| )xﬂ' ﬂ

Jv

Dot NYy7

N7 G 2,

: e b
\eees

T e ®

-,




LM 6D ) o) DU 61

mieun&dl Gaues
NEW IRRIGATION ERA

C sy 2, Vol. XIV-Issue 2.

- B

1976 spiigsv April 1976

T I T Bisraude,



RS > Bl oINS SOy

e R Lty g ooy g

Editorial Board.

Chatrman Chief Engincor (Irrigation).
Members:
1. 8enior Dopuiy Chiof Engineer (Irriga.
tion).

2, Director, Institute of Hydraulics end
Hydralogy, Poondi.

3. Exocutive Engineer Gauging Division
Chepauk, Madras-600005.

Tho Editorisl Board of Now Irrigation Era
of Tamil Nadu Public works Department
avoepts no responsibility for] the views expressed
by the authors.

.’Kll (orospondencea should be addressed to
he Executive Engineer P.W.D. Gauging
‘Division Chspsauk, M.dras-600005,

THE NEW IRRIGATION ERA

Vol. X1V April 1976 No. 2

CONTENTS.

1. EDITORIAL.

2. Charact‘eristics of Flow Over Terminal weirs and Sillse ’?',,."
¥ P. K- Kandaswamy an Hunter Rouse, '
Chicf Enginocer (Inv.) P. W. D.. Madras 2

Y

3. Buenieiser UG,

4. FOUNDATION PROBLEMS IN SWELLING SOILS—

by Thiru R. Palayyan Nadar, B.E., Junior Engineer, Slum Clearance
Board, Madras.

5. WATER MANAGEMENT PRACTICES IN FARM—.

by Thiru R. K. Sivanappan, Professor and Head of Depariment of

Soil d&s Water Conservation Engineeri , Tamil Nadu Agrs
University, Coimbaore. "7 w Agriculture

6. PLANNING FOR WATER-_

by Thiru K. Bharathan, Advisor to Kerals Gov Govern.
ment of Kerala. erment,

7. s@uunpf g _@gxfa'; GHULens.

8. aums saeveIE T Soannii)s Qs ib.

Published by $he Irrigation branch of the Public works Departmeont Madras-—ﬂ()oo.‘i,
Seuth Imdia (for departmental Circulation only).

467a/8—1



EDITORIAL.

It is presented with pride that this issue of the Journal
wamely Volume XIV—Issue 2 contains more articles on ¢ Water
and its management practices’. Major use of water is in Irrigation.
Hence a study on water and its management practices must be
more useful to Engineers like us dealing with Irrigation practices.
The articles adorning this issue covers the following useful infor-
mation namely Distribution of water in the World, World’s demand
of water, Assessment of water, Various uses of water, Water Manage-
ment in an Irrigation Projeot, Water Management in the fields,
Economic and efficient use of water, Multipurpose reservoirs,
Artificial rain, Disalienation of sea water, Pollution of water. In
this total water resources and, their utilization, research need fo.¥
improved water management, seepage, losses, eto.

This issue also carries the information about ¢ Foundation
Problems in Swelling Soils and its possible solutions, ete.’ This has
also got the quite interesting photographs of the various Irrigation
Projects in Tamil Nadu. Hence the Editorial Board is happy to.
present beforeits readers this valuable journal, the oarrier of
useful information on water. '



CHARACTERISTICS OF FLOW OVER TERMINAL

WEIRS AND SILLS

IN ’ by dp
T i . b, K. KANDASW

Snopsis.

Generalised oxperimental  results are

continuously from zero to unity.

Abstract.

Whereas most existing welr formulas lose significance
as the ratio of head to height of weir becomes great, it is
known that the rate of How overa sill at the end ofa channel
can be cstimated from the basic welr equation by assum-
ing the velocity of epproach to have its. critical magnitufie.
This, gives rise to a discharge funetion for sills which
meets that for weirs In a sharp peak when the head is
about ten times the weir height. There are related indi-
cations that the nappe attains a maximum elevation and
thicknoss at the same head-height ratio. Laboratory
tosts to dotermine quantitatively the variation in discharge
coofficient and nappe profile over the entire range are
doscribed, and the experimental results are presented in
gonoralized form for design purposcs.

Historical Buckgroynd.

Poleni (1), in 1717, was the first to publish an cquation
for woeir, discharge obtianed by integrating over the outlet
seetion an expression for the velocity in terms of the square
root of distance below the free surface. Although he
neither took account of t.he nappe contraction nor exp.],l-
citly introduced the gravitational acc.el( raticn g, Poleni’s
name continues to be associated with the elementary
discharge equation, :

2 3/2
q= — \,/éx-oy h
3¢

in which q is discharge perunit width of flow section, Co
the coofficlent of contraction, and h t,h}z h’ead of the crest.
Contraction of the nappe was taken indircetly into con.
sideration by Du Buat (2) sixty years later in setting as
arbitrary limits of integration t}}e crest level and 2 level the
distance h/2 above the crest; it was also Du Buat who
introduced present-day methods of estimating the effect of
submergence. Bidone (3), better known for his study
of the hydraulic jump, appears to have been the first to
show an interest in expressing alegebraleally the geometry

of the weir nappe.

Not until about the middle Qi the 19th cent,zury was
attention focused upon the Veloclty-of-appmf\ch ¢ correc-
~tion ” for weir discharge, which wes to dominate certain
branches of the literature for another century. In 1845
Welsbach (4) published the familiar integral form

2 ;v 312 4 v2y 32 -
L« —C 42| (0 _o) - (40) ]
q 3 0 ) Zg[ 2 %
. (@)

. tus solution of thls equatlon has to proceed by
?\llrtl:g;ssivo approximation bessuse of the implicit presence
of the approach velocity VO on the left side of the equa-
the impression has vorslsted that thia veleolty Is

1)

tlou,
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presented to  show
variation in both the discharge coefficient and the nappe profile for
two-dimensional flow over a vertical sharperested weir at the end’ of
a horizental channel as the ratio of head to depth of flow changes

the

Independently variable. Weisbach himself appreciated
the fact that a unique solution existed for any ratio of
head h to depth of approach h -4 w, as he proposed an
empirical formula for its evaluation ;

2

2
h Tt
= — (C 1.041 0.3693 ~——-—) 2
AT, [ i (i ]/ e

(3)

Bazin (5) in 1888 adopted the same form of function, with -
specific evaluation of the limiting co-«fficicnt of con-

traction, ‘
0.003 h \ 29._3/2
o ) [1+°'55(i¢w) ] 2gh

(4)
the dimensional term 0-003/h being intrcduced to compen-
sate for low-head effects now attributed to surface tension
and viscosity. In a scries of investigations extending
over the next ten years, Bazinalso went deeply into such
varied aspects of weir flow as the distribution of velocity
and pressure throughthe nappe, and the effects of incom plete
ventilation, submergence, weir inclinaticn, and . geometry
of the crest, his nappe-profile mecasurements are still used
as the basis of spillway design.

q =(o.405+

Bazin’s formulation of the discharge coefficient soon
led others to attempt further improvements by s]fght,
‘changes in the type of algebraic expression used. From
1911 to 1928 Rehbock (6) proposcd a number of variants,
the most pertinent of which was _
h 1 2

q =(O.605+0.08_ — m_@)ﬁ) _

3/2
— /28 h

< (5)
Comparison of Eq. (5) with Eq. (4) will show that the
primary distinction lies in the use of the ratio h/win place
of h/(h 4+ w) as the geometric parameter. The remalin
ing term of Eq. (5)—which; like the corresponding one
of Bazin, is not' dimensinally homogenequs with the
others-again reflects capillary and viscous effects gt low
heads. If the latter factors are ignored’ and if the basic -
weir equation is written in terms of a discharge ccefficient
s, '
2

3
q = Cd /2g -h

W!w

, (8)
it will be seen that the essentlal aspects of the Bazin

and. Rehbock formulas may be reduced for comparizon
to L 4



h 2
= 0.608 - 0.334 (~ ———
Cd 0 h - W (7)
and .
¢ = 0.605 -4 0.08 — |
d " (8)

which are plotted against h/(h 4 w) In Fig. 1. The two
‘curves evidently differ by little more than I per cent for
heads as great as twice the height of welr.

When Mises (7), in 1917, determined the co-efficient
of contraction analytically for varicus two dimensional
forms of conduit outlet, he noted that the values for a

Cgvnunetrieal slot in a normal plate at the end of a consuit
would —in combination with Eq., (2)—duplicate the trend
of the Rehbock formula very closely over a  considerable
" range if the ratio of slot dimension b to conduit dimension
B were used to represent the ratio h/(h-+w). His curves
for C. and Ca are alsoshown in Fig 1. To be notec in
particular is the limiting theoretical value =/ (74-2)=
0-611 in comparison with the empirical values 0-608 and
0-605 chosen by Bazin and Rehbock. One of Mises,
students, Lauck (8), nearly a decade later approximated not
only the discharge coeffient but a,l_so thc:. entire nappe
. profile for the weir of infinite relative height, by means
" of Cauchy integral theorem,

A Inspection of the Bazin and theRehback formulas Wil1
Indicate that tho latter must approach the limit Cd,= m
as the relative hight of the weir apprcaches the limit zeros
{ie., the free overfall}, a trend that is necessarily shared
by the orifice function of Mises, whereg‘,s the Bazin funecticn
has the finite limit Cd—0.942. Now it is obvious that dis
charge over the frec overfall is finite _rz}ther than infinite
‘Since the effetive head is the critical depth. How-
ever it was noted by Boss (9} that the critical stage of flow
is already estzablished upstream f_rom terminal stills well
before they attain zero height, which would yield a trend
contrary to that of Eq. (6). That is, ) fpllowmg the pree-
dure of Rouse (10), the dicharge co-cfficient for such con-
ditions can be determined by introducing into Eq (6)
the ¢rirical depth relatioriship

3/
(.l.* (9)
g

g W 3/2
(}d = 1.06 (_1 -+ i )

which is plotted at the upper-right of Fig. 1. Evidently,
the discharge characteristics of _termmal sills follow quite
a different functional relationship from that of even moder-
ately low weirs, with an intermediate maximum value
of the discharge coefficient. Now the coefficient of con.
traction Ce can be detérmined from simultaneous solution
of Egs. (10). (6), and (2) and p!otted as at the lower right
of Fig. 1. If, after Rouse, this coefficient is assumed to

pprooxima,te the relative thickness of the nappe at its
iighesb point, then this plot-indicates that the flow pro.
gle will also attaln a maXimum stage at the borderline
petween weirs and sills.

hdw=y =

Tlius,

(10)

were investigated ; these cor

In order to investigate these aspoets of the problem
the recond author undertook in 1931-33 in the River
Hydsaulic Laboratory of the Department of Civil and
Sanitary Engincering at M.LT. a  systematic series of
profile (as well as velacity and pressure) measurements
on the nappo of a weir that was  successively reduerd
in height until the overfall limit was reached. The results
of the profile tests were refle-ted in a subsequent book
(L1), but they were found to cover the  transition range
inadequately and hence were never  published in their
autirety. Similar measurements over a less extensive
range of the paramoter h/(h4-w) were undertaken later
by the Burcau of Reclamation and published (12) for pure
poses of spillway drsign.  Because it was believed that
cortain  characteristics of the weirsill range were
nevertheless of  fechnical  intersst,  generalized
plots of the M.LT. data showing a parallel betweon

the discharge-coefficient and nappe-profile functions wore -

included in the Proceedings of the Fourth Hydraulics

conference (13) of the Towa Institute of Hydraulic
Rescarch.

Continued efforts have since been made at the Iowa
[nstitute to complete both the analyticel and the experi-
mental phaves of the weir and xill problem. The relaxation
method has already hcen applied to the improvement of
Laucks approximation of the nappe profile for the infini-
tely high weir (14) and at the time of writting the study
is being extended to other values of hj/(h-+w). However
since numerical integration is not as readily applicable to
tow weirs and silly as to high, the gaps left in the M.I.T
study were in 1956 filled in experinientally Ly the first
suthor (15) under the direction of the vecond to the end
of providing a basis for both design and further theoretical
analysis. It is to the presentation of the composite results
that this paper is devoted.

3

Experimental Procedure. -~

The M.LT. experiments were conducted in a 50 cm..
glass-walled flume the rate of flow through which was
measured with a ventilated sharp-crested weir 40 em.
high in accordance with Eq. (5). The experimental weir
was initially of identical characteristics, but its effective
height was changed by the addition of successive false
floors on the upstream side. These wore constructed of
troweled cement mortar over sand and cach consisted of
a 6 feet level section preceded by a vory gradual rice from
the original floor of the flame. Threo weir heights —40, 20
and 10 dm . —were produced in thi ,
weir was then removed and still another false floor w
added at a height of 37:5 cm. above the ﬁumeq'bﬁg;:r\:"i?lf
a brass-angle end to simulate the free overfall.” A supple-
mentary welr crest could be attached to the end }z}/ith
wingscrews to produco additional weir heights of 5, 23

and 11 cm. Full ventilation was provid ,
nappe %‘n all ingtances. I od below the

Profile measurements were made
upstream and downstream from th
hook gages reading by vernic
the seven weir heights the same

at 1 em- sectlong

nine rates of discharge
responded to heads op the

measuring weir ranging by 2 em. Increment
18 em.  Qupplementary me 8 from 2 to

bution along the floor, up th

nappe as well as checks upon the constancy of tl]
head at vari]ous ﬁoints, were also made bl?ft nelt;1(;: Ott}?er
oxperimental techniques nor the results are nepi
the present discussion, Pertient to

8 way. The 40-cm. |

© crest with point and .
r to 01 mm. For each of

asurements of pressure dlstrd.
e welr plate ang threugh the -

3

The tests conducted at the Iowa Institute employed
the same type of free-overfall structure as lhc' one fmally
constructed at M.LT. except that it was built of brass

+ plate and angles and mounted in a 1 foot flume. The

; ion wos 4 feot in length, its hcight above the
lif:(;rl g?)tl.‘ltle flume was 1 fgot ar{d the approacb cu?x.rerha,d
tho form of & quarter ellipse with an axis ratio of 3:5:1.
The adjustable weir plate was machined to a sharp up-
stream edge, the top su'rfamj originally h'a.vmg. & width
of about 1/32 inch. To minjmise capilla,.ry distortion of the
lower surface of the nappe at small weir heights, the crest
gurts .-+ were rubbed with parafine.  For the very smallest
neight (0-005 foot) the crest was rema:chmed to a knife
,,(i(;o,, The test procedure was cssqntlally the‘same as
what ot M.LT., although the range of head was llm.ited to
0-1 fool < h < 95 foot and t}}e range of weir height to
0.005 foot << w < 0.05 foot. Discharge measurcment w3
effected by means of & 90° ¢lbow  meter In the & a
supply tino that had been‘prevlously cz}hbrated a.gan.lst a
12 in  sharp-crested weir mounted in t,he‘ﬂumo }tsdf,
the Rehbock formula being used as reference just as in the
M.LT. experiments.

Djscusston of resulls.—As has long been rcalised,. the
head ou a weir must bo measured a considerable
distanco upstream from the crest, where the effect
of the curvilinearity of flow upon the surface elevation
Is still negligible. A di§tance equal to .three or
four times the head is  generally considered to
suffice. Unfortunately, with relatively low welrs the
effect of channel resistance becomes appreciable, so that
the nappe profile is a symptotic to a sloping rather than
a horizontal line. In other words, the head meg.sureme:,nt
thon is subject to two types of error, the one increasing
with proximity to the crest and the other with distance
from it.

In order to determine that section at which the net
orror would be a minimum 0 that the heads for differcnt
woir heights could be determined consistently, a composite
dimensionless plot was made of all profile measurements
up stream from the crest for Fho most. extreme case—the
free overfall —as ghown in Fig. 2. Since the cumplftcd
critical depth was used as the reference length, and since
the oritical section has been shown to be the last at which
hydrostatic distribution of pressure (l.e., absence of cur-
vilinearity) can be assumed to prevail (10), the abscissa
of the desired section should be that having an ordinete
value of unity, or x/h = 4. In as much as this valno for
the frec over fall agrees with that commonly used for welrs
of groat relative height, it was adopted for all subsequent
ovaluations in the intermediato range as well.

From the experimental determinations of discharge
and surface profile for the various heights of weir and sill

the co-efficient of discharge was evaluated according to .

Eq. (5) and plotted as in Fig. 3. Hercin the Rohbock
parameter h/w is used as alsscissa n the weir range, because
of the linearity of the rosulting function. Its reciprocal
w/h then logically serves as the abscissa In the still ranget
the relative scales of the two being so chosen as to vield,
approximate agreement in the intermediate range. All

aviaj3—2a

of the Towa data are shown, together with a comparable
numbcr from MLIT. (Le., all at the heigher heads). Ins-
pection of the diagram will indicate that Eq. (8) for welr
applies with good approximation over the range 0 < hjw
<6, and Eq. (9) for sills over the range 0 < w/h < 0-06.
Although some discrcgpancy between the two sets in the
Zone of overlap is apparent, & smooth transition’ between
the twe functions can readily be drawn.

In Fig. 4 are superposed a systematic seiies of nappe
profiles extending through the weir range to the case of
maximum co-efficlent, hyw == 10. Figure 5 shows the,
corrosponding family of profiles for sills. Like the co-
officlent plot of Fig. 3, the profiles (except for the ower
surface of the weir nappe) are seen to be characterized
by similar trends, the case hjw = 16 or w/h = 01 evi. .
dently representing a maximum for both the discharge
coefficient and the nappe deflection.

As had previously been noted by the second author
and used as the basis of the generalized profile diagrams :
alrcady mentioned (13), plots of z/h as functions of hjw
w/h with x/h as parameter *bear a striking rescmblance
to the coeffieient function shown in Fig. 3. Revised in
accordance with the sill data now at hand,these diagrams,
are presented as Figs. 6 and 7, together with measureq -
points for two representative values of x/h. The confoca)
rectilinear portions of the curves below hyw = 5 are iden-
tical with those previously published, but the remainder
will be found to differ appreclabaly. Similarity with the
coefficient curve is maintained well into the sill range
however, except in the very neighbourhood of the

over k
fall limit.

Although the foregoing experimental data were obtained
with heads of relatively small magnitude and hence can -
be expected to apply only approximatély to conditions at
larger seale, it is believed that the degree of approximation
will not be appreciably lower than the experimental preci-
slon evident in the figures. The Rehbock equation, for ..
example, indicates that capillary and viscous effects change
the discharge by about 1 per cent at a head of 0-3 foot,
Since this Is representative of the heads that were investi.
gated, there is no reason to expect scale effects of 5 ‘higher
order to be present In the results, : :

Conclusions,— .

Though the combination of experimental measure.
ments made at considerably different times and places
information is now at hand for the co-officient of discha.rg’é
and the form of the nappe profile as the relative height )
of a ventilated, sharp-crested weir at the end of a chanye)
varles over its complete range from Infinity to z ero. In B
the range 0 < h/w > 6 the coefficlent of weiy discharge
is given approximately by the formula, g .

. . ’ h
Cd = 0-61 4- 0-08~
w

In the range'O <wh< 0;06, the. coefficient of dis. .’
charge Is given approximately by . :



W
Cd = 106 (14 = )3/2

h

In tho intermediate zonoe there is a continues transition

between the two functions with a maximum at approxi-

nately h/w == 10; the latter might hence be regardc.d
:‘.sazhg bo/rderline between weir flow and sill flow. This
value of h/w also marks the condition of maximum nappe
deflection, the nappe for both weirs and sills gradually.
rising the thickening as this common value {is approached.
Nappe profiles for design purposes may be determined
either by intorpolation of the profile curves or by dircet
reading of the generalized profilo co-ordinates presented
in the paper.
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FOUNDATION PROBLEMS IN SWELLING SOILS.

By .
Thiru R, PAL AYAJN NADAR, B.E.

(. Types of Swelling Soils and their Identiflcation

Clayey soils which contain minerals like illite and
motmorillonite undergo substantial changes in vloume
due to the expaunsive property of these minerals as well
as due to variatior in capillary stresses.

Bentonite is one of the ultrafine clays found in various
Ports of India and is mainly composed of montomorillo.
nite group of clay minerals. The colour of bentonite
clays varics from white to light green or light blue. When
a dricd bentonite is immersed in water it swells mere
than any other dried clay. Caleium bentouite absorbs

200 to 300 per cont of water while sodium bentonite absorbs:

600 to 700 per cent of water. The predominent mineral
found in Indian Black cotton soils is however Ixaolln}tc?,
which is less active compared to montmorillonite (Jumikis

1962). :

The range of general characteristics of swelling soils
according to Sundararaman and Nagarajan (1960) are
as given below : .

Fine sand 3 to 10 per cent,
Fraction passing through 70 to 100 per cent.
sieve No. 200. .

Liquid limit 40 to 100.

Plasticity Index 20 to 60.

Base cxchange capacity , .. 40 to 50 ml/100 gms

According to Seed, Richard and Reymand Lundgren,
-(1962) a low swell potential correspond§ to a plasticity
Index (V. T) of about 30 or less, and medium’ Swell potpn
tial corresponds to a P. I of 30 to 40. The swell potential
is high when the P. L. is 40 to 70 and very high, above 70.
i{owever, the depth of active zone in soils subject to
swolling is from 1.5 metre to 3 metres according to Sowers

Leonard (1962).

A simple laboratory test to identify swelling soils is
the differential free swell test. The test is performed
by slowly pouring 10 co. of the dry soil passing through

i ve
éi%e?lgf&l :Illzther 10 ce. of the same sample in another
100 cc graduated jar filled with kerosene. The swelled
volumes in each jar are noted after 24 hours. Then,
tho differential free swell (DFS) is obtained as follows :

into a 100 cc graduated jar filled with

DES : Soil volume in water—Soil volunie in kerosine x100
) Sqil volume in kerosene
. The classification based on DFS values is as follows :—

Degree of Expansiveness DFS
Low . +. Less than 20,
Moderate v .+ 20 to 35.

High .e .. 35t050.
Very high . .. grater tihan 50,

2. Problems in swelling soils :

Buildings in regions where such conditions exiist tend
settle or heave depending on the season in which they -
are built. Expansive soil while shrinking badly cracks
the structure built on them. In many cases trees are

n.ted near houses and along strects underlain by mont
morillonite clays. As the trees mature, they withdraw
more soil moisture than replenished by nature, there b
drying out the soil and shrinking it. The resulting soi}; '
movements disrupt houses, driveways and  streets, Con
crete and other rigid slabs in canal or reservoir linings an(i
in swimming pools are very vulnerable to expansive soi}
damage. Underground sewer, water and gas pipes are
stretched or bent causing them to break op leak. High
wa,%r pavements built on expansive soils usually break 1g1p
or become wavy inconveniencing the i i i
the cost of repairs. "8 publioand fereasing.

The problems is also encountere
where the surface evaporation is la
In such cases, the ground uynder the
against eva']}?)oration, whereas the . g
protected. The result is a migration of moi
soil beneath the building, a%n increase in :f)]ilf em:);;;)stthe .
content and a resulting heave. Moisture from le klilre
pipes will also produce the same effect, These eai’f o
are more pronounced only with light .bulid’ings h cets
a single or two floors. For heavy buildings which ixi;]og%

a heavy intensity of load on the soil, the swell;
menon is not of much consequence, ag welling  pheno,

. th
pressure of the weight eéffects the swelle p(}.gm‘:e&rd

d in arid climateg
rger than rainfa]]
building is shielded
round’ outside ig nog

3. Possible solutions:

Problems of foundatioﬁs;on swé]lin
by minimising the change in moi
effect, Thisis done by:

(i). Carrying the footings down
below the active zone in the soil.

ii). Usi hort b -
(?art-(ll)_)_lgsgl]g{s ort bored under reamed piles (IS ; 207

(ili) Removing the Clayey soil to -

active zone and, replacing it with & ¢
fill, like sand. , oare

ng soils are " golve
stur? content op ié:

deep enough to gob

the depth of
grained inert

o & &

487a/3 ¢

# Junior Engineer,Slum clearanceBoard, Madras,
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In any case periphoral arcas avound the building should
be paved as far as possible and the site should be graded
to provide positive drainage away from the building
Downspouts from roof should discharge well away from
the footings. The trees planted near the house shall
be away from the house by a distance equal to the probable
height of the tree when nature, prewetting of site will
also minimise the adverse effects due to the extreme changes
in moisture content.

Paul J. Wright (1973) has suggested o relatively in
expensive and promising solution to render the soil les.
active. According to him, lime slurry pressure injection
(LSPT) is an economical way to deep treat foundetion
goils in place to reduce their volume change potential
This method can be used either to stabilize a foundation
goil before the structure is built or to remedy a soil instabi-
lity problem on the existing structure. Accordirg to
P. J. Wright, this method has been successfully used in
extensive arcas of America. Lime slurry pressure injec-
tion is done to a depth of about 2.1 Metres. The slurry
is pumped into the soil under injection pressures of 4
to 15 Kg/Cm? (50 to 200 p. s, i.) depending on the soil
eondition. The slurry follows the path of least resist
ance, moving along fractures, bedding planes, root lines,
sand lenses, ete. The slurry is deposited in a net work
of horizontal sheet like scams interconnected with vertical
or angular venis. With injection spacings at 1.5 M
centres, there is an overlapping pattern, and the ne¢ work
of lime seams deposited throughout the soil mass, thicken
and grow through caleium iron cxchange. As a result
there is a continued gradual improvement in the soils
shrink-swell hbehaviour. In conventional stabilisation
lime is mixed into the soil to reduce its plasticity and
increase shear strength. But in the new method, the
sheet like seams serve as individual moisture barriers.’
ténding to stabilise the moisture content by el{mina,ting’
serious moisture fluctuations. Immediately following in.
jections, lime slurry left on the surface from the injection
is mixed into the top 15 cm of the soil and recompeeted, -
This creates a bridge effect to help distribute small pres:
sures in the ovent of differential movement in isolated
expansion.

14 is also possible to construet a sﬁﬁ' building capable
of riding up and down with the heave and s%tblelr)nent
without damage.

Another s91ution is to proportion the foundation so
that the bearing pressure exceeds the swell pressure,

Foundation beams or preferably
used to provide a stiff foundation.

4, Design of plinth beam or foundation beam :
The elastic formulae suggested b

ean be used for finding out the bendi

ation beams due to swelling

plinth beam may be

y Schleicher (1965)
0g moment on found

aw
M: — Eadxrb? Kg COm,
16 : -
Where E: Young's modulus of the soil ¢
determined b, - i o be
Cm2) ¥ Xperiment (kgl
o : Total anticipated .heave (cm)
Jr: An influence factor, !‘elatéd to -
v Wherer: Ljb- -
- b : Breadth -of fosting (cm)
L: Length of footing (om) .

The approximate ¥ values for various types of 50i
S. Boominathan) 1974 (h) wre given below :

Type of soil Value of K (kg/em)e

Very soft cluy .. .. 3t025
Sott clay .. 15t040
Medium clay .. 40to 80
Hard clay . 70 to 176

Silty clay 280 to 420

The approximate heave for various swell potential
are given below [S. Boominathan, 1974 (a) ].

Swelling potential .. Heave in em/30 om
height of soil,

Low i o .. 0t00.64

Medium .. 0.64 10 1.27

High .. .. .. 127to254
Very high 2-564 to 3.80

The value of J A can be read from figure for
known values of A. 1t is suggested that for the purpose
of estimating total heave, the thickness of the dangerous
layer may be restricted to the depth of active zone. Height
of any other inert layer within the active zone may be
deducted.

Further it is suggested that the most vulnerable footing
will be the interior one which conneet the periphere ] walls,
as this will be subjected to maximum differential heave
and resulting hending movement. Hence, the length foe
the pirpos> of ocaloulating the bending moment will br
the »aximum length between any two cross v alle.

, EZxIv/2/ 4]
SCHLEICHERS CURVE TO FIND MAXM.
VALUE OF INFLUENCE FACTOR J’)

60
|
80 *"’“%
AN
[
40 [t
30 ]
. 20 -
r// -
Ve
10 v
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X 0 10 20 30
> .
R
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L = LENGTH OF FOOTING
b = BREADTH OF FOOTING
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WATER MANAGEMENT PRACTICES
By
Thiru R. K. SIVANAPPAN

L. Introduction.

Water ig a vital natural resource.  Its wise use must
be the concern of every citizen of the country.

Though many technological developments have heen
attained in various fields over the past several years, man
is still facing the challenge of producing more food to feed
the growing population. To over come this, irrigation
agriculture will have to be undertaken in a big way. There-
fore, irrigation development is very essential and it is an
integrated part of the national plan of economic develop-
ment.

In Tamil Nadu; over 95 per vent of the surface water
and 60 per cent of ground water have been harnessed.
Still the area under irrigation is only about 43 per cent.
The possibility of getting morc water to increase the area
of irrigation in Tamil Nadu is very remote unless we get
it either from the neighbouring states or from Ganges
through tinking Ganges and Cauvery. The same condition
prevails in many states in the country. Hence water
mangement is the most significant factor that would affect
the pattern of Agriculture in the years to come. Further
it is quite necessary to plan not only for conservation and
use of surface water but also conjunctive use and manage-
ment of both surface and ground water.

To understand water management, it is necessary to
understand the soil that is cultivated. Different soils
have different characteristics. Since the clay soil can
hold more water and evapotranspiration is the same for a
particular type of crop in the same location, we need longer
intervals between irrigation in clay soil than in sandy soil.
Hence information on physical and chemical characteris-
tics of the soil such as the texture, depth of the soil, per-
meability; weather data, crops to be grown and other
details need be known before deciding irrigation practices.

The following are some of the research findings on
economising the use of water for various crops:—

2. Paddy.

The water requirement of high yielding Paddy or
ig varying from 100-120 cm. It is eStima%ted tha},rt t‘ﬁg
amount of water utilised (Evapotranspiration) is about
60-80 cm. and the loss of water by percolation is about
920.40 om. By adopting water saving method of irrigation,
it is possible to save aboup 30 per cent of water without
affecting the yield. In this met?hod tfhe soil is saturated
or thin layer of standing water is maintained just before
flowering and then submergence to a depth up to 5 cm.

IN THE FARM

3. Cotlon,

Cotton irrigation is’done in different met
by check basin, border and furrows in differer}:‘? %?a,égme%’;
is found that there is saving in water by adopting. the
furrow irrigation without sacrificing the yield. Further
the weed infestation was also signiﬁcanﬂy less in this
method. The experiment conducted on skip furrow method
at Tamil Nadu Agricuttural University, Coimbatore has
Indicated that water use efficiency can be incrcased to
nearlyl00 per cent without affecting the yield. Further

some short duration crops like pulses can also be grown in

the vacant space bctween the cotton rows thereby the
productivity of the lard can be increased.

4. Fruit crops.

.The rresent practice of big basins provides around
the fruit crop are luxury for the plant. The exneriments
90nflucted at Tamil Nadu Agricultural University has
dexcatcd that small size basin (say 2 to 3 m. diameter for
thna,b-e-Sha,hx grapes, lm,, dia. for Banana), will do, to get

fe normal production and thereby more than 50 per cent
of water could be saved, It i noticed that by reducing
the basin size, the yield of the crop was not affected.

B, Sprinkler irrigation.

Sprinkler is an advanced meth irrigati
which is in operation from 1900 in U.S.X‘1 ('.)[fhi:‘lﬂ;;lgeam(o)3
is used in many parts of the world for irrigating nurserics,
veggt&blgs and plantation crops. Sprinkler gives greater
savings in weter, labour, increased yicld in certain crops
improved quality of production and more profits. The
experiments conducted abroad and in India have demons-
trated the advantages of sprinkler irrigation over the
surface method. The work done at Tamil Nadu Agricul-
tural University, Coimbatore on cotton has shown that
s,‘t_)out 12.40 per cent of water could be saved by this method
without sacrificing the yield. The cost of this system

works out t . s ;
of booster p?lmR;,&OOO to 2,500 per acre including the cost

. 6s Drip Inrigation,

" In this method water is tak i
) en by tubes
gm:;x‘at the root zone of each plant. T{e :xper?xggnzz
-onducted on various vegetables and fruit crops, it was

]r}:;il:i(/l‘itgfi ;ﬁ;e watler used in this method is only about
re irrigati i
s ot rothe & g\rxl "l?i‘s s;xnrface irrigation and the yield

ethod of irrigation iy yery

* Professor and Head of Department of Soil and Water Conservation

“miversity, Coimbatore-3-

Engineering, Tamil Nadu Agricultural
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sienie for wide spacing row crops and tree plants
including banana, grapes, etc. The cost for this system s
vary from Rs. 3,000-4,000 per acre for different crops. Yor
light and sandy soils water can be applied without any
wastage in this method.

7. Prevention ¢f Seepage losses. -

It is calculated  that the loss in conveyance of
water in the field channel is about 20 per cent. We
cannot  afford to loose this water especially if the
water is got by pumping since the cost of pumped water
works out to Rs. 3-5 per hectare cm. when the water
table is 80-100° deep. This amount of water could be
saved by lining the field channels with cheap lining
materials. The precast cement concrete, or soil cement
lining can be used to convey the water without wastagel

The cost  of this channel to  carry upto 10,000 gph
may work out Rs. 2 to 2-50 per running foot. This can
be fabricated by farmers by engaging local artisans and
laid in their fields.

Lack of appropriate farm  distribution  facilities
such as field channels, control structures, measuring
devices have resulted in uncven distributions while the
absence of drainage channel has caused water logging in
the canal and tank irrigated lands. In some cases
the lands turned into saline or alkali patches. It also
loads to over irrigation in the head reaches and shortage
of water in the tail ends. It is possible that with good
water management at the form level through controlled
irrigation and drainage and other appropriate manage-
ment practices, higher yields can be produced.

7. Research need for tigproved water smunageend.

A prerequisite  for the  practice of good water
management is information concerning crop watcr re-
quirements and the application of ‘water in quantity
and time. Though much work has been done in advan-

ced countries, it is not possible to use same information

in other countries, Hence it is necessary to conduey
applied studies to acquire the exact knowledge appli-
cable to local conditions. The studies may be on th follow-
ing lines : —

1. Water soil plant velationships.

2. Applied rescarch to be taken in various
‘regions.

3. Studies on timing and amount of irriga-
tion.

4, Studies on method of water application

5. Studies on _optimum water crop yield
ratio. B

Q. Conrlusion.

It is reported that more  than 50 per cent of the
water drawn from reservoirs is not reaching the field and
‘nore than 50 per cent of the water applied to the field
1s not used by the plant, Hence by suitable water
management and conservation practices it is possible
to save large quantity of water. The practices Inen;
tionod are only few and much more information is re.
quired to solve the water scarcity in the future. Honge
research on water use must be undertaken in a g wa i
to onable us to tackle the problem. ¥y

IS
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PLANNING FOR WATER,
by .
Dr. K. BHARATHAN

Water-Geueral -~ ,

11 Life originated o the universe in water, pro
bably in oveans. It is yet to he known whether life was
driven to land due to pollution of water in the ocean
Man is the most advanced ereature and he cannot survive
withont fresh water. He may live without food for
say 30 days but he will not survive for even 3 days without
water.  Water is his basic need next to air and he necds
wator tor his other daily uses also. 65 per cent by weight
of man is water. Thus water plays a very important
vole in man’s life. It is no wonder that in the olden days,
civilisation grew along rivers  In history we read that
whole ¢it'es or nations perished because of lack of water
or rain. A\ place becomes useless for hwnan habitation
if there is not sufficient supply of water. Serious mass
starvation and mass epidemic result for want of water,

1-2. Let us see how use of water is referred to in
ancient vedas and older civilisation, It is known that
Indians practiced the art of raising crops by artificial
irrigation as carly as during 4000 BC. The Indus civilisa-
gion, the most extensive  civilisaton of the preclassi-
cal world, extended from Rupar on river Sutlej to Sutka-
vendar near the shores of the Arabian sea and also on
the banks of Narmada and Tapti rivers. It is almost
certain that the people of “that civilization designed
and constructed channels in the flood plains to grow
foodcrops and cotton. Some people qualify this type
of civilisation as ‘hydraulic” as it is based on water.

1-3. In the Rigveda, the most ancient book of Hindu,
and also in the later Yajur and Atharvana Vedas, mention
is made of wells, canals and reservoirs. The story of
Bhasirath who by his herenlean efforts  brought water
for the welfare of the people, is well.known. It can
be seen that India’s development closely followed the
development of water resources.

1'4. Water is the only common substance which
we scent in all the three states-solid, liquid and gas, in
naturc. In the casc of water, because of its structure,
the energy required to produce these changes is very
high. It is because of this property, that water remains
in sufficient quantitics on the earth’s surface, Another
odd property of water is tha,t.it expands when it is cooled
from liguid to solid ice. It is the oddity of water that
provents lakes and rivers fiom freczing solid. Even

“when  the top layers of water in river freeze to ice the

bottom remains water and sustains life. Water moderates
weather by absorbing and storing large amounts of
heat. . f ; '
rid supplies of water— .

2. gi‘ir Anpl;ssessment of the total water resources in
b M')rld js a difficult problem. Several people have
1 .ed to make some assessment, based on available data.
trle‘ tenth of earths surface is covered with oceans.
SOV_L“) timated that 97-6 per cent of the total water
Tt is es f the world is in the oceans. Out of the re.

res(‘)u‘!';i;»‘l2‘.’4 por cent major portion is locked wup in
maining "

Jeecaps. Oue cstimation is that ouly 065 per cent
of the total quantity of water is potable.  This quantity is
also not readily available for use as a major portion is

in the form of icc. Only about 0-027 per cent is  avail-

able in fresh water rivers, lakes and ground water.

22, Over the ages, this quantity of water has re.
mained practically the same. The sun’s rays help
the atmosphere to absorb moisture from the sea.  Pre.
cipitation spreads the mojsture as fresh water on the
earth’s surface. This water gradually makes its way
back to the sea: in  the meanwhile perhaps going through
some factories. animals or plants, This inevitable route
of a dvop of water is known  as the water cycle. The
portion available in  rivers as channel storage is
estimated by certain persons, to be as low as 0-0001 per
cent while the fresh water lakes contain 040094 per cent.
Balance quantity, which is the major quantity is aveil-
able as ground water. Here also the position is net
encouraging as it is considered that 50 per cent of the
ground water is available in zones below half a mile
depth from the ecarth’s surface. Approaching from
another angle, it is estimated that 77 per cent of the
total rainfall in the earth, falls directly into the occans.
16 per cent of the rainfall is lost from the land portion
as evaporation. Thus only 7 per cent of the total world
average annual rainfall of about 80 em. is available
as run off.  All these figures, even though they may be
quite approximate, indicate how small is the portion
of fresh water available in the world.

2:3. 1t is estimated by the famous hydrologist
Vente Chow that the total quantity of fresh water avail-
able in the world as surface wator and ground water
together is 3-8 million cubie }ilometrcs. He has warned
that, in the light of the ‘fastly increasing population,

scarcity for fresh water will be felt within a short perod
of 300 years, throagh out te worl-:.

3. Dustribution of water in the world—-

3-1. When averages are worked out,
that the availability of water resources all over the world
ies satisfactory. Asia is the richest in water resourcos
and South America is the sccond ; the two countrics posses-
sing about 34 per cent and 265 per cent of the total water
resources respectively,

32, Most of the Asia

it may appear

L countries are fortunate to
have high rates of precipitation with annual average preci-
pitation of about 300 to 500 cm. in Malaysia 250 e¢m. in
Indonesia and Philippines, 125--500 cm, in Bangaladesh
250 cm. in Taiwan, 100 to 500 cm. in Sri Lanka, 112 cm.
in India, 120 to 250 cm. in Thailand, ete.

33. In Africa also the precipitation is comparatively
heayy a8 in Tanzania where the average annual rainfall
varies from 100 to 200 cm. in different localities. The
ra.mfal'l in the European countries are still losg for example
the rain fall in Norway is 140 em. and that Poland and
Sweden is about 70 ecm. Whie in South America there

e Adviser, Irrigation Project, Kerala Government.
ia] Lecture on 19—9—75 at Madras.

Lecture delivered on the oceasion of - the foﬁn
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« wood rain-fall as in Brazil where the average m‘m_uu-l

coipitation is 200 em. in the North America precipita-
preciprtation )s = L Tt is derstood.
tion is as low as 75 em., as in US.A. t is un ti :
that one sixth of the total fresh water discharge .lrom
all the rivers to the occans in the world, is from the Brazilean
rivers,

34, The potential of water resources in the Mi('i‘d.le
Bast countries is very miserable. In places Lk(e Ku\\raltl,
there is no surface water at all; here the average a,nnual
precipitation is only about 13 em. The a}reragezgnnua,
precipitation in some other countrics are raéx: 503;,
Iraq—15 cm., in most of the area, Isrealf2- 1?'{) .
in the inhabited area (therc are pla('zes with 10 101{1.
rain i 1l also), Jordan-—10 to 20 em. There, some of t hese
eountries are depending entirely on desalinised water.

3:5. Inspite of such large quantitics of water ave 11
able in the world, it is well known that many regions in
the various continents experience acut(? shortage of wgter
because of great variation of run off with respect to tlmf%
and location. The time variation in run-off can be success-
fully tackled by constructing storage reservoirs, but Y;)Lrlg.-
tion in location can be compensated only by interbasin
transfers.

4. World’s demund of water—

1. The major quantity of water resources I any
couitlrv is utEliJs_vd lfor agriculture. It is.foun(.l tihat,
about 70 per eent of the total demand of water is for irriga-
tion. This is incvitable as the production of food grains
is the basic requirement for thg existence of man.
Paddy is a semi aquatic plant which require standing
water to a small depth. Research studies are in progress
all over the world to find out methods to reduce the quan-
tity of water required for irrigating paddy. Revolutio-
nary changes have been effected in irrigating dry garden
crops.- Sprinkler irrigation, for example is adopted widely
as it requires only smell quantity of water compared to
occesional flooding methods. But evaporation lossess
are considerable. Now drip irrigatipn is foun'd to be
most economic as the minimum required quantity can be
available at the root zone without losses.

4-2. Another important utilisation is for the produc-
tion of hydro-electric power. This is the_c}%eapest 1n:put
for the production of power as the source is 1nexh.a,.ust1ble.
There is the added advantage that the water utilised for
power production can be utilised for other purposes also,
eventhough not in full.

4-3. Due to vast industrial progress achieved during
the 19th and 20th centuries the demand for water has
increased considerably in industrialised' countries. As a
matter of fact, the demand of water for mdustrnesl is much
more than the demand for drinking purpose. For instance,
the manufacture of one litre of petrol requires 10 litres of
water one tone of cement 3,500 litres of water; one
-gone of steel 20,000 litres of water and one motor car 162,000
litre of water. This will show the's big demand of water,
for some common industries. With giant strides being
made in industrial progress, this demand is sure to increase
alarmingly. :

4.4, The demand for drinking water supply is incres-
‘sing day by day. About one billion or one third of the
“world population lived in urban centres in 1960. By
the year 2,000 A.D. about 3-1 billion or half of the then
world population are expected to live in urban areas.

A survey in an undeveloped country during 1967 showed
that about 356 per cent of the nrban population had some
-form of municipal water source ; Twenty-three per cent
were provided with piped but inadeguate  supply and
12 per cent were served with public faucets.  The remain-
ing 65 per cent derived their water from water ways, irriga-
tion canals and private wells. To illustrate this point
let us take the case of Madras City itsclf. This eity had
experienced acute scarc:ily of water for drinking purposes
last year and there was even a threat of evacuation of
the city. ‘

45, Navigation is another field where water is
required in large quartitics. In most of the countries,
especially in developing countries inland water transport
is a major and cheaper method of transportation. To
maintain navigable draft in rivers, lakes, cansls, ecte.,
‘especially during dry months, a continuous supply of
water has to be maintained.

4-6. Watcr is required in large quantities to prevent
salinity in fresh water sourccs. In states like Kerala,
-which has a Jong coast line and vast areas of low lying
fields near the coast, rivers and lakes have to be depended
greatly for irrigation and for other needs and once fresh
water supply is reduced, salt water intrudes from the
sea. To prevent this and to protect the fields and als
industries, a continuous flow of fresh water has to be main
tained in rivers,

4-7. Ome peculiar phenomenon noted in vast arveas
-of low lying paddy fields in Kerala is the prescnce of acidity
which rises up from the lower strata containing decayed
organic materials. This happens when fresh water depth
is reduced in the surface. This acidity has to be washed
away periodically failing which the paddy crop will wither
away. Considerable quantity of fresh water is required
for periodical flushing and washing.

4-8. It can be seen that in all fields whether it is ir the
field of irrigation, hydro-electric power industry, wateg is
drinking water supply,. or in other fields, the demand of
increasing rapidly. Every body has felt the necessity for
the planning of water. - Such planning calls for action
several years in advance. This is necessary because i4
takes time, effort and money to plan for water and obtg in
this in required quantities from wherever it is available and
use it to the best advantage. In any Government,

“several departments deal with water and therefore this
planning calls for co.ordinated work so that the necessities
of water for all concerned are provided for. This is how
the water resources planning came into existence,

5. Assessment of water—

5'1. In planning for water the first and foremost requjre-
ment is the assessment of the available and utilisable quan-
tity of water. The world’s available fresh water is found
either as surface water or ground water. Hydrology is
that branch of science which deals with the water as 14
occurs in' the atomosphere, on the surface of the grbund

and underground. 1tis not yet possible to call hydrolo
an exact science becanse, when given a factor such as
rainfall, one cannot accurately deduce the resulting difsposi.
tion of the water in scientific and mathematical termg
“This inaccuracy is due to the great éomplexity of th;
hydrologic cycle, the lack of accurate observations}
data and the almost innumerable combinations of hvdrolo-
gic phenomena that occur in nature, ’
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and all over the world, offorts are made to assess the quanti-
tics of both. While somewhat accurate data may  be
available about these two factors in limited arcas, much
remains to be known. In hydrology we cannot cxpect
exact answers hut only  best  estimation depending
upon the length of period for which 1'(jlntblc data is available.

- At present widespread data is available regarding surface
water. but comparatively very little is known about ground
water.  Of coursc in countries where water is a scarce
material as in Isracl, the knowledge about ground wator
mav he more comprehensive, but this is not the case in most
of the other countries.  In India itself where we have got
& very long history of the utilisation of water resources
mueh remains to be known about ground water resources.

53. One of the principal projects of the International
Hydrological Decade, (1965'—74). which‘m continued 'lfltO
the post deeade period as part f international Hydrological
Programme (1LH.P.) is the assessment of the world water
balance or the gross distribution and movement of water
in the total carth atmospheres system. To assess the
amount of water inits various environments over the earth,
requires monitoring  and mousur'emeut over the globe at
frequent intervals in space and time. These data have
to bo colleeted in a uniform  and as constant a manner as
possible. In the present system. the observations are
often  incomplete and non-uniform and very long time is
required to get the data. There is ample evidence to
indicate that remote =ensing technology  applied from
satellities  and aireraft can be a very useful tool in obtain.
ing obscrvations that permit rapid and continuing assess.
ment of the world water balineo.

5-4. Using spectrometric instruments flown in meteoro-
logical satellities, nscfull data can be coﬂoq’rod to estimate
precipitable water in the atmosphere. Simitarly snow and
ice falls can cusily be monitored from space making it possi-
ble mapping of snow and ice.  The feasibility of delinating,
mapping and measuring the ar.ea,l extent of ' suraface
water has been demonstrated in several instances,
Mapping water depths in shallow w;}tor was found possible
utilising the property of penetrating the water by the
light in the visible wave longths.j Thus estlma‘glon of the
surface storage is feasible. Geological interpretation of high
altiutude photography and by infrared measurements, the
detection of the presence of ground-water and some quanti-

4.

tative agscssment is possible, butTassessment of deep ground

water may not be possible,  Anyhow, we can expect
2 more correct est'mot’on of world water balance, in the near
future. Tdl then we have to depend upon conventional
micthods.  Most of the countries are gauging the important
rivers and rainfall data is collected extensively, A corre-
lation is made botwgcn these two and the water resources
is assessed now.  Kerala State has done the evaluation of
15 water resources sometime back and it is found that this

is very useful for all development works,

6. Vit w3 uSES of water—
¢-1. Some of the major water uses are listed below:—

o1l Nature.——W&?ef 'gsed for all naturel purposes,
o oration and transpiration by natural vegetation,
‘Eva:]‘ “ting the products of the geologic weathering
transpo tg huild the rich alluvial valleys and maintain
.pr(.)cesi%‘;zm tv by transporting the dissolved salts to the

ther v T

Yea, ete.

.distribution system, i.e.,
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612, Culinary uses.-—Dirinking, bathing, waxhing,
cooking, ete,

‘ 613, dyriculture~Growing agricultural crops. This
Is‘t,hc major use. From 500 toas much as 5,000 tonnes
of water are required per ton of crop.

6-1-4. Industry.--Cooling, processing, washing, ete.

145, Powe .
G:1:5. Power.--For hydro power, steampower, and
atomie power.

6:1-6. Nuvigation.—Waters of high scas, lakes, rivers,
imd' canals arc used for navigation, including shipping and
national defence.

6-1-7. Transportation.—-Many materials  ineluding
hydranlic dams, sewage and pollutants are mixed or suspen-
ded in water are transposted-

‘ 6-1-8. Flood-control.—Reduction of flood by diver-
sions, water spreading storage.

6-1-9. Municipal.—Fire fighting, parks, sewage
disposal, lawns and shrubbery, strect washing and house
hold nses.

6:1:10. Recreation.-—~Swinuming, boating, water sports,
fishing.

6.1.11 Mining.- Inhydraulic mining and material
transport.
6.1-12. Acquaculture.—Culture

of fish and
marine lifc.

other

6-1-13. Land building—Changing land use, controll-
ing erosion, revegetation, urbanisation, etc. These cause
changes in the water routing.

6114, Pollution and quality contro{.—Storage or
receiving waters are used for detection, mixing, oxidation
and sedimentation.

6-1-15. Aesthetics.—Water used for beauty such as
natural ov artificial lakes or pools. water-falls, fountains,
cte.

6-2. Many of the above mentioned uses overlap in

specific use functions.  Most of them conflict with other
uses in one way or other.

1. Water management in an irrigation project—

71. In o major irrigation project, water is stored,
conveyed and supplied to the field. I have alrcady said
that the major use of watcr is in irvigation. Hence to
effect any ecconomy in the utilisation of water special
attention has to be given in the field of irrigation by way
of water management, Water management is defiped
by A.A. Bishop as spacetime-quantity: quality altera-
tion of the water resources in and between various water
uses to meet socictal goals.” Let us sce how we can have
water management in irrigation, There is loss of water
in the reseryoir by way of evaporation and somstimes by
seepago also,  There is Joss in” canals due to evaporstion

aud mainly . due to secpage and there is loss in the fisld

due to excess supply, ete.  Of these, the losses in the

in the canals f i
part. orm  the major

¥
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1.2. For dosigning new carth canals in project we
have got certain standards regarding the a,llowancju t,‘o
8s made regarding secpage losses such as 8 cuscos pui
ane million square feet of wetted perimeter for main carfle'
6 cusces per one million square feet of wetted pvrlmetef 011
brauch canals. ctc. When quantified the losses may work
out to 15 to 20 por cent of the irrigation requirement.
But in actual practice it has been noted th?.t the scepage
losses is 30 to 40 per cent in severe] cases. cheral-reasons
may be attribvted for this, such as, the proper%y of thei
so’l, poor quelity «f construction, preserce Ol severa
ombanknients, inefficient management, etc. By llr_vng a
canal, the losses can be Il'edu.ccd consuzhmbly a_n(l it will
be proved finelly that lining 1s'vco§10m.|cal lff r;: lm.od ?-ma]
is properly designed.  Reduction in size 0 t e cana al}
sonsequent savings land ¢ cqu.sition, savings in annua
maintaivance cost and reduced chances of pilferages arc
oxtga henefits in addition to the savings in water by see-
pege. The height of the dam and thus the capacity of
the reservcir can be reduced if the canal is designed as
lined, as the requirement of water is reduced. Thus the
modern trend is to design the canals lined cana.,l only
as ix the trend in the construction of modern highways
where always a dustless surface is provided in any new

important highway.

7.3. Another aspeet to be considered is the depth‘ of
water to he maintained in canal.  When a canal is running
half full, the quantity of water lost will be less than in
the ease when it is running fqll. But the perccnt;a.ge
loss will be less when the canal is full, as the increase in
wetted perimetor is comparatively sma.ll.. Henoe if an
intermittant system of supplying water 1s adopted, it
may be possible to keep full level in most of the canal.
This aspect requires more study.

7.4. The modern trend is to utilise more 'and more
ground water, and where a surface water distribution
system is available, conjunctive use is recommended_ to
effect huge savings in water. Earth is a porous medium
and even lining materials are not water tight. Hence
there is huge losses from canals. There is also consider-

_able losses due to evaporation. The Irrigatior Commis-

gion has pointed out several instances of h}xge losses in
the oxisting canal systems throughout India. 1t seems
that in certain cases, the losses exceed actual utilisation.
In undulating terrains as is available in Kerala, the pre-
sent system of distribution poses several problems.

7-4.1. Losses will be more as the canals have to be
taken through very high terrain.

7.4:2. The canals are costly as landis very dear and
large areas of occupied garden lands have to be acquired
for the construction of canals.

743, A large number of costly structure such as aque.
duot are necessary to cross each valley which are numer-
ous, not only in the ecase of main canals, but also in the
case of branch canals.

7.5. In any case, it is essential to effect economy in
the case of utilisation of water. In olden days when
demand was less it might have been possible to divert
any quantity of water to the field whether it is used by
the plant or not. But as demand increases. availability
reduces correspondirgly and hence the only alternative
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is to modernise the canal systems a
of wator management so thak
call be retained.

8. Water Management in the fields :—

8.1. Apar® from the cconomy of water in canalsjecono-
my of water is to be cffected in the ficlds also. When
water is let into a field for irvigation, it is used up in three
different wajys. '

81-1. Evapo-transpiration which includes the actual
requirement of the crop, and also evg poration from the
field and from the plant. :

8.1.2, Seepage, to either a lower field or te the sub”
surface water table or by deep percolation to the lower
strata. '

8.1.3, Wastage from the field either by spilling or by
flowing outside the field through outlets.

8.2, Water management in the fields attempts to
reduce the quantities utilised in items 1 and 2 above and
to avoid item 3. Wastage in evapotranspiration is caused
by weed growth. This ean be controlled by removing
weeds in time cither manually or by applying chemicals.
This will limit evapotranspiration to the actual minimum
quantity for the irrigated crop alone.

8.3. Seepage in the ficld depends on the nature of soil
and also on the depth of standing water in the field. Stand-
ing water is required for crops such as paddy and sugar
cane. Hence it is essential that these crops should not
bo raised in soils having excessive seepage rate, say more
than 8 to 10 mm. per day. In highly porous soil, dry crops
can be raised which require only occasional wetting of
the top soil in the rootzone. Porous soil can be used for
raising paddy and sugar cane without wasting much water
if there is some impervious layer just below the root zone.
In Kerela there is an area known as Onattukara, where
the soil is sandy and highly porous, but paddy is raised
in this area for the past several yeers depending on rain-
fall. When detailed soil survey was conducted in con-
nection with an irrigation project is was discovercd that
there is a thin layer of clayey zone at a depth of about
1 to 1-1/2 metres which reduces the seepage considerably.
If such a condition can be created artificially in’ porous
soils, the seepage losses can be reduced considerabiy:.

8.4. In another coastal region in Kercla where the soil
is purely sand, a novel method is adopted by the local
people to raise paddy in limited arcas. They remove the
top sandy layer for a depth of about one metre and clay
brought from distant places 18 spread for a thickness of
20 to 30 ecm. Paddy is cultivated in the clayey soil. But -
here _the advantage 18 that the water table is very high -
and hence, the crop gets assistance from the ground water,
without any pumping. )

8.5. At least in some places, impervious trays with
concrete and other materials are built and padd{r is cul.
tivated after filling the tray with suitable soil. This is
done to prevent seepage, and also to prevent entry of
salt water in to the field in marshy areas. Wherever
feasible and economically viable, such methods can he
adoptec to save - precious water,
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. "‘3_(3, The depth of standing water in the field is an
jrdportant factor. People want to maintain higher depths
a water in their fidlds mainly to reduce growth of weed
andlso Aue to the fear that water at shallow depths
will g6t heatadup quickly and may adversely affect the
plant. Rescarch Studies have been done at several stat.
jous regavling the optimum depth of water to be maip-
evined and it has been found that the optimum depth for
paldy is 2.5 em. to 5 cm. Maintaining a depth above 5 cm,
will reduce the yield and at the same time increase sce-
page loss.  Anyhow this is a field where experts on agri-
cuitire can do lot in research studies and in educating
wvie enltivators.

87. Tield efflciency depends on supplying the exac.
quantity of water required for irrigation to a field. But
saveral people prefer to have running water in  their
fickls i.c.. to have a continuous flow at a low rate. This
they want except during the period of manuring. But
once the cultivator understands that there is consider
able outflow from the field by way of seepage and in-
flow from the irrigation canal, he may be  satisfied
with standing water alone. Where field to field irrigation
by flooding is practised instead of direot supply to each
field, some losses and inefficiency are unavoidable.

9. Economic and efficient use of water :—

We have already seen now that fresh water is not
plentiful in this world and its demand is increasing evory
day. One of the methods of conserving water is to use
it cconomically and efficiently in all its uses. In water
supply systems we have all learnt the verious methods
employed to reduce the amount of water being used
and also losses in supply. We use the intermittant
suppy in some cities and you are all familiar here about
this in Madras. The losses in transit are avoided as
mitch as possible and non-leaky taps are to be wsed in
distribution systems. In Kerala in the olden days a
brass vessel  (Cheppukutam) with a narrow neck was
used for taking water for personal needs. By this vessel
water is used most  economically., I understand that
Arabs introduced this vessel in Kerala as in Arabia, water,
is very scarce. In Irrigation and Agriculture, we have
already scen how we can economise on the use of water
Regarding industry, one of the methods now employed,
is to use water again and again after purifying it each
time. A number of industrial plants in America operate
on such ‘‘closed water eycle’’.  This not only reduces the
demand but also prevents pollution of streams as there is
no wste of water. Inall other uses of water also, various
methods ean be found out for economicaland efficient use.,

10. Multipurpose reservoirs i—

10-1. Reservoirs are only artificial lakes formed
behind dams for storing water for a variety of wses.
These uses are iI.‘r‘igatiOX.l, hydro-electric power, munici-
pal uses, industries, navigation, flood control recreation,
etc. A reservoir when use@ for several purposes is known
as a multipurpose reservoir. In the planning for water,
reservoirs play a very lmportant part as the construe-
jon of reservoirs for various uses is the main method
of conserving water. Though this 1s.kn0wn to everyone
:vhat is not cpmmOlﬂy 11'1; ttifStOOd' is that unlesg th.e
reRervoir is designed to :: l Th:r:?;l:ulpi!l e o
not fu'fil these purposes: re, helore & reservoi
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is designed, the vurious uses of it must be detuiled out
and a complote study made and the reservoir designed
to fulfil these purposes. The storage space for cach
purpose must be  caleunlated “and aliocated and this
i3 known as reservoir storage allocation. “lhough it is
& fact that a reservoir may serve several purposes there
are somo condicting characteristics in their vse  Power
and  trrigation reservoirs  are ol sreatest talue
whern full, while flood reservair. are of e ber value
when empty as long as possible in order that their entire
capacity may be available when needed. From this
it will be clear that the allocation of rescrvoir storage
becomes a subject of serious study and judgment

10-2. While planwieg for reservoirs, one thing to
be taken into account, is that these reservoirs can be
constructed ecoromically only” in the upper reaches
of rivers. Thercfore when a reservoir is planned &t a
particular site then this should be designed in such a
way that the entire flow available at the site at least
can be stored herc for their various uses round  about
the reservoir. If this is not done, then after some yoears
if it is found that more water is needed here then it will
not be possible to construct one more reservoir here or
nearabout economically. Therefore cach river hasin
must be examined for the various uses of water and the
number of reservoirs and capacity nceessary in each
basin predetermined so that all the avaibible waters in
the river areimpounded in these reservoirs in a cortain
period of time for the maximum use for all purposes.

10-3. In tho planning for reservoirs what we are
familiar is designing the capacity of the reservoir for an
average year’s flow and using this water in one ycar.
But rich nations plan reservoirs with ‘‘Carry over
Storage’’, by which the capacity of a rescrvoir is designed
much more than an average year’s flow and the surplus
flow in one year is impounded in the reservoir to be nsed
in the second or third years. While I was in U.S.A.
in 1958, T happened to sec 4 reservoirs constructed in
Misscuri river in which the entire average flow of 4 years
can be impounded without a drop of water being let down
in any year. Such planning can only be done by rich
nations. There is therefore difference in the planning
of rich and poor nations. Tt is like a millionaire plan-
ning for wealth for his children and grand children and
an ordinary man planning for wealth for his children
alone and a poor man planning for himself only,

11. Trans-basin diversion of water 1—

11-1. Civilization first developed in an environment
requiring irrigated agriculture.  Most of the arable soil
in the Humid regionare used for erop produetion. The
world population is growing at a rate of 2-1/2 per cent
per year. FAO has estimated that food supplies must
increase at a rate of 3-1/4 to 3-3/4 per cent per year to
maintain a slight improvement in the gencral nutrition
situation. To increase further food and fibre production
we are moving to the arid and semi arid lands that com-
prise over 50 per cent of the earth’s land surface. The
majority of the developing countrics are located in the
arid orsemi-arid ones,

11-2. The total water supply of this planet is essen-
tially fixed. But the demand for water as population
has increased and uses have multiplied has risen tro-
mendously. It has been estimated that between 70
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and 80 per cent of the water developed by man is con-
sumed in agriculture. Thus man must find ways to
inerease food production by more cfficient development
and use of the world s limited supply.

11-3. Water resources pr(_)ble}ns arising because <')f
uneven distribution of run (?ﬂ with respect to sll)acedzlua»
more complex and chall(fngmg and have to bet'mvn e
in a manner some wind snml‘l vt £ the transporta 1011..'{)}1'.()-
Dloms of other resourees. "l (‘al.lspi).l't,zl:blon'of wa.ter) \\..l 1;:1'
a drainage basin and (llstl'll‘)lltwl()ll is pra_chse(.l cXt(llthe v
all over the world.  But mterbzysm dwersmns are 1‘1.0t
0 common, but there are many (leY(wlop('d COunm}es
as in Uniiod States. Many ot the tnajor \\fa,ter transfer
systems have been uonstmctyd for gllpplylng water to
urhan  areas  and not for a_gncultuml usv-' In‘
Lndia and in certain  other countrivs tral}sf('r o.f \lva,tel
from one basin to other has been made for agriculture.
Several countries are planning such projects recently.
Australia, Middle East countries, Great Pl.ams' of Ur}lpcd
States of America are some _of the countries in addition
to India planning such extensive water transfer.

1.+, One mwjor factor to be reckoned with is the
emotional aspeet of water transfer, Pt_:ople \vl]llencoui'-
age resource dcv(zlopm(‘,x}t such as 011., timber and lfleta 8
but will stubbornly resist the transfer of water a source
which nature veplenishes every year. Once metals are
mine or oil is pumped, the resource 1s gone ; whereas the
annual rains replenish the water supply. Legal battles
have lasted several years 20, 30 or even 40. Once public
emotion is removed from water transfer many of the water
transfer projects will move forward. A mgmﬁcan‘q factor
is an adequate supply of food for the wprld pogu_la.tlon and
if transfer of water will help developing additional area

it should be encouraged,

11-5. The position of India W_ith regard to the water
transfer can be examined, _Indla has substa,n_tla.l water
resources but their distribution over the land is uneven.
The uncertainty of occurrence of rainfall marked by pro-
longed dry spells and fluctuation in seasonal and annual
amount is a scrious problem for the country. Large
parts of the country comprising areas in the States of
West Bengal, Bihar, Uttar Pradesh, Haryana, Rajastan,
Gujarat, Madhya Pradesh, Maharashtra, Ar}dhrq Pradesh,
Mvsore and Tamil Nadu are not only deficient in rainfall
but also subjeet to large variations. There are a total
of 160 million heetares of drought affected areas in these
States. About } of the people in India live in this area.
It is common sense that we cannot evacuate the people
from the drought affected areas but we can take water
to these areas. In order to increase the area under irri®
gation in these drought areas it is necessary to .consider
schemes for importing water from outside -the basin.
Interbasin transfer of water is not a new concept in India.
Mauny such schenies have been constructed already, the
important of which are:

1. Periyar Diversion Scheme.
2. lﬁliili'éol-(}uddapah Canal.
3; »yrambikulam A}iyar Project.
Rajasthan Canal, Béa,su Sutlej Link, Diversion from

Ramganga into Ganga are some of the important schemes
under construction.
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11.6. Ganga Cauvery link is a mighty proposal to
link, Gangesin the north to the Cauvery river in the south.
This is the main project in the proposed National Water
Grid of India. Connecting the Sone, Narmeda. Tipti,
Godavari, Krishna, Pennar and Cauvery basii s this link
is more than 3,600 km in length involving a lift of about
350 m; this link will handle a discharge of 1,700 cumices.
I had the good fortune to preside over a seminar on the
national water grid in 1972 at Delhi where the top most
Engineers in Irrigation and Power attended. As is the
case with any other major water project, Gangu—Catvery
link has a long history. This scheme was first suggested
by Arthur cotton (1803—1899) about 150 years ago.
Later Sir M. Visweswara Ayya (1861-—1962) studicd this
project in detail and tried to gather popular opinion in
favour of the scheme. Dr. C. P. Ramaswamy Iyer, Dewan
of erstwhile Travancore State strongly supported this
project but he was also not in a position to  create interest
among concerned authorities at all India level and  thus
the project remained in cold storage. Recently when
the engineer—states man Dr. K. L. Rao became a minister
in the Union Government of India, he took personal
interest in the projest. The Government of India associ-
ated the UNDP in the studies and a team of U. N. experts
visited the area during 1971 and 1972 and submitted its
report during 1972. Kven if the project is taken up in
full earnestness, the preliminary investigation will take
3 to 5 years, and the detailed investigation will take another
b years. The cost of investigation alone is estimated
to be about Rs. 300 million. The execution of the pro-
ject is estimated to cost Rs. 29,000 million and may take
20 to 30 years’ period. perhaps we may have to wait
for better times to see that the project is taken up. Mean.
time other smaller projects of trans-basin diversions can
be taken up to increase production of food crops, produ-
ction of power and other amenities. S e

12, Artificial Rain : -z

12.1. Weather modification is a new phase of hydro-
logy, of which artificial rain making is an important item,

There are two general categories of clouds in the context

.of weather modification (1) cumuliform cloud with hori- -

zontal aud vertical dimentions roughly equal, ofter

order of 1t010km and (2) Stra%ifg;chlouds olrolgt};:
clouds which have a horizontal dimention hundr Y
thousands of times.the vertical. While the vertical dimen
tion is less than 1 km (some times only a few hundre(i
metres), the horizontal dimention may be of the order of
hundreds of km. Cloud seeding have better chance

eds or

Mcgess with cumuliform clouds then with layer cloud(;f

12.2. For the formation of rain,

. ] existence of ;
mechanism is necessary. four

(1) A mechanism for cooling the water

ded by the adiabatic reduction of pressure i
motion of the air).

(this ig provi.
n the upward

(2) A mechanism for condensation (this is i
) ro
in the atmosphere by condensation nuclej conin)stiZldecf}
small particles, having affinity to water), g.

(3) A mechanism for droylet growth

(4) A mechanism of sufficient intensity to

. . rod
accumulation of ‘moisture to cause rain fall, procucs,
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19:3. Previously presence of e crystals was con-naturaldrain for any locality. The man knowingly os

aidered to bhe pro-requisite for (:onup(sncing precipi-
tation procosses. but precipitation has frequently been
ohzervidd to fall from clouds which are entirely in region
warmer than 0°c. A large number of attempts were done
with sceding the super cooled clouds with ice-crystals in
the hope of initiating the growth of water drops. The
exporienee in Australia and in America has not definitely
proved that rain fall imcreased due to cloud seeding and
further  observations  are  considered necessary.  But
Tseacli artificial ran experiment gives  consistant in-
crease of 1892, i precipitation. In India experiments
were conducted with warm cloud seeding at Delhi, Agra
and Jaipur carlier. The secding was accomplished by
spraying dilute salt solution or by blowing up finely
powered salt and soapstone mixenre into the air, using
ground  basad generatons. It iy considered that the
precipitation increased up to 40% in these experiments.

12.4. Recently some experiments were donc at
Madras and at Nilgivis by American experts. They
sprinkled silver iodide from an acroplane in the clouds
which cooled the clouds quickly causing precipitation.

12:5. During its passage over the Arvabian sea and
Bay of Bengal, the monsoon eurrent picks up eopious
moisture but precipitates only about 20% of it as rain
over India. If it is possible to tap ju’t another 109,
of the incoming moisture during the monsoon season
by artificial means, the total rainfall in the country
could be increased by 50 per cent with consequent
gain in run-offi.

126, Artificial rain making has ill effects also. It
i3 reported that cloudsseeding has bhecome so eommon
" in the United States that 23 States now have laws against

it, since the precipitation of rain in one state may effect
its noighbour. There is no scientific basis or proof to
the belief that the artificial rain in an area will be followed
by a drought next year. There is the danger that mani-
pulation of the weather can be used as a weapon in war-
fare. Tt was {lashed in news papers that during - the
Vietnam War, the American sceded clouds to prolong
monsoon and make the movement of the enemy supplies
~difficult. In spite of such dangers, all experiments in
weather modification for peaceful purpose are to be wel-
somed.

138. Desulinution of sew water:

The occans form aninexhaustible source of water,
Rome 1-38 billion cubic kilometers of water is available
in the oceans. By desalination, this water can be made
‘available for our needs.  Desalination has been adopted
now in practice in many countries though the methods
remain quite costly.  Already Kuwait is using desali-
mated water for its water supply schemes. This method
has also been tried in US.A. and Australia. However, at
present, use of this mgthoc} is limited to countries, ad-
iacent 1o the sea and is still costly. Yet in the negr
future, we wlll.]mve to depend more on desalination to
meet our requirements.

4. Pollution of waler:

14-1. In the hydrologic cyc_le in nature, we get fresh
#vater contile“Hl.\’ l)ut‘t(?nce lttreaehes earth’s surface
ifp starts polluting. - On 1ts Y 0 Ele, ocean o to the

oundwater source, the “'a,lqer Thlsw'ves salts, minerals
And various waste materials. € river course is the

unknowingly allows all waste to be drained to the river
which pollutes the river water. In most of the countries,
industrind wastes pollute she river waters such that it
is not fit to use for any other purpose. The industrial
and other wastes sent to the sea have made the sea watcr
unfit for even marine life.  Applying in huge quantitics
in the fields, pollutes the water reaching the river as
return. and  regeneration How. DPesticides is  another
source of pollution. Waste disposals in the under-ground
arca pollutes ground water. Mining operations, cspe-
cially coal produce huge quantities of acids which pcllute
the water resources of the neighbouring arca consider-
ably. The degree of pollution is increasing in such rapid
rates that many believe wild life will soon be extinet.
Marine life is threatended. Man will drown in his own
wastes, Planet is doomed. Time is ruinning out”.

14:2. In industrialrised countries pollution of water
has become a very serious problem and severe measures
arc taken to improve the situation. In the industrial
field, manufacturers arc made responsible to prove that
the product or the waste is not harmful to the enviroon
ment. Water quality standards arc fixed in  scveral
cities and severe action taken against those who violate
the standards. The use of D.D.T. and similar subst-
ances which are found polluting the water are controlled
or even banned in several places. In countrics like U.S.A.
the restrietions have become so complex that it is feared
that further development of water resources for various
purposes have become very difficult.

14-3. Fortunately in India we have not reached such
a lovel of water pollution except in certain crowded citics.
But we have to think of various specific courses to keep

our water resources as clean as possible, some of which
are ;—

(1) Maintaining public awareness of both the short

and long range consequences of water pollution and the
cost of its control.

(2) Adequate research and development aotivi-ties

have to be done to provide technical solutions to pollu-
tion problems.

(3) Reusc of waste water to be encouraged and

application of advanced waste treatment techunique to
he popularised.

(4) Comprehensive, long range, river basin wiso

pla.ps should be preparcd for the development and utilic
sation of water resources.

15. India’s total water resources und their utilisulion.—

15-1. Lastly, let us examine the water resources
of our country and its utilisation, India is fortunate
to have rich water resources compared to many other
mations in the world. The average annual rain falllis csti.
mated as 112 em. It varies howevor from year to year and
from area toarea. While it isas high as 800 inches in one
place, it is evenless than 20 inches in other places. Moro
than 75 per cent of the annual rainfall is veceived during
South.west Monsoon scason (June—September) in most
parts of the country. The total water that falls on the
surface of India is about 3,704 billion cum (3,000 million
acres fec‘g), on an average. Of this athird is lost by
svaporation; over a fifth sinks into the soil and the

' » * . . . ‘ ft,')

of about 1,678 billion cum (1,360 million aere )
}:&ﬁ?ﬂcguface run off. It is assessed that 40 per .cent of’ tfltlo
total water i.c. about 671 billion cum (544 111111101} acre B
can be utilised for irrigation. Broad grou_nd water s;n'-
veys have been done for many of the areas in the country
¢nd it is estimated that the uiilisable grm'm.d watef ;‘:
gources is about 270 hillion cum (220 mnlhfm acre )
The abudance of this source in the Gangetic ba.mln llﬁ)‘
revealed by the fact that som: of the deep bore holes
yield as much as 150,000 gallons an hour. .

15'2. The dcveiopment of . irrig}alationd hasd notr
opressed much to cope up with the emand o
?r: %mrccordancc- with the availability. At thc'txme of
independence (1947) the net jirrigated area In ‘qhe
country was about 194 million hectares which

29

tonnes which was in sufficient for the then population
of 361 millions. BY the end of the Fourth Five
Year Plan ie. by 197374 “the total irrigated area
increased to 31-5 million hectares and the production
of food grains increased to 104 million tonnes. BY this -
time the population increased to about 550 million,
but the food grains producted per each person was
much more than that was during 1950-51. In other
words India has almost reached the stage of self
sufficiency, which will be completely achieved quickly

15:3 The total quantity of water utilised by 1971
for various purposes such as irrigation, power generation
and domestic and industrial purposes is estimated
to be 3699 billion cum (300 million acre feet) inclu-

corresponded to about a fifth of the cultivated d ing the utilisation of ground water. This is about 40§

i i ir Plan
area at that time. The first Five Year
started in 1951, At that time. the total gross
irrigated area was 227 million hectares and the
production of foed grain was about 50 million

per cent of the total utilisable quantity available in -
this county. It is estimated that by 2,000 A.D,
all our utilisable water resouces will be utilised and we
will be looking all out for additional resources.
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