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P R E F A C E 
a O 3 0 a O B O = 0 = 0 B 

In t h i s Report, a l l t echno log ie s used i n India and the 

Mlddlo East for ra in water harves t ing on which some quant i ta t ive 

information was avai lable have been described, except for 

sor.Q, l ike modern dams and d ivers ion weirs , which have been 

vory well dooumeted almost everywhere. Technologies used i n 

India have been discussed i n much more d e t a i l than those i n 

the Middle East , part ly because more published information 

was access ib le on the former and part ly beoause of d i f f i c u l t i e s 

i n planning and organis ing t r a v e l outside.. Technologies which 

aro in the experimental s tage but not yet under appl icat ion 

(most of them i n I srae l ) have been omitted i n the s p i r i t i n 

whioh the UNEP undertook t h i s programme* 

My grate fu l thanks are due to Prof A K N Reddy for help 

throughout t h i s study and t o the UNEP for f i n a n c i a l support. 

I thank the engineers of var ious s t a t e governments in India 

as well as the author i t i e s and academic persons i n Afghanistan, 

Iran and I s r a e l who responded to my enquir ies . Space does not 

permit acknowledgement of t h e i r valuable help i n d i v i d u a l l y . 



India, extending from 8«VN to 37°6'N and from 68«7'E to 

97»25'E, and covering an area of 3*28 m i l l i o n Sq.km, exhibits* ' ' 

a wide var ie ty i n topography ( F i g . 1 . 2 ) . 

( i ) The Himalayan mountain r e g i o n i n the north, about 

2500 km long and 250 to ^00 km wide* The region has three 

p a r a l l e l s er i e s of mountain ranges 1 the Great Himalayas, the 

northernmost range, have the h ighes t peaks in the world; the 

Middle Himalayas have an average height of 3200m to U500m| the 

Outer Himalayas or the Siwalik range,averaging 900m to 1200m 

in he ight , form the southernmost range* 

( i i ) The great Indo-Gangetie p l a i n s tre tch ing from Sind 

and Vest Punjab i n Pakistan i n the west to Bangladesh i n the 

e a s t , with an average width of 300 km, formed by alluvium 

deposited over centur ie s by the r i v e r s Indus, Ganga and Tjr^hma-

putra . At p lace s the alluvium extends to a depth of 1800m 

below ground. The Indo-Gangetie p l a i n i s v i r t u a l l y r a i n l e s s 

at i t s western extremity, but i n the eas t r ece ives heavy ra in­

f a l l . The p l a i n covers an area of 652 000 sq.km. 

( i i i ) The west ooas ta l p l a i n a , s tre tch ing from the Capo 

Comorin at the southern t i p in a narrow belt about 10 to 25 km 

wide along the Arabian sea c o a s t , ending in the vas t p la in of 

Gujarat* 

( i v ) The Western Ghats, separated from the Arabian 3oa 

by the West Coastal P l a i n s , c o n s i s t i n g of h i l l s with an 

average height of 1200 m and running almost p a r a l l e l to tho 

- % > * * 
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coast for about 1600 km from the Cape to the mouth of the r i v e r 

Tapti. The Western Ghats are not a true mountain range, but 

just the s teep eroded edg© of the Deocan Plateau, which occu­

pies the major part of southern India . The Western Ghats are 

divided i n two by the 2k km wide Palaghat Gap, bel ived to be 

a r i f t v a l l e y . 

(v) The East Coastal P l a i n s , running from the Cape a long 

the Bay of Bengal Coast, with an average width of about 120 km, 

and j o i n i n g the de l ta i c p l a i n s of the Ganga i n Vest Bengal . 

The b ig r i v e r s of peninsular India j o i n the Bay of Bengal, 

forming d e l t a s through the length of the East Coastal P l a i n s . 

( v i ) The Eastern Ghats, separated from the Bay of Bengal 

by the East Coastal P l a i n s , with an average width of about 

200 km, running roughly p a r a l l e l to t h e east coast from the 

southern end of the Western Ghats (for about 1000 km) upto 

la t i tude 21©N. Tho h ighest peaks i n these mountain ranges 

r i s e more than 2500 m above the sea . They do not form a 

continuous range, however. The mighty rivers, of peninsular 

India l i k e Kaveri, Krishna and Godavari cut t h e i r way to the 

Bay of Bengal through the Eastern Ghats. The Eastern Gh?.ts 

are not a true mountain range e i t h e r , be ing only the eas tern 

edge of tho Dec can P la teau . 

( v i i ) The Deccan P la teau , s t re tch ing from the Western 

Ghats to the Eastern Ghats and bounded on the north by the 

Narmada v a l l e y . I t covers an area of 700 000 sq.km, a.vd 

slopes Eastwards and northwards. The topography features 
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rounded h i l l s and r o l l i n g p l a i n s . 

( v i i i ) Tho Central Highlands, s i t ua t ed between the Indo-

Gangetic P l a in and tho Decoan Plateau, and charac ter i sed by 

r o l l i n g p l a in s separated by f lat- topped forested h i l l r anges . 

( ix) The Eastern Pla teau , s t re tch ing from the Deccan upto 

West Bengal. 

(x) The Deccan Plateau i s separated from tho Central High­

lands by the Satpura range of mountains. This range i s d i f f i c u l t 

to c ross , and has served as a natural d iv id ing lino between 

the north and the south. The presence of another p a r a l l e l 

range of mountains, the Vindhya, on the other side of the 

Narmada Valley, has enhanced the importance of t h i s d iv id ing 

l i n o . 

As already s ta ted , the Western extremety of the Indo-

Oangetic P l a in receives very l i t t l e r a i n f a l l . I t s sou th­

western end forms the Thar desert* 

Climato and r a i n f a l l in India are influenced by i t s 

t r op i ca l loca t ion , the presence of the Himalayas, and the 

I/estorn Ghats,the sea surrounding the southern pa r t on three 

s ides and by the fact tha t i t i s s i t u a t e d in the monsoon region, 

i . e . , where the d i r ec t i on of wind changes with season. 

The monsoon winds are generated by the d i f f e r e n t i a l 

heating of a i r over land and the ocean by the sun. The ocean 



wator, booauso of i t s convect ion and higher s p e c i f i c hoat, 

expcrioncos a lower r i s e i n temperature during the day than 

land. The a ir over the land masses therefore becomos hotter 

and l i g h t e r than over the ocean, g iv ing r i s e to low pressure 

areas . These "lows" move northwards with the sun from January 

to Juno, and so do the winds, which general ly blow from highs 

towards lows . Because of the low pressure reg ion centred 

over India (Pig* 1 *3) from May to September, winds tend to 

blow from the south to the north i n t h i s r e g i o n , but are de­

f l e c t od to the east on cross ing the equator, due to the r o t a ­

t i o n of the ear th . They thus blow from the southwest, and 

henco from over the Arabian Sea to Peninsular India and Sr i 

Lanka, and from over the Bey of Bengal to North-East India and 

Burma. The winds piok up moisture over the s e a s , and depuslt 

i t on India i n the form of r a i n during those months. These 

winds are c a l l e d the Southwest Monsoons a f ter the d irec t ion 

from which they blow. 

From October to January, the sun w i l l be i n the southern 

hemisphere, and the large Asian landmass becomos very co ld , 

with a consequent high pressure region to the north-oast of 

India. At t h i s time there are low pressure regions s i tuated 

ovor Austral ia and East Africa ( t h e summer of the southern 

hemisphere). A system of winds i s s«t up under the no condi­

t ions which blow from the north-eas t across Pakis tan, India 

and Sri Lanka. These winds are known as the North East Mon-

soons, and aro dry except a f t er they cross the Bay of Bengal, 

whero they p i c k up moisture. As a r e s u l t , south-east India 
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and Sri Lanka rece ive r a i n f a l l during the winter a l s o * 2 ' . 

F i g , 1 , 4 shows the average dates of onset and withdrawal 

of the monsoons at d i f ferent p laces i n the Indian subconti -
(3) nentv ' . Ra infa l l begins ( ignor ing the "pre-monsoon" showers) 

i n Sri Lanka during the l a s t week of May and covers Tamil 

Nadu and h a l f of Kerala ( Soe F ig ,1 .1 for the p o l i t i c a l d i v i ­

s i o n s ) , the southernmost ftfctes of India, by 1st June, when 

the sun i s already halfway 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 r e c e i v e r a i n f a l l around 

the some t ime . Tho southwest monsoon i s thus d is t inguished 

by i t s two branches, named r e s p e c t i v e l y the Arabian Sea 

Branch and the Bay of Bengal Branch. 

F ig .1 , k shows that the Arabian Sea Branch s t e a d i l y advances 

northwards across peninsular India and covers the western s t a t e 

of Gujarat by the end of June. In the meantime, the Bay of 

Bengal Branch spreads ovorrthe northeastern s t a t e s of India 

by the f i r s t week of June. The winds are d e f l e c t e d westwards 

by thoAakan h i l l s of Burma and the Himalayas and t h i s branch 

of tho monsoon thereafter progresses i n the western d i r e c t i o n 

along tho Gangotic P la in . By the middle of June, tho two 

branchos merge ovor Uttar Pradesh and progress towards Haryana 

and Punjab. 

Tho amount o f r a i n f a l l at various p l a c e s on the Indian 

subcontinent depends on the drographical f ea tures and the 
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distance from tho coast measured along the monsoon current . 

The wostern Ghats forco the Southeast monsoon winds upward, 

landing to moisture condensation and heavy r a i n f a l l on the 

Tfost Coastal P l a i n s . This . l o s s o f moisture r e s u l t s i n a 

considerably l i g h t e r r a i n f a l l east of the Western Ghats. 

There i s , i n f a c t , a ra in shadow a f fec t i n t h i s a r e - . This 

i s i l l u s t r a t e d i n Fig . 1 .5, which shows tho is'ohyetal l i n o s 

connecting po in t s of equal average annual r a i n f a l l . Parts of 

Gujarat, Punjab and Raj as than as Well as Pakistan rece ive 

much l o s s r a i n f a l l than tho neighbouring regions because tho 

monsoon winds are obstructed by tho Araval11 H i l l s , east of 

which there i s good r a i n f a l l * The southern part of Assam 

recoives "very heavy r a i n f a l l again due to Orographic causes; 

the Khnsi H i l l s (moan a l t i t u d e 1500 m) catch tho Bay ot Bengal 

Branch i n a r o l a t i v o l y narrow valXey and d e f l e c t i t upward. 

As a r e s u l t , tho town of Cherrapunji i n t h i s reg ion records 

the world's second highest annual average r a i n f a l l of 1142 cm. 

Heavy r a i n f a l l s imi lar ly occurs i n the Outer Himalayan reg ions 

of Bhutan and Arunachal Pradesh* 

On Juno 21 , the sun begins i t s southward journey from the 

Tropic of Cancer, which runs a l i t t l e north of the Doccan 

Pltaoau. By t h i s date , the monsoon covers almost the whole 

of India. Ra infa l l ceases i n northwest India around 1st Septe­

mber, by which time the sun i s s i t u a t e d w e l l to tho south 

of Sri Lanka. The monsoon withdraws from India gradually as 

shown i n Fig .I.**, roughJ^ ^n the same way as i t advanced. 
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Southoast India and Sri Lanka experience, as already s t a t e d , 

a second bout of r a i n f a l l ( the Northeast Monsoon) during 

tho winter , which onds by the middle of December in India* 

To summarise, the ra iny season l a s t s about 6 weeks during 

July - August in northwostorn India and about 6 months during 

Jung - Docembor in tho southeast* The l a t t e r region roceivos 

about 52$ of i t s annual r a i n f a l l during tho Southwest Monsoon 

and tho r e s t during tho Northeast Monsoon ' • During oho 

months from Juno to October, a number of depressions foarn 

ovor the Bay of Bengal and there i s a high probabi l i ty tha t 

a fow of them wi l l movo inland across e i thor the oast coa^t 

into tho Peninoula or the Orissa - Bengal coast into the 

Gangotic Plain* ' . These moving depressions have a l i f e of 

4 - 5 days and can cover considerable distances in t h i s 

i n t o r v a l . Depressions also form over the Arabian Sea, but 

very few aro l ike ly to move into I n d i a . Rainfall occurs 

over a wide area undor tho tracks of those depressions (upto 

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

por day. Maximum r a i n f a l l s of 99 cm i n 2b hours In Gvl^.r^.t 

and 90 cm in 2k hours in Bihar have been recorded under 

thoso depressions, which contribute a s ign i f ican t propor t ion 

of tho annual r a i n f a l l ovor an area extending from the northern 

oonst of AnHhra Pradesh to the Punjab H i l l s . Table 2.1 

shows tho number of depressions which moved Inland, i n 

difforont months, over a 69 - year per iod from 1891 to i960. 

I t i s soon that ono dopression each month can be expected to 
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cross inland from tho Bay of Bengal from Juno to October, some* 

timoe moro during July, August and September. 

T/-BL3 2.1 NUMBER Or DBPHESSIONS MOVING INTO INDIA DURING 69 
YEAHS FROM 1891 to i960 

month of ^ a n Fo^ M a r A p r **a^ J u n J u l "̂ u~ S o p 0c* N o v D e c 

From tho 
Bay of 0 1 0 9 27 56 88 98 98 65 3h **• 
B^npal 

From tho 
Arabian O 0 0 3 2 8 4 0 2 8 6 0 

Soa 

During Apr i l - May and October - November, when tho I n t o r -
(7) 

T r o p i c a l Convergenoo Zone passos over t h o Bay of Bengal^ , 

hoavy thunderstorms o c c u r . Severe c y c l o n e s may c ro s s tho 

wost coas t causing d e v a s t a t i o n i n t h e c o a s t a l r eg ions* 

Tablo 2.2 shows t h e moan r a i n f a l l d i s t r i b u t i o n i n I n d i a 

accord ing to r eg ion and soasonv ' , as w e l l as the mean annual 

r a i n f a l l . R a i n f a l l i n any i n d i v i d u a l yea r may vary on e i t h o r 

s ide of thooo f i g u r e s . General ly s p e a k i n g , var ia t ion:? from 

the moan aro lower i n h i g h e r r a i n f a l l a r e a s , and v i c o ve rsa* 

In the Arunachal Pradesh a r e a , the s t a n d a r d d e v i a t i o n i s about 

15$ whilo i n the s e m i - a r i d Rajas than r e g i o n , i t i s of t h e 

order of 60$, r each ing 80$ i n the d e s e r t region* ' . F i g . 1 . 6 

shows t h e average number of r a i n y days (days on which tho 

r a i n f a l l i s a t l e a s t 2.5mm) per year i n d i f f e r e n t r e g i o n s . 



TABLE 2.2 - RAINFALL DISTRIBUTION IN INDIA 
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Average R a i n f a l l i n cui 
Moteore lo -&*l2& AY°J a g ° 1 f ™ * 1 

Sta te g i c a l Sub- J a n - March J u n o - Oct - « R i n r a i i , cm 
d i v i s i o n Fob -May Sept Doc 

J .2 2 4 X § J 
Andhra C o a s t a l r e g i o n 2 7 56 34 99 

Pradesh Tolongana 1 7 78 11 97 
Rayalasooma 1 7 39 19 66 

Assam, 
Arunachal 
Pradesh , 
Moghalaya, North 6 59 151 17 233 
Nagaland, South 5 6k 162 25 256 
Manipur, 
Tr ipura , 
Mizoram 

Bihar p l a t e a u 5 10 111 10 136 
P l a i n s 3 7 104 8 122 

Gujarat Gujarat - 1 84 k 89 
Saurashtra & e e ;. KQ 

x u t c h • • - . ' : • • " 5 5 4 5 9 

Haryana H a r y a n a & De lh i 6 k 60 5 75 
& Delh i 

J aminu & J ammu & ^ Q 18 36 5 69 
Kashmir Kashmir 

Korala Kerala k k8 166 54 272 

Madhya Eaat k 6 122 8 140 
Pradoah West 2 3 9©" 6 107 

Maharash- Madhya - . • - 1 5 53 11 70 
t r a A Go a Marathwada 1 3 65 9 78 

Vidarbha 2 4 97 8 111 
Konkan & Goa - 4 222 13 239 

Karnatakn C o a s t a l Region - 16 295 23 33^ 
I n t e r i o r North 1 7 58 13 79 
I n t e r i o r South 1 16 42 22 81 

Or i s sa Orisstv 4 12 120 19 155 

Contd. 
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Duo to t h e seasonal c o n c e n t r a t i o n of the r a i n f a l l throughout 

tho coun t ry , t echniques for s t o r age of r a i n water havo 

evolved. These tochn iques va ry from one r e g i o n to a n o t h e r , 

depending on tho t e r r a i n , s o i l types e t c . 
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CHAPTER 3 » RIVERS OF INDIA 
-1 

India ' has a largo number of rivers draining into the 

Arabian Sea or the Bay of Bengal, apart from a few desert 

rivers which flow for a snail distance and disappear in the 

sands of the Thar desert* 11 of them each carry more than 

10 000 million m of water on an average every year, the 

two biggest being the Brahmaputra and the Ganga respectively. 

Next is the Indus, on the banks of which an ancient civi­

lisation flourished, and from which the name of the country 

is derived. The estimated total annual average discharge 

oarried by these 11 rivers i s ^ ' 1.56 X 10 1 2 m 3. 47 other 

11 3 rivers are estimated to carry a total of 1 .23 X 10 m , a 

11 3 
number of minor r i v e r s 1.17 X 10 m and the desert r ivers 

10 3 10 m of wat or each year on an average. The t o t a l aver ays 

annual discharge oarried by the Indian r ivers i s thus 1 .31 X 
12 3 12 3 

10 m . ( c f the Amazon, which discharges about 6.3 X 10 m 
of water per y e a r ) . The t o t a l annua,l flow i n a l l the r ivers 

12 3 of the world i s estimated to be 27 ,14 X 10 m , so that the 

Indian r ivers account for 6 .7$ of the t o t a l runoff , draining 

2.2$ of the land area of the world* 

The three b igges t r i v e r s , the Ganga, Brahmaputra and 

the Indus are fod by snow mel t ing i n summer, and hence 

carry subs tant ia l discharge throughout the y e a r , though 

the peak dJ .charge occurs during the monsoon. The other 

r i v e r s being purely rainfod, e i t h e r dwindle or completely 

dry vv during the post-monsoon months. Fig»3.1 shows tho 

important river.••? of the subcont inent . 



CHAPTER 4 t SOILS OF INDIA 
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F i g . 4 . 1 shows t h e s o i l map o f I n d i a , which h a s f o u r major 

g roups o f s o i l s i 

( i ) A l l u v i a l 

( i i ) B lack 

( i i i ) Rod 

( i v ) L a t o r i t e and L a t e r i t i c . 

( i ) A l l u v i a l s o i l s form t h e l a r g e s t g r o u p , c o v e r i n g an a r e a 

of 1 . 5 m i l l i o n sq .km, d e p o s i t e d a s s i l t by t he numerous r i v e r s . 

Thoy a r e found m a i n l y i n t h e s t a t e s o f P u n j a b , R a j a s t h a n , 

U t t a r P r a d e s h , B i h a r , "test Benga l ( t h e I n d o - G a n g e t i c p l a i n ) 

and P a r t s of Assam and O r i s s a . They a l s o o c c u r i n t h e v a l l e y s 

of t h e Narmada and T a p t i i n Madhya P r a d e s h , and of t h e G o d a v a r i , 

K r i s h n a and Xave r i i n S o u t h I n d i a . 

( i i ) B l aok s o i l s c o n s t i t u t e t h e second l a r g e s t g r o u p , s p r e a d 

ove r abou t 550000 s q . k m . They a r e d e r i v e d from t h e l a v a 

d e p o s i t s o f t h e Deccan Trap unde r s e m i - a r i d c o n d i t i o n s , and 

a r e found i n c e n t r a l and w e s t e r n Madhya P r a d e s h , s o u t h e r n 

O r i s s a , s o u t h e r n and c o a s t a l Andhra P r a d e s h , nor - thern K a r n a t a k a 

and a l m o s t t h e whole of M a h a r a s h t r a . They a l s o o c c u r i n 

p a r t s o f G u j a r a t , R a j a s t h a n , U t t a r P r a d e s h and Tami l Nadu. 

They h a v e a l a r g e c l a y component , b e c a i s e o f which t h o y s w e l l 

when wot and s h r i n k and deve lop c r a c k s when d r y . They become 

s t i c k y when wet and a r e t h e r e f o r e d i f f i c u l t t o p l o u g h u n d e r 

m o d e r a t e l y h i g h m o i s t u r e c o n t e n t . These s o i l s a r e r i c h i n 

n u t r i e n t s l i k e p o t a s h , i r o n , l i m e e t c . , and h a v e good m o i ­

s t u r e - r e t a i n i n g c a p a c i t y . 
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( i i i ) Red so i l s are found over an area of about 350 000 sq.km. 

and are th© product of the weathering of ancient c r y s t a l l i n e 

metamorphic rooks l ike g r an i t e s , gneisses and s c h i s t s . Thay 

occur in largo par t s of Tamil Nadu, Karnataka, Northeast 

Andhra Pradesh, Southeast Maharashtra, Madhya Pradesh, Oricsa 

and South Bihar. Red s o i l s have sandy to loamy s t ruc ture and 

are general ly porous with a lower moisture r e t a in ing capaci ty 

than black s o i l s . They d i f fe r great ly in f e r t i l i t y . 

( iv) Later i t o and L a t e r i t i c so i l s cover an area of about 

250 000 sq.km, and are found in the h i l l regions of the Deccan, 

Ilarnataka, Kerala, Madhya Pradesh and Or issa . They are composed 

of hydrated oxides of i ron and aluminium, with the i ron oxide 

sometimes separat ing i n the form of nodules . Tho texture 

of tho s o i l s ranges from heavy loam to c l a y . They are lo;; 

in f e r t i l i t y . 

Tho other so i l s covering the r e s t of the country can be 

grouped under (a) forest s o i l s , charac ter i sed by organic 

matter derived from f o r e s t s , (b) desert so i l s found in tlio 

semi-arid and arid regions of Punjab and Rajasthan, chara­

c ter ised by a mantle of wind-blown sand, (c) sa l ine and 

a lka l i s o i l s , found in Punjab, Uttar Pradesh, Maharashtra 

and Gujarat, at places where so i l drainage i s poor, and 

(d) poat and marshy s o i l s , which occur in small pockets in 

Kerala and north Bihar* 
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CHAPTER 5 j TANKS OF PENINSULAS INDIA 

5*1 I n t r o d u c t i o n 

The p r a c t i c e o f p u t t i n g s m a l l e a r t h e n dams ( c a l l e d ' b u n d s ' ) 

a c r o s s sma l l l o c a l s t r e a m s t o c o l l e c t t h e r a i n v /a t e r r u n n i n g 

o f f t h e n e i g h b o u r i n g r e g i o n i s v e r y o l d i n s o u t h I n d i a and 

S r i Lanka . The r e s e r v o i r s so formed a r e c a l l e d t a n k s , and 

t h e w a t e r c o l l o c t o d i s u sed f o r i r r i g a t i o n as v/ol l a s domes t i c 

p u r p o s e s . The w a t e r s p r e a d of t h e s e r e s e r v o i r s v a r i o s from 

a few h e c t a r e s t o a few thousand h e c t a r e s , d e p e n d i n g on t h e 

n a t u r e o f t h o t e r r a i n , r a i n f a l l , n a t u r e o f t he l a n d downs t ream, 

r u n o f f from tho c a t c h m e n t e t c . No e f f o r t i s made t o t r e a t 

t h e ca t chmen t t o i n c r e a s e t h e r u n o f f , s i n c e t h e t ax f ' s a r e 

b u i l t i n a r e a s of m o d e r a t e t o heavy r a i n f a l l . Thoro a r e 

abou t 500 000 t a n k s i n I n d i a * 9 ' , a m a j o r i t y of which i s t o be 

found i n P e n i n s u l a r I n d i a . A l a r g e number ( abou t 100 000) 

o f s m a l l t a n k s a r e found i n Wast B e n g a l , b u t t h e y d i f f e r 

from t h o t a n k s o f p e n i n s u l a r I n d i a i n t h a t t h e y ?jra e x c a t a t e d 

i n t h e g round , r a t h e r t h a n formed by o b s t r u c t i n g a c t r e a m . 

The i d e a l s i t e f o r a t a n k s a t i s f i e s t h e seme c o n d i t i o n s 

a s t h a t for any o t h e r dam 1 f i rm f o u n d a t i o n , a r e a s o n a b l y deep 

go rge a t t h e bund s i t e so t h a t t h e l e n g t h of t h e bund i s 

s m a l l , and n e a r n e s s t o t h e s o u r c e of good s o i l t o b u i l d t h e 

b u n d . S i n c e tho q u a n t i t y o f w a t o r s t o r e d i s s n a i l , one c a n n o t 

a f f o r d t o l o o s e much of i t i n c o n v e y a n c e , and honce i t s h o u l d 

bo n e a r t h e p l a c e o f u s e e . g . , a v i 1 1 a g e or t h e a r e a t o be 

i r r i g a t e d by t h e t a n k . Somet imes , when a s t r eam i s l a r g e , 
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many tanks arc b u i l t i n "ser ies" along i t s length, so that 

water flows to a lower tank a l t e r the upper onos are r i l l e d . 

5.2 Components of a tank system 

Tho focus of a tank i s the bund, which i s b u i l t of s o i l , 

and whoso top i s at a fixed l e v e l . I f flood wator flows over 

tho bund, the bund wi l l broach rap id ly due to e ros ion . Trvgro-

fore , a "waste weir" i s provided, which is simply a masonry 

wall of sui table length whose top i s at a level lower than 

the top of the bund. Excess water w i l l escape over th io 

waste woir, and i s usually conducted back to the lower reaches 

of the stream through a channel. The top level of tho w^.sto 

woir therefore i s the "ful l tank l eve l " (FTL) and determines 

the amount of s torage in the r e s e r v o i r . The wasto woir may 

bo bu i l t alongside tho bund or at any other su i tab le location 

around the perimeter of tho r e s e r v o i r . The maximum flood 

l i ke ly to occur in the stream during the l i f e of the tan'r. 

should bo passed harmlessly by the waste weir, i . e . , the 

maximum water level (during flood) in the tank i s between 

tho top of the waste weir and the toj?^f_jtho_bjujid. The 

difference between the maximum water level and the top level 

of the bund i s the "free board" • 

A tank usual ly ca te rs for both domestic anc1 ag r i cu l t u r a l 

needs. In northeastorn India t f i sh are cu l t iva ted i n tanks . 

Water for domestic purposes i s manually t ransported in pots t 

and therefore s teps are provided near the deepest par t 

of the bund, since water i s ava i lab le there longer than in 
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any other par t of the tank. Water for agr icu l tu re purposes 

is t ransported through a system of channels. Normally t'"o 

main channels, one on each bank of the stream, are taken out 

at p. levol betwoon the FTL and tho stream bed. All the land 

lying botweon the main channel and the stream i s 'commandod« 

by tho channel, and the ac tual aroa i r r i g a t e d by the d i s t r i ­

butar ies and/or the main channel i s the ' a c h k a t ' . Th* channel 

takes off from the lake through an intake s i tua ted in tiie 

bund, and tho discharge i s control led by a gate or a plug 

valvo. Sometimes a good tank s i t e l i e s across a very minor 

stroem which cannot f i l l the planned lake. In such a cane 

water i s d iver ted from a neighbouring stream into i t through 

a feodor channel . 

5»2.1 The tank bundt The oldor bunds were massive (cf. §5«9)> 

and wero made en t i r e ly out of loca l ly ava i lab le mud. Thoy 

woro t rapozoidal in sect ion, and f l a t s ide slopes wero used. 

In the bund at Madaga (Karnataka), for example, oidealopcs 

of 1 v e r t i c a l to 2.5 hor izonta l ( in some plncos oven 1:3) 

are usod. Hugo boulders were often used to protoct tho up­

stream slope from erosion (Fig.5»l)» Modern tank bund3, how­

ever, havo a cross sec t ion similar t o tha t of ear th dams 

( F i g . 5 . 2 ) . Thoy cons is t of a ' h ea r t i ng 1 , made of impervious 

ear th ( o . g . , o lay) , a ' cas ing ' made of loca l ea r th , a c u t ­

off wal l , again of impervious ea r th , taken deep enough into 

tho ground to meet the imp rviotis stratum underneath and' 

d r a ins to load seepage safely across the bund. The 

hea r t ing , cut-off wall and tho dra ins a l l serve to keep tho 
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downstream par t of tho bund from becoming wet, as otherwise 

tho cooping wator wil l orodo tho bund from the roa r . Fig.5 .2 

shows tho 'seepage, o l ino ' which i s the boundary of tho wot 

port of tho bund. Tho roar slope of tho bund ic covered with 

tur f to prcvynt orosion from r a i n . The front slope (on tho 

wntor :;ido) i s protected from sloughing and orosion duo to 

waves by means of stone p i tch ing from the bottom uoto tho 

oxpoctcd lovol of the waves above tho maximum v/r.tor l e v e l . 

Tho bund i s bu i l t using human and animal labour. As a 

ru lo , no machines are used. Tho earth for the casing i s ex­

cavated at some distance upstream of the bund pos i t ion , t r a n s ­

ported by bullock c a r t s , and dumped in layers throughout i t s 

longth. The casing and hoar t ing are simultaneously b u i l t up. 

Tho earth i s automatically oompactod as construct ion p r o t e ­

ases, duo to tho Walking of numerous mon, women and animals. 

3osidos, a bund takos two to throe years to bui ld , and tho 

ra ins during the period also help in compaction. 

5.2.2 The intake ; Tho ou t l e t from tho lake in to an i r r i g a t i o n 

canal i s through an intake tunnel across tho bunc (Fig .5*3) . 

Tho flow i s control led by a gate (or a plug valvo in the case 

of small tanks) operated by a lead screw i n s t a l l e d in tho 

Upstream side of tho bund. Approach to tho operating p l a t ­

form i s ov:.r a small s tool bridgo. Tho tunnel ia l ined with 

masonry, and i t i s important t o ensure a good watert ight 

joint between tho masonry and the ear th to prevent orosion 

of the bund a t th i s j o i n t . 



.•5»2.3 Poodor channels t I f a very good s i t o for a tank does 

not have a good catchment, tanks arc nevertheless b u i l t thore 

and a channel i s dug to convey water from a neighbouring 

catchr.ont into the tank. Such channels are ca l led feeder 

ch^nnola. The feeder channels take off from oitlaer tho bod 

of n. stream or from an auxi l iary t ank . In the forip.ar case, 

a divide wall servos to divert tho flood water into tlio 

ohannol (F ig .5«^a) . The divide walls are tompor-jry s t ruc tu re 

bui l t out of mud and r iver sand Just before tho floods. A 

l i t t l e d is tance from the stream, a control gate s tructuro i s 

bu i l t in the channel, which can shut off the flow after the 

tank f i l l s (F ig ,5 ,^b ) . This i s necessary since tho tank i s 

bu i l t in a local depression, and not in the va l ley of a 

reasonably largo Watershed which can discharge ?. flood. 

This typo of feeder channel, in order to convey adequate 

quant i t ies of water which w i l l bo avai lable only during 

floods, has to have a l a rge cross sec t ion . I t w i l l sometimos 

bo chevpeo to build an aux i l i a ry tank at tho hoad of tho 

feeder channel to have some s torage , and convey the water to 

tho main tank over a longer per iod than the flood duration 

through a small feeder channel . Such a channel has several 

advantages over the other t y p e . I t i s l e ss l i a b l e to s i l t . 

If the channel broaches during a heavy r a i n , tlto auxi l i a ry 

tank can bo shut off t i l l tho channel i s repa i red ~.nd water 

could bo f-od to the main tank l a t e r . (Pig«5«5) 

Feeder channels may be several kilometres long, and are 
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aligned approximately along a contour. They therefor^ colloct 

r a i n wator which runs off from the watershed abovo thorn and 

convoy i t to tho tank, in addi t ion to drawing off wator from 

tho stroam or aux i l i a ry tank at which they s t a r t . Feeder 

channels nro loft unlinod, since they function only during tho 

floods whon tho s o i l i s wot, and thero is l i t t l e seepage from 

thom. 

5*2.k Tho waste wolr i Tho waste vo i r i s a very important 

component of tho tank and should be designed to discharge 

tho maximun flood l i ko ly to occur during tho l i f e o? tho tank 

without tho water lovol r i s i n g abovo the designed maximum. 

In many tanks, tho wrist© weir i s 3 i tuatod at an extremety of 

the bund, 30 that the amount of masonry construct ion i s small . 

Somotimos i t i s lovol with tho ground, and in rocky aroas , 

ovon excavation by b l a s t i n g tho rock i s done to form tho 

wasto v;oir ( F i g . 5 . 6 ) . Vhero tho top of the waste weir i s 

abovo tho ground, a ra thor f l a t slope pavod with stones i s 

providod on i t s downstream side (Fig.5»7)» so that tho surplus 

wator flowing out does not soour tho ground below the bund. 

I f tho i r r i g a t i o n channel takes off at a pos i t ion between tho 

wasto woir and tho bod of tho stream, the surplus wator 

channol f on i t s way to the s t roam,wil l cross tho i r r i g a t i o n 

channol, and a s t ruc tu re must bo b u i l t at the i n t e r s e c t i o n 

to manage the c ros s ing . 

5.3 Terrain sui tablo for tanks 

Tanks used for the supply of i r r i g a t i o n wator must hold a 
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ronaonnbly largo quant i ty of water. On the other hand, tho 

bund should not bo too long, so tha t i t would be economical 

to bu i ld . From tho samo considerat ion, not too much land 

should bo submerged by tho water which f i l l s tho l ake . The 

t o r r a i n sui table for tanks i s therofore of undulating na ture , 

with h i l locks or ra i sod mounds in the gaps between which 

short bunds could be b u i l t , with f a i r l y steop slopes so that 

a largo quantity of water could be s tored bolow a given 

contour . Such undulat ing t e r r a i n contains numerous watersheds, . 

bounding small catchments, so that the flood to bo discharged 

by tho waste woir of a tank in a given catchment i s not too 

hoavy. In such a t o r r a i n , very long canals from r i v e r s such 

as thoso in the Indus val ley basin cannot bo economically 

b u i l t , and tanks with t he i r shorter canals therefore f i l l tho 

n o o d i 

?ig.5»8 shows the region around Bangaloro, a t yp ica l tank 

t o r r a i n . I t i s a LAND3AT photograph taken in February 1973 

with a 3calo of about 1»1000 000 (each millimetre represen ts 

about n km on tho ground) • Tho monsoon ends in t h i s region 

in Novombor, and tho black patches represent tho tanks s t i l l 

containing water. The photograph c l e a r l y shows the numorous 

small streams and the tanks bu i l t across them. 

Fig»5»9 shows a small part of t h i s region, photographod 

from tho top of the Nandidurga, a h i l l **0 km from Bangalore. 

Sovoral. tanks can be recognised from t h i s photograph. 



5A Qua franks 

In oontrast to tho typo of tanks discussed so far , somo 

tanks aro bu i l t by excavating the ground, and not by const ru­

ct in£ a bund across a stream. Thoso dug tanks are found p r i ­

marily in Wo3t Bengal and Bihar, and aro used to roar f i s h . 

Othor s t a tos whoro such tanks exis t aro Orissa, Asaam, Manipur, 

Uttar Pradosh and Madhya Pradosh. The tanks col lec t r a i n -

wator running off tho ground abovo them, and onco f i l l e d , 

soaled from ra in water on a l l four s ides by emban'.onent o 

(Fig.f>»lO). Whoro water for the tank i s #supplied oy a loca l 

stream, the tank i3 oxcavatod su f f i c i en t ly far f roi tho ntrosw 

to avoid tho flood wate rs . I t is estimated that h to 10 

hoctaro3 of catchment area i s requirod to f i l l ono hoctaro 

of tank bod. 

Fish tanks are bost b u i l t i n nonrocky s i t e s with at l ea s t 

2m deep t o p s o i l . The wator tabip should be high, SJ tha t 

too much wator is not lo s t by seepage (tho r a t e of f a l l in 

water lovol ovor a year should bo l e s s than 1 m c t r : ) . The 

oatchmont area should bo covered with vegetat ion, zo tha t 

s i l t does not enter the tank along with rainwater . 

5.5 Quant i t ies of water harvested 

Table 5*1 gives the area i r r i g a t e d by tanks in r e l a t i o n 

to tho t o t a l i r r i g a t e d area as also the density of tank 3 in 

various s t a t e s of Ind i a . Tho figures are valid for tine 

year 1963. Current f igures aro not avai lable for a l l a r e a s . 
X 
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Though tho absolute magnitudes havo changed over the yea r s , the 

ro l a t i vo values aro s t i l l va l id . I t i s aeon that around 4o# 

of the t o t a l i r r i g a t e d aroa in the oast coast s tatoo derivos 

i t 3 water from tanks . In many other s t a t e s , tho cont r ibu t ion 

from tanks Is s ign i f i can t , though not to tho sar.io oxtont as 

in tho oast coast s t a t e s . Individual tanks have stores© 

capac i t ies which vary widoly from one region to another . 

I r r i g a t i o n tanks aro b u i l t i n Karnataka to store as l i t t l e as 

200 000 p , whilo in Maharashtra tho minimum capacity con­

sidered for such a tank i s ^ ,k mi l l ion wr . Ther o are b ig 

tanks in Tamil Nadu which s tore as much as 100 mi l l ion m of 

water. 

Tho oxaot t o t a l volume of water co l l ec ted in tanks i s not 

ava i l ab le , but a rough estimate may r ead i ly be made from the 

area i r r i g a t e d . An average of 0.8m depth of water for i r r i g a t i o n , 

1*3m for seepage from the canals* ' and 1,8m for evaporation 

( 65.64) ( th i s assumes the tank bed area to be equal to the 

i r r i ga t ed area, cf §5»63) over the t o t a l tank - i r r i g a t e d area 
3 

of 4.55 mil l ion hec tares gives an average storagg of 351700 m 

of water per tank. The average area i r r iga ted oer tank works 

out to 9 ha. The t o t a l amount of rainwater storad in the tanks 

of the three southern s ta tes of Andhra Pradesh, Tamil Nadu 

and Karnataka amounts to 9«7# of the annual r a i n f a l l over 

the area* 

5.6 So^e^roblems of_tanks 

Tanks have severa l advantages 1 they serve local communitias, 



TE.'ole 5 . 1 - Tank d i s t i I b u t i o n * 9 ' (jTe=rr 1>c3) 

i n t h o u s a n d h e c t a r e s „ + . m A -i m + i m i 
— » _ _ - C o n t r i - T o t a l T o t a l Ti.rxV. 

Population, Area i r r iga- Arta i r r i - but ion Isjnd nunbsr der.sity 
State millions ted frorr: a l l gated from of tav/:c area, of per 

sources tanks to i r r . l - thou- tanks km 
gat'.on, sand 

$ kn2 

Andhra Pradesh 2*3.5 2967 *232 41.5 276*8 56700 0,2 

Assam 14.6 613 0 0 78.5 0 C 

Bihar 56.4 1973.' 276 14.0 173*9 27300 0.16 

Maharashtra 50.4 1080 191 17.7 307.0 40100 0.16 

Gujarat 26.7 720 16 2.2 I96.O 20400 0„10 

Ja2.-u and Kashmir 4.6 230 0 O 222.2 0 C 

Kerala 21.3 336" 45 13.** 32.9 1500 0,04 

Madhya Pradesh 41.7 952 151 15.9 442.3 40200 0.09 

Karnataka 29.3 883 355 h0.2 1 9 1 . 0 365OO 0 . 1 9 

O r i s s a 2 1 . 9 1028 412 4 0 . 1 1 5 5 * 0 1700 0 . 0 1 

T a ^ i l Nadu 4 l . 2 2 4 6 0 928 3 7 . 7 1 3 C . 1 3 U o o 0 . 2 4 

P u n j a b 1 3 . 6 3 1 5 ^ 6 0 . 2 5 0 . 4 2 0 0 0 . 0 0 4 

R a j a s t h a n 2 5 . 8 1 7 9 0 165 9*2 3 ^ 2 . 2 No t a v a i l a b l e 

U t t s r P r a c e s h 8 8 . 3 5 0 1 3 *H3 8 . 2 2 9 4 . 4 1 4 0 0 0 0 0* f8 

"Ject 3 e n g a l 4 4 . 3 1336 3 6 4 2 7 . 2 8 7 . 9 100000 1 . 1 4 

T o t a l '•55** 5 0 4 5 0 0 



they can bo b u i l t with looal ma te r i a l and s k i l l s and they take 

n. short time to const ruct . They are however beset by several 

problems, important among which aro s i l t i n g , breaching, seepage 

evaporation, submergence of cult ivable land and wot-do. These 

are discussed in some de ta i l below; 

5.6.1 .Silfo-nff » S i l t i n g i s a ser ious problem with tanks . The 

t rop ica l ra ins often eonsit of sharp ahowpr1?, and +'T»? ?iot 

weather proceding the monsoon w i l l have rendered the co i l 

p a r t i c l o s loose. Considerable erosion therefore tr.kon place, 

l e s s in forest areas and more i n cu l t iva ted or uncult ivated 

aroas . Tanks are almost always in the midst of cu l t iva ted a r e a s , 

since the i r r i g a t e d area should be s i tua ted near the tank in 

order to minimise loss of water by seepage through tha sides 

or canals . The r a t e of erosion of s o i l , as measured at largo 

resorvoirs* , i s estimated to be of the order of 600 to 900 m / 
2 ' 

km . overy ye&r. This i s car r ied as s i l t by the ' s t ream, to bo 

doposLtodin tanks , reservoi rs or ca r r i ed in to the 3e?.. For 

large catchments, the erosion could be as high as 2250 m /km / 
(12) yoarv '» On an average, the storage oapaoity of a tank 

docroasos at the ra to of about 0.5$ per year due to s i l t i n g . 

The i r r i g a t i o n canal intake i s kept at a level which allows a 

10$ 'dead s torage ' which w i l l u l t imate ly be f i l l ed with 3 i l t . 

Tho so lu t ion proposed for the s i l t i n g problora i s l i / ;ht af for-

os ta t lon of tho catchment of the tank, banning c u l t i v a t i o n of 

tho foreshoro lands and construct ion of small chec> dana up­

stream to t rap tho s i l t . 

2o 
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5.6.2 Breaching of tho bundi This is the moat 3arious problem 

( 13 ) "~ 

with tanks . A case study v J' i n Andhra Pradesh revealod that 

20 tanks included i n tho study had suffered a t o t a l of 30 

broachosj Ik times due to the bund being overtopped by flood 

wators , 16 times duo to erosion of the bund, 5 times duo to 

'p iping' , where seepage water f lowing below or through the 

bund took away s o i l p a r t i c l e s when emerging to the surface , 

and 3 tinioa duo to unknown reasons . 

Most cases of overtopping of the bund occur duo to i n ­

s u f f i c i e n t capacity of the waste we ir . In the above case 

study, tho committee concluded that on an average, tho f lood 

surplus s ing capacity of the waste weir was 23$ of the e s t i ­

mated maximum flood* Sometimes l o c a l farmers, in order t o 

increase tho storage in the tank, r a i s e the l e v e l of the 

waste weir crest before the monsoon, but do not r e s t o r e i t 

beforo the f loods . This might r e s u l t i n overtopping of the 

bund. In the case o f a ' s e r i e s ' of tanks , where many tanks 

are b u i l t across the same stream, the overflow from tho up-

stroam tank f i l l i n g the one on downstream* the broaching of 

an upstream tank i s l i k e l y to cause success ive breaching of 

the downstream tanks. This r i s k can be reduced by making 

the downstream tanks bigger than the upstream onss , and, of 

course , providing adequate surplussing capacity for a l l tanks, 

5 .6 .3 Submergence o f c u l t i v a b l e landi Tanks are i n general 

shallow, the t y p i c a l depth of water be ing around r̂a ( c f $ 5 . 5 ) . 

The waterspread for a meaningful s torage i s therefore large 
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vhon compared with big conventional reservoirs. Sinco tanks 

?ro built in tho midst of agricultural lard, tho area submerged 

by a t-.r.k ropresonts loss of cultivable laid, Tho incroaso in 

a^ricv/'tural output due to irrigation from the tan'-: u-.ust there­

for' noro than compensate the loss of crop duo to 3ubmorgenco, 

if the construction of the tank is to bo vorthwhilo. 

(a) 
A o ample survey* ' in the states of Xarnata'^a, Tamil Nadu 

and Andhra Pradesh showed that the ratio of tho area irrigatod 

by a tank to that submerged by it is, on the ?.vor:.gc, 1.2 to 

(13*) 

1 .#. In Andhra Pradesh* J', for example, tho total area sub­

merged by tanks is 1 million ha, and tho area irrigatod by 

th'irn 1.25 million ha. In particular cases, the ratio may 

even bo less than 1. Tho ratio decreases from year to year 

as tho lake gets progressively silted up. 

Under some circumstances, the submerged land is not lost 

for cultivation, as with the "submergence tanlr. s" of ^ajasthan 

(Chapter 7)• 

5.6.U Evaporation^ Tho large waterspread in relation to the 

storage in tanks also moans a relatively large evaporation 

from the lako. Evaporation rate depends on tho atisoaphoric 

humidity, temperature and wind speed. In India, the hottest 

poriod of tho year is just before the monsoon, when most 

tanks aro almost dry. Tho windiest months are the monsoon 

months, when the humidity is also the maximum. Ac a thumb 

rule, the year is divided into threo periods of four months 

or.c.'i, and the mean evaporation loss assumed as followsi 
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Winter (Nov., D o c , Jan. & Feb.) t 75mni/nonth 
Summer (Mar., Apr., May, Jun . ) i 250mm/month 
Monsoon ( J u l , Aug., Sept. Oct. ) * 125mm/month, 

t o t a l l i n g 1.3m por year . Tfiilo tho ac tua l evaporation i s 

CIODG to th i s figure in Tamil Nadu or Andhra Pradesh, i t may 

bo as high as 3m por year in tho hot a r i d regiens of nor th-

wostern India . 

Despite effor ts over a long per iod , no sa t i s fac to ry method 

of reducing evaporation has beon found. Planting of t r ee s on 

tho shores of the lake has been suggested to reduce the wind 

ve loc i ty on the lake surface . 

5*6.5 Seepage t Very scanty data i s available regarding the 

loss of stored water by seepage through the tank bod and sides 

and bottom of the i r r i g a t i o n canals* A recent studyv ' r e ­

vealed that tho average ra te of seepage from the bod of a tank 

in Aurangabad d i s t r i c t i n Maharashtra i s 0.3m/montli. However, 

thio r a t e i s unl ikely to be maintained as the tan'.'.; grows old, 

since fine s i l t i s dopbsitod, beoomes dense, and progress ively 
(a) 

cuts tho ra te of seepage. Another ostimatev ' i s tha t 1.2m 

of water percolates in to the ground through the tank bod every 

year . I t i s estimated* ' that kk% t o k7<f> of the water l e t 

out for i r r i g a t i o n i s lo s t by seepage through tho sidos and 

bottom of i r r i g a t i o n oanals , the main canals accounting for 

15$ to 20$, the d i s t r i b u t a r i e s 6$ to 7#» and the small f i e ld 

ohannols 21$ to 22#. 

Si 
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5.7 Maintenance 

Tanks need annual maintenance, just a f t e r every monsoon, 

Vpods and long grass growing on the top of the bund or waste 

weir aro to be pulled out , eroded pa r t s of the bund repa i red , 

ratholos plugged, clogged drains cleared and the upstream 

revetment stones properly packed. Vhen the tank dries up 

beforo tho monsoon, accumulated s i l t in i t s bod should be 

cloarod. This , however, i s eas ier said than dene. In the 

oarl ior days, farmers who cu l t i va t ed lands adjacent to a tank 

usod to dig out, t ransport tho s i l t and spread i t on t he i r 

lands as nanuro ( s i l t i s estimated to have a nitrogen content 

of about 0.3%), With r i s i n g t ransport cos t s and tho advent of 

chomical f e r t i l i s e r s , t h i s p rac t i ce is now abandoned, r e s u l t i n g 

in more rap id s i l t accumulation in tanks than before . 

Tank bunds aro l ike ly to s e t t l e during the f i r s t few years 

after cons t ruc t ion . The l eve l of the top of the bunc" should 

bo maintained by periodic f i l l i n g . Any cracks in tho bund 

should bo pluggod with a mixturo of sand and c lay , especia l ly 

o:\refully at the joint between the ear th and masonry. Cracked 

jo in t s i n tho waste weir masonry should be repa i red . Any 

scour by tho lead-off channel at the bottom of tho waste weir 

should be f i l l e d , so that the weir foundation i s not under­

mined* 

5.8 Coots 

The current cost of construction of a oomplote tank system, 

file://o:/refully
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including the bund, wasto weir, irrigation canals otc . i s 

estimated, in terms of tho area irrigated by i t ' ** , at 

Rs.6875/ha. Assuming an avorage to ta l storage requirement of 

39100 m^/ha, the cost of a tanv works otft to Re O.lC/ra3. L/xJOox/oo * 
J/O.OOO fa 

The wator is sold to farmers not on the basis of tho r.ctual "_" 

volumo consumed, but on the basis of the crop grown and tho 

aroa irrigated. The avorage annual roturn works out to about 

P.o 0.0062/nT of stored water, which is 3.5$ of the in i t ia l 

investment. Allowing for depreciation and maintenance costs, 

i t is obvious that there is a largo element of subsidy in­

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

tanks, a?nd is true of al l irrigation works in India, though 

tho subsidy i s smaller with conventional largo reservoirs 

due to economies of scale* 

5»9 Examglos 

Ono of tho big old tanks is the Tonnur tank (Fig.5»l)» 

situatod about 1̂ 0 kin from Bangalore. It is said to have 

boon built around 1100 AD by Ramanuja, a religious reformer, 

It irrigatos at present 300 ha besides meeting domestic 

water noods to neighbouring villages. The bund in about 23m 

high and oloses the gap between two h i l l s (Fig.5»n5« 

The Chembarambakkam tank in Tamil Nadu is anotrior big 
3 

tank, with a storage of about 100 million m and a wator-
2 

sproad of 23 km , irrigating ^000 ha. I t s bund is 5 km long 

and tho waste weir 203m. Tho height of tho bund vari©3 from 

5m to 0.5m and tho top width 3m to 8.5«n. Ton irrigation 

£2-
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canals take off from tho tank. Unlike typical tank t e r r a i n , 

tho t o r r a ln horo i s r a the r f la t i n tho neighbourhood of t h i s 

tank, which therefore does not l i e across any p a r t i c u l a r 

stream. Instead, i t co l l ec t s r ivor water and r a i n wator flowing 

on slopes over a wide region through feeder channels. Th© 

tanks at Veoranara ( length of bund 19 km) and Puniyari (length 

of bund 48 km), both in Tamil Nadu, are other examples of such 

tanks . Tho height of these bunds vary from 1.8m to 3m, Thes3o 

tanks resemble tho Ahars of Bihar (Chapter 7) i n appe^-re.nco 

though they function l ike conventional tanks . 

Another example of a big tank in Karnataka i s the t a n : 

of Madaga, who3o bund i s 495 ni long, with the upstream sido-

slope (varying from 1|2.5 to 1i3) protec ted by stones upto 
3 

1 m in volume The bottom width of the main bund v?.rioa from 

283m to 330m and i t s height from 27«n to 32m. The bund was 

b u i l t of a mixturo of rod clay and g rave l . One saddle to the 

wost and another to tho east of t h i s main bund were closed by 

smaller bunds. No waste weir was provided, and tho tank was 

dostroyod long ago by floodwaters breaching the western 

secondary bund. 
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S £ ™ 5 L S L i J ! A E £ j £ . . 2 E 2££A 3?5£iN AND_PESC0L,A3!I0N TANKS OP MAHARASHTRA 

6 .1 Int^ro due t i o n 

For smal l t a n k s , sometimes the l o s s o f wator by evaporat ion 

and soopatfc from i r r i g a t i o n c h a n n e l s as w e l l as tank bed i s 

l a r g o i n r e l a t i o n t o tho s torage* T h i s , i f combinod wi t^ 

porous s o i l , makos t a n k s o f the k ind d e s c r i b e d i n Chapter 5 

u n a t t r a c t i v e . Under such c o n d i t i o n s , tanks can be b u i l t w i th 

tho s o l o purpose o f recharg ing ground water . Sandy or rocky 

s o i l prov ides f a v o u r a b l e c o n d i t i o n s f o r t h e s u c c e s s o f such 

t a n l a , s i n c e water can q u i c k l y p o r c o l a t e underground through 

p o r e s i n tho s o i l or f i s s u r e s i n t h e r o c k s . This water i s 

s t o r e d i n an a q u i f e r and oan be pumped out o f w e l l s c o n s t r u c t e d 

downstream. Thi s type o f tank has e v o l v e d o v e r a Ion? p e r i o d 

i n Rajasthan, e s p e c i a l l y i n AJmer d i s t r i c t * whoro i t i s c a l l e d 

•Rapat ' . The s o i l hero i s sandy, w i t h a c l a y c o n t e n t of 3$ t o 

9 # . S imi lar t a n k s havo been b u i l t i n Maharashtra a l s o for 

about the pas t 25 y e a r s , and are known thoro a s p o r c o l - . t i o n 

t a n k s . Tho s o i l at the s i t e of t h e p e r c o l a t i o n tanks i s ^ocky. 

S i m i l a r tanks aro b e i n g experimented wi th i n I s r a e l too ( £ 1 0 . 3 . * 0 . 

6 . 2 Comgonents^of^a^Ragat 

A rapat or a p e r c o l a t i o n tank, h a s a s t r u c t u r e t o impound 

r a i n water f l o w i n g through a o&totaaexxt, and a waste weir to 

d i s p o s e o f tho s u r p l u s f low i n e x c e s s o f the s t o r a g e c a p a c i t y 

o f th« lake c r e a t e d . I f the h e i g h t o f t h e o truc turo i s smal l , 

the bund may bo b u i l t o f masonry, o t h e r w i s e e a r t h i s u c o d . 
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Tho Rajasthrn r apa t s , being small ,are a l l masonry s t r u c t u r e s . 

But no i r r i g a t i o n canals are provided, and honee there aro no 

intoko s t ruc tures or s lu ioes in the bund. Considerations which 

apply in se lec t ing the s i t e for an i r r i g a t i o n tank also apply 

for a rapat • 

If the bund i s a masonry s t ruc tu re , i t w i l l have a v o r t i c a l 

upatroam faco. The downstream face has a slope of 0.7 to C.75 

horizontal to 1 ve r t i ca l ( F i g . 6 . 1 ) . The bottom part may bo 

bui l t of random rubble masonry and the top 0 .3n thickness of 

sizo 3tono masonry. Since the catchments of masonry rapa t s aro 

quito small, in most casos the ent ire lejj^fch of the rap~t wi l l 

act as the waste woir. The r e l a t i v e l y gradual slope of tho 

downstream faoo wi l l also d i s s ipa te the energy of the flowing 

surplus water. 

If tho bund i s made of ear th as in Maharashtra, tho sec t ion 

of the bund i s similar to t h a t of an i r r i g a t i o n tank, except 

that tho cut-off trench i s taken to a depth equal to ha l f the 

hoight of tho bund ( F i g . 6 , 2 ) , The purpose of the cut-off in 

the caso of the percola t ion tank i s ju s t to prevent orosion 

of tho downstream slope of the bund dire to p ip ing . The cu t -of f 

should bo shallow enough to permit tho perco la t ing water to 

pass downstream into the aqui fe r . As with an i r r i g a t i o n tank 

bund, tho percolat ion tank bund has a hea r t ing and a cas ing , 

nnd i s providod with stone pi tching on the upstream fr.co and 

turf ing on the downstream s lope . A masonry waste v/oir i s also 

nocoooary to pass surplus water. Drains are provided under tho 
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bund to l e ad wa to r p e r c o l a t i n g i n t o t h e bund s,?.foly downs t roam. 

Tb.o ;••'•• o j l - v t i o n t a n k s o f M a h a r a s h t r a h a v e , on an averrr;o , r. 

l a r g o r s t o r a g e c a p a c i t y t h a n t h e r a p a t s o f R a j a s t h a n ( § 6 . 8 ) . 

6 . 3 T o r r a i n s u i t a b l e f o r r a p a t s and p e r c o l a t i o n t a n k s 

S i r c o r a p a t s and p e r c o l a t i o n t a n k s c l o s e l y r - s e n b l o i r r i ­

g a t i o n t a n k s i n t h e p r i n c i p l e o f s t o r a g e , t h o same typo of 

t o r r a i n i s s u i t e d t o a l l t h r o e , namely an u n d u l a t i n g t o r r a i n 

w i th v a l l e y s which c a r r y t h e r a i n w a t e r and h i l l o c k s , which 

p r o v i d o end p o i n t s f o r t h e bund and whose r i d g o c d o f i n e t h e 

wn to r shod . F i g . 6 . 3 shows t h e LANDSAT p h o t o g r a p h of t ho Ajmor 

r o g i o n , t a k e n i n March 1975* There a r e numerous r a p ' t s i n 

t h i s r e g i o n . The A r a v a l l i h i l l s a r e s e e n runnin™ i n t h e m i d d l e , 

v i t h d ry r i v e r b e d s on e i t h e r s i d e . F i g . 6 . k shows a LANDSAT 

p h o t o g r a p h of tho Nas ik r e g i o n i n M a h a r a s h t r a , whore p e r c o l a t i o n 

t anks a r e b u i l t . This p h o t o g r a p h was a l s o t a k o n i n March 1975» 

6 . ^ Q u a n t i t i e s of wa tor h a r v e s t e d b£ r a p a t s a n d ^ g e r c o l a t i o n 

t a n k s 

R a j a s t h a n b e i n g an a r i d r o g i o n , t h e r a i n f a l l i s low ( c f 

Tab ic 2 . 2 ) . Tho q u a n t i t y o f w a t e r h a r v o s t e d by ?. r a p a t i s 

s m a l l , and i s of t h o o r d e r of 30 000 nP . On t h e o t h e r h a n d , 

r a i n f a l l i n M a h a r a s h t r a i s much h e a v i e r , and p e r c o l a t i o n t a n k s 

3 3 
a r e b u i l t w i t h s t o r a g e c a p a c i t i e s from 30000 m t o 600 000 m . 

R a p a t s and p e r c o l a t i o n t a n k s do n o t d i r e c t l y i r r i g a t e l a n d , 

bu t c h a r g e w e l l s w i t h i n a d i s t a n c e of 3 t o 5 km d o w n s t r e a m . 
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( Thoy i i r o v i d o , o f c o u r s e , d r i n k i n g w a t e r t o n e i g h b o u r i n g commu­

n i t i e s ) . Th< • number of w e l l s which a r o b e n e f i t . i s a y r a n g e 

from 3 t o 100 o r m o r e , d e p e n d i n g on t h e s t o r a g e and p e r m e a ­

b i l i t y c f t h e s o i l . The a r e a of l a n d i r r i g a t e d by v ;o l l s d r a w i n g 

•*--.(•, •..-.-. :".c:;m a r a p a t o r p e r c o l a t i o n t a n k lillcovj.co r..r:.£;ja fro;:i .? 

t o 100 h e c t a r e s o r more.-

6 o Problems 

Like i r r i g a t i o n t a n k s , r a p a t s and p e r c o l a t i o r . t a n k s a l s o 

f a c e t h o prob loins of s i l t i n g , e v a p o r a t i o n and submergence of 

c u l t i v a b l e l a n d . ''.Tiile t h o masonry dam of a m p a t i s o r d i n a r i l y 

c a p a b l e o f d i s c h a r g i n g f l o o d s , t h e e a r t h e n bund of a p e r c o l a ­

t i o n t a n k w i l l b e b r o a c h e d i f t h e w a s t e w e i r c a p a c i t y i s i n ­

s u f f i c i e n t . The ma in tonanoe p r o c e d u r e s f o r p e r c o l a t i o n t a n k s 

i r e t ho same a s f o r i r r i g a t i o n t a n k s . The dam of a r a p a t 

a l s o noods t o bo i n s p e c t e d a n n u a l l y and weeds mus t be p u l l e d 

ou t and c r a c k s r e p a i r e d . fof^ do -2>M>» As 

S i l t i n g i s a more s e r i o u s p r o b l e m w i t h t h e s m a l l r a p a t s -

t h a n w i t h t h e b i g p e r c o l a t i o n t a n k s . Tho e s t i m t o d l i f e of a 

r a p a t v a r i e s from 5 t o 20 y e a r s . The a n n u a l d e p r e c i a t i o n on 

a p e r h e c t a r e b a s i s i s t h e r e f o r e h i g h ( somet imes of t h e o r d e r 

of Rs.150 p e r h a ) . A f t e r t h e r a p a t f i l l s up w i t h s i l t , t h e 

f a r m e r s dopondent on i t w i l l h a v e t o r e v e r t t o t h e e a r l i o r 

c r o p p i n g p a t t e r n s . 

A p o s s i b l e s o l u t i o n f o r t h i s p r o b l e m would bo t o e q u i p 

t h o r a p n t w i t h v e n t s which c o u l d bo c l o s e d m a n u a l l y w i t h 

s h u t t o r a i m m e d i a t e l y a f t e r t h e s i l t - l a d e n f l o o d v a t o r a have 
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p a s s e d , i n a manner s i m i l a r to the Kolhapur-type bundharas 

(Chaptor 8 ) . 

6.6 Coats 

Tho avorago c u r r a n t cos t of a p e r c o l a t i o n tan-c i n Maharashtra 

works cut to Ro 1 .0/m of s torod w a t e r . The cost of v. r apa t 

i n Raj as than also approximates tho samo f i g u r e . On the b a s i s 

of f i g u r e s for tho Khod t a l u k a ( a t a l u k a i s tho r e g i o n a l admini­

s t r a t i o n contra for a group of v i l l a g e s ) i n Maharash t ra , tho 

avcrago number of w o l l s which draw water from a p e r c o l a t i o n 

tank i s 20. This f i gu re may d i f f e r for o ther r e g i o n s . Tho 

aroa i r r i g a t e d por woll averages 1 ha ( t h i s i s a more widoly 

app l i cab lo f i g u r e ) , for p e r c o l a t i o n t a n k s as w e l l -^ r a p a t s . 

Howovor, only a p a r t of tho wa te r fo r i r r i g a t i o n conios from 

tho rapsvt, tho r e s t coming from n a t u r a l ground writer r o c h a r g o . 

Tablo 6.1 g ives some r e l e v a n t d a t a . 

Tablo 6.1 - Some da ta on r a g a t s and p e r c o l a t i o n tank s 

. . Cost of s t o r a g e ,. n _ .. . 
STiora- S Volume of water 

, u n o ge m i - per m of per h e c t a r e supp l iod /ha 
_ l l ion«? water i r r i g a t i o n 

? n ?f«S ? ^ S ° " 0 - * 6 6 Rs.1.02 Rs.3600 3540 m3 

l a t i o n t a n k . 
Maharasht ra ' 1 7) 
/onbokar p e r c o - Q k RQ Q ^ ^t3o6k 3550 m3 

1at i on t ank,> . 
Maharashtra ' ' ' / 

3 
S a r n i a r a p a t , 0.0229 Ro 0.85 Rs.815 956 rsT 

P.a jns than( l G ) 
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6»7 5C£i25££._°£. .£i*£»£ s- a2 d P e r c o l a t i o n t a n k s 

Whiio l i t t l e q u a n t i t a t i v e d a t a i s a v a i l a b l e In tho form o f 

r e c o r d 2d i n c r e a s e i n t h o y i e l d of w e l l s o r r i s e i n w a t e r t a b l e 

dovus t roam of t h e s e t a n k s , q u a l i t a t i v e a s s e s s m e n t s of t h e i r 

po r ro rmanco h o l d them s a t i s f a c t o r y . A w a t e r b a l a n c e s t u d y o f 

tho T a o h p i r w a d i p o r c o l a t i o n tank* } i n Aurangabad d i s t r i c t i n 
0,3 

M a h a r a s h t r a h a s i n d i c a t e d t h a t 0.3m d e p t h of s tor~.se p e r c o l a t e s 

i n t o t h e ground ovory m o n t h . Some m e a s u r e m e n t s of tho f l u c t u a ­

t i o n s i n w a t o r l e v e l i n w e l l s downstream h a v e boon r e p o r t e d , b u t 

l e v e l s b e f o r e c o n s t r u c t i n g t h o p e r c o l a t i o n t a n k a r c n o t n v a i l a b ' l o * 

I n t h o Khed and J u n n a r r o g i o n s o f M a h a r a s h t r a , t h o number 

o f w o l l s h a s i n c r e a s e d f ive t o s i x f o l d a f t e r t h o c o n s t r u c t i o n 

(17") o f p o r c o l a t i o n t a n k s v ' ' . Tho c r o p p i n g p a t t e r n s a l s o h a v e 

changed as a c o n s e q u e n c e , f a r m e r s go ing i n f o r cropes l i k e 

paddy and s u g a r c a n e whore r a i n - f e d c r o p s l i k e g r o u n d n u t s o r 

sorghum woro grown e a r l i e r . S i m i l a r v i e w s a r e e x p r e s s e d abou t 

r a p a t s v y . Downstream o f a r a p a t w i t h 15000 m s t o r a g e , i t 

i s s a i d t h a t t h e l e v e l o f w a t e r i n w e l l s r o s e by 3 ^ a f t e r t h e 

r a p a t s t n r t o d w o r k i n g . A n o t h e r r a p a t i n Ajmor d i s t r i c t l e d t o 

a 2m r i s o i n t h e l e v e l o f w a t e r t a b l o downs t r eam, and w o l l s 

which woro e a r l i e r used o n l y f o r d r i n k i n g w a t e r sur>oly c o u l d 

not- bo u s o d t o i r r i g a t e two c r o p s p e r y e a r . 

6 , 8 Exaraglos 

Tho I n d i r a Ta lav a t R a j g u r u n a g a r n e a r Pune i n M a h a r a s h t r a 

( F i g . 6 * 5 ) i s a l a r g e p e r c o l a t i o n t a n k w i t h a ca tchment ?xea 

http://stor~.se
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of 9 km and a storage capn.ci.ty of 566 000 m . I t was bu i l t in 

197^ nt a cost of te.576000. I t has an earthen bund, at one 

ond ( the far end in Fig.6.5) of which there i s a rock outcrop. 

Tho was to woir i s formed by l e v e l l i n g the outcrop. The per­

co la t ion tank charges a number of wells which i r r i g a t e a t o t a l 

of 160 ha of land. 

Tho now Sarnia rapat , under construct ion nov in Raj asthan, 
2 has a catchment aroa of 3 »84 km and a storage capaci ty of 

22900 m . I t has a *f**m long masonry dam, 2.5m above tho stream 

bo'1 at tho docpost po in t . Tho estimated area of l-.nd that wi l l 

bo i r r iga ted by wells charged by the rapat i s 2k ha . The 

rapat i s expoctod to completely s i l t up in not loco than 16 

yoars . Tho actual l i f e of tho rapat i s l ike ly to be more, since 

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

away somo of tho s i l t . 

http://capn.ci.ty


CH^PTER_7_«._AHAaS AND PYNES OF BIHAR AND SUBMERGENCE TANKS OF 

RAJASTHAN 

7»1 I n t r o d u c t i o n 

The I n d o - G a n g o t i c P l a i n , as a l r e a d y .-stated ( C h a p t e r 1 ) , 

i s formed by tho f i l l i n g up of a t r o u g h w i t h a l l u v i u m . I t 

i-- i n g e n e r a l f l a t l a n d . South B i h a r , p a r t s o f R a j a s t h p n 

(Alw.ir and B h a r a t p u r d i s t r i c t s ) and U t t a r P radosh (Agra 

d i s t r i c t ) havo u n d e r t h o s e c o n d i t i o n s e v o l v e d a w a t s r h a r ­

v e s t i n g t e c h n o l o g y c a l l e d /jjhars i n B i h a r and Supra or gone e 

t a n k s o l s e w h o r e . I n what f o l l o w s , 'Aharf ' ' w i l l i n c l u d e s u b ­

mergence t a n k s a l s o . 

Aharo a r o c r e a t e d by b u i l d i n g o a r t h e n burse's r . l i g r o d -as 

f a r as p o s s i b l e a l o n g c o n t o u r l i n e s ( F i g . 7 » l ) » S i n e s t h e 

ground whoro t h e y a r e b u i l t h a s a v e r y m i l d g r a d i e n t ( t h o 

f a l l i s o f t h o o r d e r o f 10cm i n 1 km), t h e bunds a r e t u r n e d 

t r a n s v e r s e t o tho c o n t o u r l i n o s whore i t i s des i rec" t o t e r ­

m i n a t e them, t o meet h i g h e r g r o u n d . S i n c e v a r i a t i o n s i n 

ground e l e v a t i o n o v e r s h o r t d i s t a n c e s a r e v e r y s m a l l , t h e 

a h a r c a n fo l low l o c a l f e a t u r e s l i k e r o a d s , p r o p e r t y b o u n d a ­

r i e s e t c . w i t h o u t any p r o b l e m . D u r i n g t h e monsoon, r a i n w a t e r 

r u n n i n g o f f t h e ground above t h e a h a r i s c o l l e c t e d by i t , and 

due t o t h e f l a t n a t u r e o f g round , v a s t a r e a s o f l a n d a r e 

submerged . A f t e r b o i n g r e t a i n e d t i l l t h e s o w i n g s e a s o n 

a l l t h e w a t e r i s l e t o u t downstream t h r o u g h p i p e s embedded 

i n t h o a h a r o r pumpod t o h i g h e r l a n d f o r p r e - h a r v e s t o r 

p r o - s o w i n g i r r i g a t i o n . The s o i l wh ich was e a r l i e r u n d e r 
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water above the ahar i s then sown (usually with wheat). The s o i l 

in those regions has a high clay content, because of v/hich i t s 

moisture r e t en t ion capacity i s high. The crop therefore grows 

well without any further i r r i g a t i o n . The submergence tanks 

of Rajasthan and Uttar Pradosh also work on the same p r i n c i p l e . 

The water col lec ted i s l e t out by the end of September so tha t 

sowing can bo done by the middle of October. In Rajasthan's 

desert d i s t r i c t of Bikaner, s imilar s t ruc tu res are b u i l t , but 

the water benef i ts only the land submerged. 

Ahars are often bu i l t ' in s e r i e s ' , the water l e t out (or 

tho surplus water) from one f i l l i n g another downstream. Sowing 

operat ions in the bods of the downstream ahars are therefore 

dolayod a l i t t l o , but the area of land benefited by t h i s pra­

c t i c e i s la rge . However, l ike i r r i g a t i o n tanks in s e r i e s 

( &5.6.2) , the broaching of an upstream ahar In a s e r i e s i s 

l i k e l y to endanger the downstream a h a r s . 

An addit ional benef i t r e s u l t i n g from share i s tha t brackish 

ground wator has b«ooa« potable in the neighbourhood of ahars 

a f t e r thoy aro b u i l t , since frosh water collected by the ahar 

can oasi ly percolate in to the ground through the so i l broken 

up every year by ploughing. Ahars also check so i l erosion 

by a r r e s t i n g the flow of r a i n water. Because of the numerous 

ou t le t s from an ahar, there are no s i l t i n g problems. 

Sometimes a s t r a i n of paddy i s sown in the bed of the 

ahar before i t f i l l s up, which can grow with standing water . 
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Though tho y i o l d i s low, tho e f f o r t i s v o r t h w h i l o , o s p o c i a l l y 

i n viow o f tliQ subsoquont w i n t e r wheat c r o p . 

Won tho .catchment area o f an ahar i s insuff . ic- iont t o 

r.ubiiicrgc land on a s i g n i f i c a n t s c a l e , c a n a l s known as pyncs ' 

aro dug from a ne ighbour ing catchment , s t a r t i n g at a s t ream. 

Pynos aro i n u n d a t i o n c a n a l s ( &8.4) ak in t o the foodor c h a n n e l s 

of i r r i g a t i o n tanks ( & 5 . 2 . 3 ) i and because o f tho f l a t n o s s 

o f the g r a d i o n t , may bo upto 30km l o n g . pynos harvos;, r a i n 

water from tho catchment above them i n a d d i t i o n to convoy ing 

water from a s tream. Un l ike ahars , pynes have a s i l t i n g p r o ­

blem. 

7»2 Components o f an ahar_ 

An ahar c o n s i s t s of tho bund (which i s i t s e l f p o p u l a r l y 

c a l l e d a h a r ) , pynes i f any , surplus d i s p o s a l works ( w a s t e 

woir and g a t e s ) and tho o u t l e t s from t h e ahar. 

7 . 2 . 1 Tho bund; The bund i s b u i l t o f l o c a l l y a v a i l a b l e s o i l , 

dug out o f borrow p i t s a l i t t l e d i s t a n c e upstream. U n l i k e tho 

bunds o f i r r i g a t i o n and p e r c o l a t i o n t a n k s , the ahar bund doos 

not c o n t a i n a h e a r t i n g or a c u t - o f f t r e n c h . The s o i l i n t h e 

bund i s tho s* i e throughout i t s s e c t i o n . The s o c t i o n o f tho 

bund i s t r a p e z o i d a l , w i t h an upstream s l o p e o f 112 and a down­

stream s l o p e ( a l s o u s u a l l y 1:2) a d j u s t e d to keop tho p h r e a t i c 

l i n o w i t h i n the bund. This i s not e x p e n s i v e , .-since t h e 

h e i g h t o f the bund doos not exceed 3m, and the t s o i l , because 

o f tho h i g h c l a y c o n t o n t , has a low p e r m e a b i l i t y . The top 

width o f the bund i s normal ly kept a t 1m. A froe board o f 1m 
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i s provided to allow for waves. Tho length of the bund may-

vary from 150m to 10km or moro depending on loca l requirements* 

Fig.7,2 shows tho bund of the Pawar ahar near Patna . I t follows 

tho curves of tho road to i t s r i g h t , and can bo seen disappearing 

into tho distance at tho far l e f t of the photograph. Tho bund 

slopes arc usual ly loft unprotected, but in deeper por t ions , 

boulder p i tch ing of the upstream slope i s done. The top of the 

bund i s somotimes used as a road. While bu i ld ing tho bund, 

gaps are loft to accommodate the masonry work involved, such 

as tho i r r i g a t i o n intakes and surplus disposal works. 

7«2.2 Pvnasi Pynes are unlinod inundation cana l s , i . e . , t h e i r 

bod lovol at tho stream from which they s t a r t i s above the 

normal water l eve l in tho stream. This ensures that fchey do 

not draw water when there are standing crops on the b ;d of the 

ahar, and also that they do not breach by drawing l a r jo quan t i ­

t i e s of flood water. Water flows in tho pyno only wh >n tho 

flood lovel in the stream r i s e s above the bed of the • yne. Since 

tho flood waters carry considerable quan t i t i e s of s i l t , the 

i n i t i a l lengths of pynos are often f i l l e d with s i l t af ter a 

flood, necess i t a t ing a cleaning operation every year af ter the 

monsoon. Tho streams which feed the pynos have catchment 

areas of 3 to 8 km . Sometimes a small weir i s constructed 

across tho stream to r a i s e i t s water l eve l , so tha t tio length 

of tho pyno could be roduced, 

7.2.3 Surplus disposal worksi Since the ahar has an earthen , 

bund, i t must be provided with a device which enables surplus 

water to be discharged without the water l eve l upstrea i of the 
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bund exceeding the permissible l i m i t . This job i s done by a 

waste voir s imi lar to that in an i r r i g a t i o n or percola t ion 

tank. In addi t ion, sluice gates set in masonry s t ruc tu res 

(Fig .7 .3) are provided at one or more points to empty the 

ahar quickly, i f required, in time for sowing. The gates may 

also bo operated as surplus disposal devices in addi t ion to 

the waste weir . Tho gates are made of s t ee l p l a to s stiffened 

with angle i rons , and are operated by a screw. Their size i s 

of tho order of 1m x 1m. The surplus water i s led to a local 

stroam or another ahar downstream. 

7*2.^ I r r i g a t i o n intakest The in take for an i r r i g a t i o n canal 

from an ahar i s vory simple, cons i s t i ng of a pipe embedded in 

tho bund. Tho bund is protected from erosion at the ends of 

tliu pipe uy small masonry blocks b u i l t around the pipe ( F i g . 7 . ^ ) . 

Tho pipe has a diameter of 150 to 300 mm and i s la id at the 

ground l o v e l . Since tho bottom width of the bund i s t y p i c a l l y 

of tho order of 15m, the length of the pipe is of the samo 

order. Tho pipe may be made of stoneware, asbestos cement, 

reinforced concrete or cast i ron . When water i s to be re ta ined 

i n tho ahar, those pipes are plugged at the end with straw 

and e a r t h . 

F i g . 7 . ^ shows an i r r i g a t i o n canal taking off from an ahar 

the bund of which i s seen behind the road . Since the land 

i r r i g a t e d i s adjacont to the ahar, these canals themselves 

often act -is f ie ld channels in which case there i s no h e i r ­

archical network of main canals , d i s t r i b u t a r i e s and f i e l d 

channels as i n tho case of an i r r i g a t i o n tank. Tho canals 
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aro thorofore of small capacity and c losely spaced. The typ i ­

cal spacing between canals i s 50 to 100 ra and each canal has 

i t s individual i n t ake . If the ahar feed? another ahar down-

stroain, there wi l l of course be no i r r i ga t i on cana l s . A big 

ahar may have, apart from the small channels, Several big 

canals which food d i s t r i b u t a r i e s and f i e ld channels . 

7»3 TGrrf\±n__3u±tab 1©—£or ahars 

The main parameter indicat ing the u t i l i t y of an ahar is 

tho extont of the land submerged by the water s tored in i t , 

tho actual volume of storage being of socoudary importance. 

A f l a t t e r r a i n having a -vary mild slope i s therefore idea l 

for tho construct ion of ahars. Fig.7«5 shows a LANDCAT photo­

graph of tho region around Patna i n Bihar . The moanderings 

of the r ive rs and streams (tho b ig r i v e r in tho photograph 

i s tho Ganga, also known as the Ganges) are evidanco of the 

mild slope and f l a t nature of the ground. The numerous ahars 

in the region show up as black pa t ches . 

Tho soi l must bo mois tu re - re ten t ive , s l i ce the moisture 

absorbed when the ahar bed i s under water should suff ice for 

tho crop t i l l i t i s harvested. A suf f i c ien t ly high c lay content 

onsuros t h i s . 

7«4 Quantit ios o£_^ater Jiaryestod 

No information i s avai lable on the t o t a l quant i ty of water 

harvested by ahars . Individual ahars may submerge an area 

of 1 ha to 500 ha. Very b ig submergence tanks can submerge 
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or submerge moro land downstream depending on the modo of 

operation of the ahar. The quant i ty of water s tored in an 

anar may range from 5000 m t o / m i l l i o n nr , and i n very big 

submergence tanks upto 70 mil l ion m . The thousands of ahars 
(20 ex i s t ing in Bihar i r r i g a t e a t o t a l aroa of about 800 000 hav 

Ahar:; arc moro e f f i c ien t i n the use of stored wat or than 

i r r i g a t i o n tanks, since ( i ) the perco la t ion losses are small 

duo to the low pormeability of the s o i l as well as thoabsence 

of an oxtensive network of ohannols, ( i i ) Evaporation losses 

during storage above ground are small since the humidity in 

the atmosphero during the period i s high and ( i i i ) All tho 

water required for the crop i s s tored in the s o i l , and l i t t l e 

of i t i s lost by evaporation. 

7»5 Pr°bion}2 

Ahars are froe from most of the problems encountered by 

i r r i g a t i o n tanks . Tho only ser ious one to be faced i s breach­

ing of tho bund. This i s due e i t h e r to water overtopping 

of the bund duo to insuff ic ient surplus disposal capacity or 

to broaching of an upstream ahar* The only answer to t h i s 

i s to provide a long enou#i waste weir and ensure tha t the 

s lu ice gates are openod in t ime. A less serious problem i s 

erosion of the unprotected slopes of the bund. The slopes 

aro lof t unprotected since water stands against th® bund only 

for a few weeks. Erosion therefore occurs wither by r a i n or 

by waves. 
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Pynos havo gonerally a f l a t t e r slope than the stream from 

which thoy take off, and so tho veloci ty of water in tho pyno 

i s loss than that in the stream. The s i l t in suspension in 

tho flood wator thoreforo gets deposited in tho i n i t i a l par t 

of tho pyno« 

7 • 6 Mai nt onanco 

Tho bund should be repa i red every year a f te r the monsoon, 

the orodod por t ions being f i l l e d and tho levels restorod whoro 

any settlement has taken p l aoe . The ga te , i f provided, ehould 

be paintod pe r iod ica l ly . Cracks in tho maonsry should bo r e ­

paired. I f tho ahars are fed by pynos, tho pynos should bo 

cleared 0 f s i l t before tho monsoon every yea r . 

7.7 Costs 

DUG to tho absence of large networks of canals and bund 

slopo protection moasuros, tho cost of an ahar is much smaller 

than that of an irrigation tank or percolation tank for a 

given atorago. Another factor which accounts for tho low cost 

of an ahar is that only the land occupied by tho bund itself 

noods to bo acquirod, whereas for irrigation tanks and perco­

lation tanks, tho land submerged by the water at tho full tank 

level must also bo 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 oonturies. A largo number of those ?.ro out 
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of u s e , moot of them due to breaching* Those ahars a re now be ing 

ropa i rod by tho s t a t e government. The c o s t of ropaijping t h e 

old aiaars works out i n tho rango of Rs»10 t o Rs .25 por metre 

longth of bund, based on tho f i g u r e s for 1963^ ' . On tho 

bas i s of tho area bonef i tod by i r r i g a t i o n , tho cos t of r e p a i r 

i s Rs.30 - Rs.45 por h a . The cos t of a new ahar i s only s l i g h t l y 

moro than t h i s s ince the r e p a i r s on which t h e s e f i g u r e s a re 

basod a re qu i to e x t e n s i v e . In terms of tho voluire of water 

3 
s t o r ed , tho cos t averages to Re 0.05 t o Ro 0.15 per m depend­
ing on tho s i z o . 

7»8 Examp_los 

Tho sabajoro ahar* ' i n t h e d i s t r i c t of Santhal Parganas 
2 

i s 655m long and has a catchment of 1 .3 Ion ( r a i n f a l l i n t h i s 

reg ion averages 100 cm a y e a r ) . I t b e n e f i t s an a rea of about 

00 ha . I t s bund has an average he igh t of 2.7m and t h e waste 

woir i s 4m long, over which water flows t o a dopth of 1.3m 

during f l o o d . 
2 

Tho Nagri ahar i n Pa tna d i s t r i c t has a catchmont of 2.6 km . 

I t has a 15m long waste w e i r , 5 hume p i p e o u t l o t s for i r r i g a t i o n , 

3 s l u i c e ga t e s of s i zo 0.9 x 0.6m and one s l u i c e ga.to of 1.5 x 

1 . 2m. 
<ZJ 

Tho ICasap ahar i n Bhojpur d i s t r i c t of Bihar a l so has a 
2 

catchment of a rea 2.6 km . I t i r r i g a t e s an a rea of 400 h a . 

Tho submorgonco t anks of Rajas than a r e b i g g e r i n comparison. 

Tho Ajan bund* 1 ^ ' near Bhara tpur b u i l t i n I895 has a bund 
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19 km long and 4.8m high at the deepest part. It collects 70 

3 
mi l l ion ra of water, fed by a channel from a nearby r i v o r . I t 

submerges 4100 ha of land and i r r i g a t e s 480O ha moro. I t has 

numerous i r r i g a t i o n o u t l e t s , four main canals and several waste 

woi rs . 

Tho neighbouring Chiksana bund has a length of 510m and 

i3 fod by a 13 km long canal from the Ajan submergence tank 

ovorflow. The canal also gathers r a i n water running off the 

Bharatpur region. The Chiksana submergence tank i r r i g a t e s 

1000 ha. 



CHAPTER 0 : ANICUTS AND KOLHAPUR TYPE BANDHA^AS 

-48 

Oo1 I n t r o d u c t i o n 

D i v e r s i o n w e i r s h a v o b o e n c o n s t r u c t o d f o r c e n t u r i e s i n 

r.'.nry p a r t s o f t h o w o r l d a c r o s s b i g r i v o r s a s w e l l ac s m a l l 

s t r e a m s . Tho w e i r c o n s i s t s o f a m a s o n r y dam o f s m a l l h e i g h t 

( u s u a l l y u p t o 5 m ) . U p s t r e a m o f t h i s w o i r c a n a l s a r c t a k o n o f f 

from t h e b a n k s o f the1 r i v o r o r s t r e a m t o c o n v o y w a t o r t o t h o 

p o i n t s o f u s e . The d;\m r a i s e s t h o w a t e r l e v e l u p s t r e a m , so 

t h a t t h o c a n a l c a n b o a l i g n e d i n h i g h e r g r o u n d a n d v ; a t e r from 

i t c a n f l o w o n t o the; f i e l d s a t l o w e r l e v e l s b y g r a v i t y . The 

d e s i g n o f t h e w o i r i r . s i m p l e i f i t c o u l d b e f o u n d e d o n r o c k , 

b u t l a r g o I n d i a n s t r e a m s u s u a l l y h a v o b o d s o f s a n d o f g r e a t 

d e p t h . Tho t e c h n o l o g y o f b u i l d i n g w e i r s o n s a n d was u n i q u e 

(21 ) 

t o I n d i a s o v o r a l c e n t u r i e s ago v . These w e i r s a r e c a l l e d 

' a n i o u i t s ' and c o n s i s t of a masonry w a l l w i t h Ion," ap rons of s t o n e 

o r r o i n f o r c o d c o n c r e t e b o t h u p s t r e a m and downstroar? of i t 

( F i g . B . l ) . Tho a p r o n s s e r v o t o d i s s i p a t e t h e e n e r g y of wa to r 

f l»>wing__bo_low t h e we i r by l e n g t h e n i n g i t s p a t h , so t h a t p a r t i c l e s 

of sand or s o i l would not be washed away from u n d e r tho w e i r . 

Undermining of t h e sandy ( o r o t h e r p e r m e a b l e ) f o u n d a t i o n of 

tii i weir i s t 'xus p r e v e n t e d . F o u n d a t i o n s of w e l l : ; f i l l e J . \:iih 

c o n c r e t e a r o nowadays p r o v i d e d t o t h e we i r and a p r o n s . The 

Or and An icu t a t Sr i rangam i n Tami l Nadu a c r o s s t h e r i v e r K a v o r i , 

b u i l t i n s t o n o and c l a y 1800 y e a r s a g o , was t h e b i g g e s t woi r 
(22^ 

a t tho t imo v ' , I t i s 330m l o n g , 12 t o 18m wide and h.6 t o 
5 , r>m hijrh, and i s t h o o l d e s t w o i r s t i l l w o r k i n g i n I n d i a . 
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It has boon stated^ ' that the Delta barrage on the Nilo (24km 

north of Cairo) built by Mohammod Ali in tho 1830s failed bo-

causo tho technology of building such structures on candy 

foundations was not known to his ongineors. The design of 

(21) 
weirs in modern times has boon developed by Khoslav , who 

ovolvad a theory to explain the failure of some woirs on 

p c rmo o.b 1 o f o und at i o ns . 

Both n n i c u t s pnd t h e c a n a l s b u i l t u p s t r e a m of them f a c e 

t ho p r o b l e m of s i l t i n g . S c o u r i n g s l u i c e s a r o p r o v i ' o d i n 

tho w<>ir a t t h o s t roam b e d l e v e l i n t h e ne ighbourhood of 

c a n a l i n t a k e s , so t h a t w a t e r f l o w i n g t h r o u g h t h o s l u i c e s 

c a r r i o s away t h e d e p o s i t e d s i l t . However , t h i s i s e f f e c t i v e 

on l ; ' i n t h o ne ighbourhood of t h o s l u i c o f . , rvrid woirr . , I.-.'r" 

t a n k s , g r a d u a l l y s i l t u p . The "Kolhapur typo Bandhrxra" h a s 

ovolvod i n answer to t h i s p rob lem and i s u s e d i n M a h a r a s h t r a 

and some o t h e r p a r t s o f I n d i a as w e l l * 

Bandha ra i s t h e M a r a t h i t e rm fo r w e i r , and t h o Ko lhapur 

typo b a n d h a r a i s a we i r w i t h v o n t s t h r o u g h o u t i t s l e n g t h 

( F l g . 8 . 2 ) . The v o n t s h a v e r e m o v a b l e s h u t t e r s ho ld i n g r o o v e s 

i n t h e p i e r s . The v e n t s a r e open d u r i n g t h o f l o o d s , which 

t h o r o f o r o p a s s t h e we i r w i t h o n l y t h e p i e r s o f f e r i n g o b s t r u ­

c t i o n . The s i l t i s c a r r i e d away by t h e f l o w . Mien t h e f l o o d s 

s u b s i d e , t h e v o n t s a r e s h u t t e r o d up and w a t e r c o l l e c t s b o h i n d 

t ho b a n d h a r a . Th i s w a t e r i s pumped t o t h « n e i g h b o u r i n g i i o l d s 

f o r s u p p l e m e n t a l i r r i g a t i o n . No c a n a l s a r e b u i l t t o convoy 

t h o w a t e r , s i n c o tho q u a n t i t y of w a t e r s t o r e d i s r e l a t i v e l y 
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s m a l l . The Govornmont of M a h a r a s h t r a h a s now s t a n d a r d i s e d t h e 

d imens ions of t h e p i e r s , v e n t s o t c . f o r t h e s o b a n d h a r a s . 

8.2 Components o f a K o l h a p u r b a n d h a r a 

Tho Kolhapur b a n d h a r a c o n s i s t s o f a s o r i e s o f s t o n o masonry-

p i e r s ( F i g . 0 . 2 ) c o n s t r u c t e d a c r o s s t h o b e d of t h e s t r o a n . Tho 

p i e r s c a r r y a t h i n r e i n f o r c e d c o n c r e t e s l a b r u n n i n g from ono 

bank of t h e s t roam t o t h e o t h e r . Tho p i e r s c o n t a i n g r o o v e s t o 

h o l d s h u t t e r s . 

8 . 2 . 1 The p i e r s : The p i e r s a r e b u i l t o f s t o n o m a s o n r y . Each 

p i o r c o n t a i n s t"wo v e r t i c a l g rooves on e i t h e r s i d e j u s t b e h i n d 

i t s nose ( F i g . 8 . 3 ) . The g r o o v e s have a c r o s s s e c t i o n of 

100 x 100mm and have a c l e a r s p a c i n g o f 300 mm. The p i o r 

r i s e s t o a h o i g h t of h.^ra above t h e b e d i n t h e d e e p e s t p a r t 

of t h o s t r o a m . The w i d t h of t h e p i o r i s 1m, and t h e c l e a r 

space b e t w e e n a d j a c e n t p i e r s i s 2m. 

8 . 2 . 2 The s l a b . The s l a b on t h e p i e r s , s p a n n i n g t h e r i v e r , 

i 9 of r e i n f o r c e d cement c o n c r e t e . I t i s 1.5m wide and 150mm 

t h i c k . I t serv i s p r i m a r i l y a s a p l a t f o r m from which c l o s u r e 

of t h o v o n t s can bo c a r r i e d o u t . D u r i n g f l o o d s , t h o d e p t h o f 

wa tor abovo t h e s l a b c a n go u p t o ton o r m o r e . 

8 . 2 . 3 The s h u t t o r s t The s h u t t e r s b e i n g u s t d a t p r o s e n t a r o 

of wood ( F i g . S . ' t ) i n t h o form of p l a n k s about 300 mm wide 

and 2.2m l o n g . When t h o d e p t h of w a t e r i n t h e s t r e a m h a s 

como down t o about ^00 mm ( a f t e r t h e f l o o d s have subs ic iod) , 

t ho p l a n k s a r o lowered i n t o t h e g r o o v e s one by ono and a t 
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t h e sametimo t h e gap b e t w e e n tho f r o n t and b a c k s h u t t o r s p a c k e d 

w i t h a m i x t u r e o f s t r a w and mud ( F i g . 8 . 5 ) , t i l l t h e v e n t s a r e 

b l o c k e d t h r o u g h o u t t h e i r h e i g h t . Two o r t h r e e v e n t s a t o i t h e r 

bank a r o l e f t open t i l l a l l o t h e r v e n t s a r e c l o s e d , so t h a t t h e 

wator l o v o l docs no t r i s e t o o h i g h t o r e n d e r t h o c l o s i n g o p e r a ­

t i o n d i f f i c u l t . Those end v e n t s a r e b l o c k e d l a s t . The whole 

o x e r c i s o t a k o s one t o two weeks t o c o m p l e t e . Th i s form o f 

s h u t t e r i n g i s r e a s o n a b l y l o a k p r o o f , t h o u g h n o t c o m p l e t e l y . A 

problem w i t h i t , h o w e v e r , i s t h a t c r a b s n e s t i n t he s t r a w -

and-nmd p a c k i n g be tween t h e p l a n k s c a u s i n g p r o g r e s s i v e l y l a r g e r 

l e a k a g e s and t h e r e f o r e c o n s t a n t a t t e n t i o n and p e r i o d i c p l u g g i n g 

i s n o c e s s a r y . B e s i d e s , t h e wooden p l a n k s d e t e r i o r a t e and a r o 

t o bo ropl . ' icod p e r i o d i c a l l y . New t y p e s o f s h u t t e r i n / r a r o 

t h e r e f o r e b e i n g t r i e d , u s i n g o n l y one l i n e of g r o o v e s . S h u t t e r s 

f a b r i c a t e d out of s t e e l p l a t e s and a n g l e i r o n s , w i t h a w i d t h 

of 6^0mm and r u b b e r s e a l s a t tho ends ( F i g . 8 . 6 ) o r ou t o f r e i n ­

f o r c e d cemont c o n c r e t e , i n t h e form of an a r c h w i t h s t i f f o n e r s 

( F i g . 8 . 7 ) , w i t h t h e same w i d t h , a r o g i v i n g s a t i s f a c t o r y r e s u l t s 

b e s i d e s s h o r t e n i n g t h e t i m e needed f o r c l o s i n g t h e v e n t s , 

8 ,3 Q u a n t i t i e s of w a t e r u s e d and c o s t s 

The Kolhapur t ype b a n d h a r a s do n o t u s e a l l r a i n w a t e r 

t h a t comes i n th:» s t r e a m , b u t a l l o w s t h e f l o o d s t o go t h r o u g h . 

This i s b e c a u s e f loods o c c u r d u r i n g t h e r a i n y s e a s o n whon no 

a r t i f i c i a l i r r i g a t i o n i s n e e d e d . A f t e r t h e r a i n s havo l a r g e l y 

s u b s i d e d , when t ho r u n o f f from s p o r a d i c r a i n f a l l o r t h o 

s u b s u r f a c e r u n o f f from t h o e a r l i e r r a i n s f i n d s i t s wny i n t o 
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t h e s t roam, s t o r a g e i n t h e b a n d h a r a b e g i n s . Pumping of t h e 

s t o r e d v;at<.r t a k o s p l a c e even a s s t o r a g e c o n t i n u e s , and i t i s 

e s t i m a t e d t h a t t h e amount of w a t e r u l t i m a t e l y a p p l i e d on t h e 

f i e l d s by pumping i s t w i c e t h e s t o r a g e c a p a c i t y o f t h e b a n d h a r a . 

The a v e r a g e c o s t of c o n s t r u c t i o n of t h e Ko lhapur typo of 

b a n d h a r a amounts t o Re 0 ,90/m o f w a t e r s t o r e d , o r Re 0 .^5/m 

of water u s o d , s i n c e t w i c e t h e s t o r a g e i s a c t u a l l y u s e d . 

0 . ^ I n u n d a t i o n c a n a l s 

I n u n d a t i o n c a n a l s wore \ ised f o r l o n g i n t h e a r i d r e g i o n s 

of Northwest I n d i a and P a k i s t a n t o g a t h e r w a t e r from t h e r i v e r s 

and s t r e a m s fod bv r a i n and m e l t i n g snow i n t h e i r upper r o a c h e s . 

P r a c t i c a l l y t h o e n t i r e s t a t e o f Sind i n P a k i s t a n was dependent 

on such c a r a l s f o r i t s w a t e r . The i n u n d a t i o n c a n a l s i s t ho 

s i m p l e s t of a l l c a n a l s , and i s j u s t e x c a v a t e d from t h o bank 

o f a r i v e r w i t h o u t any headworks a c r o s s t h e r i v e r such ae a 

dam o r an a n i c u t . I t s bed i s a t a much h i g h e r l e v e l t h a n 

t h o r i v e r bod, a t about t h e no rma l low l e v e l o f wa to r i n t l ie 

r i v u r i n t h ^ w i n t e r . Dur ing f l o o d , w a t e r r i s e s above t h e c a n a l 

bod and t ho c a n a l s t a r t s c o n v e y i n g w a t e r , when t h o f l o o d s u b ­

s i d e s , t h e o a n a l d r i e s u p . I r r i g a t i o n i n many p a r t s of Sind 

i s oven now done w i t h i n u n d a t i o n c a n a l s d r a w i n g w a t e r from t h o 

I n d u s and i ' ; s t r i b u t a r i e s . They f low from A p r i l o r May t o 

Soptember oach y e a r . Tho c a n a l s a r e from 3m t o 100m wide , 

and from 1m t o Jtn d e e p . 

Tho sloj'O of t h e c a n a l s i s l o s s t h a n t h a t o f t h e r i v e r , 

file:///ised
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so t h a t c u l t i v a b l e l a n d be tween t h e c a n a l and t h e r i v e r oan bo 

aupp.lic-d by . g r a v i t y . As a r e s u l t , t h e v e l o c i t y o f w a t e r i n 

t h e c a n a l ir . l o s s t h a n i n t h e r i v o r , and s i l t i n t h e f l o o d 

w a t e r g e t s f ' upos i tod i n t h e i n i t i a l l e n g t h of t h e c a n a l . I t i s 

no t uncommon t h a t t h e bed l e v e l o f t h e c a n a l a t t h e end of t h e 

(21) 
r a i n y s e a s o n i s a b o u t 1.5m h i g h e r t h a n a t t h e b e g i n n i n g ^ ' . 

Tho c a n a l r e g u l a t o r ( a g a t e ) n e c e s s a r y t o c o n t r o l t h e flo'v 

(25 ) 
i n t h e cana l i s t h e r e f o r e p r o v i d e d abou t 5-6 km from t h e r i v o r v ' , 

and s i l t r e m o v a l i s ah annua l n e c e s s i t y . 

An i n t e r e s t i n g a p p l i c a t i o n of i n u n d a t i o n c a n a l s was i n 

voguo t i l l abou t t w o . c e n t u r i e s ago i n Bengal and i n t h e 

Thanjavur d e l t a i n Tamil Nadu* ' « The f l ood w a t e r w i t h i t s 

s i l t was c a r r i e d by t h e i n u n d a t i o n c a n a l s t o t h e f i e l d s i n 

t h e s e r e g i o n s , which had s i m u l t a n e o u s l y a good r a i n f a l l t oo 

u n l i k o tho a r i d n o r t h w e s t e r n p a r t o f t h e c o u n t r y . Tho s i l t 

f e r t i l i s e d t h e f i e l d s , t h e f i s h e g g s which came v i a thos& 

c a n a l s i n t o l o c a l l a k e s and t a n k s h a t c h e d t h e r e , t h e young 

f i s h fed on t ho l a r v a o of m o s q u i t o e s and t h u s t h e i n c i d e n c e 

o f m a l a r i a was r e d u c e d . The w a t e r i t s e l f i n t h e i n u n d a t i o n 

c a n a l was s u p e r f l u o u s , and t h e c a n a l a lmos t f lowed f u l l t i l l 

i t s t a i l end where i t r e c e i v e d s u r p l u s w a t e r f l o w i n g o f f the 

f i o l d s . However, d u r i n g t ho Afghan-Mara tha war i n t h e 18 th 

c e n t u r y and t h e s u b s e q u e n t B r i t i s h conques t o f I n d i a , tho3o 

i r r i g a t i o n s y s t e m s were d e s t r o y e d , n e v e r t o bo r o v i v e d a f t e r ­

w a r d s . 
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ft»5 Other scni rces of w a t e r 

Dig r e s e r v o i r s formed by dams o f e a r t h , masonry o r c o n c r o t o 

b u i l t U3ing i rodorn c o n s t r u c t i o n me thods a r e t o be found a l l o v e r 

I n d i a , and a c c o u n t f o r t h o major p a r t o f power g e n e r a t i o n and 

i r r i g a t i o n . These t e c h n o l o g i e s a r e no t d i s c u s s e d h e r e a s t h e y 

a r o vo ry w e l l documented i n t o x t b o o k s . 

Ground w a t e r i s a n o t h e r l a r g e s o u r c e b e i n g o x p l o t e d . The 

o p M i ^ d u g w o l l , u s e d f o r d r i n k i n g w a t e r as w e l l a s i r r i g a t i o n 

w a t e r i s a common s i g h t i n any v i l l a g e . More r e c e n t l y , tub e -

w o l l s a ro b o i n g d r i l l e d , v i r t u a l l y a t t h e r a t e o f ono p e r 

v i l l a g e i n many s t a t e s , t o p r o v i d e p e r e n n i a l d r i n k i n g w a t e r . 

Hand o p e r a t e d r e c i p r o c a t i n g pumps a r e i n s t a l l e d i n t h e s e w e l l s , 

b u t p rob lems h a v e a r i s e n duo t o t h e f r e q u e n t b reakdown of t h e s e 

pumps. E f f o r t s by many o r g a n i s a t i o n s a r e u n d e r way t o improve 

t h o r e l i a b i l i t y of t h e s e pumps. T u b e w e l i s w i t h power d r i v e n 

pumps a ro a l s o b e i n g u s e d fo r i r r i g a t i o n i n n o r t h e r n I n d i a 

i n c r e a s i n g l y , t h o u g h t h e y have n o t b e e n used on any s i g n i f i c a n t 

s c a l e i n t h e s o u t h , which i s a h a r d r o c k a r e a . An i r r i g a t i o n 

t u b o w o l l l a s t s 20_ y e a r s on an a v e r a g e , a f t o r which i t h a s t o 

bo do op ono d. The a v e r a g e a r e a i r r i g a t e d p e r t u b o v / e l l i s 80 h a , 

i f i t b e l o n g s t o t h o ' d e e p ' o a t e g o r y . There a r e a l s o ' s h a l l o w ' 

t u b o w e l l s , which i r r i g a t e 3 t o k h a . Tho c o s t of a t u b e w e l l 

i r r i g a t i o n sys tem v a r i e s from Rs.25000 t o Rs.150 000 d e p e n d i n g 

on i t s dep th and t h e a r e a t o b e i r r i g a t e d . 

I n t h e H i m a l a y a s , from Kashmir a t one end t o Went Bengal 

a t t h e o t h e r , c a n a l s a l i g n e d r o u g h l y a l o n g c o n t o u r s a r e dug 
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t o drav; wat >r from h i l l s t r e a m s o r s p r i n g s . Thcssa c a n a l s a r c 

known e.s « Kuhls» . [The l e n g t h of t h e k u h l s v a r i e s from I km t o 

•2'i) 2 

1 Skin*'" ' ' . Thoy h a v e a t r a p e z o i d a l c r o s s s e c t i o n 0 .1 t o 0 , 2 m 

i n a roa and c a r r y a d i s c h a r g e of 15 t o 100 l i t r e s / s e c . Many 

kuh l s c o l l e c t r a i n w a t e r and snow mel t r u n n i n g off t h e s l o p e s 

abov; thorn, and o c c a s i o n a l l y one f i n d s t h a t t h e d i s c h a r g e 

i n c r e a s e s ©Long t h e l e n g t h of a kuh l a s a r e s u l t . The d i s c h a r g o 

a l s o v p r i o s w i t h t h e s e a s o n . A s i n g l e k u h l i r r i g a t e s a n a r e a 

of 80 t o 4C0 ha t h r o u g h d i s t r i b u t a r i e s o r by f l o o d i n g . The 

i r r i g a t e d l a n d , b e i n g s i t u a t e d i n h i l l s l o p e s , i s t e r r a c e d . 

Tho system i s p r e v a l e n t a t a l t i t u d e s from 350 t o 3000m, i . e . , 

i n t h e Ou te r and Middle H i m a l a y a s ( C h . 1 ) . Where t h e r e i s a 

s i g n i f i c a n t d rop i n e l e v a t i o n i n t h e p a t h o f a k u h l , t h e 

f a l l i s u t i l i s e d t o d r i v e m a c h i n e r y l i k e f l o u r n i l l s . The 

c o s t o f c o n s t r u c t i o n of a k u h l v a r i e s from Rs«30O0 t o Rs.5000 

p e r km. F i g . 0 . 8 shows t h e t y p i c a l Himalayan t e r r a i n , p h o t o ­

graphed by t h e LANDSAT, whore t h o Kuhl sy s t em of i r r i g a t i o n 

i n p r a c t i c e d . During t h e monsoon , many l a n d s l i d e s occu r i n 

t h i s r e g i o n , and a number o f k u h l s ge t damaged. Annual 

r e p a i r s must t h e r e f o r e b e e f f e c t e d , a t a c o s t which a v e r a g e s 

Rs.60 p e r h e c t a r e of a r o a i r r i g a t e d . 
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- ^ - ^ - ^ - ' i - l - S - S X ^ 1 ^ ° - P E 0 P L E , STANDARD OF LIVING AND 

SOCIAL SYSTEMS 

9 . 1 - I n t r o d u e J i o n 

I n t h o I n d i a n s u b c o n t i n e n t , i t i s e s t i m a t e d t h a t a b o u t CO$ 

o f t h o poop.Lo l i v o i n r u r a l a r e a s , d e p e n d i n g a l m o s t w h o l l y on 

a g r i c u l t u r e . W i t h a p o p u l a t i o n d o n s i t y o f 178 ( b a s e d on a 

2 
1971 s u r v e y ) p e r km , t h o r o i s p r e s s u r e o n a g r i c u l t u r a l l a n d 

t o suc ' i an i x t o n t t h a t b o t h s o c i o l o g i s t s and t h e g o v e r n s a n t 

c l a s s i f y t h e r u r a l p o p u l a t i o n i n t o l a n d o w n e r s and. l a n d l e s s 

l a b o u r e r s . M o s t o f t h e c u l t i v a t i o n i s d o n e u s i n g human and 

a n i m a l pov/or« Tho a v e r a g e a r e a o f l a n d owned b y a f a m i l y 

v a r i e s from p l a c e t o p l a c e i n t h o r a n g e o f 1 t o 2 h a . Tho 

f a m i l y mombers u s u a l l y a l l w o r k i n t h o f i e l d , and d u r i n g 

o r u c i a l p e r i o d s o f a c t i v i t y l i k o t r a n s p l a n t i n g s e e d l i n g s o r 

h a r v e s t i n g - t h e c r o p , h i r e t h e l a n d l e s s l a b o u r e r s . T h u s , w h i l e 

t h o l a n d - o w n i n g c l a s s i s a s s u r e d o f w o r k t h r o u g h o u t t h e y e a r , 

t h o l a n d l e s s l a b o u r e r s h a v e t o l o o k f o r w o r k i n t h e u r b a n 

a r e a s f o r a p a r t o f t h e y e a r . 

Tho u s e o f e l e c t r i c i t y i n I n d i a n v i l l a g e s i s l i m i t e d . 

A b o u t 10% o f t h o r u r a l h o u s e s u s e e l e c t r i c p o w e r , and t h a t 

t o o o n l y f o r l i g h t i n g , H o a t i n g e n e r g y ( m a i n l y f o r c o o k i n g ) 

i s m a i n l y p r o v i d e d by f i r e w o o d , g a t h e r e d o v e r 2 t o 3 m a n - h o u r s 

e v e r y d a y . Some k e r o s e n e i s a l s o u s e d f o r c o o k i n g , 

9 , 2 S t a n d a r d _ o f ^ l i v i n g 

Wi th t h i s b a c k g r o u n d i n f o r m a t i o n a s f a r a s I n d i a i s 

c o n c e r n e d , t h o s t a n d a r d o f l i v i n g i s b e s t i n d i c a t e d i n t e r m s 
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of s o l o c t o d s t a t i s t i c a l p a r a m e t e r s . Tab le 9 .1 g i v o s 25 p a r a ­

m e t e r s for I n d i a and t h e midd lo e a s t e r n c o u n t r i e s f o r t h e 

y e a r 1970, a s c o m p i l e d by t h e U n i t o d N a t i o n s * 2 7 ' . Tho world 

minimum and maximum v a l u e s of t h o s e p a r a m e t e r s h a v e a l s o been 

/^ivon for? a r o l a t i v o a p p r e c i a t i o n . Most of t h e c o u n t r i e s 

l i c t o d havo l a r g o r u r a l p o p u l a t i o n s (80$ i n I n d i a ) . S i n c e 

1970 , changes a r o l i k e l y t o h a v e o c c u r r e d , e s p e c i a l l y i n t h e 

p e t r o l e u m e x p o r t i n g c o u n t r i e s , b u t t h e t a b l e w i l l s t i l l s e r v o 

as an i n d i c a t o r of t h e r e l a t i v e s t a n d a r d s of l i v i n g . 

9 . 3 S o c i a l Systems r e l e v a n t f o r t h e T e c h n o l o g i e s 

Tho wa te r h a r v e s t i n g t e c h n o l o g i e s d i s c u s s e d so f a r a r e 

v e r y w ide ly a p p l i e d i n t h e r e s p e c t i v e r e g i o n s of I n d i a fo r 

which thoy a r e s u i t e d . The d o n s i t y of t a n k s ( t a b i c 5»1) 

i n F o n i n s u l a r I n d i a i l l u s t r a t e s t h i s . P r o p e j r m a i n t e n a n c e 

and o p e r a t i o n of t h o sys t ems w i l l t h e r o f o r o be e n s u r e d o n l y 

i f t h o b e n e f i c i a r i e s t h e m s e l v e s o r g a n i s e i t . U n f o r t u n a t e l y , 

howovor , l o c a l t r a i n i n g i n t e c h n i c a l s k i l l s h a s no t -kept 

pneo wi th t h o a p p l i c a t i o n of t h e t e c h n o l o g i e s , w i t h t h e 

r e s u l t t h a t t h o m a i n t e n a n c e and o p e r a t i o n has t o bo s h o u l d ­

e r e d by t h e c e n t r a l i s e d a g e n c i e s o f t h e g o v e r n m e n t . 

A c a s e where t h e l a c k of l o c a l e f f o r t i n m a i n t e n a n c e 

ha« been a c u t e l y f e l t i s t h a t of t a n k s , which fr.ee t h e 

p rob lem of s i l t i n g ( ^ 5 « 6 . 1 ) . F i g . 5 » 1 2 shows t h o c u m u l a t i v e 

f r equency d i s t r i b u t i o n of t h e l o s s o f s t o r a g e cr.- ta.ci ty o f 

t a n k s duo t o s i l t i n g , a s p r e p a r e d u s i n g d a t a o b t a i n e d d u r i n g 

( 9 ) a s t u d y s p o n s o r e d by t h e P l a n n i n g Commission of I n d i a ; ' 

http://fr.ee
http://cr.-ta.city


-61 

I t i s ba sed on a survoy of 121 t a n k s i n T a m i l Nadu, e ac1 shows 

t h a t 1C/« of t h e t a n k s wore s i l t e d up more t h a n h a l f , and 50$ 

of t,hu t i n k e had l o s t a b o u t a f o u r t h of t h e i r s t o r a g e c a p a c i t y . 

I f F i g . S . 1 2 i s a t y p i c a l r e p r e s e n t a t i o n o f t h e s i t u a t i o n a t 

c-\-.iy g iven t i m e , i t i s r o a s o n a b l e t o assume t h a t i t a l s o 

r o j r o s o r t s an e q u i l i b r i u m s i t u a t i o n , o l d t a n k s a t t h e l o f t 

end n e a r i n s 100$ s i l t i n g g e t t i n g o u t , now t a n k s coming i n a t 

the r i g h t end and t h e r e s t o f t h e t a n k s g r a d u a l l y moving l e f t * 

S ince t a n k s i t e s have a l m o s t a l l been u s e d up i n t h e p e n i n s u l a , 

vorv l i t t l e a d d i t i o n j s t a k i n g p l a c e t o t h e t a n k p o p u l a t i o n . 

A t imo w i l l t h e r e f o r e come when t h e r i g h t end of t h e g r a p h 

n t a . ' t s d i s a p p e a r i n g and t h o number of t a n k s i n u so d e c r e a s e s 

p r o g r e s s i v e l y . 

Roforonco has a l r e a d y b e e n made to t h e f a c t t h a t 3 i l t was 

b e i n g romovod from t h e t a n k b e d s e a r l i e r by t ho bene f i e i a r i e s 

( §• 5 . 7 ) . Th i s u s e d t o be done u n d e r a f e u d a l sys tem kno'wn a s 

' Za:: -in<iari' , whore l a r g o a r e a s o f l a n d wore owned by ?. ' Z a n i n d a r 

( l a n d l o r d ) , bv.t c u l t i v a t e d by l o c a l v i l l a g e r s ( t e n a n t s ) on 

t h e b a s i s of s h a r i n g t h e c r o p . Mien t h e t a n k bed d r i e d i n 

sumi.er, t h o t e n a n t s were a l l r e q u i r e d t o remove t h e s i l t and 

sp read i t on t h o f i e l d s a s p a r t of t h e i r d u t i e s . Th i s was 

moro o r l o s s s l a v e l a b o u r , and t h e sys tem o f Zamindar i i » s 

a b o l i s h e d soon a f t e r I n d i a g a i n e d i n d e p e n d e n c e . No a l t e r n a t i v e 

(9 ) systomt howover , was i n t r o d u c e d fo r d e s i l t i n g t h o t a n k s v ' . 

With t h o a d v e n t of c h e m i c a l f e r t i l i s e r s and t h e i n c r e a s i n g 

c o s t of t r a n s p o r t i n g t h e s i l t , t h e l a t t e r soon l o s t i t s 



a t t r a c t i o n as m a n u r e . Loss of s t o r a g e c a p a c i t y duo t o s i l t 

a c c u m u l a t i o n ha.3 t h e r e f o r e now become a s e r i o u s p r o b l e m . 

/ . n e t h e r i n s t a n c e where s o c i a l c o o p e r a t i o n i s e s s e n t i a l i s 

t h e o p e r a t i o n of f e e d e r c h a n n e l s from t a n k s ( ^ 5 » 2 « 3 ) « I t h a s 

been s t a t e d t h a t d i v i d o w a l l s a r o c o n s t r u c t e d i n s t r e a m s t o 

d i v e r t f l o o d wa te r i n t o t h e f e e d e r c h a n n e l s . These w a l l s a r o 

t o bo b u i l t bo fo ro t h e s t r eam s t a r t s r i s i n g . The b e n e f i c i a r y 

c u l t i v a t o r s havo worked o u t a sys tem i n which ono of them 

s t a n d s watch a t t h o s i t o and g i v e s a c a l l an soon a3 t h e 

p r o p e r moment comos . The f a rmer s t h e n assemble and q u i c k l y 

put up t h o w a l l . Those who a b s e n t t h e m s e l v e s would b e f i n e d . 



CHAPTER 10 t THE MIDDLE EAST 
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Fcr t h e p u r p o s e of t h i s R e p o r t , t h e t ^ rm ' K i d d l e 2 a s f 

cove r s t h e t e r r i t o r i e s of P a k i s t a n , A f g h a n i s t a n , I r a n , I r a q , 

S y r i a , Lebanon, I s r a e l , J o r d a n and t h e A r a b i a n P e n i n s u l a , 

Tab le 10.1 g i v e s t h e g e o g r a p h i c a l a r e a and p o p u l a t i o n of t h e s 

c o u n t r i e s , t o g e t h e r w i t h t h o a e o f I n d i a and S r i Lanka . 

The m i d d l e e a s t e r n c o u n t r i e s l i e i n one of t h e g r o a t 

d o s o r t b o l t s o f t h e wor ld s t r e t c h i n g from t h e S a h a r a i n A f r i c 

t o t h e Grea t I n d i a n D e s e r t i n t h e E a s t . Vas t a r e a s of l a n d 

a r o o c c u p i e d by t h e Rub a l K h a l i and t h e Nafud d e s e r t s of 

Saudi A r a b i a and t h e S y r i a n and J o r d a n i a n d e s e r t s . A ' f e r t i l e 

c r e s c e n t * e x i s t s a l o n g s i d e t h e d e s e r t i n t h e r e g i o n s w a t e r e d 

by t h e T i g r i s , E u p h r a t e s and t h e J o r d a n R i v e r s ( F i g . 1 0 . 1 a , b 

and c ) . 

Tho l a n d s c a p e i n P a k i s t a n p r e s e n t s s h a r p c o n t r a s t s , from 

t h e p e r p e t u a l l y snow-c lad g r e a t Himalayan and K.irakoram 

moun ta ins i n t h e n o r t h t o t h e h o t and d r y S ind closort i n t h e 

S o u t h . Tho Hindu Kush m o u n t a i n r a n g e i n t h e n o r t h r u n s a l o n g 

t h e b o r d e r w i t h A f g h a n i s t a n f o r some d i s t a n c e b o f o r e t u r n i n g 

w e s t , s t r e t c h i n g u p t o Kabul ( F i g . 1 0 . 1 b ) . These m o u n t a i n s 

c u t A f g h a n i s t a n o f f from t h e monsoon . F u r t h e r t o t h e w e s t , 

t h e Zagros and E l b u r z m o u n t a i n r a n g e s i n n o r t h e r n I r a n p l a y 

an i m p o r t a n t p a r t i n d e t e r m i n i n g t h e c l i m a t e and f o r m a t i o n 

o f s o i l i n I r a n . E a s t e r n I r a n i s a g a i n a d e s e r t r e g i o n . 
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The northern area of Iraq has i t s mountain ranges which continue 

in to i t s neighbour Iran to the e a s t . I t s southern and western 

ro£-xonc l i o / a dese r t , which continues across the border in the 

west ±v:to Jordan and southern I s r a e l ( the Negev). The mauntain 

rar^os of Iraq continue into western Syria on the north upto 

Turkey. 

A narrow coastal plain, with the Red Sea or the Mediterra­

nean Soa to the left and mountains to the right, is characteri­

stic of Yemen, Sandi Arabia, Israel and Syria. The width of 

this plain ranges from 5 to 75 km• -A feature of the topography 

of Israel and Jordan is the Rift Valley, consisting of a rift 

in the earth's crust which extends from northern Syria across 

the Red Sea to further south. The river Jordan flows in this 

valley, emptying it soIf into the Dead Sea whose bottom is 

792 m below mean sea level* The water level at tho Dead Soa 

itself is 392 m below mean soa level, bordering tho lowest 

places on earth. The rift continues southwards and forms 

the bed 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 to war d-? 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 merge 

into tho plantless Rub al Khali ('Empty Quarter') desert* No 

water is to be seen in this region for ya stretch of about 

700 km. Northwest of the Rub al Khali is the N&fud, a land 
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of sand dunes, Most of the r ive r s in Saudi Arabia, as in other 

dos-rt regions of the Middle East , run for short distances and 

die vpt)Gar in the sand. 

10.2 CliiTiate and Rainfall 

At tho r i g h t end of the Middle East, Pakis tan i s an a r id to 

somi-nrid reg ion . The moan annual r a i n f a l l i n Pakistan ranges 

from 0O9 nun in the northern submontane region to about 125 mm 

in Eind to the south. Rain f a l l s i n summer (June to September) 

as ve i l as i n winter (December to March). The {lummers are very-

hot, with average maximum temperatures of 40°C ever a la rge par t 

of tho Indus Pla in of the country. One of tho world's highest 

temperatures was recorded at Jacobabad in Sind (53°C) . The 

ocean has a moderating influence on the cl imate in the ooas ta l 

region. Tho mountainous western region has a cooler c l imate , 

and as ono passes into Afghanistan, the extremes of temperature 

typical of a cont inental cl imate are observed. The mountain 

ranges of the Hindu Rush l imi t the influence of the monsoon to 

a lino from Kandahar to Kabul. Rainfall i n Afghanistan usua l ly 

oocurs from January to May. Considerable snowfall occurs i n t h e 

Hindu Kush rogion in the winter . The mean annual r a i n f a l l i s 

254 mm in the Helmand Valley, 508 mm near Kabul and f a l l s to 

125 mm in the lower reaches of the desert a r ea . Afghanistan's 

neighbour I r an also- has a hot dry summer (mean maximum tempera­

tures from 34°C to 50°C)ahd a cold winter (subzero temper.-tures) 

over most of tho country except near the po r s l a r gulf, Tho 

major par t of I ran i s semiarid, but north of Elburz mountains, 
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t h e r a i n f a l l a v o r a g o s be tween 1000 & 2000 mm. R a i n f a l l o c c u r s 

i n t ho w i n t e r m o n t h s . F u r t h e r t o I r a n ' s w e s t , I r a q i s a l i t t l e 

wanner and r a i n f a l l o c c u r s b e t w e e n November and A p r i l . I t 

v a r i e s from a b o u t 150 mm i n s o u t h e r n I r a q t o 406 mm i n t h e 

i io^ 'di . Thu.ro i s v i r t u a l l y no r u n o f f from t h o e i raa . i n t h e 

m o u n t a i n s , h o w e v e r , r a i n f a l l v a r i e s from 400 t o 1829 mm, a 

l a r g o p a r t of i t o c c u r r i n g i n t h e form of snow. I n Syria, 

tho w i n t e r i s a,guin r a i n y , b u t a m e d i t e r r a n e a n c l i n j a t o p r o -

v a i l s , R a i n f a l l i n t h e c o a s t and m o u n t a i n s exceodo 1000 mm 

and i s v e r y smal3 i n t h e d e s e r t . I n t h e i n t e r i o r , f l u c t u a t i o n s 

i n temper a t u r e ove r a day may somet imes exceed 25°C. Th© 

maximum i n summer i s 48° C and t h e mean i n w i n t e r 0 ° C . The 

J o r d a n V a l l e y , s i t u a t e d i n c l o s e p r o x i m i t y t o t h e s e a as 

w e l l as t h e d e s e r t , en joys M e d i t e r r a n e a n c l i m a t e i n t h e w e s t e r n 

h i g h l a n d s and d e s o r t c l i m a t e i n t h e e a s t . The mean maximum 

t e m p e r a t u r e i s 4*5*0 and t h e minimum 5°C. R a i n f a l l s from 

Docombor t o March, and a v e r a g e s a n n u a l l y abou t 550 nan i n t h o 

h i g h l a n d s t o v i r t u a l l y n i l i n t h e d e s e r t . I s r a e l , l i k e w i s e 

s i t u a t e d n e a r tho s e a a s w e l l a s t h e d e s e r t , e n j o y s a h e a v y 

n i g h t d e w f a l l , e s p e c i a l l y i n t h e c o a s t a l a r e a s where an a n n u a l 

mfucimun of 6Q mm has b e e n r e c o r d e d . Tho a v e r a g e a n n u a l r a i n ­

f a l l i n I s r a e l v a r i e s from a b o u t 700 mm n e a r H a i f a t o 50 mm 

-t. t ho s o u t h e r n t i p n e a r E i l a t . I n t h e Negev, whoro a n 

i n t r i c a t e r a i n wa te r h a r v e s t i n g sys tem was p r a c t i s e d d u r i n g 

tho t i m e s o f t h e Ionian E m p i r e , moan a n n u a l r a i n f a l l v a r i e s 

from 400 mm i n t h o n o r t h t o 50 mm i n t h e s o u t h . I n t h e 

Arabian P e n i n s u l a , t h e h i g h l a n d s o f Yemen i n t h o s o u t h w e s t 

http://Thu.ro


interrupt the monsoon cu r r en t s , r e s u l t i n g i n a mean annual 

r a in fa l l of 500 mm in the mountain reg ions . Tho coasta l 

iria.-I.ns receive 100 to 130 mm of r a i n . Rainfa l l s throughout 

tho year , most of i t between March and November. Towards the 

Rub a i . Khali , r a i n f a l l i s neg l ig ib le . Tho peninsula has 

oxtromos of temperature, the mean maximum going upto 40°C, 

tho minimum 0»C. The average r a i n f a l l i s 125 mm. There are 

no poronnial r i v e r s in the region . 

Tho ostimatod moan annual t o t a l surface flow of water in 

various countries i s given in Table 10 .1 , as also the per 

cap i ta a v a i l a b i l i t y of water per year . 

10.3 Water Harvesting Technologies of the Middle 3as t 

Since a large par t of the Middle East receives very l i t t l e 

r a i n f a l l , effor ts to u t i l i s e a l l water available havo been 

made for cen tur ies . The technologies evolved as a r a s u l t 

are represented by the run-off farming in the Negov desert 

and Yemen, oo l loc t ion of the flood waters in the wadis (dried 

up r ivor bods) e i the r for groundwater recharging or for sprea­

ding on the f i e lds in I s r a e l , the tanks and d ivers ion weirs 

i n different count r ios , the subsurface dams in Alger ia , tho 

inundation canals in Egypt, in addi t ion to the I r an ian tech­

nique of harvest ing ground water by means of qana t s . Devices 

l i ke tanks, diversion weirs and inundation canals have been 

described in fcho chapters on India and only a b r i e f mention 

wi l l bo made of thorn in t h i s chap te r . 

http://iria.-I.ns
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1 0 . 3 . 1 Runoff fa rmingt R u n - o f f f a rming h a d f l o u r i s h e d i n t h o 

Negov d e s e r t i n t h u days o f t h e Roman empi re^ , "when t h o Roman 

t r a d o r o u t e t o t h e Eas t p a s s e d t h r o u g h i t . C o n d i t i o n s i n t h e 

Nogov f a v o u r a b l e to r u n - o f f f a rming a r e : a r e a s o n a b l e r a i n f a l l 

(moan a n n u a l v a l u e abou t 200 mm i n t h e p a r t o f t h e Ne^ov 

c o n s i d o r o d ) , a m o i s t u r e - r e t e n t i v e s o i l (known as l o o s e , a loamy-

s o i l ) and a v a i l a b i l i t y o f a ca tchment l a r g e compared t o t h o 

c u l t i v a t e d a r o a . E v o n o r i and o t h e r s * ' h a v e r e c o n s t r u c t e d some 

of t h e s e a n c i e n t f a rms and p r o v e d t h e p o s s i b i l i t y of s u c c e s s f u l 

c u l t i v a t i o n . Water f o r t h e farms was c o l l e c t e d by l o n g c a n a l s 

c u t on h i l i s l o p e s , i n a d d i t i o n t o t h e r u n - o f f from t h e o a t c h -

mont o f t h e farm i t s e l f . These c a n a l s , which f u n c t i o n e d more 

o r l o 3 s l i k o t h e foode r c h a n n e l s ( § 5 . 2 . 3 ) and pynoc ( | 7 . 2 . 2 ) 
2 

o f I n d i a , had an a v e r a g e c r o s s s e c t i o n a l a r e a of 0 .1 m • The 
2 

b i g g e s t c a n a l had a c r o s s s e c t i o n of 0.*f m . The c a t c h m e n t 

a r e a of a c a n a l was on a n a v a r a g e 0 .1 t o 0 . 3 h a . The big-;:or 

c a n a l s d r a i n e d an a r e a of 1 t o 1.5 ha above them. The b i . j g o s t 

farm had an a r e a of 5 h a , and t h e farm r e c e i v e d r a i n w a t e r from 

a ca t chmont 17 t o 30 t i m e s i t s own a r e a . I n t h e c a s e of a v e r y 

l a r g o c a t c h m e n t , a d i v e r s i o n we i r was b u i l t a c r o s s t h e s t r e a m 

which d r a i n e d i t , and t h e w a t e r d i v e r t e d t o t h e farm by a 

c a n a l . I t i s e s t i m a t e d t h a t about 2$ o f t h o r a i n f a l l o v e r a 

l a r g o c a t c h m e n t was u t i l i s e d , whereas t h e f i g u r e was 10$ f o r 

s m a l l c a t c h m e n t s . Tho B e d o u i n s i n t h e Negev s t i l l Ufa t h o s o 

wa tor h a r v e s t i n g t e c h n i q u e s . F i g . 1 0 . 2 shows a t y p i c a l r u n - o f f 

f a rming s y s t e m . The Negev i s p r o b a b l y t h e o n l y a r e a wlioro t h o 

ca tchmont was p r e p a r e d i n o l d e n days i n o r d e r t o i n c r o a s o t h o 
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run~< ff. In somo regions, p a r t i c u l a r l y where tho s lspe was 

stoop, tho ground was stony. Tho stones broke tho veloci ty of 

runoff, aiding percola t ion of water into the ground. Thero 

are many places where the stones were gathered in to small 

hoap^ (Fig. 10.3) , so that tho water could flow fas te r aiid a 

larger quantity could reach the farm before pe rco la t ing . 

10.3.2 Drinking water in tho Negovi The drinking water supply 

to houses and publ ic places in the Negev during tho time when 

towns flourished there was also met by r a in water harves t ing. 

The houses got t h e i r water by c o l l e c t i n g r a i n water running 

off the rooftops and s t r e e t s . This water was f i r s t col lected 

in \ s e t t l i n g tank whero tho s i l t got deposited. Tho clear 

wator was allowed into underground c i s t e rns b u i l t i n tho house. 

Those c i s t e rns were normally bot t le-shaped ( F i g . 1 0 . 4 ) . The 
•"""* 3 

capacity of each c i s t e r n was in the range of 5 to 10 m 
**" 3 ( against tho average annual water requirement of 1 .5 m per 

•\ 
man, 1 m por camel e t c ) . The c i s t e r n s were l ined with stone 

to protect tho wa l l s . Public p laces l ike churches r-nd for ts 

had open c i s t e rns of larger capac i ty , and they wore supplied 

by canals 1 to k km in length, often cut in h i l l s lopes . These 

c i s t e rn s had stone walls about 1m high at t h e i r periphery 

to keep s t rangers and animals ou t . Se t t l i ng tanks •were also 

provided to remove the s i l t . At some p laces , depressions in 

the ground with capac i t i es of 5° to 100 m were also usee1 to 

s tore ra in water. Rain wator c o l l e c t i o n from rooftops i s 

even today widely pract ised in I s r a e l (as also in pa r t s of 
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Rajasthan i n Ind ia ) , which has one of the least per cap i ta sur­

face water flows (cf Table 10,1 ) . 

10.3 »3 Terracing of f i e l d s . A technique for conserving r a in 

water uaod a l l ovor the world i s t e r r ac ing of s lopes . The 

slopes are lovollod over short widths at difforont e levat ions , 

a low mud or stone wall separat ing th© terraces (Firj.10.5) • 

Such te r rac ing i s found on h i l l s l o p e s everywhere ( ^8 .5) as 

' 30) 

well as in smaller wadis in the Negev^J ' . The spacing be t ­

ween the walls ( i . e , the width of t he te r races) i s ' 2 to 15 m 

i n tho Negev farms, the walls 60 to 80 cm high, and the 

difference of l eve l between t e r r aces 50 to 60 cm. '/ator flows 

from one ter race to another nego i t a t i ng the drop in between 

gont ly . On largo s lopes , the drop w i l l be higher, and a drop 

s t ruc tu re has to bo provided to d i s s i p a t e the energy of fa l l ing 

water and avoid erosion of the f i e l d . In the Negev, th i s 

s t ruc tu re takes tho form of a s e r i e s of short stone s tops , 

Tho technique of t e r r a c i n g vadi beds i n order to c u l t i v a t e 

them i s also p rac t i sed in South Yemen, where besides the r a in 

water, dew and mist during the n igh ts also provide n^bsta-

n t i a l amounts of moisture* ' . The nearness of South Yemen 

to the soa as well as to the desert (Rub a l Khali) promotes 

subs tan t i a l dew formation, at? in I s r a e l * . The h i l l s lopss 

of North Yomon ( i n the region around whose c a p i t a l San'a,, tho 

famed Mocca coffee i s grown) are a lso cu l t iva ted by t e r r a ­

c ing . Water for these f iolds i s harvested from the runoff 

on neighbouring uncul t ivated land. This i s said to be 30 

thoroughly done tha t no r a i n f a l l i n g on the h i l l s lopes 
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(32) 

' ' O . 3 . 4 P e r c o l a t i o n r e s e r v o i r s o f I s r a e l t I t i s i n t e r e s t i n g t o 

n o t o t h a t t h u t e c h n i q u e of u s i n g p e r c o l a t i o n t a n k s and r a p a t s 

( C h a p t e r 6) was a c c i d e n t a l l y r e d i s c o v e r e d i n I s r a e l when an 

a t t e m p t was made i n 1958 t o c r e a t e a s t o r a g e r e s e r v o i r by 

b u i l d i n g a dam a c r o s s t h e Shiqma wad i n e a r t h e Gas?, s t r i p 

' 3 3 ) 

b o r d e r ' ' i n t h e s o u t h e r n o o a s t a l p l a i n a t Karmiyr.. The 

a r e a i s c h a r a c t e r i s e d by c o a r s e * p e r v i o u s sand d u n e s . The 

r e s e r v o i r f a i l e d t o f u n c t i o n s a t i s f a c t o r i l y as t h e s t o r a g e i t 

was i n t e n d e d t o b o , s i n c e t h e w a t e r p e r c o l a t e d r a p i d l y i n t o 

t h o g r o u n d . I t w a s , however , n o t i c e d t h a t w e l l s downst ream 

of t h o dam showed a r i s e i n t h e w a t e r l e v e l . I t i s o s t i m a t e d 

t h a t t h i s dam r e p l e n i s h e s t ho g round w a t e r t c t h e e x t e n t e f • 
3 

3 »5 m i l l i o n m p e r y e a r . Two more e x p e r i m e n t a l p e r c o l a t i o n 

r o ^ e r v o i r s a t En Kerem and 3 e t N o t o f a have b e e n s u b s e q u e n t l y 

b u i l t , 

10 .3*5 A r t i f i c i a l s t o r a g e i n I s r a e l i Smal l a r t i f i c i a l tempo­

r a r y l a k e s a r e c r e a t e d o u t s i d e r i v e r b o d s a t many p l a c e s i n 
( 3 2 ) 

I s r a e l by pumping, l a t e r t o b e s p r e a d on t h e f i e l d s ^ ' . 

T h u s , 12 m i l l i o n var o f w a t e r f l o w i n g i n t h e Menasho d u r i n g 

t h o r a i n s i s pumped each y e a r t o a l a k e o u t s i d e . 6 m i l l i o n 

3 m of w a t e r a r e s i m i l a r l y pumped from t h e Rubin p e r y e a r . 

The r e s e r v o i r s , however , a r e i n g e n e r a l s m a l l e r , w i t h 

3 

a c a p a c i t y o f 300 000 t o 600 000 in . Expe r imen t s i n c a t c h ­

ment p r e p a r a t i o n s u c h a s t r e a t m e n t w i t h sodium c h l o r i d e and 

p h o s p h a t e s and c o m p a c t i n g of s o i l a r e b e i n g c o n d u c t e d i n 
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or<lor to increase the runoff. Rainfal l i n the region var ies 

from 200 mm to 700 mm. The t o t a l ! quanti ty of water harvested 

in t h i s fashion amounts to about 60 mi l l i on m , and i s s ta ted 

to be ..lover sufficient* . The water thus harvested i s used 

in conjunction with sewage effluent from ru ra l community t r ea t 

went p lan t s for i r r i g a t i n g summer crops and for i n d u s t r i a l 

cool ing. The cost involved amounts to US $ 0.20 - 0.30 per 
3 

m of water stored i n the root zone of c rops . 

10.3«6 Villago tanks in Irant Small v i l l a g e tanks, formed 

by bui ld ing an embankment or by digging, are uned widely in 

the Middle East, to co l l ec t r a in wator. The typ ica l s torage 

capacity of such tanks in Iranr ' i s 5000 to 10 O00 m per 

v i l l a g o . Those tanks work in a manner s imilar to the Indian 

i r r i g a t i o n tanks and face the same problems. 

10.4 0thor_sourcos of_water 

10.4.1 Qanatsi 'Qanat1 i s a semetic word, used in I r an to 

donoto a device tc tap ground water and bring i t to the 

surface without the use of pumps. I t i s cal led Karez in 

Afghanistan and Baluchistan and Foggara in the Arab coun t r i e s , 

A qanat consis ts of a ser ies of v e r t i c a l shafts i n 

sloping ground, intor-connoctod at t h e bottom by a tunnel 

whose gradient i s f l a t t e r than tha t of the ground (P ig . 10 .6 ) . 

The f i r s t shaft i s usual ly sunk in a h i l l slope to a leve l 

below the water t a b l e , and is ca l led the mother we l l . The 

d i rec t ion of the groundwater flow i s determined by evidence 
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p r o v i d e d by t h e p r e s e n c e o f s p r i n g s , v e g e t a t i o n and swamps 

i n low g r o u n d . S h a f t s a r e sunk a t i n t e r v a l s o f 20 t o 30 m 

i n a l i n o ^.long tho d i r e c t i o n so d e t e r m i n e d . The s h a f t s a r e 

r e c t a n g u l a r i n p l a n , t ho t y p i c a l size} b e i n g 0«7 x 1 m. F i g . 1 0 . 7 

shows a p h o t o g r a p h of a s h a f t of t h o C h i n t a l a Karez n e a r 

Kabul . Tfc -• s h a f t i s l i n e d w i t h s t o n e f o r a d e p t h of abou t 

1 m from t i e ground l e v e l t o p r e v e n t t h e odges f a l l i n g i n . 

7 i g . 1 0 . 6 a l s o shows t h e t e c h n i q u e of c o n s t r u c t i o n of 

q a n a t s . A man e x c a v a t e s t h o s h a f t , and a n o t h e r man l i f t s 

th..< oxcava tod s o i l t o t h e g round w i t h t h e h e l p of r. w i n d l a s s . 

Tho s o i l i s dumped around t h e o p e n i n g o f t h o s h a f t t o form 

a ema i l mound, so t h a t r u n o f f from t h o s u r r o u n d i n g l and doos 

n o t e n t e r t h e s h a f t b r i n g i n g s i l t w i t h i t . A f t o r t h e s h a f t s 

a r o sunk, t h e y a r e i n t e r c o n n e c t e d by a t u n n e l whoso h e i g h t 

i s of t h o o r d o r of 1 t o 1 . 5 ra and w i d t h 0 . 4 t o 0 , 8 m, j u s t 

enough f o r a man t o work . The e x c a v a t e d s o i l i s a g a i n t r a n s ­

p o r t e d t h r o u g h t h o n e a r e s t s h a f t . The man w o r k i n g . t h e 

t u n n o l c a r r i e s a lamp w i t h h i m . I f t h e s o i l i s f i r m , no 

l i n i n g i s p r o v i d e d t o t h e t u n n e l . I n l o o s e s o i l r e i n f o r c i n g 

r i n g s must bo i n s t a l l e d a t i n t e r v a l s i n t h e t u n n e l t o p r e v e n t 

i t s c o l l a p s e . Those r i n g s a r o u s u a l l y made of b u r n t c l a y , -

Tho s l o p o o f t h e t u n n e l i s a d j u s t e d t o keep t h e d e p t h of 

f l o w i n g w a t e r c o n s t a n t • When t h o q a n a t i s i n o p e r a t i o n , 

t h o s h a f t s s e r v o t o p r o v i d e a e r a t i o n t o t h e f l o w i n g wa te r a s 

w o l l a s f o r m a i n t e n a n c e w o r k . 



Qana t s a r o found n o t o n l y in I r a n and A f g h a n i s t a n , bu t 

I n C h i r a , P a k i s t a n , t h o S y r i a n d o s e r t , t h e Arab P e n i n s u l a , 

P a l e s t i n e ) , Nor th A f r i c a ( S a h a r a ) , S p a i n , C h i l e , P e r u and 

J o x i o o 1 " ' . M e g a s t h o n e s , t h e Greek t r a v e l l e d t o I n d i a , has 

r e c o r d e d i n t h e y o a r 300 BC t h e e x i s t e n c e of q a n a t c i n 

B a l u c h i s t a n , now a p r o v i n c e of P a k i s t a n , ICn t h e Middlo ITast 

o a n a t b u i l d i n g i s a s k i l l i n which some f a m i l i e s s p e c i a l i s e 

and which p r o v i d e s them t h e i r l i v e l i h o o d . Qana t s a r c b u i l t , 

as a r u l e , i n w i n t e r when t h e demand f o r oxygen by t h e aon 

(37 ) w o r k i n g i n t h e t u n n e l i s s m a l l e r t h a n i n summer^ ' ( t h o o i l 

lamp a l s o needs o x y g e n , though nowadays b a t t e r y o p e r a t e d 

lamps might be usod i n many p l a c e s ) . B u i l d i n g a q a n a t i 3 

a l s o somewhat d a n g e r o u s , s i n c e t h e r e i s always t h e r i s k of a 

c a v o - i n , and a s p h y x i a t i o n c a n r e s u l t i n t h e na r row t u n n e l , 

Tn tho l i g h t of t h e s e c o n s i d e r a t i o n s , most q a n a t s a r o b u i l t 

by young pooplo^ ' . 

F i g . 1 0 . 8 shows t h o o u t l e t of a q a n a t n e a r K a b u l . The 

w a t e r f lows i n a c h a n n e l t o i r r i g a t e l ower l a n d . "l ien t h e 

w a t e r i s meant f o r c o n s u m p t i o n i n a v i l l a g e , an o n c l o n ^ e 

i s e r e c t e d t o c o v e r a ground l e v e l c i s t e r n i n t o wh ich t h e 

q a n a t d i s c h a r g e s , so t h a t p o l l u t i o n i s a v o i d e d . T'fater i s 

t a k e n i n p o t s from t h e c i s t e r n . I t i s s a i d t h a t t h e c i t y 

of Tohran got I t s w a t e r t i l l 1933 from q a n a t s e x c a v a t e d 

from t h o E l b u r z m o u n t a i n s . A q a n a t may t a k e 2 t o 3 y e a r s t o 

b u i l d , and c o s t s a b o u t US $ 2250 p o r km l e n g t h . The maximum 

d i s c h a r g e from a q a n a t i s of t h e o r d e r of 30 l i t r e s / s e c . 



1 0 , 4 . 2 Snpw f o r d r i n k i n g water* I n a few v i l l a g e s a round 

S h o r i t a l a i n tho Takhar P r o v i n c e o f A f g h a n i s t a n , snow f a l l i n g 

i n t ho w i n t o r i s s t o r e d v tnderground, t o be USQ'1 a s d r i n k i n g 
(17) 

wate r i n tho d ry s u m m e r 4 ' ' " , Tho snow i s c o l l e c t e d i n b a g s , 

l a d o n on donkeys and dumped i n a p i t i n t h o v i l l a g e . The 

p i t i s 6 t o 0 m i n d i a m e t e r and a b o u t 10 m d e e > . I t i s not 

l i i i u d , a i : / Jo t h o l o o s e s o i l i n t h e a r s e , i a f i r ; . ; . The sr.o ' 

i s compacted and t h e p i t f i l l e d t o w i t h i n 2 t o 3 m f r o n thu 

g round ( F i g . 1 0 . 9 ) . The r e m a i n i n g s p a c e i s f i l l e d w i t h o a r t h , 

which a c t s a s an i n s u l a t o r . A ramp o r a s e r i e s o f s topr . i o 

c o n s t r u c t e d from t h o ground l e v e l t o t h e bot tom of t ho p i t . 

A s m a l l bamboo t u b o i s d r i v e n t h r o u g h t h o w a l l o f t h e p i t 

i n t o t h e snow dome 50 cm above i t s b o t t o m . Tho snow m e l t s 

s l o w l y around t h e t u b o , and w a t o r t r i c k l e s down t o a p o t 

p l a c e d u n d e r n e a t h . I t i s s a i d t h a t t h e s t o r a g e i n one ouch 

p i t s u p p l i e s tho v i l l a g e (10 f a m i l i e s ) i t s d r i n k i n g w a t o r 

f o r two y e a r s . I n t h i s t e c h n i q u e , l o s s e s due t o e v a p o r a t i o n 

and p e r c o l a t i o n o c c u r r i n g i n t h e c a s e of w a t e r s t o r a g e f'-re 

a v o i d o d . However, i f s n o w f a l l i s b a d fo r two c o n s e c u t i v e 

y e a r s , t h o e n t i r e v i l l a g e h a s t o s h i f t t o t h e n e i g h b o u r h o o d 

o f a s t r e a m , kO km away, i n s e a r c h o f w a t e r . 
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CHAPTER 11 » RECOMMENDATIONS 

The t e c h n o l o g i e s d i s c u s s e d i n t h e p r e v i o u s c h a p t e r s h a v e 

a l l e v o l v e d o v e r c e n t u r i e s , w h i c h i s a n i n d i c a t i o n t h a t t h e y 

a r o c a p a b l e of r e p l i c a t i o n i n t h e r e s p e c t i v e c o n d i t i o n s o f 

t e r r a i n , c l i m a t e a n d r a i n f a l l , s o i l t y p e s and a g r i c u l t u r a l 

p r a c t i c e s . They a l s o h a v e t h e c o n s i d e r a b l e a d v a n t a g e t h a t 

t h e c o n s t r u c t i o n s i n v o l v e d c a n b e c o m p l e t e d q u i c k l y , l o c a l 

m a t e r i a l s and l a b o u r c a n b e u s e d ; a n d f i n a l l y , t h e y c?.n oe 

a p p l i e d i n a r e a s w h e r e l a r g e p r o j e c t s a r e u n e c o n o m i c t o 

u n d e r t a k e * 

I t i s a f a c t , h o w e v e r , t h a t l a r g e n u m b e r s o f s t r u c t u r e s 

o r o c t o d t o c o l l e c t t h e w a t e r a r e i n a p o o r s t a t e o f r e p a i r . 

The m a i n r e a s o n f o r t h i s i s t h a t t h e r e a r e t h o u s a n d s o f bhem, 

and m a i n t e n a n c e i s d o n e by c e n t r a l i s e d g o v e r r m m t d e p a r t m e n t s 

w h i c h a r e u n a b l e t o c o p e w i t h t h e v o l u m e o f Work. T r a i n i n g 

o f l o c a l p e o p l e i n m a i n t e n a n c e i s t h e r e f o r e n e c e s s a r y t o 

e n s u r e g r e a t e r s u c c e s s o f t h e s e t e c h n o l o g i e s . 

C a t c h m e n t p r e p a r a t i o n t o i n d u c e a l a r g e r r-.inofT i s a o t 

p r a c t i s e d i n I n d i a , e x c e p t o n a m i n o r s c a l e i n p a r t s o f 

R a . j a s t h a n , p a r t l y b e c a u s e t h e a n n u a l r a i n f a l l i s g o o d . I n 

a n a r e a l i k e I s r a e l , w h e r e t h e p e r c a p i t a s u r f tee f l o w i s 

l e s s t h a n 6% o f t h a t o f I n d i a , c a t c h m e n t p r e p a r a t i o n i s 

i m p e r a t i v e * 
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FIG. 1-1- P O L I T I C A L M A P OF I N D I A 
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FIQ. 5.1 Tonnur tank bund—Upstream slope 



FIG. 5.3(contd) lank outlet 
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PIG. 5.4a streaaa intake to feeder channel 
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FIG. 5.4b Feeder channel control 
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PIG. 5.6 Waste weir in rock 
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FIG. 5.8 Tank terrain 
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FIG. 5.9 Tanks near Bangalore 
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FIG. 5.11 Downatreas view of the fonnur tank 
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.FIG. 6.5 Percolation tank near Puae 



PIG. 7.2 Pawar ahar near Patna 
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FIG. 7.4 Irrigation outlet from an aaar 
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PIG. 8.2 Kolhapur type eandhara 
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PIft. 8.3 Piera of the Kolhapur bandhara 



PIG. 8.4 Wootea shmttere for Kolhayur feandharas 
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fIG. 8.6 Steel abutters for baniharaa 

PIG. 8.7 R C C Sautters for bandharae 



FIG. 8.8 Kuhl terrain 
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FIG - lO -S . TERR A C E S IN THE N E G E V W A D I S 



.LLUVIAL FAN 

,WATEP TABLE 

ROCK SHAFT VILLAGE 

••C!DC3C3UC3cac^Jb»«K/ 

\:K TRANSPORT DRIVING MAN 
TO THE SHAFT WITH LAMP : T WITK 

' in t - " I I • / y ; 

REINFORCING RING 

F I G - 1 0 6 - A Q A N A T AND ITS CONSTRUCTION W 5fc) 



%' 
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FIG. 10 -9 -SNOW STORAGE IN AFGHANISTAN 


