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PREFACE
SO0OBOE=0 =0=0E -

In this Report, all teohqg&Pgies used in India and the
Middlo East for rain water harvesting on which some quantitztive
information was available have been described, except for
sor:e, like modern dams and diversion weirs, which have been
vory well documeted almost everywhere. Technologies used in
India have been discussed in much more detail than those in
the Middle East, partly because more published information
was acceseible on the former and partly because of difficulties
in planning and organising fravel outside. Techqg&ggies which
aro in the experimental stage but not yet under spplication
(most of them in Israel) have been omitted in the spirit in

which the UNEP undertook this programme.,

My grateful thanks are due to Prof A K N Reddy for help
throughout this study and to the UNEP for financial support.
I thank the engineers of various state govermments in India
as well as the authorities and academic persons in Afghanistan,
Iren and Israel who responded to my enquiries. Space does not

pormit acknowledgement of their valuable help individually,
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CHAPTER 1; GEOGRAPHY OF INDIA

India, extending from 8°4'N to 37°6'N and from 68°7'Z% to
97°25'E, and covering an area of 3428 million Sq.km, exhibita(1’6)

a wide variety in topography (Fig.1.2).

(1) The Himalayan mountain region in the north, about
2500 km long and 250 to 400 km wide. The region has three
parallel series of mountain rangess the Great Himalayas, the
northermmost range, have the highest peaks in the world; the
Middle Himalayas have an average height of 3200m to 4500m the
Outer Himalayas or the Siwalik range,averaging 900m to 1200m

in height, form the southermmoet range.

(ii) The ereat Indo~Gangetic plain stretoching from Sind
and West Punjab in Pakiétan in the wost to Bangladesh in the
east, with an average width of 300 km, formed by alluvium
deposited over centuries by the rivers Indus, Ganga and Jrahma-
putra. At places the alluviwm extends to a depth of 1800m
below ground. The Indo~Gangetjc plain is virtually rainleas
at its western extremity, but in the east receives heavy raine

fall. The plain covers an area of 652 000 sq.km.

(11i) The west coastal plains, stretching from the Capo
Comorin at the southern tip in a narrow belt about 10 to 25 lm
wide along the Arabian ssa coast, ending in the vast plain of

Gujarat.

(iv) The Western Ghats, separated from the Arabian 3Jea
by the Vest Coastal Plains, consisting of hills with an

average height of 1200 m end running almost parallel to tho

e
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coast for about 1600 km from the Cape to the mouth of the river
Tapti. The Western Ghats are mot a true mountain range, but
just the steep eroded edge of the Deccan Plateau, which occu-
pies the major part of southern India. The Western Ghats are
divided in two by the 24 km wide Palaghat Gap, belived t» be

a rift valley.

(v) The East Coastal Plains, running from the Cape along
the Bay of Bengal Coast, with an average width of about 120 km,
and joining the deltaic plains of the Ganga in Vest Bengal.
The big rivers of peninsular India join the Bay of Bengal,

formming deltas through the length of the East Coastal Plains,

(vi) The Eastern Ghats, separated from the Bay of Bengal
by the East Coastal Plains, with an average width of about
200 km, running roughly parallel to the east coast from the
southern end of the VWestern Ghats (for about 1000 km) upto
latitude 21°ﬁ. Tho highest peaks in these mountain ranges
rise more than 2500 m above the sea. They do not form =
continuous range, however, “The mighty rivers of peninsular
India like Kaveri, Krishna and Godavari cut their way to the
Bay of Bengal through the Eastern Ghats. The Eastern Ghats
are not a true mountaim range either, being only the eastern

edge of the Deccan Plateau,

(vii) The Deccan Plateau, stretching from the Western
Ghats to the Fastorn Ghats and boumded on the north by the
Narmada valley, It covers an area of 700 000 sq.km, awml

slopes gamstwards and north'ward.e_..‘ The topography features



rounded hills amd rolling plains,

(viii) Tho Central Highlands, situated between the Indo=-
Gangetic Plain and the Deccan Plateau, amd characterised by

rolling plains separated by flat-topped forested hill ranges.

(ix) The Eastern Plateau, stretching from the Deccan upto

Wost Benéal.

.

(x) The Deccan Platoau is separated from the Central High-
lands by the Satpura range of mountains., This range is difficult
to cross, and has served as a natural dividing line between
the north and the south. The presemce of another parallel
range of mountains, the Vindhya, on the other side of the
Narmada Valley, has onhanced the importance 6f this dividing

line.

A8 already stated, the Vestern extremety of the Indo-
Gangetic Plain receives very little rainfall. Its southe-

westorn ond forms the Thar desert.,

e - CHARTER. 2. 3 CLIMATE AND RAINFALL

< g
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Climateo and rainfall in India are influenced by its
tropical location, the presence of the Himalayés, and the
Westorn Ghats,the sea surrounding the southern part on threo
sides ard by the fact that it is situated in the monsoon region,

1.0+, Whero the dircction of wind changes with seoason.

The monsoon winds are gencrated by the differential

heating of air over land and the ocean by the sun. The occcan
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wator, bocause of its convection and higher specific heat,
expcrioncos a lower rise in temperature during the day than
land. Tho air over the land masses therefore becomss hotter
and lighter than over thoe ocean, giving rise to low'pressure
areas. These "lows" move northwards with the sun from January
to June, and so do the winds, which generally blow from highs
towards lows, Because of the low pressure region cemtred
over India (Fig.1.3) from May to September, winds tend to
blow from the south to the north in this region, but are do=-
flocted to the east on crossing the equator, due to the rota-
tion of the earth. They thus blow from the southwest, and
hence from over the Arabi@h Sea to Poninsular India and Sri
Lanka, an! from over the Bay of Bengal to North=Esst India and
&MQAJ‘-
Burma. The winds piok upvgeigfure over the seas, and depostt
it on India in the form of rain during these montha., These

winds are called the Southwest Monsoons after the direction

from which they blow.

From Octobor to January, the sun will be in the southoern
hoemisphere, and the large Asian landmass becomes very cold,
with a oconsequent high pressure region to the north-ocast of
India., At this time fhere aro low pressure regions situated
ovor Australia and East Africa (the summer of the southern
homisphere). A system of winds is set up under theso condi-
tions which blow from'the'qbrth-east écross Pakistan, India

and Sri Lanka. These winds are known as the Ngrth Zast Mon~

soons, and aro dry except after they cross the Bay of Bengal,

whero they pick up moisture. As a result, southe-ecast India



and Sri Lanka receive rainfall during the winter also(z).

Fig,1.4 shows the averag§ dates of onset and withdraval
of the monsoons at different places in the Indian subconti-
nent(g). Rainfall begins (ignoring the "pre-monsoon" showers)
in Sri Lanka during the last week of May and covers Tamil
Nadu and half of Kerala (Sece Fige.l.1 for the political divie
sions), the southermmost 'htel.' of India, by 1st June, when
the sun is already halﬁvaf’ across the Deccan, The south-
westerly winds after producing ra;in in southeast India cross
tho Bay of Bengal, where they pick up moisture again, and
below into Burma and Bangladesh which receive rainfall around
the seme time. The southwest monsoon is thus distinguished
by its two branbhos, named respeotively the Arabian Sea

Branch and the Bay of Bengal Branch.

Fig.1.4 shows that the Ara.b:l.é.n Seé Branch steadily advances
northwards across peninsular India and covers the western state
of Gujarat by the ond of June. In the meéntime, the Bay of
Bengal Branch spreads §v'b;f¢.he mrtheas‘éiérn-' states of India
by the first week of June'.‘ The winds are deflected westwards
by the Amakan hills of Burma and the Himaiayas and this branch
of the monsoon thercafter progresses in the western direction
along the Gangetic Plain. By the middle of June, thz two
branchos merge over Uttar Pradesh and progress towards Haryana

and Punjab.

Tho amount of rainfall at various places on the Indian

. subocontinent depends on th.;evt Orrographicé.l features and the



-6

distance from tho coast még?nred,along.the monsoon current.
The wostern Ghats forco the Southeast monsoon winds upward,
loading to moisture condanéhtioﬁ and heavy reiffall on the
lost Coastal Plains. This .loss of moisture results in a
considerably lighter rainfall east of the Western Ghrats.

Thore is, in fact, a rain shadow effect in this arce-. This

is 1llustrated in Fig.1.5, which shows tho isohyectal linecs
connecting points of equal average anmual rainfall. Parts of
Gujarat, Punjab and Rajasthan as woll as Pakistan rcceive

much less rainfall than the neighbouring regions becauvsoe the
monsoon winds are obstruptéﬁﬂby the Aravalli Hills, cast of
which there is good raiﬂfali; The southern part of Assam
recoives very heavy rainfall again due to Orogranhic causeé;
tho Khasi Hills (moan altitude 1500 m) catech tho 3ay of Bengal
Branch in a rolatively narrow valley and deflect it upward.

As a résult, the town of Cherrapunji in this region rocords
the world's second highest annual average rainfall of 1142 om,
Heavy rainfall similarly ocours jin the Outer Himalayan regions

p

of Bhutan and Arunachal Praébsh; :

On Junc 21, the sun begins its southward journey from the
Tropic of Cancer, which;ruﬁb a little north of the Deccan
Pltacau. By this date, thafmﬁnsOon covers almost the whole
of India. Rainfall coases 4in northwest India aréund 1st Septo-
mber, by which time the sun'is situated well to tho south
of Sri Lanka. The monsoon withdraws from India gradually as

shown in Fig.1.l4, rduggng#Qche same way as it advanced.
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Southoast India and Sri Lanka oxperience, as already stated,
a socond bout of rainfall (the Northecast Monsoon) during

tho winter, which ords by the middlo of Decembor in India.

To summarise, the rainy season lasts about 6 weecks during
July ~ fAugust in northwostorn India and about 6 months during
Jun@ -~ Decembor in tho southeast, The latter region roceiv:s
about 52% of its annual rainfall during the Southwest Monsoon
and tiho rest during the Northeast Monsoon(z). During the
months from Juno to October, a nmumber of depressions form
ovor the Bay of Bongal and there is a high pgggability that
a fow of them will movo inland across eithof the cast coact
into tho Peninsula or the Orissa - Bengal coast into the
Gangotic Plain(k). 'These moving depressions have a lifc oFf
4 - 5 déys and can cover considorable distancoes in this
intorval. Dopressions also form over the Arabian Sea, but
vory few aro likely to move into India. Rainfall occurs

ovor a wide arca under tho tracks of these depressions (uptd

about 500 lm wide), normally of the order of 10 cm - 20 cm

- por dAay. Maximum rainfalls of 99 em in 24 hours in Guiar-i

and 90 om in 24 hours in Bihar have been recorded under

thoso depressions, which contribute a significant proportion
of tho annual rainfall over an arca extonding from the nortiiern
coast of Andhra Pradesh to the Punjab Hills., Tablo 2.1

shows tho numbor of depressions which moved inland, in
difforont months, over a 69 - year period from 1891 to 1960.

It is soon that ono dopression each month can be expocted to
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cross inland from the Bay of Bengal from Junec to October, some-

timos more during July, August and September.

T.3LE 2.1 NUMBER OF DEFRESSIONS MOVING ‘INTO INDI/ DURING 69
YELRS FROM 1891 to 1960
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In the
month of
From tho

Bay of 0 1 o 9 27 56 88 98 98 65 134 L
Baongal
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From the
Arabian 0 0] (0] '3 2 8 4 0 2 8 6 (0]

Soa

D D OP S T 0 ey s GO @S s G G G B T G G Ge GD SV D A G S W VN G S G S, ek SO WD G D S e U R > P D D S G0 W G A Gh G En e D e e e

Jan Fob Mar Apr May Jun Jul Ausr Scp Oct Nov Dec

During April - May and October = Novembor, whon the Inter-
Tropical Convergencc Zone passos over the Bay of Benga1‘7),
hoavy thunderstorms occur. Severe cyclones may cross tho

wost coast causing devastation in the coastal regions.

Tablo 2.2 shows the moan rainfall disiribution in India
according to region and sehson(s), as well as the mean annual
rainfall, Rainfall in any individual year may vary on eithor
side of those figurcs. Generally speaking, variations from
the moan are lowor in highor rainfall areas, and vice Versa(g).
In the Arunachal Pradesh area, the standard deviation is about
15¢ whilo in the somi-arid Rajasthan region, it is of the
ordor of 60%, roaching 80% in the desert region(h).- Fig.1.6

shows the averago number of rainy days (days on which the

rainfall is at loast 2.5mm);per year in different rogions.



TABLE 2,2 = RAINFALL DISTRIBUTION IN INDIA

----------------u—-—---—-.'-----u—p-----—--—-—--—------—u---——--- - ag "

Averago Rainifall in cm

Moteorolo=- commmmmensdATing L - Agoiaiolinnual
State gical Sub-  Jan~ March Juno- Oct~- eintall, cm
' division Feb ~ -May Sept Dec
SRR S SRR < BN SR - T - T Y (.
Andhra Coastal rcgion 2 7 56 34 99
Pradesh Tolongana 1 7 78 11 97
Rayalaseoma 1 7 39 19 66
Assam,
Arunachal -
Pradesh,
Moghalaya, North 6 59 151 17 233
Nagaland, South 5 64 162 25 256
Manipur,
Tripura,
Mizoram
Bihar Plateau 5 - 10 11 10 136
Plains 3 7 . 104 8 122
Gujarat Gujarat - 1 84 L g9
Saurashtra & .
Xutch IR - 55 4 59
Haryana v
& Dolhi Haryana & Delhdi _6' 4 60 5 75
Jammu & Jammu & IS
Kashmir Kashmix 10 18 36 5 2
Korala Kerala ] 48 166 54 272
Madhya East L 6 122 8 140
Pradosh Yest 2 3 96 6 107
Maharash- ~Madhya - .-~ -~ 1 5 53 11 70
tra & Goa Marathwada 1 3 65 9 78
Vidarbha 2 4 97 B 111
Konkan & Goa - 4 222 13 239
Karnataka Coastal Region = 16 295 23 334
: Interior North 1 7 58 13 79
Interior South 1 16 42 22 81
12 120 . 19 155

Orissa Orissa L

Contd.
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1 2 3 4 5 6 7
Punjab Punjab 6. 5 g 4 64
Rajasthan East 1 2 63 4 70

Yost : 2 26 1 30
Tamil Nadu Tamil Nadu 6 12 27 53 98
& Pondichorry
Uttar Pra- East 4 4 96 7 111
dosh Wost 6 L 90: 5 105
Wost Bong- Sub Himalayean 3 41 219 17 280
al Gangetic 4 18 113 16 151
Himachal Himachal ‘
Pradesh Pradosh 10 13 118 12 153
Islands Andaman,Nico=~- ,
bar and Other 14. 49 160 72 295
Bay Islande :
Lakshadwoep
& Othor Arae 1
bian Sea b 20 99 . 34 57
Islanls

Due to the seasonal concentration of

tho country, techniques

ovolved,

- —————

for storage

These tochniques vary from

doponding on the terrain, soil types

2

He.

the rainfall throughout
of rain water have
one ragion to anothcr,

etc.

XX
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CHAPTER 3 : RIVERS OF INDIA
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Indla " ha# a large number of rivers draining into the
Arabian Sea or the Day qf Bengal, apart from a few deseriy
rivers which flow for « small distanrce and'disappear in the
sands of the Thar desert. !1 of them each carry more than

10 000 million m-

.of water on an average every year, the

two bigrest being the Brahmaputra and the Ganga respectively.
Next is the Indus, on the banks of which an angignt aivi~-
lisation flourished, and from which the name of the country
is derived. The estimated total annual average discharge
carried by these 11 rivers 13(“) 1.56 X 10'% w7, 47 other

: 11
rivers are ¢stimated to carry a total of 1.23 X 10 m3,

number of minor rivers 1,17 X 10" m3 and the deserf rivers

1010 m3 of water each year on an average. The total averacge
annual discharge carried by the Indian rivers is thus 1.01 X
1012 m3- (ef the Amazon, which discharges about 6.3 X 1012 m3
of water per year). The total annual flow in all the rivers

of the world is estimated to be 27.14 X 1012 m%, so that the
Indian rivers account fbr'é;]% of the total runoff, draining

. 2.2% of the land area of the'WOrldp'

The three biggest rivers, the Ganga, Brahmaputra and
the Indus.are fod by snow melting'in'eummer, and hence
carry substarntial discharge throughout tiie year, though
the peak di:.charge cceurs during the mohsoon. The other
rivecs being purely rainfod, either dwindle or complatel
dry v+ during the postemonsoon months. Fig.3.1 shows the

important river: of the subcontinent.



CHAPTER 4 ; SOILS OF INDI

D S5 7 @0 @t U0 Ve B Gn B A0 @8 DS S G0 e o WS e M G A WY WD o Y

Figel.1 shows the soil map of India, which has four major

groups of 8o0ils:

- (4) Alluvial

(11) Black

(ii1) Red

(i1v) Latorite and Lateritic.
(1) Alluvial soils form the largest group, covering an area
of 1.5 million sq.km, deposited as silt by the mumerous rivers,
They are found mainly in the states of Punjab, Rajasthan,
Uttar Pradesh, Bihar, 7est Bengal (the Indo-Gangetic plain)
and Parts of Assam and Orissa. They also occur in the valleys
of the Narmada and Tapti in Madhya Pradesh, and of the Godavari,

Krishna and Xaveri in South India.

(14) Blaok soils constitute the second largest group, spread
over about 550000 sq.km. They are derived from the lava
deposits of the Deccan Trap under semi-arid conditions, and
are found in central and western Madhya Pradesh, southern
Orissa, southern and coastal Andhra Pradesh, northern Xarnataka
and almost the whole of Maharashtra. They also occur in
parts of Gujarat, Rajasthan, Uttar Pradesh and Tamil Nadu.
They have a large clay component, becaise of which thoy swell
when wet and shrink and develop cracks when dry. They become
sticky vhen wet énd are therqfore difficult to plough under
moderately high moisture céhtent.' These soils are rich in
nutrients like potash, iron, lime etc., and have good moi-

sture-retaining capacity.
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(111) Red soils are found over an area of about 350 000 sq.km,
and are the product of the weathering of ancient crystalline
meotamorphic rocks like granites, gneisses and schists. They
occur in learge parts of Tamil Nadu, Karnataka, Northeast
Andhra Pradesh, Southeast Meharashtra, Madhya Pradesh, Orissa
and South Bihar. Red soils have sandy to loamy structurc =nd
are genorally porous with a lower moisture retaining capacity

than black soils., They differ greatly in fertility.

(iv) Laterite and Lateritic soils cover an area of about

250 000 sq.km, and are found in the hill regions of the 2cccan,
ilarnataka, Kerala, Madhya Pradesh and Orissa. They arc composed
of hydrated oxides of iron and aluminium, with the iron oxide
sometimes separating in the form of nodules., The texture

of the soils ranges from heavy loam to clay. They are low

in fertility.

The other soils covering the rest of the country cen be
group od under (é) forest soils, characterised by organic
matter derived from forests, (b) desert soils found in the
somi-arid and arid regions of Punjab and Rajasthan, cherz-
cterised by a mantle of wind-blown sand, (c) saline and
alkali soils, found in Punjab, Uttar Pradesh, Maharashtre
and Gujarat, at places where soil drainage is poor, and
(d) peat and marshy soils, which occur in small pockets in

Kerala and north Bihars
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CHAPTER 5 ; TANKS OF PENINSULAR INDIA

51 Introduction

The practice of putting small earthen dams (called !bunds')
across small local streams to collect the rain water running
off tho neighbouring region is very old in south India and
Sri Lanka. The reservoirs so formed are called Egggi, and }6(
the wator collectod is used for irrigiizoﬁ as woll as domestic
purposcs. The waterspread of these reservoirs varics from
a few hectares to a few thousand hectares, depending on the
nature of the terrain, rainfall, natufe of the land downstream,
runoff from the catchment etc. No effort is made to treat
the catchment to increase the rﬁnoff, since the tan''s are
built in arcas of moderate to heavy rainfall. Thore are
about 500 000 tanks in India(g), a majority of which is to be
found in Peninsular India. A large numboer (about 100 000)
of small tanks are found in WNest Bengal, but they ciffer

from tho tanks of peninsular India in that they =2re excawvated

in the ground, rather than formed by obstructing a ctream.

A

Tho ideal site for a tank satisfies the semeo conditions
"as that for any other dams firm foundation, a recasomnably deep
gorge at the bund site so that the length of the bund is
small, and nearness to the‘éourco of good soil.to build the
bund. Since the quantity of water stored is small, one cannot
afford to loose much of it in conveyance, and 2cnce it should
be near the ﬁlaoa of use .8+, a villege or the area to be

irrigated by the tank. Sometimes, when a stream is large,



many tanks aro built in "series" along its length, so that

water flows to a lower tank after the upper onos are filled.

5.2 Compononts of a tank sysiom

Tho focus of a tank is the bund, which is built of soil,
and whoso top is at a fixed level. If flood water flows over
tho bund, the bund will brecach rapidly due to erosion. Thérc-

“ spefion v "
fore, a "wastoc weir" is provided, which is simply a maconry

wall of suitable length whose top is at a level lowor than
the top of the bund. Excess water will escapc over this
wasto weir, and is usually conducted back to the lower rcaches
of the stream through a channel. The top level of the wzste
weir theoreforce is the "full tank level" (EE}) and detecrmin:s
the amount of storage in the reservoir. Tge waste woir may
be built alongside the bund or at any other suitable location
around the perimetoer of the reservoir. The maximum flood
likely to occur in the stream during the life of the tan!
should bo passed harmlcssly by the waste weir, i.e., the

maximum water level (during flood) in the tank is bctween

tho top of the waste weir and the top of the bund. The
differonce betwecn the maximum water level and tho top level

of the bumd is the "freec board®.

A tank usually caters for both domestic and agricultural
needs. In northeastorn India, fish are cultivsted in tanks.
Water for domestic purposes is manually transported in pots,

and therofore stops are provided near the deepcst part

of the bund, since wator is available there longer tkan in
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any other part of the tank. W¥ater for agricuiture purposcs
is tranSpértod through a system of channels. Nogmally tvo
main channols, onc on each bank of the stream, are ta%en out
at a2 levol betzggg the FTL and the stream bed. 4All tho land
lying botweon the main channel and the stream is 'commandcd!
by the channel, and the actual aroa irrigated by the distri-
butaries and/or the main channel is the 'achkat!. T2 channel
takos off from the lake through an intake situated in the
bund, and tho discharge is controlled by a gate or =~ pnlug
valvo. Somotimoes a good tank site lies across a very minor
stroem which cannot fill the planned lake, In such o case
wator is diverted from a neighbouring stream into it through

a feodor channel.

5¢2.1 Th ale bunds The older bunds were massive (cf. §5.9),
and werc made ontirely out of locally évailable mud. Thoey
woro trapozoidal in section, and flat side slopes werc used.
In the bund at Madaga (Karnataka), for example, sideslodcs
of 1 vertical tolz.s horizoatal (in somo places cven 1:3)
are usod. Hugoe boulders were often used to protoct thos up-
strcam slope from erosion (Fig.5.1). Modern tan% bhunds, how-
over, havo a cross soction similar to that of earth dams
(Fig.5.2).‘ They consist of a 'hearting', made of imparvious
earth (o.g., clay), a *casing' made of local earth, = cut~
pff wall, again of impoervious earth, t aken deep onousgh into
the ground to meet the imp rvious stratum underneati and
drains to 1had seepage safely across the bund, The

hoarting, cuteoff wall and tho drains all scrve to keep tho
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downstruaﬁ part of the bund from becoming vwet, as otherwisc
the souning wator will orode the bund from the roar. Fig.5.2
shows the 'seepage - line' which is the boundary of the wot
part cf tho bund. Tho roar slope of the bund ic coverod with
turf to provent orosion from rain. The front slope {on the
vator side) is protected from sloughing and orosion dus to
vaves Dy mcans éf stone pitching from the bottom u-to the

oxpoctod lovol of the weves above tho maximum wator leovel.

Tho bund is built using human and animal labour. A4s a
rulc, no machines are used, The earth for the casing is ex-
cavatod at some distanco upstream of the bund position, trans-
portod by hullock carts, and dumped in layers throughout its
longth. Tho casing aid hecarting are simultaneously built up.
Tho c¢arth is automatically ocompacted as construction progre-
ss08, duo to tho walking of numcrous men, vwomen and animals.
Bosides, a bund takos two to threg years to build, and the

rains during the period also help in compaction.

5.242 The intgke : Ths outlet from the lake into an irrigation
canal is through an intake tunnel across the bund (Fig.S.B).
Tho flow is controllod by a gate (or a plug valve in the case
of small tanks) operated by a lead screw installzd in the
upstream side of tho bund. Approach to tho operating plat-
form 18 ovir a small stool bridge. The funnel is lined with
masonry, and it is important to onsure a good watortight

Joint betwoeh the masonry and the carth to preve=t orosion

of the bund at this joint.
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5.2+3 Fegdor channels : If a very good site for a tank does
not have a good catchment, tanks are nevertheloss built thore
and a channol is dug to comvey water from a nolghbouring

catchmont into the tank. Such channels are called feeder

channols. The feedor channels take off from cither the bed
of a strecam or from an auxiliary tank. In the former caso,

a divids wall servoes fo divert the flood wajer into tho
channel (Fig.5.4a). The divide walls are tempor~ry structures
built out of mud and river sand just before the floods. A
little dAistance from the stream, a control gate strﬁcturo is
built in the channol, which can shut off the flow aftoer the
tank f£ills (Fig.5.4b). This is necessary since the tank is
built in a local depression, and not in the vallecy of a.

roasonably large watershed which can discharge = flood.

This type of feeder channel, in order to convey adequate
quantitios of WAter which will be available only during
floods, has to have 2 large cross scction. It will sometimos
bo cheepen to build an auxiliary tank at the hoad of the
feedor channel to have some storage, and convey thre water to
the main tank over a longer period than the flood duration
through a small feeder channel. Such a channel as several
advantages over the other type. It is less liable to silt.
If the channel broeaches during a heavy rain, tio auxiliary
tank can bo shut off till tho channel is repaired ~nd water

could be fed to tho main tank later. (Fig.5.5)

Fooder channols may be several kilometres long, amd are
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alignoed approximately along a contour, They thercfor. colloct
rain wator which runs off from the wntershed abovo thom and
convoy it to the tank, in addition to drawing off wator from
the stroam or auxiliary tank at which thoy start. Feoder
channols are loft unlined, since they function only during the
floods whon the soil is wot, and there is litfle sccp~ge from

thom,

5.2.4 Tho wgsto weir t Tho waste weir is a very important
componont of the tank and should be designed to disch~rge

tho m~ximun flood likoly to occur during the lifeo 6? tho tank
without tho water lcvel rising above the designed mximum,

In many tanks, tho waste wedr is situatod at an oxtrcauciy of
the bund, so that the amount of masonry construction is small,
Somotimcs it is lovel with the ground, and in rocky ~recas,
ovon cxcavation by blasting the rock is done tb form tho
wasto woir (Fig.5.6). Vhero tho top of the wasto weir is
nabove the ground, a rather flat slope pavod with stonecs is
providod on its downstream aide (Fig.5.7), so that the surplus
wntor flowing out does not scour tho ground below the bund.
If tho irrigation channel takes off at = position between tho
wasto woir ard the bod of the stream, the surplus watoer
channol, on its way to the stroam,will cross tho irrigation
channol, and a structure must be built at the 1ntarsection

to manage the crossing.

53 Terrain suitablo for tanks

Tanks used for the supply of irrigation wator must hold a
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roasonably largo quantity of water. On the other hand, the
bund should not bo too long, so that it would be cconomical
to build. From the samo consideration, not too much land
should he submorged by the water which fills tho lake. The
torrain suitéblo for tanks is therefore of undulcting nature,
with hillocks or raised mounds in the gaps betweon ﬁhich
short bunds could be built, with fairly steop slovncs so that

a large quantity of water could be stored bolow a given
contour. Such undulating terrain contains mumerous watersheds, .
bounding small catchments, so that the flood to be dischargod
by tho waste woir of & tank in a given catchment is not too
hoavy. In such a torrain, very long canals from rivers such
as thoso in the Indus valley basin cannot be economically
built, and tanks with their shorter canals thereforc fill the

nood.,

718548 shows the rogion around Bangaloro, a typical tank
torrain. It is a LANDSAT photograph taken in February 1973
with a scale of about 1:1000 000 (eaéh millimotre reprosents’
about A km on the ground). Tho monscon ends in this region
in Novombor, and the black patchés represont the tanks still
containing water. The photograph clearly shows the numorous

small stroams and the tanks built across them.

Fige5.9 shows a small part of this rogion, photographod
from the top of the Nandidurga, a hill 40 km from Bangalore.

Sovoral. tanks can be recognised from this. photograph.
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In contrast to the typo of tanks discussed so far, somo
tanks areo built by oxcava@igg the ground, and not by constru-
cting a bund across a stream. Thoso dug tanks are found pri=-
marily in Wost Bongal and Bihar, and aro used to rocar fish.
Othor statps wheoro such tanks cxist are Orissa, Assam, Manipur,
Uttar Pradosh and Madhya Pradosh. The tanks collict rain-
wator running off the ground above them, and once filled,
soaled from rain water on all four sides by emban'mreants
(Fig.5.10). Wherc water for the tank is supplied Ly =~ local
strcam, the tank is oxcavated sufficiently far fron the streem
to avoid tho flood wators. It is ostimated that 4 to 10
hoctares of catchmont area‘is requirod to fill onc hoctaro

of tank bod.

Fish tanks are best built in nonrocky sites with ot lcast
2m deop topsoil. The water tablke should behigh, s> that
too much wator is not lost by seepage (the ratc of fall in
wator levol over a year shbuld be less than 1 mctr;). The
catchmont aroa should be covered with vegetation, 350 that

811t does not enter the tank along with rainwater.

5.5 Qu 0os of water h este

Table 5.1 gives the area irrigated by tanks in relation
to the total irrigated area as also the density of tanks in
various states of India. Tho figures are valid for the

yoar 1963. Curront figures are not available for -1l arecas.
x
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Tiough tho absolute magnitudes have changod over the years, the
rolativo valuos are still valid. It i5 seon that around 40%
of the total irrigated arca in the ocast coast states derivos
its Water.from tarks. In many other stateé, the contribution
from tanks is significant, though not to tho sano cxtent as
in the oast const states. Individual tanks have storazo
capacitins waich vary widely from one reglon to another,
Irrigation tanks are built in Karnataka to store as littlec as
200 000 m3, whilo in Msharashtra the minimum capacity con-
sidered for such a tank is 1.4 million m3. Thers are big
tanks in Tamil Nadu which store as much as 100 million m3 of

water.

Tho uxact total volume of water collected in tanks is not
available, but a rough estimate may readily be made from the
area irrigated. An average of 0.8m depth of water for irrigation,
1.3m for seepage from the canals(1o} and 1.8m for evaporeation
( §5.6h) (this assumes the tank bed area to be equal to the
irrigaled area, cf §5;63) over the total tank - irrigated area
of 4.55 million hectares gives an average storagns of 351700 m3
of water per tank., The ‘average area irrigated »ner tank vorks
out to 9 ha. The total amount of rainwater storad in the tanks
of the three southern states of Andhra Pradesh, Tamil Nadu
and Karnataka emounts to 9.7% of the anmial rainfall over

the area. »

546 Some problems of tanks

Tanks heave several advantages: they serve local communitiss,
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Tzhle 5,1 = Tank Adistyripution
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in thousand hectares

B St e el g a4 Contri.. Total Tctal P:nk
Population, Area irriga- Arca irri~ bution lznd numbex der.zity
State millions ted froim all gated from of ta.:s aree, of Ter
sources tanks $o irri- thowv- tanks 1m?
gation, send
Anchra Pradesh 43.5 2567 ‘292 W1.5 27648 56700 0.z
ASS 14,€ 613 0 0 7345 0 C
Sinar 56 o4 1973: 276 14,0 173,53 27800 0.16
. Manarashtra 50,4 1080 : 191 177 3075 48100 0¢16
Guja—at - 2647 720 16 2,2 136.0 20400 0.10
Jan-u and Kashmir ko6 230 0 o] 222,2 o] C
Kerala 21,3 ~ 336 ks 13.4 3849 1500 0.04
Medhya Pradesh 41,7 , 952 151 1549 Lh2.5  bo200 0,09
Karnataka 29,3 8&3 355 4o.2 121.08 36500 0.19
- Orissa 21,9 1028 412 4o.1 155.8 1700 0,01
Tazil Nzdu 1,2 2460 928 577 13C.1 31400 0o24
Purjab 13,6 3154 6 0.2 500 200 0004
Rajasthan 2548 1790 165 9,2 3hk2,2 Mot available
Uttzr Pracesa 8843 5013 413 8.2 20kt 140000 0.8
Test Sengal i 3 1336 364 27,2 ©7.9 100000 1.4
Total 554 504500
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they can be built with local material and skills and they take

a short time to construct. They are however besect by several
probiens, important among which arec silting, breaching, seepage
evaporation, submergence of cultivahle land and vecds. These

are disvwussed in some detail below:

5.6.1 S41flpgs Silting is a serious problem with tants. The ')<
tropical rains often consit of sharp showers, ani *2a Mot

Weather proceding the monsoon will have rendered tha soil

particlos loose. Considerable erqgigg thoroefore t:-%as place,

loss in forest areas and more in cultivated or uncultivated

aroas, Tanks are nlmost always in the midst of cultivafed areas,
since the irrigated area should be situated near the tank in

order to minimise loss of water by seepage through thc sides

of canals., Tho réto of erosion of soil, as measured at large
reservoirs(11), is ostimated to be of the order of 600 to 900 m3/
hmgtovery yoar. This is carried as silt by the strean, to be
dopositod in tanks, reservoirs or carried into the sea., For

large catchments, the orosion could be as high as 2250 m3/km2/
yoar(12).’ On an average, the storage capacity of a tank

docreasos at the rato of about 0.5% per year duc to silting.

The irrigation canal intake is kept at a level whicix allows a

104 "doad storage' which will ultimately be filled with silt., <o)t 9%%.
Tho solution proposad for the silting problem is lisht affor-

ostation of tho catchment of the tank, banning cultivation of

the foreshoro lands and construction of small chec!: dams up~

stream to trapn the silt.
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5.6.2 Breaching of tho bund: This is the most ssrious problem
NSaliak
with tanks. A case study(13) in Andhra Pradesh revealed that
20 tanks included in the study had suffered a totel of 38
broachos; 14 times due to the bund being overtopped by flood
wators, 16 times duo to orosion of the bund, 5 times duo to
‘piping!, where seepage water flowing below or through the
bund took away soil partieles when emerging to the surface,

and 3 timos due to unknown reasons.

Most casos of overtopping of the bund occur due to in-
sufficient capacity of the waste weir. In the above case
study, tho committee concluded that on an averagze, the flood
surplussing capacity of the waste weir was 23% of txe OSfi-
matod maximum flood. Sometimes local farmers, in order to
increase the storage in the tank, raise the level of the
waste weir crest before the monsoon, but do not restore it
befora the floods., This might result in overtopping of the
bund. In the case of a 'series' of tanks, where many tanks
are built across fhe'same stream, the overflow from the up-
stroam tank filling the one on dOWnétraem, the brnaching of
an upstream tank is likely to cause successive breaching of
the downstream tanks. This risk can be reduced by making
the downstroeam tanks bigger than the upstream ones, and, of

coursc, providing adequate surplussing capacity for all tanks,

5643 Submergence of cultivahle land: Tanks are in general
shallow,bthe typical depth of wator being around ﬁg (ef §5.5).

The waterspread for a meaningful storage is therefore large
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vhon compared with big conmventional reservoirs. Sinco tanks
2to built in tho midst of agricultural lard, tho =arza submerged
hy a t.nk represonts loss of cultivable lzad, Mo iuncrease in
agrice'tural output due to irrigation from the tan's wmust there-
fure moro than compensate the loss of cron dus to submergenco,

——

iZ the construction of the tank is to be worthwhilo,

9)

A samplo survey( in the states of Karnataa, Tamil Nadu

and Anchra Pradesh showed that the ratio of the arca irrigatod

by a tank to that submerged by it is, on the avoer.gco, 1.2 to L2 #s
(13) 25

1.8§. In Andhra Pradesh y for example, the tol=zl areca sub-

morged by tanks is 1 million ha, and the area irrigated by

them 1,25 million hae In particular cases, the ratio may

cven po less than 1. Thoe ratio decreases from ycar to year

as tho lako gots progressivoly silted up.

Under somu circumstances, the submerged land is not lost
for cultivation, as with the "submergence tan's" of Rajasthan

(chapter 7).

5.6 .4 Bvaporations The large waterspread in relation to the

storage in tanks also means a relatively large ovaporation

fronm tha‘lako. Evaporation rate deponds on tho atmosphoric
humidity, temperature and wind speed. In India, the hottest
poriod of the year. is just before ﬁhe monsoon, vhen most
tanks aro almost dry., The windiest months are thoc monsoon
months, when the humidity is also the maximum. As a thumb
rulo, the yeer ie divided into threo periods of four months

oach, and the mean ovaporation loss assumed as follows:
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Wintor (Nov., Dec., Jan. & Feb.) : 75mm/month

Summer (Mar., Apr., May, Jun.) t 250mm/month

Monsoon (Jul, Aug., Sopt. Oct. ) : 125mm/month,
totallianr 1.8m por ysar. Vhile tho actual ovaporation is
close to this figure in Tamil Nadu or Andhra Pradeshk, it may
bo as high as 3m per year in the hot arid regicns of north-

wostern India.

Daspitoe offorts over a long period, no satisf=ctory method
of roducing ovaporation has beon found. Planting of trees on
tho shores of the lake has been suggestod to rcduce the wind

velocity on the lake surfacec.

5.6.5 Sapgpaga ¢ Very scanty data is availablo rcgarding the
loss of stored water by seepage through the tank bod and sides
and bottom of the irrigation canals. A recont study(1u) re~-
vealod that tho averagc rate of seepage from ths b:ad of a tank
in Aurangabad district in Maharashtra is 0.3m/month. However,
thias ratc 4e unlikely to be maintained as the tan!: grows old,

since fine silt is dopoésitod, becomes dense, and progrcssively

S

cuts tho rate of seepage. Another estimate(g) is that 1.2m CZ/?éimﬁ/

of water percolates into the ground througa the tank bed évcry
yeer., It is aatimated(1°) that 4L% to UT7H of the water let
out for irrigation is lost by seepage through tho sides and
bottom of irrigation canals, the main canals accounting for
15% to 20%, the distributaries 6% to 7%, and the small field

channols 21% to 22%.

X
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5.7 @ﬁintenanco

ov M an b U 9 W ow T

Tanks nccd annual maintenance, just after every mconsoon,

Woods and long grass growing on the top of the bund or waste
weir aro to be pulled out, eroded parts of the bund reraired,
ratholos plugged, clogged drains clcared and the unstream
rovolmont stones properly packed. %hen the tank dries up
beforo tho monsoon, accumulated silt in its boc should be

cloered. This, however, is easior said than dcne. In the

carlior days, farmors who cultivated lands adjacont to a tank
usod to dig out, transport the silt and spread it on fheir
lands as manure (silt is cstimated to have a nitrogen content
of about 0.,3%)., With rising transport costs and thc advent of
chomical fertilisers, this practice is now abandoncd, resulting

in more rapid silt accumulation in tanks than beforoe.

Tank bunds aro likely to seottle during the first feow years
aftor construction. The lovel of the top of the bund ;hould
bo maint ained by periodic filling., Any cracks in the hund
should be plugged with a mixturo of sand and clay, cs>ocially
crrefully at the joint betweon the earth and masonry. Cracked
Joints in tho weste weir masonry should be repaircd. Any
scour by the load~off channel at the bottom of tho waste weir
should be filled, so that the weir foundation is not under=-

minoda.

5.6 Costs

The current cost of COnetfuction of a complete tan% system,

X
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inoluding the bund, wasto welr, irrigation canals o»te. is

ostimated, in terms of the arca irrigated by it(15>, at

Bs+6875/ha. Assuming an avorage total storage requiromoent of

39100 m3/ha, the cost of a tan: worke ot to Re 0.18/h3. QQ,Maxﬂw =
40.000 /

The wator is sold to farmers not on the basis of tho ~ctual -

volumo consumad, but on the basis of the crop grown arnd the

aroa irrigated. The average annual roturn works out to about

Po 0.0062/m3 of stored water, which is 3.5% of the initial

investment. Allowing for deprociation and maintenancc costs,

it is obvious that thero ies a large elemont of subsidy in-

volved in the sale of water. But this.is not peculiar to

tanks, &nd is true of all irrigation works in India, though

tho subsidy is smaller with conventional lérgo recsrvoirs

due to economies of scale.

5.9 Exemples

Onoc of tho big old tanks is the Tonnur tank (Fig.5.1),
situatod zbout 140 kin from Bangalore. It is said t> have
boon bﬁilt around 1100 AD by Ramamuja, a religious roeformor,
It irrigatos at presont 300 ha besidos meeting dogiggic
water noeds to neighbouring villages. The bund ic about 23m

high and closes the gap between two hills (Fig.5.11),

The Chembarambakkam tank in Tamil Nadu is another big
tank, with a storage of about 100 million m3 and a wator-
sproad of 23 kmz, irrigating 4000 ha, Its bund is 5 m long
and the wasto weir 203m. The hoight of the bund varies from

5m to 8.5m and the top width 3m to 8.5m. an irrigation
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canals take off from tho tank. Unlike typical tank torrain,
the torrain here is rather flat in tho neighbourhood »f this
tank, which therefore does not lie across any particular
stroam. Instoad, it collects river water and rain watoer flowing
on slopes over a wide region through feeder channels, The
tanks at Veoranam (longth of bund 19 km) and Puniyari {length
of bund 48 lm), both in Tamil Nadu, are other examples of such
tanks., The height of these bunds vary from 1.8m to 3m. Theso
tanks resemble the shars of Bihar (Chapter 7) in appe-=reance

though they function like conventional tanks.

Another oxample of a big tank in Karnataka is the tan'<
of Madaga, whosoe bund is %2? m long, with the upstrezn side=-
slope (varying from 1:12.5 to 1:3) protected by stoncs unto
1 m3 in volume., The botfom width of the main bund varios from
283m to 330m and its height from 27m to 32m. The bund was
built of a mixturc of rod clay and gravel. One saddl: to the
wost and another to thu cast of this main bund were closed by
smallor bunds. No waste weir was provided, and the tank was

dostroyod long ago by floodwaters breaching the western

secondary bund,
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CiLAPTER 6 3 RAPATS OF RAJASTHAN AND PERCOLALTION TANKS OF MAHARASHTR.
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6.1 Introduction

bl T L X T L X X

For small tanks, sometimes the loss of water by cvasoration

and socpage from irrigation channels as well as tank bed is
large in rolation to thoe storages. This, if comhined wit»
porous soil, makos tanks of the kind described in Chaptor 5
unattractive., Undoer such oconditions, tanks can be built with
the sole purpose of rocharging ground water. Sandy or rocky
soil provides favourable conditions for the succoss of such
tant's, since water can quickly porcolate underground tarough
pores in the soil or fissures in the rocks. This water is
stored in an aquifer and can be pumped out of wells constructed
downstream. This type of tank has evolved over a lonz norioed
in Rajasthan, especially in Ajmer district, whoro it is §allod
'Rapat'. The soil horo is sandy, with a clay content of 3% to
9%. Similar tanks havo beon built in Maharashtra also fox
about the past 235 years, and are known there as porcol-tion

tanks. Tho soil at the site of the percolation tanks ic rocky.

Similar tanks aro being experimented with in Isracl too ( §10.3.4).

6.2 Components of a Rggg&

- e W g GRS o WD @y WP S e

A rapat or a percolation tahk, has a structure to impound
rain water flowing through a eatchment, and a waste weir to
disposc of the surplus flow in excess of the storage cepacity
of the lake created., If the height of the structure is small,

the bund may beo built of masonry, otherwise earth is ucod,

———
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Tho Rajesthon rapats, being small ,are all masonry structurcs.

But no irrigation canals are provided, and hence therc arc no
inteko structures or sluices in the bund. Considorations which
apply in selecting the site for an irrigation tank also apply

for a rapat.

If the bund is a masonry structuro, it will have = vortical
upstroam faco., The downstream face has a slopo of 0.7 to C.75
horizontal to 1 vertical (Fig.6.1). The bottom part may bo
built of random rubble masonry and the top O.Mmthickness of
8izo stono masonry. Since the catochments of masomry ranats are
quito small, in most casos the ontire lepgth of thc rap=t will
act as the wastc weir. The relativoly gradual slope of the
downstroam face will also dissipate the energy of the flowing

surplus wnater.

If tho bund is made of earth as in Maharashtra, the section
of tho bund is similar to that of an irrigation tank, oxcept
that the cuteoff trench is taken to a depth equal to half the
hoight of the bund (Fig.6.2). The purposc of the cut~off in
the casv of the percolation tank is just to prevent crosion
of the downstroam slope of the bund due to piping. The cut-~off
should be shallow onough to pormit the percolating watcr to
pass downstream into the aquifer. As with an irrigation tank
bund, the porcolation tank bund has a hearting and a casing,
nnd is providod with stone pitching on the upstream f=co and
turfing on the downstroam slope. A masonry waste woir is also

necossary to pass surplus water. Drains are provided under the
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ound to leed watoer percolating into the bund szfoly downstream.

mo» e . . KX
ha yevenlation tanlis of Maharashira have, on on o7er=70, o

6.3 Torrain suitable for rapats and percolation tanks
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Sirceo rapats and percolation tanks closely r-seiable dirri-
isntion tanks in the principle of storago, the same typo of
terrawn s suited to all three, namely an undulatin; terrain
with valloys which carry the rain water and hillocks. which
provido end points for the bund and whose ridgos dufine the
watorshed. Fig.6.3 shows the LANDSAT photogrephbof the Ajmer
rogion, taken in March 1975. Thore are numerous r=p-ts in
this region. The Aravalli hills are seen runninz in the middloe,
with dry river beds on either side. Fig.6.4 shnows a LLNDSAT
photograph of the Nasik region in Maharashtra, whore norcolation

tanks are built. This photograph was also taon in March 1975.

iy

6.4 Quantitios of wator harvested-pz_rapats and percolation
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tanks

- o pes om o=

Rajasthan boing an arid rogion, the rainfall is low (cf
Tablc 2.2). The quantity of water harvosted by = rcpat is
small, and 1is of the order of 30 000 m3. On the othcer hand,
rainfall in Maharashtra is much heavior, and percolation tanks

arc built with storage capacities from 30000 m> to 600 000 m.

Rapats and percolation tanks do not dircctly irrigate land,

but’charge wells within a distance of 3 to 5 km downstream.
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(Thoy provide, of course, drinking water to neigk>ouring commu-~

nities). The¢ ' numbor of wells which are benefit:. 2 may range

from 3 to 100 or moro, depending on the storage 2nd soermoa-

bility ¢ the soil. The area of land irrigated Yy vells drawing

~

woboe Seom oA rapal or percolaticn tank likowiso rumgoes Srom 2

to 100 hectares or more.-

65 Problems

- tm e e

Liko irrigation tanks, rapats and percolation tanrnks also

facn tho problems of silting, ovaporation and supmergence of

cultivable land, 'hile tho masonry dam of 2z rapalt is ordinarily

capshble of discharging floods; the carthen bund »f o por001a¥
tion tank will be broached if the waste weir capzacity is in-
sufficiert. The maintonance procedures for percolation tanks
arc tho same as for irrigation tanks, Tho dam »f 2 rapat
also ncoecdds to bo inspected annually and weeds must be pulled

out and cracks repaired. bt
v

$ilting is a more serious problom with the small rapats
than with the big porcolation tanks. The ostim toc life of a
rapat varies from 5 to 20 ysars. The anmal deprociatiom on
a per hoctaro basis is therefore high (sometimc: of the order
of Rs,150 poer ha)., After the'rapat fills up with silt, the
farmers dopondent on it will have to revért to thke oarliof

croppins patterns.

A possible solution for this problom would be to eoquip
tho rapat with vents which could be closod manually with

shuttors immediatoly after the silt - laden floscvators have

clo éffaés

Aoﬁ-a%?, kp.
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passed, in & manner similar to the Xolhapur-type bundharas

(Chaptor 8).

5.6

3G
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The avorage curront cost of a percolation tanz in Maharashtra
works cut to Ro 1.0/rn3 of storod water. The cost of » rapat
in Rajasthen also approximates the samo figurec, On the basis
of figurcs for the XKhod taluka (a taluka is the r:zional admini-

stration contre for a group of villages) in Maheccashtra, the

Ar—

average number of wells which draw water from a percolation
tank is 28, This figﬁre a;y di;;er for other ruginns, The
arca irrigated por woll averages 1 ha (this is a more widoly
applicablo figure), for percolation tanks as well -3 rapats.
Howevor, only a part of the water for irrigation comous from
the rap=t, the rest coming from natural-ground water rocharge.

e

Tablo 6.1 gives some relevant data.

- - -

Tablo 6.1 = Some data on rapats and gergolat{on tanks
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Cost of storage

Nomo Storas =~cccgecnea-dooBaa ~—w=  Volume of water
“ ge mi~ por m° of per hectare supplioed/ha

emeeeo__AMonw  water _ irrigation e

Indira perco- g 566 p,1.02 Rs « 3600 3540 w

lation tank
Maharashtral 17)

fﬁf::ﬁrt§§:f°' 0.174 Re 0.86 Rs + 3064 3550 m°

Maharashtra (17)

Sarnia rap?té 0.0229 Re 0,85 Rs 815 956 m3
najasthan(18)
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6.7 Bfficacy of rapats and porcolation tanks
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WVhiio little quantitativo data is available in tho form of
recurd>d incfgsso in the yicld of wells or rise in watcr table
dovngtrsam of these tanks, qualitative assessmonts 57 their
parformance hold them satisfactory. A water balance stucdy of
tho rachpirwacdi porcolation tank(1h) in Aurangabad disirici in 0 3
Maharashtra has indicatod that 0.3m depth of stor-ss sorcolates ’ jZi%L
into th< ground overy month, Some measurements of ths fluctua-

tions in wator lovel in wells downstream have been reported,but

lovels bofore constructing the percolation tank arc n>t availabde.

In tho Xhed and Junnar rogions of Maharashtra, tho numb or
of wolls has incrcased five to six fold after the construction
of porcolation tanks(17); Tho cropping patterns also have
changod as a consequoence, farme}s going in for crops like
paddy and sugarcane where rain-=fed crops iike grgundnuts or
sorghum woro grown earlier. Similar views: are exvcrosscd about
rapats(19). Downstream of a rapat with 15000 m3 storage, 41t
is said that the lovel of water in wells rose by 3m after the
rapabt startod working. Ancther rapat in Ajmer district led to
a 2m riso in tho level of watgr tablo downstream, =xxl wells

which wore earlicer uscd only for drinking water supHly could

nov be usod to irrigate two crops per year.

6 08 EJ‘S‘.&IBEJ.GS
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Tho Indira Talav st Rajgurunsagar near Pune in Maharashtira

(Fig.6.5) is a large porcolation tank with a cabchment =rea
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of 9 km2 and a storage capncity of 566 000 mj. It was built in
1974 nt a cost of k.576000. It has an earthen bund, at one
oad (tke far ond in Fig.6+5) of which there is a rock outcrop.
Tho wasto woir 1s formed by levelling the outcrop. The por=~

colntion tank charges a numbor of wells which irrigate a total

of 160 ha of land.

Tho now Sarnia rapat, under construction now in RajgzzPan,
has a catchment aroa of 3 .84 hmz and a storagoe capacity of
22900 mB. It has a 4i4m long masonry dam, 2.5m above tho stream
be? at the decpost point. The estimatod area »f lnnd thal will
bo irrigated by wells charged by the rapat is 24 ha. The
rapat is expoctod to completely silt up in not loss than 16
yoars, The actual life of tho rapat is likely to be more, since

flood waters flowing to a depth of 0.6m above ths dam carry

away some of tho silt,
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CHAFPTEZR 7 1 AHARS AND PYNES OF BIHAR AND SUBMEXGENCE TANKS OF
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RAJAS”HAN

Som v e o e

7.1 Edﬁ“oduction

The Indo~Gangotic Plain, as already stated {(Chapter 1),
is formod by tho filling up of a trough with alluvium. It
i+ in goncral ﬁiiz land. South Bihar, parts of Rajasthan
(4lwar and Bharatpur districts) and Uttar Pradosh (4gre
district) have undor those conditions evolved ~ water har-
voesting technology called QEEEP in Bihar and Subnorgence

tanks olsewhore. In what follows, 'Ahars!' will include sub-

mirgonco tanks also.

Ahars aro crcatod by building carthen tunds cligred =s
far as possiblo along contour lines (Fig.7.1). Since the
ground whore they are built has a very mild gradient (the
fall is of tho ordor of 10cm in 1 km), the bunds are turned

transversc to the contour lines whore it is desirec to ter-~

minate them, to meet higher ground. Since variations in
ground elevation over short distances are very small, the

ahar can follow local features like roads, property bounda-

rios etc. without any problem. During the monsoor, rainwater
running off the ground above the ahar is collected by it, and
due to the flat nature of ground, vast areas of land are
submerged. After being retained till the sow ing season

all the water is let out downstream throﬁgh pipes embedded
in tho ahar or pumpod to higher land for pre-ha:vest or

pre-sow ing irrigation. The soil which was earlier under

Y
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wator above the shar is then sown (usually with wheat), The soil
in thesc resions has a high clay content, becausc of which its

moisturc retention capacity is high. The crop therefore grows

well without any further irrigation. The submergence tanks

of Rajasthan and Uttar Pradesh also work on the same principle.
The water collected is let out by the end of September so that
sowing can be done by the middie of October. In Rajasthan's
deSort district of Bikaner, similar structures are built, but

the water benefits only the land submerged.

Ahars are often built 'in series', the water let out (or
the surplus water) from one filling another downstream. Sowing
operations in the beds of the downstream ahars are therefore
dolayed a littlo, but the arca of land benefited by this pra=~
ctice is large. However, like irrigation tanks in Series
( §5.6.2), the breaching of an upstream ahar in a series is

likely to endanger the downstream ahars.

An additional benefit resulting from ahars is that brackish
ground water has heoome potable in the neighbourhood of ahars
after thoy areo built, since frosh water collected by the ahar
can oasily percolate into the ground through the soil broken
up evory year by ploughing, Ahars also check soil erosion
by arrosting the flow of rain water. Because of the numerous

outlets from an ahar, there are no silting problems,

Somotimes a strain of paddy is sown in the bed of the

ahar before it fills up, which can grow with standing water.
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Thougn the yiold is low, the effort is worthvwhilu, cspecially

in viow of tho subpsoquent winter wheat crop.

¥hen the .catechment arca of an ahar is insufficiont 4n

submecrge land on a significant scalc, canals known as pyncs’
are dug from a noighbouring catchment, starting at a stream.
Pynos aro inundation canals ( §8.h) akin to thc feodor channels
of irrigation tanks  ( §5.2.3), armd because of tho flatness
of tho gradiont, may bo upto 30km long. Pynos harvos: rain
water from the catehment above them in addition to conveying
water from a strcam. Unlike ahars, pynes have a silting pro-

blam,

T2 gggeonents of an ahar

An ahar consists of tho bund (which is itself popularly
called ahar), pynes if any, surplus disposal works (wasto

woir and gatcs) and the outlets from the ahar,

7.2.1 Tho bund: Tho bund is built of locally available soil,
dug out of borrow pits a little distance upstrecam. Unlike the
bunds of irrigation and poercolation tanks, the ahar bund docs
not contain a hearting or a cut-off trench. Thas soil in the
bund is the smme throughout its scction. The soction of the
bunad is trapezoidal, with an upstream slope of 132 and a down~
strcam slope (also usually 1:2) adjusted to ke:p tho phreatic
line within the bund. This is not oxpensive, 3ince the
height of the bund doos not exceed 3m, and the so0il, bocause
of tho high clay contont, has a low permeability. The top

width of the bund is normally kept at Tm. A froe board of m
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is provided to allow for waves. Tho lengthk of the bund may
vary from 150m to 10km or more dopending on local requircments.
Fig.7.2 shows the bund of the Pawar ahar near Patna. It follows
the curves of tho road to its right, and can be secn disappearing
into tho distance at the far left of the photograph. Thec bund
8lopos arc usually loft unprotected, but in deeper portions,
bouldor pitching of the upstream slope is done. The top of the
bund is somotimes used as a road. While building the bund,
gaps aro loft to accommodate the masonry work involved, such

as tho irrigation intakes and surplus disposal works.

7 2.2 Pyngss Pynes afe unlined imundation cénals, i.0., their
bed lovol at the strcam from which they start is above theo
normal wator lovel in thoe stream. This ensures that they do
not draw water when there are standing crops on the b.:d of the
ahar, and also that they do not breach by drawihg lar ;e quanti-
tios of flood water. Water flows in the pyne only wh:n the
flood lovel in the stream rises ébove the bed of the :yne. Since
tho flood waters carry considerable quantities of sili, the
initial longths of pynes aro often filled with silt arter a
flood, naecossitating a cleaning operation every yoar after the
monsoon. Tho streams which feed the pynes have catchment
areas of 3 to 8 kmz. Sometimos a small weir is constructed
across the stroam to raise its water lovel, so that tho longth

of tho pyne could be reduced.

7.2.3 Surplus disposal workst:t Since the ahar has an carthen
bund, it must be provided with a device which enables surplus

wator to De dischargod without the water lével upstrecai of the
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bund exceeding the permissible 1limit. This job is done by a
wasto woir similar to that in an irrigation or percolation
tank. 1In addition, sluice gates set in masonry structures
(Fig.7.3) are provided at one or more points to empty the
ahar quickly, if required, in tim§ for sowing. Tho gates may
also bo operated as surplus disposal devices in addition to
thc wasto woir. The gatcs are made of stoel plates stiffened
with angle irons, and arc operated by a screw. Their size is
of the order of 'm x Tm. The surplus water is lecd to a local

stroam or another ahar downstream.

7Te2.4 Irrigation intakess The intake for an irrigation canal
from an ahar is vory simple, consisting of a pipe embedded in
the bund. Tho bund is protected from erosion at the onds of

tho pipe by small masonry blocks built around the pipe (Fig.7..4).
The pipe has a diameter of 150 to 300 mm and is laid at the
ground lovel., Since the bottom width of the bund is typically
of tho order of 15m, the length of the pipe is of the samo

order. The pipe may be made of stoneware, asbestos cement,
roinforced concrote or cast iron. Vhen water is to be retained
in tho ahar, those pipes are plugged at the end with straw

and earth.

Fig.7 .4 shows an irrigation canal taking off from an ahar
the bund of which is seen bochind the road. Since the land
irrigated is adjacont to the ahar, these canals thomselves
ofton act as fiold channels in which case thero is no heir-
archical network of main canals, distributaries and field

‘channols as in tho case of an irrigation tank. Tho canals
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aro thorofore of small capacity and closely spaced. The typi-
cal spacing petweon canals is 50 to 100 m and each canal has
its indivicdual intake. If the ahar feeds anothor ahar down~
stroam, there will of course be no irrigation canals., A big
ahar may have, apart from the small channels, soveral big

canals whichh focd distributaries and field channcls,

7.3 Terrain suitable for ahars

The main parameter indicating the utility of an ahar is
tho cxtont of the land submerged by the water storod in it,
tho actual volume of storage being of sccondary impoftance.

A q&EE torrain having a vory mild slope is thoreforce ideal
for tho construction of ahars, Fig.7.5 shows a LANDIAT photo-
graph of the region around Patna in Bihar. The moandeorings

of the rivors and stroams (the big river in the photograph

is tho Ganga, also known as the Ganges) are evidance of the
mild slope and flat nature of the ground. [he namoerous ahars

in the region show up as black patches.

The soil must be moisture-retentive, siice the moisture
absorbod when the ahar bed is under water should suffice for
tho crop till 4t is harvested. A sufficiently high clay content

onsuros this,

Tl Quantitios of water harvestoed

R e

No information is available on the total quantity of water
harvested by ahars. Individual ahars may submergc an area

of 1 ha to 500 ha. Very bigfsubmergence tanks can submerge
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upto 4000 ha, and in addition irrigate an equal area or more,
or supmorge moro land downstream depending on the modo of

operation of the ahar. The quantity of water storcd in an

a
3 to/million m3, and in very big

submorgenca tanks upto 70 million m3. The thousands of ahars

ahar may range from 5000 m

oxisting in Bihar idirrigate a total aroa‘of about 800 000 ha(2o).
Ahar: arc morc officient in the use of stored water than
irrigation tanks, since (1) the percolation losses are small <
duo to the low pormeability of the soil as well as thoabsence
of an oxtensive notwork of channels, (ii) Evaporation losses
during storage above ground are small since tho humidity in
tha atmosphero during the period is high and (1ii) All tho
water required for the crop is stored in the aoii,_and little

of it is lost by evaporation.

75 groblemg
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Ahars are froe from most of the'problems encountoered by
irrigation tanks. The only serious one to be faced is breach-
ing of tho bund. This is due either to water overtopping
of the bund duo to insufficient surplus diépoaal canacity or
to broaching of an upstream ahar., The only answer to this
is to provide a long enough "%EEE weir gnd ensure that the
sluice gates are openod in E&EB} A less serious problam is
orosion of the unprotected élopes of the bund. Theo slopes
aro left unprotected sinco water stands against the bund only

for a fow weoks, ZErosion therefore occurs either by rain or

by waves.
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Pynos havo gonerally a flatter slope than the strcam from
which thoy teke off, and so the veolocity of watcr in the pyne
is loss than that in the stream. The silt in suspension in
tho flood wator thorefore gets deposited in the initial nart

of the pynoe

7.6 Maintonancoe

D e an a o >

Tho bund should be repaired every year after the monsoon,

the orodod portions boing filled and the levels restorcd whoro
any sottlement has takon place., The gate, if provided, should
be.paintod poeriodically. Cracks in the maonsry should be re-
paired. If thec ahars aro fed by pynes, the pynos should be

cleared gof s8ilt before tho monsoon every year,

7.7 Costs

Duc to tho absenco of large networks of canals and bund
slopomwotection moasureos, tho cost of an ahar is much smaller
than that of an irrigation tank or porcélation tank for =
givon storago. Another factor which accounts for the 1low cost
of an ahar is that only the land occupied by the bund itself
noods to be acquirod, whereas for irrigation tanks and »erco-
1ation tanks, tho land submerged by the water at tho full tank

levol must also be acquired.

Accurate cost figures for constructing an ahar are not
roadily available sinco very few new ahars are being built.
Tho thousands of existing old ahars were built by individual

landowners over centuries. A large number of these =aro ouf
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of usc, most of them due to broaching, These ahars are now being
ropairod by tho state govermment. The cost of ropaiping the

old ailars works out in the rango of Rse10 to Rse25 por metre
longth of bund, based on tho figures for 1963(20). On tho

basis of tho arca bonefitod by irrigation, tha cost of ropair

15 Bs430 =~ Bse45 por ha. The cost of a new ahar is osnly slightly
moro than this since the ropairs on which these figures are
baSQd aro quito extenéivo. In terms of the volure of water
storod, tho cost averages to Re 0.05 to Re 0.15 per m3 depend-

ing on tho sizo.

7 .8 Examplos

Tho sabajore ahar(zo) in the district of Santhal Parganas
is 655m long and has a catchment of 1.3 - (rainfall in this
rogion averages 100 cm a year). It benefits an arca of about
80 ha. Its bund has an average height of 2.,7m and tho waste
woir is 4m long, over which water flows to a dopth of 1.3m
during flood,.

Tho Nagri ahar in Patna district has a catchment of 2.6 kmz.

It has a 15m long waste wedir, 5 hume pipe outlots for irrigation,
3 sluice gates of sizo 0,9 x 0.6m and one sluice gatec of 1.5 x
1.2m,

Tho Xasap ahar in Bhojpur district of Bihar also has a

2. It irrigates an area of 40O ha.

catchment of arca 2.6 km
The submorgoence tanks of Rajasthan are bigger in comparison.

Tho Ajan bund(’g)'near Bhargtpur built in 1895 has a bund
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19 km long and 4.8m high at the deepest part. It collects 70
million m3 of water, fed by a channel from a nearby river. It
submerges 4100 ha of land and irrigates 4800 ha more. It has
numerous irrigation outlets, four main canals and soveral waste

woirs.

Tho neoighbouring Chiksana bund has a length of 510m aml
is fod by a 13 km long canal from the Ajan submergence tank
ovorflow, Tho canal also gathers rain watcr running off the
Bharatpur region. The Chiksana submergonce tank irrigates

1000 ha.,
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CHAPTDL 8 : ANICUTS AND KOLHAPUR TYPE BANDHAIAS
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8.1 Introluction

T o A o e R o

Ziversion weirs have boen constructod for centuries in
oy parte of the world across big rivers as well as saall
strcams, Tho weir consists of a masonry dam of small height
(vsually upto 5m). Upstream of this weir canals arc takon off
from the banks of the river or stream to convey water to the
points of use. The dim raises the water level upstream, so
that the canal can bo aligned in higher ground and vwater from
il can flow on to thce flelds at lower levels by gravity. The
dcsign of the woir is simplo if it could be founded on rock,
but large Indian streams usually have beds of sand of grecat
dopth. Tho tochnology of building weirs on sand was unique
to India scveral centuries ago(21). These weirs are called
'anicuits' and comsist of a masonry wall with lons aprons of stone
or roinforcéd concrcte both upstreah and downstroam of it

(Fig.8.1)s Tho aprons serve to dissipate the enorgy of wator

flowing bolow the weir by longthenimgits path, so that particlces

of sand or soil would not be washed away froh under the weir.,
Undermining of the sandy (or other permeasble) found=ztion of

ta. welr is tl:us prevented. Founaations of wells £illcd with
concrete aro nowadays provided to the weir and aprons. The
Grand Aﬁicdt at Srirangam in Tamil Nadu across»the river Xaveri,
built in stono and clay 1800 yoecars ago, was the biggest weir

at the timo(az). It is 330m long, 12 to 18m wide and 4.6 to |

5.5m hich, and is tho oldest woir still working in India.
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Tt hs (21)
It has boon stated that the Delta barrage on the Hile (24km
north of Cairo) built by Mohammod 41i in tho 1830s foilod bho-
causo tho technology of building such structuros on sandy
founiintions was not known to his oengineers. The design of
volrs in modern times has bheen doveloped by Khosln(ZB). who
cvolvod a thoory to explain the failure of some woirs on

pcrmeble founcdations.

Roth anicuts and the canals built upstrcam of them facc
tho problom of silting. Scouring sluices aro provilod in
tho woir at the stroam bed level in the neighbourhood of
canal intakes, so that water flowing through the sluices
carrios away the deposited silt. However, this is offoctive
only in tho noighbourhood of the sluices,; ~nd weirs, 13
tanks, graduaily silt up., The "Kolhapur typo Baff&ﬁ?a" has
ovolved in answcer to this problem and ‘is used in Maharashntra

and some other parts of India as well,

Bandhara is the Marathi term for weir, and tho ¥slhapur
typo bandhara is a weir with vonts throughout its len~th
(Fig.8.2). Thc veonts have removable shutters held in grooves
in tho piers. The vents are open during the floods, which
thoroforo pass the weir with only the piers offoring osbstru-
ction. The silt is carried away by the flow. %then the floods
subsido, tho vents are shuttered up and water collects bhehind
tho bandhara, 'Phis water is puhped to the neignbourin; iiclds
for supplemontal irrigations No canals are bﬁilt to convey

the wator, sinco the quantity of water stored is rolatively
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small. The Govirmmont of Maharashtra has now standardiscd the

dimensions of the picrs, vents etc. for these bandharas.

8.2 Components of a Kolhapur bandhar:
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The Kolhapur bandhara consists of a sories of stonec masonry
picrs (Fig.8.2) constructed across tho bed of the stream. The
piers carry a thin reinforced concrete slab running from one
baﬁk of the stroam to the other. The piers contain groovos to

hold shutters.

8e2¢1 The picrs: The picors are built of stone masonry. Each
pior contains two vertical grooves on either side just beohind
its nose (Fig.8.3). The groovos have a  cross section of

100 x 100mm and have a clear spacing of 300 mm, The pier
rises to a hoight of 4.5m above the bed in the deepcst part
of tho stroam. Tho width of the pier is Im, and the clcar

space botwoen adjacent piers is 2m,

8.242 Thg slab: The slab on the piers, spanning thc river,
is of reinforced cement concrete. It is 1.5m wide and 150mm
thick. It servis primarily as a platform from which closurec
of tho vonts can be carricd out. During floods, the cepth of

wator abovo the slab can go upto 4m or more,

8;2.3 The shuttors: The shutters being used at proscnt aro
of wood (Fig.8.!) in the form of planks about 300 mm wido
and 2.2m long. When the depth ofvwater in the stream has
como down to about 400 mm (after the floods have subsicod),

tho planks aro .owered into the grooves one by one and at
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the sametime the gap between tho front and back shuttors packed
with a mixture of straw and mud (Fig.8.5), till the vents are
blocked throughout their height. Two or three vents at ocither
bank aro ieft open till all other vents are closed, so that the
wator lovel does not risc too high to render tho closingz opera-
tion difficult. Those ond vents are blocked last. The whole
oxcrciso takos one to two weeks to complete. This form of
shuttering is reasonably leakproof, though not completecly. A
problem with it, however, is that crabs nest in the straw-
and;mud packing botween the planks causing progressively larger
loakages and therofore constant attention and periodic plugging
is noccssary. BRBesides, the wooden planks dcteriorate and are
to bo roplnced periodically, New types of shutterin; aro
thorefore being tried, using only one line of grooves, Shutters

fabricated out of stoel platcs and angle irons, with a width
of 640mm and rubber seals at the onds (Fig.8.6) or out of roin-
forced cement concrete, in the form of an arch with stiffeners
(Fig.8.7), with tho same width, arc giving satisfactory results

boesidos shortoning the time needed for closing the vents,

8.3 Quantitios of water used and costs
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The Kolhapur type bandharas do not use all rain water
that comes in tho stroam, but allows the floods to go through.
This is boecausce €loods occur during the rainy season whon no
artificial irrigation is needed. Aftor the rains have largely
supsided, when the runoff from sporadic rainfall or tho

supsurface runoff from the earlier rains finds its way into
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tho stroam, storage in the bandhara begins. Pumping of the
stored wat.r takes place even as storage continues, and it is
ostimated that the amount of water ultimately applioed on tho

fiolds by pumping is twice the storage capacity of the bandhara.

The average cost of construction of the Kolhapur type of
bandhara amounts to Re O,9O/m3 of water stored, or Re O.hS/m3

of wator usod, sinco twice the storage is actually usod.

8.4 Inmandation canals
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I'mundation canals wore used for long in the arid rcegions
of Northwest India and Pakistan to gathor water from tho rivors
and stroams fod bv rain and melting snow in their upper roaches.
Practically tho cntire statc of $ind in Pakistan was dependent
on such carals for its water. The inundation canals is the
simplost of all canals, and is just oxcavated from the bank

of o rivor without any headworks across the river such 2c 2

dam or an anicut. Its bed is at a much higher level than

the riveor bed,.at about the normal low level of wator in the
river in ths winter. During flood, water rises above the canal
bod and tho canal starts conveying water, when the flood subp~
sides, tho sanal dries up. Irrigation in many part; of Sina

is even now done with inundation canals drawing water from the
Indus and i%s tributarios.‘ They flow from April or May to

Soptember oich ycar. Tho canals aro from 3m to 100m wids,

and from 1m to 3m déop.

Tho sloye of the canals is less than that of the river,
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so that cultivable land botween the canal and the river can be
supplicd by mravity. As a result, the velocity of water in
tiie eanal i: loss than in the river, and silt in the flood
wator gets coposited in the initial length of the canal, It is
not uncommon that the bed level of the canal at the end of the
rainy soason is about 1.5m highor than at the boginning(25>.
Tho cannl rcgoulator (a gate) necessarv to control the flow
(25)

in tho canal is therofore provided about 5-6 km from the river

and silt romoval is ah anmial necossity.

An intérosting application of inundation .canals was in
voguo till ebout two.centurios ago in Bengal and in the
Thanjavur delta in Tamil Nadu(26). The flood water with its
3ilt was carried by the inundation canals to the fields in
these rogions, which had simultaneously a good rainfall too
unliko the arid northwestern part of the country. Tho silt
fortilised the fields, the fish oggs which came via thesc
canals into local lakes and tanks hatched there, the young
fish fed on tho larvae of mosquitoes and thus the incidencc
of mnlaria was roduced. The water itself in the inundation
canal was superfluous, and the canal almost flowed full till
its tail ond whero it receoived surplus water flowing ofl the
fiolds. However, durihg tho Afghan-Maratha war in the 18th
contury and the subsequent British conguest of India, thoese
irrigation systoms werce destroyed, never to be rovived after-

wards.,.
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845 Othor sources of water

2ig reservoirs formed by dams of carth, masomry or concrote
vbuilt using modern construction methdds are to be found all over

India, and account for the major part of power generation and

irrigation. These tochnologies are not discusscd here as they

aro vory well documented in text books.

Ground water is another large source being oxploted. The

opon _dug woll, used for drinking water as well as irrigation

water is a common sight in any village. More recently, Eggg-

ygiif aro boing drilled, virtually at the rate of onec por

village in many statoes, to prévide perennial drinking water.

Hand oporated reciprocating pumps are installed in these wells, X
but problems have .arisen due to the frequent breaidown of these
pumps., Efforts by many organisations are under way to improve

tho roliabilit} of these pumps, Tugggglls with power driven

pumps aro also being used for irrigation in northern India
increasingly, though they have not been used on any significant

scale in the south, which is a hard rock area. An irrigation

tubowoell lasts 20 ycars on an average, aftor which it has to
be dooponed. The average area irrigated per tubowell is 80 ha,
if it belongs to tho 'deep' category. There are also 'shallow!
tubewells, which irrigate 3 to 4 ha. The cost of a tubewell
irrigation system varies from Rs.25000 to Rs.150 000 depending

on its depth and the area to be irrigated.

In the Himalayas, from Kashmir at one end to Vest 3Bengal

at the other, canals aligned roughly along contours are dug
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to drav wat r from hill streams or springs. These canals are
known es 'Kahls', The length of the kuhls varies from tkm %to
15Mn{27 « Thaoy have a trapozoidal cross scction 0.1 to 0.2 m2

in area and carry a discharge of 15 to 100 litres/scc. Many

kuils collet rain water and snow melt running o7f the slopes

e——

above them, and occasionally one finds that the discharge
incroases along the length of a kuhl as a roéult. The dischargo
alse veries with the scason. A single kuhl irrigates an aroa
of 80 to 4CO ha through distributaries or by floocding. The
irrigated 1and, being situatoed in hill slopes, is terraced.
Tho system is prevalont at altitudes from 350 to 3000m, i.e.,
in the Outor and Middle Himalayas (Ch.1). Where there is a
significant drop in elevation in the path of a lmhl, the

fall is utilised to drive machinery like flour nills, The
.cosb of construction of a kuhl varies from Rs.3000 to Rs.5000
per km. Fig.3.8 shows the typical Himalayan terrain, photo-
graphed by the LANDSAT, where the Kuhl system of irrigation
is procticed. During the monsoon, many landslidcs occur in
this region, and a mumber of kuhls get damaged. Annual
ropairs must therefore be effocted, at a cost which .averages

Rs«60 per hectare of area irrigated.
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In tho Indian subcontinent, it is estimated that aboutjl_
of the poop.leo livoe in rural areas, depending almost wholly on
agriculture. With a population density of 178 (bascd on a
1971 survoey’) por km2, thore is prossure on agricultur=zl land
to sucr an cxtent that both socioelogists and the govermaent
classify the rural population into landozggrs and 1andﬁi§s
labourors. Most of the cultivation is done using human and
animnal powor. Tho average area of land owned by a family
varics from place to place in tho range of 1 to 2 ha. Tho
family mombers usually all work in the field, and curing
crucial poriods of activity liko transplanting sccdlings or
harvesting the crop, hire the landless labourers., Thus, while
tho land-owning class 4s assured of work throughout the yoar,

the landless labourers have to look for work in the urban

aroas for a part of the ycar.

Tho use of electricity in Indian villages is iimited.
About 10% of tho rural houses use celoctric power, and that
too only for lighting. Hoating enérgy (mainly for cooking)
is mainly provided by firewood, gathered over 2 to 3 man<hours

ocvory day. Some keroseﬁé is also used for cooking.

9,2 §tandard of living

. B - A ST e Gy S . o

With this backeround information as far as India is

concornod, the standard of living is best indicated in toerms
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of soloctod statistical parameters. Table 9.1 givos 25 para-
metoers for India and the middlo eastern countries for the
year 1970, as compiled by the Unitod Nations(27). Tho world
minimim and maximum values of thesé parameters have also been
rilven foxr a relative appreciation., Most of the countries
listod have large rural populations (80% in India). Since
1970, changes arc likoly to have occurred, especially in the
potrolcum exporting countries, but the table will still serve

. a8 an indicator of the relative standards of livinge.

9.3 Social Systems relevant for the Technologles

Tho water harvesting technologies discusscd so far are
very widely applied in the respective regions of India for
which thoy are suited. The donsity of tanks (table 5.1)
in Foninsular India illustrates this. Proper mainienance
and operation of the systems will thereforo be cnsuroed only
if tho boeneficiaries thomselves organisce it. Unfortunately,
howover, local trainingz in technicai skills has not .kt
paco with the application of the technologies, with the
roéult that tho maintenance and operation has to be should-

ercd by the centralised agencies of the govermment.,

A case where the lack of local effort in maintonance
has been acutely felt is that of tanks, which face the
problom of silting (&5.6.1)e Fig.5.12 shows tho cumulative
froquency distribution of the loss of storage canhacity of
tanks duo to silting, as prepared using data obtained during

(9)

~a study sponsbféd by the Planning Commission of Indial
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It is based on a survoy of 121 tanks in Tamil Nadu, =z shows
hat 1% of the tanks wore silted up more than half, and 50%

of the Yanks had lost about a foﬁrth'of their sijorage capacity.
If Fige5.72 18 a typical representation of the :ituation at

aay given time, it is roasonable to assume that it also
ropresents an equilibrium situation, old tanks at the loft

end neoaring 100% silting getting out, new tanks coming in at
the right ond and the rest of the tanks gradually movinz left.
Since “ank sites have almost all bheen used up in the seninsula ,
verv little addition is taking place to thoe tank population.

A timo will therofore come when the riﬁgﬁ end of the grarvh
cva.ls disappearing and the mumber of tanks in uso decicasos

provsrossively.

Roferonce has already been made to the fact that silt was
boing romovod from the tank beds carlier by the beneficieries
(8547)s This used to be done under a feudal system kaown as
'Zarindari', whero large areas of land were owned by 2 'Zamindar!
(lardlord), but cultivatoed by local villagers (tonants) on
the basis of sharing the crop. VWhen the tank bed dricd in
sumner, the tenants were all required to removo the silt anad
sproad 4t on tho fields as part of their duties. This was
moro or-loss slave labour, and the system of Zamindari wes
abo iished soon after India gained independence. No alternative
system, howover, was introduced for desilting the tanks(9).

With tho advent of chemical fertilisers and the incroasing

cost of transporting the silt, the latter soon lost its



atitraction as manure. Loss of storage capacity duo to silt

accumulation has thorcfore now become a serious problem.

Anothor instance where social coogsfation is essontial is
tho oporation of fooder channels from tanks ( @5.2.3). it nas
been stated that divido walls aro constructed in strecams to
divert flood water into tho feceder channels. Thesce walls arc
to Do buily boforo the stroeoam starts rising. The ben:ficiary
cultivators havo worked out a system in which one of them
stands wotch at tho sito and gives a call as soon as the

proper momont comos. Thoe farmers then assemble and quickly

put uwp tho wall. Those who absent themselves would be fined:
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CHAPTER 10 s THE MIDDLE EAST
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19.1 Pliysiography of the Middle East
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Ter the purpose of this Report, the term 'Middle Zast?
covers the territories of Pakistan, Afghanistar, Iran, Iraq,
Syria, Lebanon, Israel, Jordan and the Arabian Peninsula,

Table 10.1 gives the geographical area and population of these

countries, together with those of India and Sri Lanla.

The middle eastern couﬁtries lie in one of the groat
desort belts of the world stretching from the Sahara in Africa
to the Great Indian Desert in the East. Vast areas of land
are occupied by the Rub al Khali and the Nafud desertis of
Saudi Arabia and the Syrian and Jordanian deserts. A 'fortile
croscent! exists alongside the desert in the regions watered
by the Tigris, Buphrates and the Jordan Rivers (Fig.10.la, b

and ¢).

The landscapo in Pakistan prosents sharp contrasts, from
the perpotually snow-clad great Himalayan and Karakoram
mountains in the north to the hot and dry Sind desert in the
South. The Hindu Kush mountain range in the north runs along
the bordor with Afghanistan for some distance before turning
west, stretching upto Kabul (Fig.10.1b). These mountains
cut Afghanistan off from the monsoon, Further to the west,
the Zagros and Elburz mountain ranges in northern Iran play
an important part in determining the climate and formation

of soil in Iran. Eastern Iran is again a desert region.
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Table 10.1 3 _krea, Population and surface flow of water - India, Sri lLan:z and Middls Fach

(Source: Partiy, ref.32)
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Gountry e, Able  Fopulaiion  Demeltyof ifiiiifeee T it
OV a8T 600 km? (1971) per km? lihon Y3 per g¥esh

India 3276 1946 548 167 1 210 000 3303
Sri Lanka 6546 16 13 198 432 000 33231
Paiistan 803.9 30345 64 .9 80.7 175 000 2696

Afghznistan 650 90 1549 24,5 50 000 3145
Iran 1648 315 28,39 | 17.2 96 000 3381
Kuwait 15 x! 0.73 U8 .7 - Noi available =~
Iraq k3844 - 120 9 .47 21.6 .77 000 8131
Syria 1852 8843 . 6.79 36.7 29 500 L3hs

. Lehanon 10,4 4 53 . 2.7 260 ' 3 500 1296
Isrzel 20,7 o= 3.2 155 590 184
Jordan . 9h.6 1143 2,42 25.6 2 120 868
Saudi Arabia 2201 373 6 2.72 ‘ |

Unif':ge.;mab Emi= 82.9 - 0.193 2.39

> ' g ~ Not available =

Yemen {4R) 194 X 5.73 29,%.

Yemern {PZI2 L6y x- 1.5 i 3423
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The northorn area of Iraq has its mountain ranges which continue
into its neighbour Iran to the east. 1Its southern and western
rogions lie : desort, which continues across the border in the
wost iulo Jordan and southern Israel (the Negev). The mdountain

ranseos of Iraq continue into westorn Syria on the north upto

Turkoye

A narrow coastal plain, with the Red Sea or the Mediterra-
noan Soca to tho left and mountains to the right, is characteri~
stic of Yemen, Samndi Arabia, Israel and Syria. The width of
this plain ranges from 5 to 75 km. A feature of the topography
of Isracl and Jordan is the Rift Valley, consisting of a rift
in tho oarth's crust which extends from northern Syria eeross
the Red Seca to further south, The river Jordan flows in this
valley, emptying itsclf into the Dead Sea whose bottom is
792 m below mean sea level, The water level at tho Desad Seoa
itself is 392 m below mean seca level, bordering tho lowest
places on earth. The rift continues southwards and forms
the bod of the Gulf of Eilat in the Red Sea. The Jordan valley
is tho most fertile part of Jordan, and is about 100 km long
and 5 to 15 km wide, To the south lies the Arabian Peninsula
with the highest mountain peaks near the southwestern coast
and sloping towards the north and east. The El Jebel mountains
in Yemen (AR) rise 3600 m to the highest point in the Peninsula.
East of tho mountains are hilly regions which gradually morge
into the piantless Rub al Khali (!'BEmpty Quarter') deserts No
wator is to be seen in this region for .a stretch of about

700 km. Northwest of the Rub al Khali is the Nafud, a land
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of sand duncs, Most of the rivers in Saudi Arabia, as in other
cosert regions of the Middle EBast, run for short distances and

dieppear in the sand.

1042 Climate and Rainfall

GRS e S W G D SR A D AR e S O

4t tho right end of the Middle East, Pakistan ic an arid to
somi-~rid region. The mean annual rainfall in Pakistan ranges
from 389 mm in the northern submontane region to about 125 mm
in €ind to the south. Rain falls in summer (June %o September)
as well as in winter (December to March)., The summers are very
hot, with average maximum témperatures of L40O°C c(ver a large part
of tho Indus Plain of the country. One of the worldts highest
temperatures was recorded at Jacobabad in Sind (53°C). The
ocoan has a modorating influence on the climate in the coastal
region. The mountainous western regioh has a cooler climate,
and as ono passes into Afghanistan, the extremes of tamperature
typical of a continental climate are observed. The mountain
ranges of the Hindu Kush limit the influence of the monsocon to
a lino from Kandahar to Kabul. Rainfall in Afghanistan usually
occurs from January to May. Considerable snowfall occurs in the
Hirdu Kush rogion in the winter. The mean anmual rainfall is
254 - mm in the Helmamd Valley, 508 mm near Kabul and falls %o
125 mm in the lower reaches of the desert area. Afghanistan's
neighbour Iran also has a hot dry summer (mean maximum tempera-
tures from 34°C to 50°C)and a cold winter (subzero temper~tures)
over most of tho country except near the porsiar gulf., The

major part of Irar is semiarid, but north of Elburz mountains,
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the rainfall averagos between 1000 & 2000 mm., Rainfall occurs
in tho wintér months., Further to Iran's west, Iraq is a little
warmer and rainfiall occurs bhetween November and April. It
varics from abouf 150 mm in southern Iraq to 406 mm in the
Borth. Thure is virtualily no ranosf from the arcve. 1a the
mountains, howevar, rainfall varies from 400 to 1829 mm, a
large part of it occurring in the form of snow. In Syria,

tho winter is agedin rainy, but a mediterraﬁoan climate pro-
vails, Rainfall in the coast and mountains exceods 1000 mm

and is very small in the desert. Ih the interior. fluctuations
in temporalure over a day may sometimes exceed 25°C.> The
maximum in summer is 48°C and the mean in winter 0°C., The
Jordan Valley, situated in close proximity to the sea as

woll as the desert, onjoys Mediterrancan climato in the western
highlands and desort climate in the east. The mean maximum
temperature is 459C and the minimum 5°¢C. Radinfalls from
Docembor to March, and averages annually about 550 rm in the
highlands to virtually nil in the desert. Israol, likewise
situatoed noaf the sea as well as the desert, enjoys =z heavy
night dewfall, especially in the coastal areas whcre an annual
meximun of 60 mm has been recorded. The average anmal rain-
fall in Isrnel varins from about 700 mm nocar Haif= to 50 mm

~t the southern tip near Bilat. In the Negewv, wherc an
intriéato rain water harvesting Systém was prachised during

tho times of the loman Empire, mean anmial rainfall varies

from 400 mm in tho north to 50 mm in the south, In the

Arabian Peninsula, the highlands of Yemen in tho southwest
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interrupt the monsooﬁ currents, resulting in a mean annual
rainfall of 500 mm in the mountain regions. Tho coastal
riains reccive 100 to 130 mm of rain. Rainfalls throughout
tho ycer, most of it between March and Novamber. Towards the
Rub al. Khali, rainfall is negligible. The poeninsula has
oxtremos of temperature, the mean maximum going upto L43°C,
tho minimum ®C. The avorage rainfall is 125 mm. Thero are

no peronnial rivers in the region.

The ostimated mean anmial total surface flow of water in
various countries is given'in Table 10,1, as also the per

capita availability of water per year.

Since a large part of the Middle East receives very little
rainfall, efforts to utiliso all water available havo been
mado for conturies. The technologies evolved as a rasult
arc ropresented by the run-off farming in the Negov desert

and Yomen, oollcction of the flood waters in the wadis (dried

up river beds) either for groundwater recharging or for sprea=

ding. on the fields in Israel, the tanks and diversion weirs
in different countrics, the subsurface dams in Algoria, the
inundafion canals in Egypt, in addition to the Iranian toch~
niquo of harvosting ground -water by means of ganats. Devices
like tanks, civersion weirs and inundation canals have been
described in tho chapters on India and only a brief mention

will bo made of thom in this chapter.
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10341 RQunoff farming: Run-off farming had flourished in the
Negev desert in tho days of the Roman empire(Bo), when the Roman
trade route to the East passed through it. Conditions in the
Nogqv favourable tc run-off farming are: a reasonable rainfall
(moan annual value about 200 mm in the part of the Nezov
considoroed), a moisture=retentive soil (known as loess, a loamy
80il) and availability of a catchment large compared to the
cultivatecd aroca. Evenari and others(ao) have reconstructed some
of these ancient farms and proved the possibility of successful
cultivation. Vater for the farms was collected by long canals
cut on hillslopes, in addition to the run~off from the cateh-
mont of the farm iiself, These canals, which functioned more
or less liko the foeder channels ( § 5.2.3) and pynes ( §7.2.2)
of India, had an average cross sectional area of 0.1 m2. The
biggest canal had a cross section of 0.4 m2. The catchmoent
area of a 6anal was on an average O.1 to 0.3 ha, The big:er
canals drained an area of 1 to 1.5 ha above them, Thé bisgest
farm had an area of 5 ha, and the farm received rain water from
a catchmont 17 to 30 times its own area. In the case of a very
large catchment, a diversion weir was built across the stream
which draincd it, and the water diverted to the farm by a
canal, It is estimated that about 2% of the rainfz11 over a
large catchmont was utilised, whereas the figure was 10% for
small catchments. The Bedouins in the Negev still use these
wator harvosting tochniques. Fig.10.2 shows a typical run~off
farming system. The Negev is prdbably the only area vaoers the

catchmont was prepired in olden days in order %o incrsase the
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run-«f£, In somo regions, particularly where the slope was
stoep, the ground was stony. The stones broke tho velocity of
runoi'f, aiding percolation of water into the ground. Therc

aro marny places where the stones were gathered into small

hcaps (Fige10.3), so that the water could flow faster and a

larger quantity could reach the farm before percolating,

1043.2 Drinki water in th ¢v: The drinking water supply
to houscs and public places in the Negev during the time when
towns flourished there was also met by reif water harvesting.
Tho houses got Ttheir water by collecting rain water running
off tho rooftops and streets. This water was first collected
in a settling tank whero the silt got degzi?ted. The clear
wator was allowed into underground cisterns built in the house.
Those cistorns were normally boEE}e—shaped (Fig.10.4). The
capacity of cach cistern was in the range of 5 to 10 m3 X
SN——" 5
(against the average anmial water requirement of 1.5 m~ per
man, 1 m3 por camel etc). Tho cisterns were lined vwith stone
to protoct the walls. Public places like churches »nd forts
had open cisterns of larger capacity, and they were supnlied
by canals 1 to 4 km in length, often cut in hill sloncse. These
cisterne had stone walls about 'm high at their periphery
to keep strangers and animals out. Settling tanks were also
provided to remove the silt. At some places, depressions in
the ground with capacities of 50 to 100 m3 woere also used to

store rain water. Rain water collection from rooftops is

even todny widely practised in Israel (as also in parts of
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(3

Rajasthan in India), which has one of the least per capita sur-

faco water flows (cf Table 10.1).

10.3.3 lerracing of figldss A technique for comserving rain
water used all ovor the world is terracing of slopos. The
slopes are lovolled over short widths at difforont eluvations,
a low mud or stone wall separating the terraces (Fiz.19.5).
Such torracing is found on hillslopes everywhere ( §8.5) as
woll as in smaller wadis in the Negev(Bo). The spacing bet-~
woon the walls (i.e, the width of the terraces) is 72 to 15m
in thoe Negev farms, the walls 60 to 80 cm high, and the
differonce of laevel between terraces 50 to 60 cm. ‘fater flows
from one terrace to another negoitating the drop in between
gontly, On large slopes, the drop will be higher, and a drop
structure has to bo provided to dissipate the energy of falling
water and avoid efosion of the field. In the Negev, this
structuro takes tho form of a series of short stone stopss
Tho technique of terracing wadi beds in order to cultivate
them is also practised in South Yemen, where besides the rain
wator, dew and mist during the nights also provide ruhstae
ntial amounts of moisture(31). The nearness of South Yemen
to the so0a as woell as to the desert (Rub al Xhali) promotes
substantialldew formation. as in Israel.. The hill slopes

of North Yemon (in the roegion around whose capital San’a, the
famed Mocca coffoe is grown) are also cu}ﬁi:?ted by torra=
cing., Wator for these fiolds is harvested from the runoff

on neighbouring uncultivated land. This is said to be so

thoroyghly done tbhat no rain falling on the hill slopes
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oscapes out of the cultivated land, and no soil is eroded(32).

10634 Porcoiation reservoirs of Israel: It is interesting to

noto that the technique of using percolation tan’s and rapats
(Chapter 6) was accidentally rodiscovered in Israel when an
attempt was made in 1958 to create a storage rescrvoir by
building a dam across the Shigma wadi ncar the Gazz strip
bordor(33) in the southorn coastal plain at Karmiyz., The
arca is characterised by coarse, pervious sand duncs. The
reoservoir failed to function satisfactorily as the storage it
was intendedAto be, since the watér percolated rapidly dinto
tho ground, It was, however, noticed that wells downstream
of tho dam showed a rise in the water level. Tt is ostimated
tha%t this dam roeplenishes the ground water tc¢ the extent ~f.

3

3.5 million m pér year. Two more experimental percolation
roservoirs at En Kerem and Bet Neotofa have been subsequently

bUilt 2

10.3.5 icial stor in Israels Small artificial tempo~
rary lakes are croated outside river beds at many nlaces in
Israocl by pumping, later to be spread on the fields(32).
Thus; 12 . million m3 of water flowing in the Menashc during
the rains is pumped each year to a lake outside. 6 million

m> of water are similarly pumped from the Rubin pcr ycar,

The reservoirs, however, are in general smaller, with
a capacity of 300 000 to 600 000 m°. Experiments in catch-
mont preparation such as treatment with sodium chloride and

phosphatos and compacting of soil are being conducted in
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order to increase the runoff, Rainfall in the region varies

from 200 mm to 700 mm. The total. quantity of water harvosted

in this fashion amounts to about 60 millionm3

34)

, and is stated
to be .iover sufficiont( Tho water thus harvested is used
in conjunction with sewage effluent from rural community treat-
ment plants for irrigating summer crops and for industrial
cooling., The cost in&olvod amounts to US § 0,20 ~ 0,30 per

3

m~ of water stored in the root zone of crops.

10,3.6 Villago tapks in Irany Small village tanks, formed

by building an embankment or hy digging, are used widely in
tho Middle East, to collect rain water. The typical storage
capacity of such tanks in Iraz$35) is 5000 to 10 00O m3 per

villago. Thoso tanks work in a manner sidmilar to the Indian

irrigation tanks and face the same problems.

10,4 Othor sourcos of water
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10.4,1 ats: 'Qanat' is a semetic word, used in Iran to
donoto a device tc tap ground water ard bring it to the
surface without the use of pumps. It is called Karez in

Afghanistan and Baluchistan and Foggara in the Arab countrioes,

A qanat consists of a series of vertical shafts in
sloping ground, inter-connected at the bottom by a tunnel
whose gradient is flattor than that of the ground (Fig.19.6).
The first shaft is usually sunk in a hill slope to a.level
below‘the wator tabie. and is called the mother well. Tho

dircction of the groﬁndwater flow is determined by evidence



provided by the presence of springs, vegetation and swamps

in low ground. Shafts are sunk at intervals of 20 to 30 m

in a lirc 2long the direction so determined. The shafts are
rectarguiac in plan, the typical sizo being 0.7 x 1 m. Fig.10.7
9lows o phsrtograph of a shaft of tho Chintala XKarez ncar

{abul. Tk: shaft is lined with stone for a depfh of abpout

1 m from the ground level to prevont the edges falling in.

7ig.10.6 also shows the technique of construction of
qanats. 4 man oexcavates the shaft, and another man 1lifts
th. oxcavatod soil to the ground with the help of = wincdlass.,
Thoe soil is dumped around the opening §f the shaft to form
a small mound, so that runoff from the surrounding land doos
not cnter the shaft bringing silt with it. Aftor the shafts
Aro sunk, they are interconnected by a tunnel whose height
is of the order of 1 to 1.5 m and width 0.4 to 0.8 m,. just
enough for a man to work. The excavated soil is again trans-
ported through the nearest shaft. The man working . the
tunncl carries a lamp with him. If the soil is firm, no
lining is provided to the tunnel. In loose soil reinforcing
rings must be installed at intervals in the tunnel to prevent
its collapse. Those rings are usually made of burnt clay,
Tho slopeo of the tunnel is adjusted to keep the depth of
flowing water constant(36). Yhen tho qanat is in operation,
the shafts serve to provide aeration to the flowing water as

woll as for maintenance work,



Qanats aro found not only in Iran and Afghanistan, but
in Chira, Pakistan, the Syrian desert, the Arab Peninsula,
Palestiro, North Africa (Sahara), Spain, Chile, Poru and
Noxicoisc). Megasthenes, the Greek travelled to India, has
recorded in the ycar 300 BC the existence of ganats in
Baluchistaa, now a province of Pakistan, (In the Midcdloc Zast,
adanat building is a skill in which some families spccialise
and which provides them their livelihood. Qanats arc built,
as a rule, in winter when the demand for oxygen by the imen
working in the‘tunnol is smaller than in summer(37) (the oil
lamp also noods oxygen, though nowadays battery operaiecd
lamps might be usod in many places). Building a ganat is
also somewhat dangerous, since there is always the risk of a
cavo~in, and asphyxiation can result in the narrow tunnel.
Tn tho 1light of these considerations, most qanats are built

(2)

by voung pooplo

Fiz.10.,8 shows the outlet of a qanat near Xabul. The
vator flows in a channel to irrigate lower land. “hen the
water is meant for consumption in a village, an encloswre
is erocted to cover a ground level cistern into which the
qanat dischargoes, so that pollution is avoided. ¥ater is
taken in pots from the ciétern. It is sgid that tho city
of Tohran got 4ite water till 1933 from ganats excavated
from the Elburz mountains. A qanat may take 2 to 3 ycars to
build, arnd costs about US § 2250 por km longth. The meximum

dischargp from a ganat is of the order of 30 litres/scc,
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10. 4.2 Snow for drinking waters In a few villiges around
Shceritala in the Takhar Provincoe of Afghanistan, snow falling
in tho wintor is stored underground, to be use!l as drinking
water ia the dry summer(37). The snow is collixeted in baszs,
ladon on donkeys and dumped in a pit in the village. Thc
pit is 6 to 8 m in diametoer and about 10 m dees. It is not
1inod, si.ce thio loess soil in the arzz is fira., DTho snoo
is compacted and the pit filled to within 2 to 3 m from the
ground (Fig.10.9). The remaining space is filled with carth,
which acts as an insulator. A ramp or a series of stepns is
constructocd from the ground level to the botiom of tho nit.
A small bemboo tubo is driven through the wall of the pit
into the snow some 50 cm above its bottom. The snow mellts
slowly around the tube, and wator trickles down to a poW
pliced underneath, It is said that the storage in one such
pit supplies the village (10 families) its drinking wetor
for two years. In this technique, losses due to evaporation
and percolation occurring in the case of water storapge axe
avoidod. :HOWOVCP, if snowfall is bad for two consecutive
yoars, tho entire village has to sﬁift to the neighbourhood

of a stroam, 40 km away, in search of water.
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CHAPTER 11 ; RECOMMIND ATIONS
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The technologies discussed in the previous chapters have
all evnlved over centuries, which is an indication that thney
arc capaple of replication in the respective conditions of
lerrain, climate and rainfall, soil types and agricultural
practices. They also have the considerable advantage that
the constructions inrvolved can be completed quickly, local
materials and labour can be used; and finally, they c=n hHe
applied in areas where large projects are uneconomic to

undertake.

It is a fact, however, that large numbers of structurcs
orocted to collect the water are in a poor state of renair.
The main reason for this is that there are thousands of them,
and maintenance is done by centralised govermrint departaants
which are unable to cope with the volume of work., Training
o1 local people in maintenance is therefore necessary to

ensuro greator success of these technologies.

Catchment preparation to induce a larger rinoff is ot
practised in India, except on a minor scale in parts of
Rajasthan, partly because the annual rainfall is good. In
an area like Israel, where the per capita surfice flov is
less than 6% of that of India, catchment prepa:-ation is

imperative.
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FIG. 5.1 Tonnur tank bund--Upstream slope
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o  FIG. 5.3(contd) Tank outlet

-



PIG. 5.4® Peeder channel control
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FIG. 5.9 Tanks near Bangalore

jon in Bihar

FIG. 5.10 Dumg tank for figh cultivat



FIG. 5.11 Downstream view of the Tennur tank
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FIG. 6.4 Pereolation tank terrain



PIG. 6.5 Percolation tank

near Pume



PIG. 7.3 Gate of an ahar
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FIG. 7.4

Irrigation outlet from an ahar



PIG. 7.5 Ahar terrain
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Fl¢. 8.3 Piers§ of the Kolhapur bandhara
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PIG. 8.4 Wwooden shutters for Kolhapur bandharas
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FIG. 8.7 R € C Shutters for dandharas
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