.S.A. has &
capacity of 0-3 mlpd and makes uwse of electrodialysis
prooess. The water costs are reported to be a3 low as
50/4,500 litres when :iperating on & feed water of 1,800
PPM. The Division of Research of U.8.B.R. at Denver,
Colorado, prepared the specifications for this South
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Dakota plant. They have also programmed to study
evaluate and develop electrodialysis equipment and
membranes.

Reverse Osmosis.

The term osmosis is used to describe spontaneouns flow
of water into & solution, or from a dilute to a more con-
centrated solution when separated from each other by a
semipermeable membrane. In ‘‘ reverse osmosis” the
process is reversed with fresh water flowing from solution.
The most successful membranes are being made out of
cellulose acetate. Membrane surface fouling problems
are already being encountered and the membrane life
will have to be answered for reverse osmosis membranes
just as they have to for electrodialysies membranes.

Use of Nuclear Energy.

The most discussed proposal has been the plan of
coupling a nuclear reactor with a power and water plant.
The report prepared jointly by the Bechtel Corporation
of San Francisco under the joint authorship of the Depart.
ment of the Interior, the Atomic Energy Commission,
and the Metropolitan Water District of Southern Cali.
fornia, in 1965 indicates that fresh water can be produced
from the sea at & cost of 22 to 30 cents a thousand gallon.
This is based on the use of the nuclear fuel to produce
1,800 megawatts of electricity and 680 million litres of
fresh water daily. Cost of such a combination plant is
estimated at § 300 million.

Trade papers in the water-supply field have predicted
that world desalting expenditure would be $ 2-1 billion
between 1967 and 1975—$ 950 million for plant construc-
tion, $ 500 million for associated steam and power faci-
lities and § 680 million for research and development.
The bulk of the research and development money will
come from the U.S. Office of Saline Water and the Atomic
Energy Commission, while the rest will come largely
from the Governments of Israel, the United Kngdom,
Japan, the U.S.8.R., and West Germany. Of the predict-
ed 1-billion-gallon capacity expected to be in use by the
late 1870’s, 85 per cent was expected to be for sea-water
conversion, with most of the capacity in plants produci
230 mlpd or more, or in plants producing 4-5 to 45 mlpd.

The above is a state of the art of desalination. Indis
should also get interested in the subject. A co-operative
research programme should be initiated.

Fresh Water from Icebergs.

It is proposed that icebergs be tapped as a new and
much needed source of fresh water. Two researchers
of the Rand Corporation have received a grant from the
U.8. National Science Foundation to develop their iceberg
delivery plan in detail.

Neil Ostrander and John Hult say Antarctica icebergs
could be towed in bunches to California or elsewhere
and moved close to shore. There, blocks of ice would be
quarried from the icebergs and sent to a cosstal platform
The ice blocks would be melted and pumped ashore.
yielding water more pure in content than that from
ground water sources, The cost of moving and convert-
ing icebergs to drinking water could be substantialiy
cheaper than present methods of transporting large
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amounts of water. It is stated that icebergs that break
off from Antarctica in one year equal the amolnt of.
rainfall in the United States during the same period.

Interbasin Diversion of Water.

It was mentioned earlier that though the river systems
in the country carry annually 1,675 milliard cubic metres
only 1/3 of this quantity is utilisable. It is available
so plentifully in some parts that floods are a menace.
On the other hand, there are large areas which are arid
and semi-arid, visited by famines and droughts frequently.
Inter-basin diversions by linking the rivers of the country
will bring relief to these areas. The Ministry of Irrigation
and Power has initiated action to collect data to work
out the details of the scheme. This scheme should be
viewed as part of the programme of optimum utilisation
of country’s water resources.

Research Development Cycle.

With research and consequential developments, one
has to consider interrelation between creation or pro-
founding of some findings or ideas, communication of
these findings to the person or group for application,
the resulting product with its cost and advantages, study-
ing its behaviour with respect to time and space and
lastly feed back to the research worker. This cycle
should repeat itself continuously. This is very necessary
in the field of technology as against the field of basic
sciences. For such a cycle to work satisfactorily there
should be a broad based agency with adequate powers
and resources.

Water Resources Council.

There cannot be any difference of opinion on the need
to use the country’s water to the best maximum advan-
tage. This objective should be achieved quickly. Achieve-
ment is not easy but it is possible with sustained Rural
and Development endeavours of an inter-disciplinary
character. The foregoing paragraphs have attempted
to give an idea of the magnitude of the task and Research
and Developmental efforts that are needed. To initiate,
guaide and control such activities, it is essential to create
an authority, which may be designated ‘° Water Re-
sources Council ”. It should be invested with adequate
powers and should be provided with enough funds. All
the ministries connected with planning investigation
and management of Atmosphere, surface and sub-surface
waters should be represented. It should have econo-
mists, sociologis and members from all the connected
disciplines. It should be the highest authority in the
Central 'Government to identify, sponsor and finance
various Rural and Development activities.

It naturally should have a number of divisions.
To name a few, these may relate to water cycle, quantity,
quality and location of water resources, water-supply,
and augmentation, water management and control,
technique of planning and evaluation, compilation and
dissemination data, engineering works, ete.

At the state level there should be a similar Water
‘Resources Council. All the grants-in-aid given by the
‘Central body should be routed through the state councils.
The states would be free to finance and sponsor studies
“gn their own as they are doing now. ' :

Without such an arrangement, fragmentation of efforts
in the field of Research and Development is bound to
occur and the achievement of the supreme objective
within ménimum period and cost may be extremely difficult,
if not possible.
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ROUND THE RESEARCH LABS.

(i) SOIL MECHANICS & RESEARCH DIVISION,
Engineering Properties of Soils :

1. Pressure distribution on burried structures—Pre-
siressed comcrete pipes in expansive and non-expansive clay

back fills.

The aim of the study is to instal instruments to measure
the pressures, deformations and strains in the pipe line,
changes in moisture conditions of the fill up to different
depths, settlement in the fill, etc. The actual pressures
measured will be compared with the theoretical computa-
tions so that a suitable design can be evolved in future.
An attempt will also be made to pin point the difference
in behaviour when the fill material is expansive and non-
expansive type of cohesive soils. Few selected reaches of
the pipe line laid for the city water supply under Veeranam
Water Supply Scheme will be taken up under this research
scheme and design evolved.

2. Earth pressures on retaining walls with expansive

clay back fills.

The aim of the study is to evolve a standard design
procedure where the wall has to retain a highly expansive
clay soil subjected to repeated wetting and drying. A
review on the theoretical work on the same will be prepared
and the experimental semi-field study will be conducted
on at least three different expansive clay soils under
different conditions of moisutre, surcharges, etc. The data
will be analysed and compared with theoretical predictions
and will be presented in a suitable non-dimensional form.

Instrumentation :

1. Automatic control of height of fall of the drop weight
Jor conducting penets ation tests.

As per Indian Standards, a hammer of weight 65 kg.
falling through 75 cm. shall be used for conducting standard
penetration tests on soils insitu. During aetual operation
in the field with manually operated boring equipment.,
difficulty is felt to control the height of fall of 75 cms.
- which leads to a variation in the height of fall resulting
in erroneous values. The aim of this project is to develop,
s suitable economical device with an automatic drop
weight which is simple, accurate and suitable for operation
under Indian conditions. It is also proposed to evolve
three methods, viz., mechanical, hydraulic, and electrical
and the relative advantages and disadvantages studied.

2. Development of an Aulographic Recorder for Swelling
Pressurefconsolidation|Field Load bearing and Shear studies.

In all swelling pressure/consolidation /shear/load tests,
ete., it is necessary to measure swelling/settlement, etec.,
for o duration of about 24 hours, or more and at present
dial gauges are utilised and assistants are deputed to
observe and record the readings. It becomes very diffienit
and much inconvenient to observe readings round the
clock. The aim of this project is to develop an automatic
device which will produce a continous record of swelling/
consolidation/ desplacement, etc., and will be of great
help in a soil research laboratory. A sensing unit with
associated electronic processing circutary will be developed

which will enable the unit to be used as freely and simply
as a dial indicator. This will include necessary arrange-
wents for calibration of the sensor. Both Photographie
and electronic recording are proposed to be developed
to suit these sensing elements.

Structures on permeable foundations -

" 1. Studies on the design of hydraulic structures on more
permeable strata like bouldary strata and gravelly beds.

The nature of pressure distribution below bouldery
reaches, in the case of flashy rivers of mountainous regions,
would be far different from the pressures developed in
sandy strata. In such cases the design assumption will
have to be changed based on the data on studies on more
porous strata like gravel beds and bouldery reaches.
The laws governing the non-linear flow conditions have
to be studied for checking up the range and validity of
Darcey’s law. The studies will have practical utilit
in the designing of barrages and weirs on bouldery beds.

It is therefore proposed to conduct research experiments
for calculating uplift pressures below structures resting
on bouldery beds and to examine the laws governing
non-linear flows likely in such cases. The data will be
used to determine the safe allowable exit gradient in
gravelly or bouldery strata for studying the mechanics
of piping and scour in such reaches. Suitable analogy
devices are to be assembled for conducting the required
model studies and the data thus collected will be analised.

Mrx DEsiGN AND PROPERTIES OF POZZOLANA CONCRETES

1. Mix design and properties of Pozzolana concretes.

The study is made under the Research problem ¢ Use
of Surki and other pozzolanic materials in mortar and
concrete ”. The objective of the research projeot is
to study the effect of a new mix design approach suggested
by the Soil Mechanics and Research Laboratory for
pozzolana concretes on vital properties like elastic mody-
lus, shrinkage, bond. tensile and flexural strength and
extensibility.

Till recently no special procedures were adopted for
the design of concretes with pozzolanas. The result
has been that pozzolana concretes gave lesser strength
than plain concretes at early ages of maturity. On the
basis of investigation carried out in the Soil Mechanics
and Research Division, it has been shown how this defi-
ciency could be overcome by making suitable alterations
in the mix proportions. While equality of strength
could be accomplished by this new approach, it should be
ensured that other properties of concrete mentioned
above do not suffer. With this in mind tests are being

conducted on plain and pozzolana concretes for assessing
the following properties of concretes :— '

{a@) Modulus of elasticity of conocrete.
(b) Tensile strength.

(¢) Shrinkage.

(d) Bond between steel and concrete,

2. Study of the thermal fatigue of concretes and moriars
by the zonic method. ’

The aim of the study is to assess the.deteriorati.on in
. the strength of concretes and mortars fatigued by diurnal
variations in the ambient temperature.

In & tropical country like ours, engineering structures
are exposed to heating cycles due to daily variations
in ambient temperature as well as direct exposure to solar
rediation. In course of time the thermal stresses deve-
loped may lead to deterioration and cracking of the
structures at least to some depth from the exposed surfa,pes.
How far such variation in temperature are responsible
for the deterioration does not appear to have been studied
gso far. Hence useful results can be obtained by such
studies. The studies conducted will be of considerable
application to practical works in deciding upon the treat-
ment to be given to the exposed surfaces of structures.

te and mortar specimens of different mix pro-
tio(z}l:n:nl: cast and tested flc); soqic moduli of elasticity
after subjecting them to heating and cooling cycles.
These results will be correlated Wlt.h resul'ts. of destructive
tests. Effects of using pozzolanic additions has also,
been included in the test programme.

PrRINCIPLES OF MORTAR AND CoNCRETE Mix Dgsion.

1. Hot weather concrete problems : Waler requirement
plastic shrinkage, temperature rise and strength aspects.

blem with hot weather concreting is the increased
rgeolf)rl?ardening and evaporation of mixing water. Both
factors contribute to plastic shrinkage and consequent
lowering of strength. The relative advantages of pre-
socled water for mixing with ordinary water will be

tondied.

2. To study the influence of the size of coarse aggregate
and the mazimum size on the compressive strength of concrete.

The strength of concrete generally depends upon the
water cement ratio and the mix proportion. However
it is worthwhile studying the impact of metal shape and
size on the strength of concrete. This study will throw
some light on the selestion of aggregate for concreve in

river valley projects,

ExPERIMENTAL METHODS OF STRESS ANALYSIS IN
' HyYDRAULIO STRUCTRES.

1. Study of the behaviour of deep reinforced concrete
. beams. _
is research project contemplates on undertaking
s detailed study of the stress distribution in remfo?ced
concrete breast walls provided in regulators, head sluices,
ete., under the action of self weight and water loads.

At present the breast walls in many regulators, head
sluices and other control structures for regulation of
flow in river and canals are designed to stand the h.ori-
gontal water thrust and vertical load due to self weight
assuming that the wall spans between the piers. In
moset cssos the depth of the breast wall is appreciable
a8 compared to the span and in certain cases_the depth
is even more than the span (depth/span ratio greater
than 1). The present practice is to design these walls
as simple beams, though it is well recognised that they
oorrectly fall under the classification of deep beams..
(Beams with a height to span ratio of one half or more are
said to be deep beams.) The action of reinforced conorete
deep beams are not similar to those of simple boams
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and they have to be separately treated. A widely accep-
ted design procedure for design of such breast walls is
not now available and it is therefore proposed to study
the problem in depth, carry out experimental tests to
obtain the stress distribution pattern and thereafter
evolve suitable placement of reinforcements.

(i) INSTITUTE OF HYDRAULICS AND
HYDROLOGY.

Model Studies conducted on Palaru Spillway of Palaru-
Porandalaru Project.

Palaru Porandalaru Project is a scheme to form a
combined reservoir by constructing dams across Poranda-
laru and Palaru rivers flowing near Palani in Madurai
District, Tamil Nadu. The Palaru spillway is designed
with its crest level at EL334-140m. to pass a maximum
discharge of 554-84 cum/sec at M.W.L. and F.R.L.
of 339-852m. Palaru masonry dam consists of @
spillway block 20-117m. long and the river sluice block
9-144m. long. The spillway consists of two vents of
size 853m.Xx6-70m. fitted with vertical lift gates. The
river sluice consists of two vents of size 1-52x1.83m.
with ite sill at El. 320-04m. The energy dissipating
arrangement downstream of the spillway consists of
stilling basin of total length 42-67m. depth 2:44m. with
one row of trapezoidal friction blocks of size, 1-22m.
length, 1-83m. height, 2-44m. bottom width and 0-61m.
top width, two numbers of Tee blocks and baffle wall
of size 20-12m. length, 2-96m. tottom width 3-35 m. height
gituated at a distance of 15:24 m. from the toe of the
spillway.

A geometrically similar two-dimensional model wag
constructed representing the two vents completely to a
scale of 1 in 40. The spillway portion is made of masonry
with smooth cement finish. Water inlet arrangements
are made with shutter for regulating the flow and honey
combs for smoothening the flow of water. A portion
of the river course is also represented by moulding with
course gravel downstream of the stilling basin for stud
the scour pattern. Stilling basin floor is made of :
wood to facilitate easy alterations and also to fix baffles;
friction blocks, ete. Experiments were oconducted for
determining the coefficient of discharge and to note the
pressures recorded on the spillway for the discharges
ranging from 5-41 to 596:656 cum/sec when the gates were
fully opened. No sub atmospherio pressure was recorded
and it was aleo observed that at the R.R.L., the dischar
passing over spillway was found to be 59665 cum/see
which is slightly above the design discharge of 554-00
cum/sec. This might be due to the contractions imposed
on the flow due to end piers. Hence the design of the
spillway profile as proposed by the project authorities.
was recommended for adoption.

Initially the level of the stilling basin was kept ab
El. 314-6fm. and the energy dissipation studies were
conducted. A single basin of length 12m., 15m. and
18m. with and without' blocks was tried. In eorder to
avoid the secondary jump, & secondary basin was alse
tried. Finally it was decided that a primary basin of
length 165-24m. with trapezoidal friction blocks and Tes -
blocks and a secondary basin of length 27:48m.-and depth -
2:44m. with the floor elevation of both at El. 314-55m,
was most suitable and the same was recommended to the
field engineers for adoption. .

(Studies on current Problems will appear in the nomt
fasue.)



NEWS ROUND UP

1. KoDAGANAR RESERVOIR SCHEME

The river Kodaganar, a tributary of Amaravathi origi-
nating from the Kastern slopes of the Lower Palani Hills
runs through Dindigul and Vedasandur taluks of Madurai
district and traverses in Karur taluk of Tiruchirappalli
district and finally joins the River Amaravathi near

Karur town.

The above scheme contemplates on the formation of a
reservoir across Kodaganar near Alagapuri village in
Vedasandur taluk of Madurai district.

By implementing this scheme, a new area of 2,080-09
hectares (5,140 acres) will be brought under plough besides
bridging a gap of 144:09 hectares (356 acres) and assuring
supplies to an existing ayacut of 331-44 hectares (819 acres)
under four tanks in Madurai and Tiruchirappalli districts.
The net additional food production anticipated by the
scheme is 4,484 tonnes and the rate per tonne of additional
food production works out to Rs. 4,728. The benefit
cost ratio, at 10 per cent rate of interest, works out to

1112 : 1.

The scheme was approved in G.0. Ms. No. 1296, PW.D.,
dated 23rd August 1973 for Rs. 212 lakhs and was inaugu-
rated on 25th August 1973 by Dr. Kalaignar Karunanidhi,
the Honourable Chief Minister of Tamil Nadu. The
work has heen taken up for execution and is expected to
be put to beneficial use by the end of December 1975.

2. SECOND VISVESVARAYA MEMORIAL
ENpowMENT LECTURE,

The Second Visvesvaraya Memorial Endowment Leoture
was delivered by Er. D. Doddiah, Advisor (Retired),
Central Board of Irrigation and Power on 15th September
1973 in the Library Hall of the Building Centre Division,
P.W.D., Chopauk, Madras-600005. The topic chosen
by Er. Doddish was * Research and Development of
#ater Resources for Irrigation *’ which appears elsewhere
in this issue.

The meeting was presided over by Er.D. Ambrose, B.E.,
MIE. (India), Chief Engineer (Buildings)) P.W.D.
Er. S. P. Namasivayam, B.E., FLE., Chief Engineer

igation and General) welcomed the guests and the
istinguished: speaker.

In his weloome address, Er. S. P. Namasivayam, B.E.,
FI1E., outlined the contributions of Er. D. Doddiah as
the Advisor, Central Board of Irrigation and Power
and during his long tenure as Director, Mysore Engineering
BResearch Station.

Er. D. Ambrose, in the President’s opening remarks,
introduced the Chief Guest to the audience with the guest’s
detailed Bio-data and expressed, his happines and that
of the Visvesvaraya Memorial Endowment Committee
to: Er. D. Doddiah for having agreed to deliver the
Jecture.

Er. D. Doddiah in his address on  “‘ Research And
Deveiopment of Water Rosources For Icrigation ”
discussed in detail the distribution of worlds
estimated availability of water, and the potential
in various forms, like surface water, sub-surface water,
ete., already created in India through the Fiver-Year
Plans. He also estimated our future requirements of
water by the end of 1971-81 and the financial outlay
required to achieve the same.

Er. Doddiah called for proper management of water
stored, diverted or extracted from ground with sustained
inter-disciplinary endeavours.

Reogarding the Research and Development of Water
Resources, the speaker hilighted the areas that required
Sl;stamed research for the proper and economical utilisation
of water. .

3. IMPROVEMENTS TO BUCRINGHAM CANAL.

Major improvements to the reach of Buckingham Canal
falling within the jurisdiction of Tamil Nadu by way of
widening and deepening the same and lining of the side
slopes to carry mechanised crafts have been taken up
during this year. Based on the recommendations of the
High Power Technical Committee appointed by the Tamil
Nadu in G.0. Ms. No. 2206, P.W., - dated 11th August
1958, the Canal will have the following standards within
the Madras City limits :—

North Canal. South Camal.

Bed Width 1006 M. 610 M.
(33") (207)

Bed Level +42TM*  H42TM.*
(+14) (+14)

Draught .. .. .. 183M. 183 M.
(6) (6)

*Assuming + 6. 10 M. (20') as mean sea level.

Based on the suggestions of the above committee and
in consultation with the officials of Andhra Pradesh &
Master Plan for Rs. 800 lakhs has been prepared and sent
to Government for approval. As per this, the works in
North Buckingham Canal costing Rs. 350 lakhs are m
rammed to be completed in six years in Fourth and
Plan periods. The works in south canal costing Ra. 250
lakhs ‘will be taken up in Fifth and Sixth Plan periods.

If this schems is implemented it is expected that there
is every possibility of generating a traffio of eight lakhs
‘tonnes in North Canal within Tamil Nadu and three lakhs
tonnes in South Canal.
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SECOND WORLD CONGRESS ON WATE
RESOURCES, NEW DELHI, INDIA.

NOVEMBER-—DECEMBER 1975
Organised by

CENTRAL BOARD OF IRRIGATION
AND POWER

Under the auspices of International Water Re:
Association.

WATER FOR HUMAN NEEDS.

FIRST ANNOUNCEMENT AND CALL F(
PAPERS.

The Second World Congress on Water Resources
held at New Delhi, India, in November-December

2. The Congress is being organised by the Centra.
of Irrigation and Power (New Delhi) under the ausj
the International Water Resources Association w
functioning for the advancement of water resource
ning, development, management, science, tech
research and education on an international level.

3. “Water for human Needs >’ will be the the
the Congress.

4, The Congress will establ’'sh an international
for planners, administrators, managers indusi
lawyers, engineers, educators, researchers, oceanog
and others interested in water resources to disc
various problems connected with the developme
utilisation of water resources.

S. Participation in the Congress is open to mem
well as non-members. ;

6. Papers are invited on any subject related to the
However, special attention will be given to those |

with: !
Water Resources : Planning l
Development i
Management !
Technology
Ecology.
Education
Information

¢

November-December 1975.

i

g

Pleas¢ enter my name in the mailing list for the Congress.

e

Iintend /do not intend to offer a paper.

Lsuggest that you send the First Announcement and

Call for papers to the following address also :

Ramanadhi Project—Earth Dam Upstream View.

123
Dy

Signiatued,

Date............cous

For address please turn over
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