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Irrigation and Drainage am inter.-rela.ted and in most 

of the cases complementary to each other. It, is well known 

that while considering the need for drainage much of the small 

portion of the total land surface on the earth that is available 

to man for growing crops requires artificial rocondition .ng 
before it is ready to produce cultivated crops. Among the items 

of such artificial reconditioning are Irrigation and Drainage. 

There will always be a balance between the water that 

ultimately flows out of the underground reservoir to a valley 

and the inflow to the underground water fron the land surface 

by way of rainfall. Any condition that creates obstruction to 
I 

this natural phenomenon will lead to instability of inflow-

outflow relationship, causing the underground water table to 
rise and make the land water-logged, warranting provision of 

artificial drainage. The cause for water-logging will have to 

be established before suggests system of drainage to be opted. 
T."~0,s.~,g .Urainaaod_ - Drainage may be for agriculture or non-
agricultural purposes. IbU agricultural drainage may include 
municipal drainage, drainage to protect structures, drainage of 
pl yfiolds, race»tracks,, air ports and for ensuring public-health. 

Agricultural drainage deals with the removal of excess 

water from the land surface and from the soil of the root zone 
of plants i.e. surface as wall as sub-surface or internal 
drainage. This is necessary to increase productivity of crops 
grown on the land by keeping the root zone without saturation 
for a long time. 
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Soil moisture relationship are very important in drainage. 

Thus the factors iihjch are of primary Importance in Irrigation 

are: infiltration capacity of the soil, field capacity, moisture 
storage between field capacity and wilting coefficient, and 
capillary conductivity of the soil. 

Factors of particular importance in drainage are infil-
tration capacity of the soli, moisture holding capacity of the 
soil in the root zone between field capacity and saturation and 
the soil pormeability and these factors are mainly governed by 
the soil texture, soil structure and organic matter present in 
the soil. 

When free water is present in the soil penman- 
ently within the last 1/3 of root zone of crops !k the soil pores 
are occupied by water to such an extent as to effectively cutoff 
normal circulation of air $ and retardation of plant gro'vith 
leading to water-logging of land. The harmful effects of free 
water are poor aeration resulting in lack of oxygen  to the plant 
roots, retardation of favourable bacterial activities, adverse 
biochemical changes, dilution of soil nutrients and their 
removal by seepage, development of certain plant diseases and 
in some cases, encouragement of growth of some insect posts. 
For detailed discussions refer ,pea 2.1.0. 
rainaio n Ar 	d 	d R© o :- In humid and wet regions, 

low lying lands with poor surface drainage may be naturally 
water-3oggod. ' Such lands are the most fertile and need to bo 
efficiently drained in order to be fit for cultivation. Thus 
in and regions, drainage follows Irrigation and in humid regions 
it may have to precede agricultural devolopnont. In arid and 
semi-arid regions, the rise of ground water table, which loads 
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to water-logging also brings up injurious ' salts causing exce-
s sive salt concentration in the root zone thereby rendering 

the soil saline and unproductive. 

The commanded areas in 
fadhya Pradesh from Chambal Canals falls between arid and 
semi.-arid zone. The Ciiambal Canal is a contour canal with 
command on left side and the hater logging conditions are  

confined to the left side of the Jain Canal only, (cf. f ic:i) 

map). The water logging problems in the areas of Bhind,Mprena 

Districts are attributed to the blocking of natural drainages,, 

seepage from canal, existence of clayey soils on the left side 

of the Main Canal at top levels preventing infiltration and 

consequent stagnation of water on the lend surface. Further, 

due to the existence of soils with comparatively lesser 

percentage of clay at right side of the canal compared to the 1 
loft side recharge conditions have developed loa4ing to high 

i 
water table on left side of canal in confined state. About 

1,45,tO1 acres of land under Chaanbal Canal system in Madhya 
Pradesh is under the influence of water table between 0 to 10 ft. 

Salt concentration with white crusts, of salt - are also 

seen in small patches on the land surface, Pilot schemes like 
Na gral,, Sabalgarb, Pemsar etc. have been taken up after proms. 
11minary investigations, for Implementation of remedial measur©s. 
It consists mainly of clearingtdoeponing and widening of natural 

drainages ,provision of additional drains whore necessary',,,.. u n-. 

ing of canals in embankment reaches to prevent seepage • Since 

the water logging conditions are only marginal at present ,no 

costly proposals like sub- surface drainage are proposed to be 
taken up, After watching the behaviour of water table etc. on 
construction of surface drainage ,further remedies would be propose 
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1 ,1 •0. 	_ U~aTI0N 

Irrigation practices are known to have developed since 
over four thousand years in the Valleys.s of Euphrates, the 

Tigris and the Nile in Egypt. Irrigation facilities provido by 

the major rivers in I gypt, China etc. is reported to be the 

cause for the development of c t iization in these countries. 
After the first World War In 1918, the doveloj ent in the 

field of Irrigation increased. Fri one hundred million , acres 

at the beginning of the 20th century, the irrigated acreage 

in the world increased three-.fold to about 300 million acres 

by i9. It is estimated that before the year 2000, . the irri' 
,gated acreage in the ucrld t ould have exceodod the 500 million 

acres mark. 

Irrigation In India has boon practised from pro-historic 
times and appears to have been contemporary vitb Agriculture 
itself.  « Frequent references are found in the Vedas and other 
ancient Indian literature to wells, tanks, canals and dams, 
to the importance to the community of their efficient mainta.. 
nance and operation and to the duties of the States in these 
matters(18,)* 

1.1.2, 	!4orty major corks in I;orth and South India wore 
completed .during the 18th and 19th centuries. The period 

1800.1836 has been called the period of the First Groat vonturos 
during which the old Yamuna canals in the Ibrth and Cauvery 
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D,lta system in the South were remodelled('$). 
1.143. 	India has made rapid strides, since 1951 in the 
field of irrigation, when dovolopmcnt started. The Natal 
cult ivvable land in India is 19+,61 m.ha (E3O,9 in, a.) About 

85 to go million acres would be under irrigation by the end 
of )+th Fivo.year plan . which is about 185 of cultivoab].e area. 
By the and of 5th Plan it is proposed to bring the irrigation 
potential to 23% of total cultirablo area* 
1.2,0.MM.CE, 

The a porionce in India and other countries has shown 
that irrigation, while it contributes substantially towards 
the support of ever-increasing population of the world is not 
an urudzOCL.blesSing. Provision of inc dequate drainage faci.. 
lities has load to the problem of water logging and salan9.-
zation of lands. There is always a balance between the inflow 
of water into the ,around from rainfall etc. and the outflow 
and as a result a state of equilibrium win have been a stab-. 
lished. by, the underground water table. Any disturbance in 
this respoet, for Instance % by construction of roads, railway 
embankments, dovolopmont of towns, extensive irrigation by 
canals thereby affecting the natural drainage capacity of 
drainages will load to an imbalance in the natural inflow 

and outflow of around water which oriiinally existed. 
Conooquently, the underground water table will try to read-. 
just the equilibrium by creating a rise in water table at 

• some portions and lowering in sumo other areas. If the water 
table comes close to the around surface, it may affect the 
productivity of soil andwater-logged conditions may develop.  
(Rofor Para 2.x.0). Under water-.logged conditions the crop 
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yiold will be considerably affected. This state of affairs 
cannot be allowed to develop when there is already shortage 
of good .in most of the countries in, the world, compared to 
the rise in population. It is, therefore, necessary that 
adequate drainage Qf irrigated lands should be provided to 
chock wotor- o cging. 
1 «2.1. REDBtPF 	 J CANAL 	Gd1 A R4EA!1 JWI  

The problem of water logging exists in mat's' states in 
India especially in Indo Gangetio plains vftiich have flat slopes 
and poor outf .s. In Doccan regions in the :south where the 
drainage conditions are better, boing a roll ins terrain the 
problem is not much. In Uttar Pradosh the problem exists in 
the commanded areas of Ganga Canal system, Hira Canals in 
Maharashtra and Chambal Canals in Madhya Pradesh and Rajasthan. 
A rough assessment of areas water-.loggod in different States 

upto April 1959 is indicated in the table (24) 
TAB LE:1 

States atego 
W.T,040 

o gory 	0g0, r 
W.T 5..1Of 	Were 

a t) Vii' 
A sa a Total 

deep• area in doop •area 	1o.1'  affected affected area deep area hater Ba it  Area tT 
logged affected logged  affect (acres)  

Punjab 1970520 1300000 	33500001+50000 	2283000 1250000 3000000 
tact Bengal 573750  Nil 191250 	Ni]. 	111 Nil Ni]. 
U.P. Ni]. lot known 	9631+5 I of known 	Nil 2300000 2300000 
Bombay 10821 179.00 Nil 	53744 	i t Inch, 	Nil 716 
A.P. 101+56 I1". 	l Iiil. 	11±]. 	Ui.l IWil 111 
J a I: 1+500 Nil 2.5000 	Nil 	21,000 Nil Nil 
Cow D3Th1 3200 Iiil 6000 	Nil 	600 Tit.], Ni]. 

Total:2 32 i.7 1317900 3663595 50374+ 2307600 3550000 5371  G 



1 02*2. 	TTii 	 127.S1dJs IN fltDlk 
The need for drainage as anti-water logging measure 

was re+ ognised in 1954 and prior to this year desired atten- 
tion had not been 	Dti provision of adequate drainage 
in canal irrigated tracts(1 by most of the States in Via. 
1.2.3. 	It was in Punjab even as early as betwoon 1870 and 
880. certain canals wore realigned and natural drainages 

i proved by the provision of adequate water nays in order to 
lover the 11.T. in canal irrigated areas,, A drainage board was 
set up in 1918, s. iTater logging Board in 1928 and a Drainage 
Circle in 1941+ to investigate into the pr em 2  `). 
I.2.1+. The States are not alive to the situation and a number 
of anti-water logging measures have been taken up by the States. 
West Bengal has unthrtaken the Sonarpur Arapaneh drainage 
scheme s  the o3;ecution of Etoberia and Kalaboria .hal schemes 
and others. A total area of 360.5 sq.miles is expected to be 
benefited by those schemes ( 2  
1, 2.5, In 37. P. several measures like the construction of 
surface drain lines with the canal system # reducing the 
intensity of&irrig tion andimplementing correct- irrigation 
practices encouraging the use of tells have been taken 
Conjunctive use of gall and canal irrigationIs also practised 
in`U.P, 
1.2.6. T4abarashtra has carried out eper;i tints on various 
anti water logging measures such as canal lining, changing 
of cropping pattern according to soil suitability etc. 
and has now standardised the technique of :and drainage(2  ). 



1.2.7. In Madhya Pradesh / 9459400 acres of land is affected 
by vator logging. This area is under the influence of 1d.T« 
between O-10 #b Efforts are being made to combat the water 

logging by implementing such measures as removing obstruction 

to natural drainages # construction of surface' drains, oncoura- 

Bing use of walls etc. 
'f.3« 	Water logging. is a serious problem in this country. 
Extensive valuable agricultural land of the country is going  
out of use due to water logging caused by incorrect irrigation 
practices, over irrigation and inadequate drainaCe of the land. 
It may therefore be 1 ept in View that scientific irrigation 
coupled with proper land drainage are essential. for successful 
agriculture. It has to be realized. that d in go measures are 
an essential part of the irrigation schemes and adequate 
provision for drainage should be included in the irrigation 
p Jeot itself. On the older canals there is need for concen-
trated measure to check ingress of water loCcin3 and to roe 
water logged areas. 
1.3.1 •  The dissertation on the subject of water logging has 
been divided into two parts for convenience. It presents the 
problems of tar-legging of lands, its causes and remedial " 
measures, Part I deals with the General aspcets of the problem 
and Part Ii with the problem of ;water- logging in Mambal canal 
system. 



2.1.4. Wator..loggod soils create anerobbc conditions at, 
tho roots of plants and suffocates the plant growth and thus 
condor the land unfit for cultivation. The growth of normal 
crops is dependent upon an adequate supply _of nitrogen in t$+ 
Porn of nitrates* The process of nitiriti.cation is carried 
out by a kind of bacterial activity i.e. aerobic bacteria 
which require oxygen for their survival, The presence of 
ozcoss water In the water logged soil results In the exclu ton 
of air, reduces the supply of oxygen to these bacteria vitf 
tho result that, nitrification process does not take place and 
plant growth is affected. Thus the ' ane 'bi c' conditions are 
colt by the plants. This ancrobte bacteria produce Gases which 

aro ha m. to the plants. 
In average weU drained sails, the pore spaces amount 

to be 40% of utich 25,E is filled with capillary water and 
the rezrnining 15 'rith air(17) * In well drained soils the 
c rbon-diozide in the soil air dissolves with the water 

filtrating through the soil forming carbonic acid uhich 
.1 osolves tho titneral olem t s of the soil required by plants, 
rind thus fresh air with oxygen is dry from outside. VdhOn 

the soil is saturated under water logged condition the 
poi colation of water is stopped and as carbon-dioxide is not 
t'issolved its concentration rises. Consequently fresh air 
c pply to tho plant is stopped affecting the plant growth 
cnd consequent reduction in crop yield, 



2.1.I + 	The depth of water table below the ground surface 
is the factor that makes the land water loggod. The depth of 
water table at which it starts halYjing the crops depends on 
the height of capillary fringe and the type of crops grown. 

The height of capillary fringe depends on the characteristics 
of the soil$ which is more in the case of fine grained soil 

than in the case of coarse grainod soils. Lormal .y the I.T. 
(including the capillary zone) should not be allowed tti rise 
beyond the last 1/3 of root zone of the crop. Table below 
illustrate the depth of W.T. at which the crops normally suffer 
from Bond .tions of water-logger( 3) . Deep rooted plants suffer 
more from, water-logging than shallow rooted crops. 

Crpp 	 th of Lratar ale 

Cheat 	3' to t 

Cotton 	5' to 61 

Rice 	 21 
Sugareane 	3' 
Fodder 'crops 	I+ f 

co a 	71 to 81 

2«1.2. 	irail y the water table closo to the ground sur.. 
face may turn the land saline; but 4 saline soil need not 
necessarily bti mater logged. This aspect wri1l be discussed 
separately in Chapter 3, 

2.2.0, AU_ T S `` 	.~.J GING... 
Tho general cause of crater-logging is attributed to 

the Imbalance in thohydxlogical cycle.  , 



INFJOW  

Surface flow 
Subsurface flow 
Precipitation 
Imported. water 
Decrease in surface storage 
Decrease in gr• dwater 
storage 

11 

Surface , .o" 
subsurface flow 
Consumpt ve use 
Exported water 
Increase in surface storage 
Increase in g;z ndwater 
.storage 

The disturbances caused to the outflow by way of excess 
infiltration into the ground will tend to raise the water table 
leading to water logging of the land# 
2.2.1. Water«logging may result from either natural or 
artificial causes or a combination of the two (2i 3 0  

(i) Excessive rainfall and poor surface, drainage 
due to flat topograpby of the area 

(ii) Submergence of adjoining lands by river floods. 
(iii) Artesian pressures 

i) Poor sub-surface drainage conditions caused by 

mfsvourable geological formation such as perched 
water tables. 

These factors have been described in detail in the 
following paras, 
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2.3.1 * 	Continued excess rainfall over areas having poor 
drainage will lead to a rise .n vator table. artier, the 
topograpby of the ;mod influences the rise of water table. 
A flat topography will not discharge the surface and subsurface. 
waters quickly utereas a rolling terrain is better drained, 
2.3.2. S r GEN OF 	diCAN n RIVF' f 

Frequent flooding of land will lead to the growth of 
weeds and blocking of natural drainage in the water shed.* 
The small depressions or ponds will l continue to hold water 
even after the flood roaeeds. This phenomenon if continued 
will add to the increase of underground eater table and 
consequent water logging of the end. 
2,3.3.  ~Y/.I' i ! I.1.1 Ij IlI qy YIYr4Y.a 

Water table in the land may be under confined condi. 
tion due to impervious nature of top soil and recharge condi- 
Lion. at higher elevat ons 

2 R 3, 4. POQR 3U13 S 'MACE 

This makes the area ziarshy. 

Existence of lmporvjous soils, barrier, or stratas 
not far below the ground surface In stratified format .ens. and 

also along the general direction of the flow of underground 
water will impede the movement of water and creates a high 
water table, This is known as 	ehed terta, and will 
bo different from the goneral underground water table. 
2.4«0. A' %TIPIC,,JAL CAJSE8 

These include . 	. 
(1) High intensity of irrigation irrespective of the 

soil and sub..soil ciaraetori3tica. 
(ii) Boavy seepage iosaos from canals, distributaries 
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and water courses and from gyrator impounded in 
reservoirs 

(iii) Heavy bond .ng or enclosing irrigated fields and 
cht oking up of natural drainages. 

(iv) Abandorunont of existing percolation wells. 
(v) I ong and defective methods of Irrigation and 

over .» .rri tion. 
(vi) Badly aligned cana .s 

These have been described in the following pazs. 
2*4*1. 	 t :- Is land not receiving 
any irrigation watr in the past is brought under extensive 
irrigation, the excess . water Infiltrating into the pound may 
do itzibute to rise of water table. 

14 	avy c 	g oosfr canals & x 	r: -- £XpendIng 
upon the drainage ar all.goincint s provided dotY nxtreai of the earth 

or the canal'banics, the height of water {]poundod in the 

ms's  +oana.l and the characteristics of soil in the bed of canal 
and at the dam basin, there old be inflow of water into the 
ground rising the water table. 
2.1+.3. Heavyimdinf ._—o  fields. and 	kngjrLofnatural .. 

At times the tie ids will bo bunded up mere than that. 
required from the potnt of view of water requirement of crop 
leading to excess water storage and consequent infiltration 
of wator into the ground raising the water table * 	 _r  

Another causo of water.logging is duc-'be the blockage 
of natural drainages by construction of bunk . along emaill 
nallas for Babi irrigation etc. and also provision of inadequato 
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waterway for culvorts, bridges etc. where the road or railway 
crosses the drainages obstructing flow. 
2. + 	 ec 	a cisof i 	t4,p A M - Owing to 
wrong notion of supplying more water for better crop yields 
among farmers, over irrigation has become a practice all 
over. This excess water from fields will lead to ator,. gging 
of lands. 
2.5, 0.  IM - CTS p2` MIA= IMU 3G 

The following are the main factors ros-)onsible for the 
infertility of water-logged lands; 

(i) Retardation of plant growth 
(i) Difficulty in carrying out cultivation operations 

(in.) Cpetition from the natural vegotation of water 
logged soils 

(iv) Salinization of lands 
(v) Adverse effect on co unity health. 
T eso factors have been described in the following 

paras c 
2,5.1. R1 dtppDlant 	I:. The growth of plants 
will be affected badly due to water logged conditions as 
c lainod in pars 2.1.0. 
2.5.2» ✓  ^ V L 	 {At 	t 	4 	/. M' 

Proper tillago and preparation of the field for optimumi 
conditions of germination is not possible for most crops in 
a soil which is constantly vet. 
2. .3» çmoti  

1 d - 	(3 	S• 

There are certain plants or weeds which are adopted 
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to growth in saturated soils, Those plants take root in the 
avatar logged land$ and grow in great profusion suprossing 
the useful fps grown in the field. Protection of the crop 
against ,  them would need constant toeing xhiich makes the crop 
uneconomical,

• 2 	a1inizatjoçlandaWinds 'bongo saline under water 
logged conditions du, to concentration of salts at the surface. 
2. 	Ac see ect 	 t 	The formation of 
stagnant pools and the generate damp cl ato is very favour-. 
able to the brooding and multiplication of nalarial parasite,, 
which is o .remely detrimental to the health of the co nun .ty. 

• 2..6. 	It may thuabe seen that water loCing 'presents 
serious problems and antivator logging measures to c bat 
the problem is of urgent necessity. 



0 

16 e 	 k' 

B 

~ u s 

As already pointed out salinity problems have ocourod. 
in many states in India especially Rajasthan, Punjab, U.P., 

most Bengal and Gujarat, Rajasthann being in and-zone the 
problem is more acute there and so also in U, P. and injab. 
3.2. PEOBZEt4S.,.€ F ~ 1 LX ~ 

Salt-efflorosoence is worse type of dacage to lands 
than water logging. It spreads in deep soil zones where natural 
contents of ti salts in the sub osoil are great and they 
accumulate and come upto the surface of the soil by capillary 

action due to the rise of the sub-soil water table. After 

lowering the water table by drainage or by lift irrigation the 
salts at the surface do not disappear unless they are spocia.. 
lly treated for. 
3.3. IpU MID cL 	S annual depths of rainfall are suffi4e 
dent to leech excess quantity of soluble salts to drainage 

outlets or to depths below the root zones.  
3,14., 	In irrigated regions ample supplies of irrigation 
water, properly applied, may accomplish the same results 
provided satisfactory soil structuro can be maintained and 
adequate sub soil drainage is available, When these p oblems 
are not ful —fillod, continued irrigation causes rise in 

ground water levels and increasing accu, ulation.; of soluble 
salts in the root zono. 

3.5, 	On an average $ 50, 000 acres of good fertile land is 
affected every year in northern India. In U.8,A, more than 
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255 of irrigated farm land suffers from the salt trouble. 
In these days of grow .ng food demand to food the increasing 
world population the ttportance of reclaiming such land and 
of maintaining the salt balance of all land under agriculture 
is obvious. 
3.6, FQRr4flON OF SALI L 

The processes which lead to the formation of salted 

soil can be s narise,d as follows: 
(i) Saljniain.  This is the process of salt accumulation 
in soils. It occurs where neither the surface nor ground waters 
drain away satisfactorily. Salt is concentrated by water evapo ' 
ration. Sodium salts usually predominate in early stages of 
salin nation. Calcium carbonate and calcium sulphate are less 
soluble so they accumulate more slow and than "precipitate 
€ s the process of evaporation and concentration proceed,. 
(ii) Al 	 .9flr  As salts concentrate in soils, there is 
an equilibrium established between the positively charged 
ions in solution and those adsorbed on the soil colloid. As 
sodium salts become more concentrated in the soil solution, 
greater quantities of Tb ions are adsorbed. As the percentage 
of exchangeable sodium is increased, the soil becomes more 
alkaline in reaction, and for this reason, the pros es is 
termed alkalization. 
3,7 •  §"L LEC r ., ATIOJL pfOCES$ 

Chv 3.7,1.  „I?9_ear gn.--. This is the process of leading away 
of soluble salts from soils which have had large accumulation. 
tin the salts are largely removed, the colloids tend to disperse 
and decrease permeabi .ity, 
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3.7.2«  ,radati ns- If a soil undergoing desalinization 
does not contain gypsum or calcium carbonate, there are no 
bases to replace sodium after the soluble salts have been 
omoved« Exchangeable sodium then tends to hydrolize and 

form sodium hydroids with hydrogen being added to the clay, 
The sodium hydrozide reacts readily with the carbon dioxide 
from the soil air to form sodium carbonate, 

Co2 + }12o (H2 +,) + 2 off = 12 o3 + 2B2O. with ortone 

sine leaching, the sodium carbonate is gradually retoved and 
the hydrogen exchange for sodium is brought to near completion 
with a resulting drop in PH, This practice is adopted in 
Punjab for reclaiming land which is discussed at the end 
of this s c pter. The PB of I Degraded alkali soils may be L 

6.O. where soils contain calcium carbonate or gypsum,34rge 
quantleis of calcium are maintained in the soil solution.# 
Calcium is than exchanged for sodium during, the leaching 
process and a normal soil results. 
3,7.3,  Ae red: g 	This Is the procedure whereby lime or 
gypsum is added to an acid degraded soil and the calcium 
replaces the hyr .rogcn on the soil colloids, giving a normal 
soil with respect tca. exchangeable ions. 
3.8. 

e rtrac  kalos /cm_ a 25! C 	 CroD  ire 
0-2 	 Salinity effects negligible for most crops. 
2J+ 	 Yield of many sensitive crops restricted. 
"8 	 holds of many crops restricted,. 
8»16 	 only tolerant crops yield satisfactorily. 
Above 16 	Only a few tolerant crops yield sat is- 

fa orily, 
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. The above table gives the tolerance of some plants 

to salts* 

3.90 

It has since been established that sa „nization/al» 

lization of land does not occur only due to presence of a 

high water table. Salinization or alkalinization of land 

may also be duo to poor quality of water suppled for irri. 

gation, If the water contains a oss harmful swats they will 

be deposited in the soil pores and on the surface during the 

process of evaporation and makes the soil salino/al aJ , 

3.10.  OIL AE+ 1. AT QN 

This can be accomplishet by a stable combination 
of (1) leaching (2) application of amonc ent o, ( ) proper soil 
niana ement, ( ) growing of a1 i resistant crops and (5) measures 
to reduce evaporation(21) 0.  

3,10 ,1, 0 	iOFiIJQI r 
The first stop in reclaiming saline soils is to instal 

drains for leaching soluble salts, Soil should be troll drained 

to attempt loathing as leaching requires unrestricted passage of 

Lwator 	, through and out of t1m root zone. The second step in reclai 

mine saline soils is to leach salts by adding an excess of 

water to the soil so that much or it goes on through and 
drains away from the rooting zone. In order to be effective 
in removing salts at least 1O1 or more of the water added 
should be carried to the drains. The most desirable method 

is to make level ehAks of about j,4  acre each so that each 

cbak can be irrigated independently from the water. ogle. 
In no case should the water be allowed to pass from one ohak 
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to another. To make leaching affective the chak Should be so 
levelled that water stands uniformly over the surface, 
Flooding is usually maintained for several days, The water 
supply is then shut off and the flooded waters allowed to 
percolate through the soil. After the soils b~como dr7,fLoo 
ing operations are repeated. until most of the excess salts 
have boon washed to depths below th© root zone, yin; between 
leaching periods stimulates root growth of any vegetation 
that may exist, aids aggregation and permits the formation 
of surface cracks that facilitate .nfiltration during subsea 
quent flooding. Soil samples are taken and salt content 

analysed after each floodng. 
Cropping may also facilitato leaching whore roots or 

incorporated residues make the soil . more permeable4 A crop 
should be chosen which is adaptable to wet conditions and 
tolerant to salt, among such crops are rice, barley, sweet 
olcior, tall wheat grass Bermud grass etc, Carbon dioxide 
released into the soil may also .ncrease calciumso .ubility 
and facilitate desired base exchange reactions. then the rice 
or other crop is harvested, soil s plo$ are tested again to 
Goo the effect of leaching and the depth to which the salts 
have been washed out, 

The salts should be mashed below the root zone say 
upto 10,(30) from the surface, ►r this purpose rice should 

be the first initial crop in any project. 
On account ►f continuous loachinZ and the growth of 

crop (such as rice) for this purroso during roclamation,tho 
ava .lablo nitorgon in the soil is reduced cons .dorablys 
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Treating the surface iiitb liberal applications of coarse 
(sue manure or ploughing under a good green manure crop 
helps not only to set right the nitrogen deficiency but also 
tends to keep the soil surface open and to provide channels 
for water entrance4 tyre lands are covered with cncrus1sd 
salts, alternate flooding and surface drainage prior to 
loachini mar remove appriciable quantities of soluble salts 
and thus facilitate sbsoquent leach, 
3q11.   'PE 	'S 

The most common salts that affect the productivity of 
soils are carbonates, chlorides and sulphates of sodium; 
other salts that may be troublesome are carbonates;ehlorides 
and su rl tes of magnesium and potassium and chlorides and 
nitrates of calcium.  .. K and Ca are utilized in lan growth 
but cause salt troubles when present in the soils in eeseive  
amounts. 

Soils that contain excessive quantities of caustic salts 
such as sodium carbonate thio1 dissolve organic matter and 
reuse the formation of a dark coloured crust at the soil 
surface are called "flack alkali"; soils that contain excesaIvo 
quantities of neutral salts which cause the formation of a 
white crust at the coilj.l surface are ca .lod" h to alkali". 

Black alakali is more injurious to plant growth than 
white alakali. However both types of salts are injurious when 
present in relative ► smaU proportions and may prevent plant 
growth bra present in on y slightly tester proportions, 

The limit+ of tolerance of plants for difforent mili 
salts in the soil are as be w(19  ). 
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Sodium chloride  
Sodium sulphate 	- I % 
Sodium carbonate 	0.45% 

Oniy black alkali salts cause harmful effects +gin the 
physical properties of soils,- Fortunately black alkali soils 
are less common than ubito alkali Soils, both typos can be 
roolaiinod by proper corrective measures and appropriate cuL 
tural procedures, provided aaplo supplies of later are available. 
3.11.1. 	The alkalinity or salinity ►f a soil is manned 
by Bogen ion concentration th ,ch is termed FH,. Any 'slue 
of PR hIgher than 8.5 to 10 	the soil Alkaline and a 
value less than 8.5 leads to salinity of land. The table 
given below: shows the conditions for different  

Conditions for saline, saline alkalis & alkali soils 
$alt 	duua&iC Sale -  . ex - ' um index Hydro.. 	,~ , :..:- = 
condi. term, Conducts.. Exchangeable gengo Reclamation, 
Lion, 	vity of 	sodium 1ago pH 

saturation 
-extract 

T1Ufl 	 .L r 	0 

Salina White 	 1 	8.5 leeching, 

Saline 	General r Leaching necess~ and 
alkali. 	 about 	possiblo,but as salts 

8.5. 	are removed the sodium 
must be ropl ced to pro« 
vent dispersion of soil 
particles and reduction 

3b 

Alkali Black 	 Genera- lou pernoabiiity due to 
Alkali 	2 	 15 	dispersion; of soils by 

between the sodium' requires 
8.5-10.0 replacing he sodium to 

improve trio permeability 
go that leaching can 
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Since a phi of 7.0 is neutral, pH values less than 7.0 

indicate an acid soil whit is common in the non arid regions. 
Note that the larger the pH, the less the concentration of 
hydrogen ions, since pH is the logarithm of the reciprocal 
of the hydrogen Ion concentration of calcium and magnI tun. 
A pH value of 7J  to 8 usually indicates the presence of 
carbonates and a PH of 8.5 and above usually indicate appre.-
ciable ozehangable sods. 
3.12.  t D s 	► LL 

Thus the method of reclamation of alkali soils 
consents of the follo ing s.. 
1, 	Deep under drainage which lowers the water table 

coupled with copious applications of irrigation water 
enabling washing of excess £333t3 out of the soil root 
zone, 
Deep and regular tillage prevents formation of sure» 
face crusts of salts, anc koeps thw soil structure 
open for infiltration and Under drainage. 

3« 	Chct3ical treatment such as t.e use of gypsum  or 
other so ,l amendments is particularly useful in the 
reclamation of black alkali soils, 

1+. 	Growing of alkali resistant crops, specially those 
which provide good cover. hasten the reclamation by 
improving coil. structure and reducing evaporation. 

51 	Application of manure and providing mulch eager 
improves soil structure, provides plant nutrition, 
reduces evaporation, and encourages infiltration.. 
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3.13. 

.3.1.3.1. 	14' : 
The reclamation practices in the Punab whore the 

soils are alluvial, consist of provisions of addittanal 
irrigation supplies ( I - cosecs for 50 acres) for loacI4nj 
followed by cultivation of one or two crops of paddy for  
moderately and highly saline soils with PH ranging from 
8, 5 to 9 and 9 to 9. ' respective r. The crop rotation 
generally advocated is rice followed by berseem or San j i, 

then sugarcane followed by wheat or gotten, 

3,13.2.~r M : 
In Maharasbtra where the soils are deiiied from 

the heatbering of the traps, the practice of reclamation 
of saline soils consists of 3 to years cycle of cultivation. 
of salt tolerant varieties of sugar cane preceded by Sesbania 
a .oata as green manure. The rate of So banle aculcata 
('antar) was found to be more effectiveand onduzingthan 
that of chemical amOnonts, o, g. sulp1 ric acid, sulpbur, 
calcium chloride # gypsum  etc1 Varietiess of Sugar cane grown 
during rid.monsoon are also employed to facilitate loathing. 
Crop rotations indicated include sesbania, sugar cane, cotton 

or lucerne and paddy. For alkali soils the practice has been 
described ass p.lougbing , bunding and levelling during hot 
weather, intormittont flooding, cropping of winter fodder 
f©llor d by ' antar' and subsoquont application of gypsum 
(3 tons/acre) or cropping of lucerne or selected sugar cane 
varieties. A special treatment of farm yard ma=o with basal 
do4-.Q of gypsum (3 tons/acre) and a layer of dry cano loaves 
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has also boon indicatoci for alkali  soils, 

3.13.3. 	ra a 
In this date thore the soils display xiidn1y varying 

characteristics # experiences in 1aharashtra are -aid to be 
applicable* For 'BA + :'finds t.ch are d scribed as iiighly 
saline, with calcareouscontent + to 1O and In sonic areas 
high sodimizod, 66 of water is reported to leach chloride 
content of 125 to 31  depth and groin manuring idtb sosbanis 
after leaching followed by paddy .'r.ifl restore near normal 
productivity, 

In t t ar' or Cotal low lands rec mat ion is achieved 
in 2 to 5 years from ptcoiating rain water which leaches 
out the. chlorides after the lands are protected from tides 
and provided with a drainage  system. 
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h1.O 	{jAL.. 

For adequate crop rroduction and maintenance of sol 
fortility, the water' table must be maintained at a depth of 

not 	s than 61  belos end surface*  Ihere the dater logged  
conditions oust the lowering of the water table to the desired 
level can be aohjoved either if the amount of inflow into 
the soil can be reduced and/or the amount of outflow can 'tom 
incrOasod. - In other ww do either t he excess water should be  
eliminated or the d ego capacity of the area both surface 
and subsurface Shots be improved. 
4 * 0* 	Anti water logging measures may be broadly classi. 
tied into two categories: 

(a) Preventive 

(b) dative. 

These have boon l tod as below: 

(a) `o-Irrigation soil Sys '! 

(b) x intenaneo of natural drainages in the irrigated 
areas, 

+ c) Restriction of intensity of irrigation to say )+5 3 
0 

(d) RofticoJeanal irrigation to areas whore the spring 
level is already high, 

(o) Encouraging use of yells 
(f) Daises cropping according to soil suitability ity 

and, avoiding over irrigationo  
(g) Conjunctiva use or canal and tubevo . irrigation. 
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4,,2.2. ra i..~'o.,m .sreU_:- This implies artificial draining 
of a land already water4oggod, The following measures may 

be cons ido edi 

(a) Improvement of natural drainage linos and cons. 
truction of additional drains where necessary, 

(b) Provision of ait±fcial drainage arrangements 
surface or € ubsurface depending upon the soil 
and topographical characteristics, 

(c) Lining of canals or distrtbutorias to prevent 
percolation losses, 

(Cl) Scraping the surface salt and leaob .nC the lands 
by flooding during monsoon, 

(e) Groi4n test crops o,f fodder y millet and the 
like according to their salt Dos .stantecapacity 
and the concentration of salts in the top soil. 

(t) An appropriate crop rotation including the use of 
green manure 

(g) Construction of seepage drains, cbthrnols parallel 
to the 0zUting channels. 

(h) Installation of tube weUs in the commanded area 
and pumping water for irrigation, local pumping 
from small depressions aay bo adopted to control W1 T. 

(WO k? tab k) 
A Low of the above 	are described in the following 

A SW'vey of soil in the 

co andod area of irrigation canal should be carried out 
bofore irrigation is carried out in. the area, This gives an 
idea of the properties of 't the soil, Salt contents and soil-
moisture etc. so that future precautions may be taken up to 
prevent water loging. 
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' . 	 l tural drainages should not be interfered. Crossing 
of those draingo by Railways, R+ de canals etc« should provido 
for adequate w,o- 
).2. 5. 	iotiont tnsitc 	cts 

Uniting tho intensity of irrigation to say 
or in the alternative to enforce non-perennial irrigation 
on the lands not suitable for -heavy irrigation like sugar. 
cane crops, in view of their poor natural drainage capacity$  
would go a long wait in preventing water logging of the area. 
Under Nira canal system ( ,Deccan Canals) in 2• 	aahtra, to 
stabilize irrigation Sugar factories Toro established. The 
areas selected for the cultivation were butter drained than 
others and the obligation to excavate drains and to maintain 
them tms dosed on the management according to contract 
for hater su Iy - . Also annual closure of canal at head 
for iO..15 days in a year he psto arrest water gging(13)  s 

 p 1 to 

In portions x:hero the underground water table is 
already high In a drainage area, irrigation water is not 
supplied to maintain the ,rater table at low levels.. 

4#2,7# oLwa 3  : 
Nornally in an irrigated, area percolation wells  

will be out of use duo to the availability of irrigation 
waters. Encouraging the people in the area to use these voUc 
will be of great ho 1p in maintalninc the i ter table at 

low r depths, 
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4,2.8. 	 t 	t 
Depends upon the characteristics of the soil to 

the soil moisture relation, tolerance to salts etc. the 
pattern of cropping should be proposed, The crops may ' G crown 
in rotation so that a fot of the lands will let lessiater 
to compenstate large voles required by other crops. 

♦ 1t G~1?~s 	si.~'eim~_s 

This consists of eliminating excess water from surface 
and sub-surface by con~tructlug artificial drains, 1Uc 
etc. certain special problems and their remedies are dis. 

cu&sed 	parr )+, 3* 0. below. tJhore grater to ging is caused 
by floods from rivers, construction of cinbankinonta and other 
flood control works would be helpful. in preventing floodin, . 

Considerable saving in water and corresponding 
salving in drainage roquiremcnta can be obtained if the canals 
in an irrigation system is lined. By doing so, it is estl,- 
mated that losses that occur in seepage in canals could be 
reduced i.t?i 1/7 b,.r 1/8 which contributes to the prevention 
of water.logging in the area* 

This izplios rogioval and clOarin5 of man-made 
Obkotr4uctions on natural drainages in the water shed. 
irprovomont of riv-r channel capaoity reduces flooding by 
lowers flood levels. 

♦ i 1# 	r •a 	C~ s • 	i 

Seepage or intoreeption drains along the canal 
onthan1xnont, rivers, nallas, deprossions etc. will reduce 

(woley .Az) 

the U, T. in adjoining lands by intercepting seepage from 
those sources# 
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4.2.13. 

leaching is initiating do .ward movement of salts 
in the broad sense. This has also been discussed in Chapter 3 
under reclamation of saline soils* leaching by flooding Is 
the nature to way of reclaiming soils;wwhere the rainfall is 
fairly high the soluble salts are carried array to the sail 
crust or into the natural drainages and rivers,. 

Irrigation by tube wells combined with canal irri.. 
gat ion goes a long way in preventing the rise of subsoil 
water table and con se 	ant water logging problems. 

L 'A* USAt EDX S 	' 

Some of the problems that are encountered during . 
investigation for a project and their remedies are generally 
as given in the following peras: 

The occ urence of this water table is due to the 
disposition of the soil materials in stratified soils. Sand 
layers are overlain or underlain by relatively impervious 
strata of clays or other slowly permeable soils, which when 
irrigation water is applied cede the percolation of the 
ozcess.k  ie drainage consists in removal . of water by sub-
surface drains placed classed to the clay layer and lowering 
of the water table. 
L..3,2. I tixir  

Artesian pressures are caused duo to confined condi. 
tion of aquifers. The method of draining water under artesian 
pressures is by Means of ro of wells coupled with the drainago 
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linos(2  ). Relief wells wit relieve the artesian pressures 
which may otherwise cause the tile drainage lines to 'bin'.i 

out. 
)+3,3. If the problem is only canal seepage it would tall 
for an interception drain along the canal(28). 

4, 3,t+. Basin type of topography lends itself well to per. 
in ' for drainage (28)  

I.3, 5• Disregarding . other factors, flat slopes lend them. 
selves well to tiling on a - grid systemn 28 

4.3.6. Pockets requiring drainage are usually best, drained 
by  sumps (2S) 
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One of the essential requirements for planning drainage 
works Is an intimate knowledge of the area to be drained, It 
has boon seen from previous chapters that drainage has a marked 
influence upon the pb rsic l conditions of soil. The proper 
location and corroct design for drainage works, require a 
kno:lodgo of the soil and its conditions so far as water 
content is concerned. They require also a knoulodge of topol 
grapby and the source and the direction of movement of the 
waters to be removed. 
5«20 Surface drainage is a must for drainage of Irrigated 
lands 

The Investigations are divided into two categories: 
(1) Geological investigations. 
(2) 1rdrocgical investigations.  

5.3.1 •  
Salient features of certain' important items of detailed ..ed 

investigations that are to be carried out In planning drainage 
and antL.uator..logging schemes are discussed in this chapter. 
a~► oL the groat A survey map of the area to be drained 111 YYI.~I~IF114 	.IY. 

indicating all the topographical features should be prepared. 
Good topographical maps aro essential for a study of a drat. 
nago problem since they provide frequontly the lay to the 
oscontia3, features of the system of drainage, such as the 
location and type of outlet (gravity or pumped),, surface 
slopes, existing degree of drainage oto, The accuracy, of 



vertical control is particularly important. For preliminary 
studios, a vertical interval of 2 0  to 51 may be adequate, 
Detailed studies require an interval of 1' or loss in flat 
land. 

The topographic survey should clearly indicate the 
position, alignment and gradient of existing ditches, st. ems, 
culverts and such other physical features as roads$ra :lu ay 
tracts, canals etc. In major projects the use of areal photo-
graphs in conjunction with n ground survey will be of assistance 
in locating areas of poor drainage and cultural features. 
In ebambalproject tfH  to a mile toposheet showing all the 
fsatur`os in detail along with ground contours at an interval 
of 1 LO" were prepared. In areas where such a plan is not 

a a.1lable, it has to be prepared. The preliminary idea about 
the condition of ground water can be bad from water levels 
in Tolls. For this purpose, a villago map usually 330 to an 
inch is obtained and a grid of wells normally covering one 
square mile is prepared* For a future study it is very essen-
tial to locate the available Toils on a plan. A general recur 
ding of levels cf ground water in wells will have to be made 
before the onset of monsoon, preferably in the month of April 
and May and also after the monsoon. 

The natural  drains will have to be marked clearly and 
their bed levels, number, condition and size recorded, Cross 
Sections of the a ,altajat suitable intervals to give an idea 
of the waterway available. It is very essential for the survey 
party to locate barriers such as dams or obstructions provided 
across the natural drains. 

Apart from the nalla details, a detailed note of 

L. 
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cross. drainago works along both railways snd road is to 
be ,made. The field books of the survey party should be 
clear and L dicate all physical coact ions of the 
country. 

Data relative to the character of soils and subso . 
elevation of water table subterrero con tioss are obtained 
by means of borings or test pits, a record or log 'being 
kept as shown in Fig.1(b+ ), 
5* 3,1.2, Sometimes underground, formations are responsible 
for creating water-logging conditions and thor3foro a 
trace of the sub-surface goologtoal formation s uld be 
obtained to assess the causes of water logging. Perched 
water tables duo to the ozistance of clay layer at the 
bottom in the case of Sod manta r formations and Artesian  

conditions are some sxcztiplos for water loCging duo to 
uneven of underground fort ions 

5.3,1.3 ■  	.,- meet ` R e a, 	_ 
Soil survey of the commanded area is an liiportant 

investigation in order to assess the drainage possibilities 
or danger of developing ali .tine surface. 

i thorough knowledge of the way soils absorb water 
and the capacity of the different soils on the field 
to store water is vital as this enables the application 
of the optimum auantity of water for the needs of crop. 
For a correct 

Cont d. 
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understanding of the storage charactertst±cs of the soil and 
subsoil it is necessary to understand some of the more linpor-. 
Cant constants dealt with In the soil,- Moisture studios. 
These have been separately described in brief in the Chapter 
on sub-surface drajnagoo  
5.3.1.'.  d2 =u Presaure.  

water logging may also be duo to artesian pressures 
in sub. so jl and therefore investigation in this respect is 
very necessary* 

The depth to the iporvtous strata underground is 
important In locating the drains*  Moat of the drainage for 
mn a f+ r determining depth and spacing of the drains taie  

into account this information. The term ':npormeablo' is a 
relative term. Al. sells are more or lass permeable. From 
the drainage point of vio if the permeability of the sub-
soil is about 1/10th of that of the sub-surface soil , it can 
be considered pormeable4 ire will be water logging aboo 
this lrer, if the rainfall rate or the rate at which the 
water Is added to the soil exceeds the permeab lity, of this, 
layer, The flow pattern of the eater moving towards the 
drain will be altered drastically by this layer of law per-
moabi .ity. The drains will h ve to be spaced closer to achieve 
the same effect as in a deep permeable soil. 

For carrying out soil surveys the best method is to 
establish a grid system for the area to be surveyd to enable 
the observation paints to be shown in detail. It would be 
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g. onorally sufficientif grid lines are established at one mile 
intervals horizontally and vertioaUy. Auger holes 3" to +" 
size dug to depths of 10 $ to 154 depending on the nature of 
the soil may be taken at 1/2 mile interval. Scmotimos, if 
clay or other hard strata is struck, the boles may be stopped 
at smaller depth. Soils at every toot depth should be oriinod 
on the field for the various characteristics and logged accu. 
ratoly, Representativesoil samples should be aialysed in a 
.sill laboratory both for physical and chemical properties. 
For facilities in planning grid lines may be drawn on close 
contour maps so that all iupctaflt features like roads,wcter 
couraca etc. may be seen in relation to the soil profiles. 
rigs, 1(a),, (b) and (C) show the arrangement of the . grid lines 
and lwv the logging of the soils may be maintained. 

Detailed study of the fol .owing properties of soil in 
the area to be drained is one of the important aspects of 
drainage and they are brie tir described as under, 

C t) 5 	o  :.. Sol texture refers to the relative 
prcorticm of various size groups of individual soil grains 
in a coil mass. Soil to uro can play an important part in 
the design of drainage systems since it gives an idea about 
the soil permeability as ioU, An increase in the percentage 
of clay makes- the drainage character of the soil poor. 

silty clay loan - 5 ict • 	Clay..0.. loss than 0.002 mm 
Clay loam - CL 	 Silt-Si- 0*002 to 0.05 mm 
Candy loam .. SL 	 Sand .. S - 0.05 to R am 
Coarse and - Cos 	 Gravel - G ' j 1 mm 
Pno (ravel -PG. 
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(ii) i1tructurOz 	8truoture rotors to the condi 
tion of the soil grains (oiay,silt,aand eto,) in the x-ray they 
are arranged and bounded together into aggregates with defi-
nite shape * The structure in which partig3.as are relatively 
uniform in size has comparatively ,large pore space in between 
the particles, whereas those soils in which the size of 
grains vary greatly may become closely packed and thus the 
volume of space between the grains is restricted. 

The usual type or soil tructure are described as below: 
Massive structure .. m 
Platy - (Lear or flaky) -. PI 

Prism like - (Columner) Pr 
Blocky(Cube like) bk 
Granular - Gr .. Very porous, 
(iii) Porisit 	One of the requirements of soils is 

porosity, In order that plants may grow .s ccessfully in a 
soil, it must be in a condition that will allow roots to 
penetrate freo r and thus obtain the necessary supply of .food 
and moisture. Porosity is also necessary to allow eater and 
air for transpiration. A fine grained soil mass is loss 
porous and th3rofore absorbs soil water slowly but once the 
eater is absorbed, it holds the water against gravity for a 

lore o r period compared to coarse grained soils which are 
more porous, The capillary action is more in the case of fino 
grained soils mass than the coarse grained soils. The power 
of tight soils (fine grainod soils) to hold eater decreases 
the effectiveness of the drains in them and increases the 
time necessary to remove excess w t.Dr..Porosity is defined 
as the ratio of voids (air and water filed space) to the 



total volume of soil + water and a .r. It is denoted by 

n4 

n = porosity Wv = Vol.of voids 
V = Total l.of soil 

(iv) ` 	: - This is also determined for 
sails,  under investigation since it is required in ascertaining 
certain soil properties. It is defined as the ratio of the 
weight of a given volume of dry soil to the weight of an 
equal volume of water, 

(v) ,a - Rate of infiltration from a furrow into 
the soil is retored to as Intake, This Corm is specially used 
to indicate infiltration oceuring under a particular soil 
configuration. Each type  of soil has its own rate of water 
intake and capacity of water retention,. 

Normally clayey soils have a slow rate of intake tscie 
being less than 0.1 11/1r. with to soil n gemont condition 
being equal (crop residue, cater crops blowing depth etc,) 
a coarse or sandy soil can take more than 3"' r, The rate of 
intake is measured by a Ring InfiltratoD. Average . final 
Intake rates for different soils are given below: 

oil tvDo Intake. rate- 	. n hos1 " , 

CUq less than 0,1 
Clay loam 0.1 to 0.2 
Silt loam 0,3 to 0,7 
Silt 0.8 to 1.2 
Sandy loam 1.3 to 211* 
Sand over 2.5 



The rate of infiltration is one of the factors contributing,  
for the r iso of water table, 
v«3,1.$. 	xoablty;.  

This is one of the ,lmportant properties of the soil 
governingg the f mt of water through Soil pores in a hoxnoge4- 

neous soil*  #Po neability' of a soil is its capacity to 
transmit fluids Zt is used as a qualitative tox 1,0, it is 

used as a term for this property of soil. The term is also 
modified to describe the relative case of transmission as 
"Rapidly porineable",,, or rte,,,. lowly permeable", 

draw .c C+onduot ,y .tz: of a soil is a numerical value for 
permeability. It is the proportionality factor 'IC' in Darcy 's 

equation 	It is denoted by 
T=ICI 

for velocity of water flowing through a porous media 
under saturated conditions 

V -- velocity of water throuwh the pores 
of the soil . 

K = Hydraulic  conductivIty 
I =. Hydraulic gradient. 	I 

There are several methods for determining the pormea.- 
bil±ty,/hydraulic conductivity of soils. Both laboratory and 
field methods are available to ascertain the nature of the 
soil in respect of permeability. 
yl;  . or to pea jc s  ,i];  ,tv  Laboratory pormea'b lity of soil gives 
on r approximate results of 'It' as it does not represent 
field conditions Correctly'". Two methods are in vogue for 
determining the permeability of soils in the laboratory: 

1. Constant head permoaoter method 
2. Variable head permoameter method 



The method of determining soil permeability by constant 
head permeometer consists in maintaining a constant head of 
rater percolating1through a soil sample and measuring the 
rate of di.s argo when constant outflow is obtained. The 
formula for this condition of flow is given by, 

Where K -- hydraulic conductivity 
L -- length of sample 
h = head of water 
A = Area of 	 of soil sample, 

In the variable head permeameter method the outflow discharges 
through the soil sample for variable heads are measured at 
suitable time intervals and an equation is evolved for the 
permeability. 

If #Q# is the total flow through the soil, then 
is the rate of flow or unit time and by Darcy's la 

d 

Where K = bydrau e conductivity 
17 = hydraulic head in the water column at time t. 

moasured iritb respect to the upper soil surface,. 
A -- Area of cross-section of the cylinder con.. 

taming the soil sample,.. 
L = Length of soil columno 

For variable heads from hl to h2 in time ti to t2 
the formula reduces to 

K = 2.303 ( mt2) ) Iog 1 

Where a : Area of cross.seotion of the stand pipe, 
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Field methods' aro adopted to determine the 

permeability of soils in..aitu in order to have a fairly 

correct idea of the permeability at the paw of observation 

at 50±15, 
1) 	 got4 .. This is a very simple method 

requiring small amount of equipment. The procedure is to dig 
a hole in the soil beneath a water table. After allowing 
the water .level in the hole to come into equilibrium (F±g. ) 
the water is pumped out of the bale and measurements am made 
of the rate of rise of water In the mil;, Various formulae 

have boon doveloped based an the data obtained from this 

method for determining the hdrauljc conductivity and they 

are described in brief below: 

substantial contribution to drainage design with his da l 
mont and perfection of the auger hole method of determining  

rdraulic conductivity. }e developed an equation by considering 
the above data with certain assumptions. 

soil . homogeneous  

(2) Impervious layer exists below the 
soil surface 

(3) tiatOr flows into the auger hole 
horizontally from sideSnnd va ,*tidal 
upwards at the bottom of the Iola, 

The formula 

for this condition is given by 

t 	Y 

t,1horo K = hydraulic conductivity 
a = adius of the hole 
S = Constant 

0.19 
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Here 'P8' has the dimension of length 
4 = depth of hole below the water table* 

ye and y1 

	

	rise of water in the hole from 
yea to yl. 

Vhon the a! Or hole terminates ¢n an impermeable  laye'r the 
vertical flow of water through the bottom will be eq al to 
zero and cqu Lion (1) reduces to 

at  log10 	+», 	... (a) 

Since $ = 	introducing this in the above euation,we  
get for an : po sable layer, 

2,3(a)2  8 	'slo 1 
©. 9 	At  

K = 523000 (a * 	4 	•.. 

If a = radius of hale In zetors 
At = Time In second$ 

Win. K=jfrci.eonductivity in meters/ y, 
,": Ernst mace a detailed, study of the flow into 

an auger bole and developed graphs 4iich are easier to use 
than oghoudta + formula. Ref. (Fise *4 ek $). 
o 	 r 	s r 

1st !% math° 	Wzen the profile consists of to layers 
havini an appreciable difference in conductivity, Ernst 
propoocs that the hydraulic conductivity of each Wirer be 
determined by digin3 two auger hobo of different dopth, 
Tho bottom of the lot holo should be approximately 10 cm. 
above the lower layer. The second hobo should extend well 



into the lower layer. if there in a third layer, the bottom 

of the second hole should stay above that 3ayer. SInce the 
formulas are based on (d+ -h) greater than 15 an, Ernpt derives 
the fo110 ing equation,( 	FtCm-6) 

11d1 + K2(d~-d j) w- 2 
Where 11 is the conductivity as measured in the first hole, 

KK is the conductivity for the two layers as measured 
by the rate of rise in the second hole. The conductivity of 
the lover layer, K2, is computed from the above equations. 
This equation gives fair3y reliable results if i a7 Kul, xi 
K , L K, the equation may give negative results for K2. 
If accurate values are des 	d for K2 measurements in the 
second hole shoud be delayed until the water table has 
lowered to a position belot the interface of the two la 'era 
5.3s1.9. 	There aretwo assumptions made in deriving the 
equations for layered so ,ls. The 1st one is that the otrQ3m.. 
line $ e horizontal and aro Independent of the way in Which 
the permeability of the soil profile changes. The second is 
that the amount of water flowing out of each layer depends 
only on the permeability of the ioyor out of which it flows. 
Both the assumptions are questionable. Howovor,Ernst,indicates 
that the resulting error is not 7 about + 1O5. 
5.3.1.10. Qthor 4othod :- 

Another method of permeability (hydraulic conductivity) 
that is usually adopted is as follows:  

A bore hole is made in a soil especially when artesian 
conditions are to be expocted. Teo froo water as a rule is 
mot ii.ith until the impervious stratum is piorcod, At this 



point which is called the level of the First strong flow. 
(F.S.F) water rushe8• in to the bore, scmnctrmes 4th a hissing 
noise and rises with an appreciable velocity which gr ,u,llq 
diminishes until after some hours water remains station. 
This point is caiod the final water lovel(F.W.L). Difference 
between F, W. L and F. S. F„ may be 1 f -O" to 8 f #O". 

Before test is taken, initial water level is recorded 
and ti ce rise in water level in 5 minutes is noted. The rise 
in small 'bare hale of 6" die, is recorded by a galvanometor 
equipment and then the percentage rise is calculated. T c-  1/A 
ratio is then known for a particsui.ar percentage rise. Vic 
chart given below is prepared by Maharashtra Organisation, 

K = Permeability.  

A = Area of auger hale 
Percentage rise tt1A 

2 0.10 
0.16 
0.22 
0.2 6 

7 0.38 

10 
0. 3 
0,8 
Q.5) 

11 0.60 
12 0.66 
13 0.72 
1 0.78 
16 0.90 
17  0.96 
15 1.02 
.0 1 ;p4 
21 1.26 

and so on 
I-Jhon IK/A  is " 	i tho porcontage is greater than 18, then 
the stratum is quite porvious and this stratum is normally 
out when surface drains are to be deepened. Bore hOlea of 
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naUas are usually taken and the levels of the porvioun 
strata is obtained 3hith is norxnaUr the criterion for fiz- 

ing bed levels. 
5.3, .11. I4ob 

Main purpose of. obtaining permeability is to locate-
the pervious strata which is essential to fix the bed levels 
of seepage drains, Surface drains and sub-surface drains. 
A contour of the pervious strata is knots as mum tso-bar-. 
and is dram in case of any scheme. This can be prepared 
after careful soil analyse as already discussed. 

5.3, . 	1 	 0 t 

Data relative to source and amount of gyrator supply 

are necessary to determine the quantity that must be removed 
and to furnish a basis for the capacity of drains. 

x5,3.3* 2odsi. 
Information relative to storm intensity and its dura-

tion Is particularly necessary to determine the capacity oaf 
drains, in the case of surface tors, , 

With data concerning rainfall,,)  tributary area and a 
k uaulodge of surface and soil conditions, it is possible $ 
by using 000ffIiorits of runoff, to form an estimato of the 
supply of ;rater that may be expected under ordinary conditions, 
But, it may be noted, that all theoretical determinations 
of this kind may be subject to wide variations from actual 
amounts. The most reliable results relative to runoff from 
a given area are those based upon direct measurements of 
discharge. These won taken over a series of years give 
fairly reliable data from which to determine average discharge, 
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r  3. . ta orrota&watez, spD 

Data which may be collected relative to ground 
water supply are confined principally to sources of such 
supply, that is, where surface waters are lost into the sub  
soils, This may include also, seepage from natural streams 
where the same occur* In making investigations of this 
sort it is essential, in so far as possible to determine 

the amount of such losses and the aree.s over which they 
locctr* The charactor of materials through which soopago 
waters pass and the steepness of the slopes down which Choy 
move are also important. It is somotfrtob possible, by 
moans of those data and by the use of percolation coefficients 
to estimate with in rough h omits the amount of water which 
may enter an area from a given source. 
5.3.2.1. 	d f wter ablo 

A record of water table levels may be kept. from 
the observation of water. lovol5 in wells existing in the 
area requiring drainage, Simultaneously the water soplos 
may he taken from wells and sent to laboratory for analysis 
to determine the presence of any ob ectionablo salts, solids 
and other substances dissolved 'beyond limits sot for the 
purpose. Ref. Fig.j. 

Using data collected from walls t will be 
pon iblo to draw ground water contours. Those are dashed 

lines and drawn at a 5.0" vertical interval to correspond 
to the interval of the surface contours. Ground water 
contours show the configuration of water table surface 
in the samo why that surface contours show the, . 
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configuration of the land surface. The direction of 
Oe-A,PCY CU(ew 

ground water flow can be doterrined as per to the water 
table contour lines shown by arrows. 
5,,3,2,2, Øjo Rr &wer tes 

tdoa about the oxtent of areas under the influence of water 
logging as shown by hatched portions ,z the worling map. 
Rod"- M9 ,7, 
5,2.2.3. 	eation 2f,M}  ny. _ soon ;  : 

Seepage from canals is one of the contributing 
factors for increase of water table,, As much as 25% of the 
head disch go of canal is lost in seepage. Seepage losses 
are determined by installing measuring notches or weira 
above c or below a known length of canal in which there are no 
oftso s, Pond Infiltration. tests pe 1anp,s give bettor results, 
This consists in creating parading of -water in the canal. 
by closing the canal by means of a water tight bond and 
observing the rata of lowering of water level in a fixed 
tire,, 

5.3.2.'+. 	 2 roc x 
Wherever possible data ishouid bs obtained In 

respect of o'itflow from existing drainage systems,. These 
data should then be corelatod not only with the coil type 
but with other characteristics such as texture and per 
neability.. By collecting data of this kind it would be 
possible to ertrapolate. The data obta nod in one area 
for use in other areas* This needs judgctnunt and experience. 
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The draw don eapolty and area of J nfiuorce of 

pumped wells should be ci ►tom o4 iherevor data are 

available. Thh poss1b .l,ity of using wells Should not be 
over ooke d* 

0 
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6.1.0. 1 o fin t, on of I' rainaz8 
In its broadout sense$ land drainage in the humid 

regions, is the removal of the freo water, both from the 

land surface and from the soil of the root zone of plants. 
In modorn farming it is also understood as control of 
.ground water table. In the and regions,, drainage is only 
one of the agencies for suit control. 
6.1.1. 	rnasc o S 'a ,n e s 

The purpose of drainage is to remove a l free 
,rater from the surface of cropped fields and from the soil 
of the root zone as quickly as pract .ca'blo after it accumu.. 
later so as to prevent interference of thin water with the 
root functions and plant growth, 
6.1.2. USoro than a century ago (1835) the first file 

w4pue- 
drains &laid in 1'U. S.A. These were hand made ± iles and wore 
installed on the farm of 'the father of tile draina ,e"(9). 
6.2.0. 	Ot 	nara ev tc 

Mir+~/P~M1r 4ufrl iy Ylitl ~lloM w l 1 	 ■ r1+IriWY~ rrr 

The main principles involved In the docign of a 

drainage system are :- 

a) Rate of water removal or dr inage requirement 

b) Site investigations 

c) Designn criteria to be followed 

Experience gained L working of ciniilar works 

implemented in other places will have to be considered for 

designing an economic and successful drainage project. 
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6.3.0*  MOthad8, Cf T? `aina ;e  s 
The drainage raot .ods are broadly classified into 

throe categoriessi. 
a) Surface drainage 
b) Sub-surface drainage 
o) Combination of the two systems (a) & (b). 

6.3*1. Surface drainage problems, involve only the rapid 

removal of to mwater f?o the surface and vaich has not 

entered the ground. 
6, 3,2, The removal of water that has alr.;ady entered. the 
soil profile is sub surface drainage, Sub- surface drainage 
is also needed for release of artesian pressures, .inter. 
caption of seepage alone clopin ; land and rciaoval of 

alkali from the root zone# 

6..3.3. Combination of the two systems are normally adopted 
so that sub-aurfaee drains discharge into lateral open 
drains and both surface and underground %rater are drained. 

6.3.1+. Adoption of any of the above methods, however, 
depends upon the topogx'aphy of land requiring drainage 
and its subterranean geological conditions, and o ,ractoris. 
ties of Soil. 

6... Denon a 	o 	d and . 	Are s s 
Drainage In l umid areas has to do lai gely with 

excess waver resulting from precipitation. In arid and 
somi-arid areas the neod for drainage arises principally 
from irrigation. 

Surface drainage systems may be required in either 
humid or in irrigated areas, Surface drainage is usually 

/0r7-77 
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an integral part of irrigation •  systems on slowly, pormoable 

soils or in areas of high precipitation rates, 
6.I,1. The purposo of sub surface dramatic is to lover 
the water table to a point where it will not inez'te2e 
with plant growth and development. The minimum depth at 
which the water level should be maintained varies according 
to both crap requirement and the soil. But one of the 
principle factors in the height of the water table in arid 
areas is control of salinity and alkalinity in the soil 
and ground water* This -is a mayor reason for the difference 
in the $ub«surface drainage  of humid dnd of arid . ._ 

climates* 
6,)+.2, The depth of mains in humid climates is, generally 
3 to '. Water is relatively pure, . there usually is a 
natural excess of water over plant roquir eats, and 
there . is a not downward movement of ground :rater. 
6.'+.3. Soils in somiiar d or arid ci mates requires sub 
surface drains at least 5 to 7' deep Most of the water 
needed by crop is added by irrigation~usu ..y ground water 
is somewhat saline because of salts in the soil, the 
irrigation  mater, or both. A water table as high as 24,0 
inches below the surface, suitablo in many humid areas, 

would, create a harmful salt concentration in the root 

zone In arid areas. 

6, 5. 	ijm. ot S r ace Drainao Sstern:. 

6.5,1« nclps 
Surface drainage is accomplished in t we .,enoral. 

-days: 
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9 . 	1ator is removed froth the around surface within 
the area affected or 

2. 	by moans of certain construction outside the area# 
the Later is diverted away from the area to be 
protected* 

In either case the system is convon .ent33 divided 
into three functional parts* For deta.ils refer pars, C-H 

(1)Cols ctian-- By Orn s 

fedding,, surfaee field ditches, row ditches or 
diversion ct.tches are part of the sir that first picks' 
up water from the land. 

	

w ) 	s storni  ~m.r1iMT 

This is part of the system that rote ve water 
from the collection system and convoys  eanvoys it usually in 
open channel to the outlet. 

(.)`. 

	

. 	This is the end point of dz'ainego system under 
consideration* 

\andarnenta1ly, surface dr.inage uses the potential 
energy that exists due to elevation to prQiridC a rdrau2ic 
gradient. The surface drinao system creates a free water 
surface slope to move water from the ind to an outlet 
at a lower elevation, 

,'he rater surface profile In the starting point 
in the dosign of the disposal sy ton 	The design 
of the disposal atom involves, the computation of a water 
surface profile through the control points for known or 
trial channel sections. The control points are, outlet 
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land elevation at arjtical low .areas* and restriction it 
the channel such as cu .verts,, bridges and vreirs. 

Bernoulli's tbes 	.s adopted. t 	pute t 
T4 

hydraulic grade line for steady flow conditions,* Losses of 
head. etc. are caloulated by an open channel formula 
usuafly M nning's. Head losses at entry to bridges, eulvorta 
etc* are computed from formula using appropriate loss 

oetfidsntD* 
6..5.2, s1 itsan& the s 	: 

1 -W 1) Difficulty in farming osrations. 
(2) The system requires constant taintonanos at high 

costs, Such as removal  or control of vegetative growth, 
removal of fallen trees, drift bars and other debris that 
accumulate in the dito1es. 

(3) Cost of land removed from cultivation, 

( ) Reuire constrtction of bridges across thorn 
for animals and vehicles, 
_______:(i) Low initial cost of construction coin,are4 to 

subsurface drainage system. Easy of construction, 
(ii) Ability to carry large quantities of water. 

6* 5'.3. 	1 +~ 
Water Is conveyed to distant outlet points by open 

mains* eater may flow from ground surface as well as from 
collecting tile d.rans in many cases. 6oloction of drain 
out fall is an important factor in the design. The bed 
level and water surface level of the drain depends an the 
elevation  of the out lot 
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(1) Bad slope depends upon the velocity to be permitted 
for the soil under consideration and is in confirmty 
with surface siopeo  

(2) Side 8Iopes of the drain depends upon the soil type, 
Range is * to I in. stiff øiay to 3  to I in. in loose 
open sandy for anon,* In the case of farming operations 
by machinery flatter side Slopes may be provided* 
Depth range from 5' to 8'.  tOrais should be 
provided at suitable internals depending upon the 
soil permeability and rate or dainage desired*  

0+) 	The bottom of the drain must be lot; onough to drain 
the land which it serves. 
The ditch/drain  must have sufficient capacity 
with in Its banks , t all ;Dints to carry the water 
brought into it,  

(6) The side sloes must be such that the banks will 
remain stable* 

(7) The velocity of flow must bo such that neither 
scrious scouring nor silting will occur„ m nn ng's 
formula is used with the value of n .035 . to 

0: 	to take into crtfect probab. uoo L growth, 
(8) It may, usual  be adequate to provide the drain 

capacity such as to drain the aurfao v for and the 
root zone of excess water resulting from a severe 
storm rainfall with in a period n." about 72 hours, 
However, for sensitive crops largor oppacity may 
be required. 
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9 	A storm frequency of 5 to 10 years is usually 
considor adonato. A drain capacity for 10 years. 
red 	to intorual. may be suitable for areas larger 
than acres, For areas less than 5 acres, 

years rocurance interval may be adopted. It may 
usual y be found adequate to provide drain capacity 
equal to 	of the peak discharge,, This will s  of 

• course, cause some flooding of the area for a feet 
days which should normally bz found within the 
tolerance lzi . s of ,, : ,, s indicated in Para 3 - t o • 1. 

6.6. 
aw 

The x'ato of removal of excess water "by kopcn 
drain is influenced by 

(I) Rainfall 
( ) Size of drainage area 
(3) Run-off characteristics includinu- slope of land, 

soil and vegetation and crop tolerance to 
standing water 9. 

( ) Degree of protection required, 
6.6,1 , 

6.6, 2,  
The reqtwod rate of drainage is the key factor 

in vstablish;1ng the required capac..ttr of drains and their 
spacing. This rato expressed as the depth in inches of water 
that is drained off fromi a given area in 2 hours is the 
'Drainage Coefficient' or I Drainage f o6ulus'',4 
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The method of •ascertaining the drainage coefficient 
differs depending upon whether the area under study is. arid 
or humid* In the case of areas requiring drainage der 
and zones, the drainage: coefficient is ass saifroni the 
percolation losses from the quantity of irrigation water 
diverted to the area and the effect of precipitation is 
normaliy neglected, being small. Whereas in Humi ► regions*  
the drainage coefficient is fixed by adding the run-off 
ascertained from a designed storm for draining the surface 
area as indicated in tarab 6.5.8. and 6,5.9. to the quantity 
of excess water Infiltrating into the ground from irrigation 

in the area* 

A method vhith 1s gained eonsiderablO recognition 
for the assessment of drainage coefficient is as detailed, 
beløi, Ike an estimate of percent loss to deep percolation 

from irrigation#  the percent canal or ditch loss from other 

not n shoes and apply  these percentages to the amount of 
ligation water diverted assuming no procipitat±an* 

As An Illustration the following ogle is considered. 
Area, to bo drained 200 acres. 

From consumptive use- studies it has been found that 
deep percolation loss from irrigation is 20. 

	

(2) 	From ditch flow measurements iths been determined 

that field ditch loss is 8 of water applied,  

	

3 j 	The cultivator for maxim= yield applies +" 
Irrigation every two woots and no procipitation 
occurs during this period 
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(4) The area is io1ated from any other adjacent area in 
so far as ground mater inflow is concerned and that 
there is no accretion from deep artesian wells„ 

(5) ' - There Is no a irnif leant aub..sol drainage from the 
area,. 

Therefore, total loss through percolation Is 
20+8=28 
i#a. Lfl 	1, = 1.12" 'inst through percolation in 

Boa 
each irrigation,. 
This works out to O67 en`s from 200 acres. 
This is accretion to 'ground wt  or from field 

irrigation loss through deep percolation, Soictirnos an 
addit &onal '`allow co must be made for seepage from main 
canal which contributes a i tgaificant portion towards 
deep percolation loss 

T.M. Salinity Iboratoxy  has suggested two typos 
1 

of estimate of drainage water quantities b od on the 
assumption that all diYainaCo water comes from irrigation 
water applied to the same field or area be. ; drained. 
(a) 	tdd = 	 Z 	r 

E u'a EGji 

where Idw = quantity of drake water to be removed in cm# 
DCw = consumptive use of water ( ovapo transpiration) 

in am, 
EC 4 ECiw Zleetrical conductivity of roar 430 w 

or salt tolerance of crop to b groom',; 
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(b) Another osti to of depth of drainage water is based on 
Irrigation efficiency s.  

Where E = Irrigation efficiency 
Div tdw + DOw = quantity of irrigation .ester 'fin cm, 

applied to the field. 

Since irrigation eUU1oion y is low, the portion of 
irrigation water that must be removed is high ranging 

commonly between 2O$ to 7O *atal amount cif water to be 
removed/drained can be found by add tion to this the portion 
of rainfall to be drained. Boweiror, the effect of. rainfall 
io may be neglected for arid regions, 
6,6,I, raina + .n_ mid R .~sn 

in humid area the drainage coefficient takes into 
account both the effect of rainfall and irrigation water# and 
it may be deturninod as indicated in Para 6..1.  
(a) 	1.$.D«A.. soil conservation service Gives an +Enmperioal 
formula for datornining the rate of water rouoval. 

Whore, 

Runoff in c / s 
K = a constant 
14 = water shed Xea in sq. Wises,, 
x. = an exponent 
The correctness of water quantity from this foula. 

depends upon the accuracy of con tantr, K & X. Valuws of K &~C 
are found to vary from 24 to •t50; - o•$sta orb respective3 . 

0 
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Similar ft res should be bbtained on the bxu3is of experi. 
mama to suit local conditions In India as wo ., 
(b) 	Curves are also established by 'U.84 D..A. for 
determining drains o Coefficients, Some th curves 
are given in fig,. %5 ( ) and (b). Similar curves should be 
eatablieod for areas under study in India* 

U 

C ,paeity of drain is computed by applying the 
applicable drainage coefficient to the area served as discussed 
In the previous paras. 
6,7 #  1 * Open type sub..surfac3 drains may b3 used as dual. 
purpose drains tea collect and dispose off both surface 
water and ground water. The open drain section may be a 
Cunnete section Oo that the top eoction vill,., be available 
for carrying flood waters and the bottom section for carrying  
the normal design discharge. 

For zra:mum economy of excavation trapezoidal 
sections are adopted in practice for easy construction even 
though a semi-circle has the smallest wetted perimeter#  
Construction, equipment to be used, coil characteristics are 
also to be considered in the design of section, 
6*8.0ir, 	: 

This should be sufficient to drain the area 
adequately and is also governed by the topographyof the 
area and the (alative elevation of outfall points. Where 
the ;lire outlet into ditch a minimum depth of 41  to 6' may. 
be required* Aline co is also mods in sons caves for 
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accumulation of silts 
6,8.2.  U,&# 

This depondo upon the nature of the soil and the 
type or section to be adopted#  to dispose off the ozeess 
water'. 

The spae±ng of drains depend upon the topography 
of the area to be drained and the soil characteristics 
It the topography is unduicting the location Is more or 
less dictated, if the surface  is uniform then depending on 
the soil type the spacing Is deto .nod. Zor pervious 
soils close spacing is +opted than provious soils. 

A formula used for ascertaining the spacing of 
Tins has been given by Lnnan. This trmu assumes an 
pervious soil layer a t a rCasonablO depth overlaid by a 

pervious soil strata: 

S Spain bot% een mains 
K = permeability of soil in .f/yoor. 
q a discharge entering he drain in ofe  
I Maim depth of wat4)r table above the 

impervious strata., 
= Depth of gyrator in the drain above the 

porvious strata, 
( Rot* fig lb ).. 

0 
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Spoil. bps are generally avoided as far as 
possible as t by obstruct farming operations. However, 
where they are to be usod,openings should be left in the 
spoil bank there a natural drainage channel intersects the 
ditch and at least every 50O* along the ditch* 
6.11, 	o 	 0 s 	 l 

Various pattern of lay out are used individually 
or in combination of , tio or more systems dependingupon the 
topography and other features encountered on the field for  
the reiova] of ezeess water,,. They are as indicated below,,. 
Flatter side slopes for ditcbiit may be adopted to facilitate 
farming by machinery since nchines are cot on in modern agri- 
culture. 
6A 11,'  

This is a method of surface drain consisting 
of narrow width plow ids in which  the dead furrows run 
parallel to the prevailing land slope, The area between  
two ad3aeont dead furroo is inown as bed# Bedding is most 
practicable on flat slopes of less than " . ), hero the 
soils are slowly po cable and the the drainao is not 
possible* 

Design and layout of this system involves the 
proper spacing of dead Arrows, depth of bad and grade in 
the channel. The width of hod deponda upon the land siopo, 
drainage charneteristics of the soil and the cropping 
pattern. Ref. 1` .I1. 
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Bed width reconmended for the upper  4ississippi. region*. 

1  t-1 =23 to 301  for very slow inter 3. drainage 
to 51' for slow internal drainage 

58 to 93"for fair internal drainage 
he4* 

PR 	j, d z 0.5'  to  1.5' allowing it 	for dead furrow, 
The depth actual3,y fends on soil tharactoriztics d 
t ire pract ices. 

Bed grade will, be more or less equal to the General 
ground siopo becaw,o of flat land. 

Length of bed m€ y vary between 3001  to 1000 ft 
the length is more then additional collection ditch o:&i 

be proposed,. 
In the bedded area the direction of farming may 

be pa o of or normal to the dead ftrrots. 
6,11.3. 	r 	tee :ptem 

This system is used for areas having sta Uered 
po4 or pot holes that are too deep or too large to be 
Filled by land levelling. 

The surface drainage ditches may meandor from one 
low spot to another, collecting the water and carrying it 
to on outlet ditch, 

Drainage in those areas is improved i ' the entire 
field is smoothed or graded to remove minor depressions 
and allow the s foie water to flow to the ditches. 
Ref, fig .12.. 



6.11 *lf,  

This is applicable to broad flat areas ihich o 
vbt because of the seepagefrom adjotning h1Jh.lands, 
in the case of sub-S 'ace drainage where internal drainage 
is good a Vie. of tile properly located at the foot of the 

slope will 3teMpt tho flow and reli the wet conditionn 
of the lour area • Where the area consists of many sbaUov 
4eprosoionm and water coLlects in them without infiltrating 
through thorn because of the mporneabie nature of $011 and 
subsurface drainage not posaible,, open ditches constructed 
across tho , slgping land will relieve the 'face voter* 
stet, Fig,1O; a). 	 7 

The success of this drainage system depends upon 
the elemination of depressions between the ditches,, 
6,1 1, 5.  

lels c+ 
on f t1poor1 drained soils that havo a umerouc. 

shallow do ress. w the para el ditch systorn is suitable, 
In general, the paralleZ ditch s are spaced 600 to 1200 ft. 
apart and the laud between the ditches is sloped and 
smoothed to cl.injnato any minor depression or obstructions 
to the over land floz of tho ator. (Ref, ?ig,.13 ). 
6.11 ,6, •L nd~~Moc 	a 

I'loat of the soil that require surface drainage 
have many depressions in sirfaoe which may vary in size and 
Shape. AU high points and she .depz'ossions should be 
smoothed and tilled, up respectively, Where as large depressions 
should be connected to a ditch so as to i arovo the over 
land flow of water* 
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?.1, A subsurface drain is one that is beneath the surface 
of the sail. It may be a tile drain or fob drain used to 
collect water that flows out of the . soil and carry it to a 
Conveyance channel or outlet structure. 
7.2, 8$ IONø1l.  

The floe, of water in saturated zone below the ground 
surface is baood-on D rcy's law, 

Q A1ci 
K = Permeability of soil 

Hydraulic gradient 3 A = A'ea of sCLL 

This is the furidemontal equation on which the quantity 
of flow  in simple drainage problems are assessed 

The quantity of water reaching a tile p o placed under 
ground below water table is estimated by drawing a fbownet. 
(Ref. Fig. 1 	'anal .g. F F 5.) 
7.3. _ to 	rM G N Os. S 	a 	; 

The subsurface drains may be designed considering the 
following points s 

1) Drainage coefficient of the area to be trained. 
2) The trdraulic characteristics of the matorils used 

for carrying the water. 
3) The size and spacing of the drain should be adequate 

to carry the water at a designed siopo. 
4) 'fib pipes should not run under proecuro. 

7.3,1, 	 The general awn 
for the flow of water in open chnnolo also hold good for 
tile drains provided the water dose not run unaor pressure, 



65 

7„3.2.  Pre.igaae.icy .+ ant_  s 
(a) For Arid regions the drainage coefficient Is fixed 

as discussed in para 6J.2, 
(b) For Tmjd areas the coefficient iii.:.1 have to be 

ascertained by Judgement and experience considering 
the rainfall its frequency and duration, porosity 

• and permeability of soils; craps to be Crown, 
The U.$. Department of Agriculture has roc ended drain- i 

ago coefficients for different cases, as below. 
Two cases are considered: 
(1) No surface water admitted to:., the tile and u aplote 

surface drains(-;o provided, 
(2) Surface watex admitted to the , tile through Surface 

Iliner'al 	10-13 nn 	13.19 zn 
Organic 	13.9 mm 	19..38 

F r  

sail 	Field crops. Truck crops. Field. crops. Truck crops. 
Ulnoral 	13-19 mm 	19-2 snri 	13-.38 i 	25..38 qua 
Organic 	19-2 mm 	3841 mm 	25-38 mm 	1-102 rmm 

Similar f±gurec of drainago cootficiont should be estab-
fished for local conditions with the guidance of above tables. 
7.1*. •§ ' i Ot'TIi1EDXZ S` 

The size of a tile drain is fixed after establishing  
the drainage coefficient for the area wider study as discussed 
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in Para 7.3.2 and the grads of the line and tho velocity, 
The smallest size of tile generally recanmended is 1 en 

size, It is based on the need to provide good agriculture drain-
age for a long period and cost of ^r inntenaneo, construction 
methods etc. A larger the minimises the pos ib .lities of 
c .ogging with sedmment, roots or other material, 

Velocity of r actor flowing in the drain may be Calculated 
using either Butter or 4►ning's formulae, for a given grade 
of tile line and the area of tile determined. 

Thera are many tnperical formulas given by different 
authors for determining the velocity in a tile drainage. Bit, 
out of them a formula roc ended by the U. S D,A. eppears to 
give bettor results than the others. This formula also takes 
into account the UUCVOnnsss. of the 3oints bet%zoon the indivi~. 
dual pipes. 

The velocity obtained by U.9. D*A* formula should hotrover 
be reduced by 9 b a for sub- ins and 15$ for laterals Since 
the formula gives higher velocities too large for mains and 

oubmains. 

T ie formula is given by 

V = 438 r2/3 61/2 

This applies to both clay and concrete tile and for 
all sizes from 4" to 12t1. 

The depth at which the drains aro to bo t:L:od below 
ground level dopeds on the soil permscb lity crops typo and 
outlot positions. It also depends upon tbh position of an 
imporviaus strata available at reasonable depth below ground 
lovol as inflow into the tile is gov3rnsd by these factors. 
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The inflow Into the pips ;increases linearly with the depth 
of pipe below ground level, 

Certain Engineers have r000muended the drain depth 
and spacing based on their experience which are given below. 
This is only a guide for selection of depth of pipe and its 
actual dopth is fized,according to the factors that should be 
considered so discusDed abo `e, for local conditions, 

(1) 	.ijc4j - PQRQ 2' to 2j' in dense heavy .soils 

1+ 1 In light open sandy coils, 
- 30' to 40' in dense soils axgoly Clay; 60 ft 

in mixed clays with fine sand. 70 to 80 in alluvitvn, glacial  
drift and sandy cams. 150' to 	' . in sandy lands or those 
containing much vegetable matter having dsridd or gt tav=e~.0 :y 
sub-soil. 

nOral avera a of 	ft. 
&U: In eastern farming about 32 ft. to ?0 ft 

on pervious soils 
On sandy, loam soils with clay sub..soil it is 100 ft. 
(3) t1Jf, .n ipJ z Jjt.hi. 3* to .+' ueually the latter 

using closer s acings.ra her than shallower depths to expedite 
action of drains. 

__ taxjmun 100' used for crops In average soil 
condition, 

For truck crops ' .. 50 to 75 ft. 

In taro casoS with sand or gravelly subwsoU a maximum  
of 200' spacing is recozmondod, 

7.6. 	 PLOF + 	IRA 

. A num r of formui.ao are available for determination 
of the spacing of drains. In short, the px'ocodLlro adopted in 
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those formulas to arrive at the spacing of drain Is to assume 
a suitable drainage rate, determine suitable tharaoteri4ticS 
of the soil and selecting a auLtablO depth for he drain oom 
Auto the Saoing. 

The formulae are derived based on two conditions 
(1) 8toady state .flow in bogencous, Isotropic media 
2..) Lon-steady state flow consideration. 

7.6.1. 	ogd r 6ttte_  
The main acsuniptions made in respect of derivation of 

tot ;ulae under steady state are s.. 

(1) 	The sail is ho ogenooue and of hydraulic conductivity 
'K'. 

2) 	The drains arc evenly spaced a distance 6 apart 

3 	Vie hydraulic gradient at any Point i3 equal to the 
clopo 'off• the water table above the point. 
Darcy's law is valid for flow of water through soils, 

( ) 	An impermeable ble layer underlies the drain at a depth d 

( 6 ) 	Rain is faflinc or irrigation water is applied at a 
uniform rate $ v. 

(' ) 	The origion of coordinates is taken on the impermeable 
layer below the Centro of one of the drains, 
The formulae are given 'below x«. 

Hooghoudtrjvae the following formula for drain spacing 
and the diagram ropro cant ing his problem is shown In I`i.g.~ i 
This in for )1qnogonootw soil.,. 
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ho = dopth of luvorvious Syr bolov tba cable of tilo 
Thic fcmula civooonly arot ato roGuit3. 

to 1tvo bottor rosults than Hooahauftfo* it iø 00 bOIW: 
Bo 

Vboro aU 	oyo10 oro doUnod as per oution(i) 
uIAV (r2/Wo) 4{( 	+;,[( oo apca3z) 

f 01 

(Cos WE 

or crnvoniozw of' cact1tionz, craphs aro pcccd for 
tbiO formula to obti4n drain caeing coo ft'Lc:.I . 

""ho t1O2 OX: OflOfl J)VO1VO4 in Ub UfC 

to ono of tho trantortt or unstoa4y  Cato 	the oontiono 
of cqulUbrlum botuon tbo viOr tcb.o and tho r nftL and/or 
irriijiton tioco tt auo orto i3oI on tho studies fer 
tXaE otont dingo proOia1  U,3.ucou of toc3t ton bwo 
ov*lVot the follov,  trig formula for onoinj of draina  

Ii 	1oz (DA-0 
1 . ' o' 

	

	 bk 
Q Lr ' 

(REF Fc) 	D(ct+ V012.) 	 34cf WO4JA± L j 44_  
Vor owy calculatiorw, ctc bzwo boon pDODrO(t fvaa 

Match tho oetnc can t3 dOtcZUiflOa. 

Io ctuin opacirin, frozi both otoadr and moteady condift  
uy bo oortirC(1 CV n- t43 c.bovo foto z-14 tbo 

Ocl,%,icidinc fiuzbo mV bo adoptcd Qo thO roqul*-vd or,,soing Of 

?.? 	LDL2L 
Cub-awic= drains can bo 1cid at a v=lotv of ciopoo. 
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Ro Lover to keep the line self cleansing it is riccoosazy to 
have a grade that will develop sufficient velocity to carry  

the sediments away, The slope recommended for a ' tile should 
not be 1e8e than about O.25 to develop a volocity of about 
I ft/sect when flowing full to avoid sediment deposition. 

It reduces for 12 line and above to 0,0'5 . 

Thole drains are formed by pulling a plug/ball through 

the sub-soil having a good structural stability. The soil 
should be cobesivo having sufficient moisture content* The 
lay out of drains is similar to tile drains* Uolo drains may. 

empty . into open ditches, Lilo lines or other mole channels, 
if the moles empty into open ditches, a short length of metal 

tubing may be useful in protecting the outlet. 
Whore closer spacing is required mole drains may be 

edoptod, if other conditions permit. 1 om ll a spacing of 
,10 to 30 ft. are adopted depending upon depth and degree of 
drainage required. 

7.9. r7I I,apfl  
In order to prevent entry of fine sand, silt etc. 

ontor .ng the drains filter materials like, gravel, coarse 
• sand are placed around the pips. 

This also helps in mantig stability of the soil 

round the pipe after its jnsallation. About 2" thickness of 
gravel round the pipe may be adoptod. 
7 a 10. 4flpF i• ^:.fit 	3T i~ 	~F 

The ' ator enters into the drains through the holes 
or craeisi bottreen the succossive pipes. In unstable soils the 
crack width, bo as metal as possible to prevent possible 
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entry of soil particles. 

7,11 „ 

Thore are two types of outlets 

(") Gravity outlets 
(2) Pump outlets 

ity 	r Inc .ude natural ChAflnClS, tile drains 
and open drains . The out let should have sufficient capacity 
to 0aDr7 additional discharge where the drainage system is 
connected to other tile drains, [hero the pipe outlet into 
an open drain the anal of the outIc", pipe should be sufficiently 
b+c o t ,e noiuial ter bevel in the drain# 

• : are used hoVO ravity outlets are not 
available. The essential parts o:V a pwping outlet are a 
puma $ and a $uznp or store basin, 'fps arc, operated for 

certain number of hours in a day dper4ini upon. the +[serge 
to be handled, The pump should be . installed in such a my as 
to provide rniniQulfl lift and the pump iou5o is not loodod. 

7» 12, ~  ?'r :' 	I . 1Fr 

The drain t 	oul be bO lflstallodsothat tload  

over the pipe due to fill material ovor it does not exceed 
the required average minrnuc. crushing strength of the it • 

material, 
Different formula are available for calculating the 

loads on pipes depending upon the a .dth off' tho trenches in 
. „ch the drains are placed. One ouch torn. ula which is com only 

used is given by 
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Whore We total load on the conduit 
1-1 = Unit weight of f ii . material 

Cd = load coefficient for ditch oondu.its 

Bd M width of ditch at top of conduit, 

7.13. LA  °r 	OF  IJ +.7V3i) 	s 	a1 Kk Td f3 	+ i 

The topograpby of tho Sand, source of wator to be 
removed and various other field conditions datormino the right 
location of the tile lines and the proper typo of drainage 
system. 

The system of subsurface drainage consists of smain. 

drain, sub- mains and, the laterals, A main domain is the one 
Into which several lines of tile lines empty their water. The 
main usually ire out falls into en drains.. sub main is a 

short main Jhic1 c roots water txs a number of tile lines 
and discharges into the main.. A lateral Is a tile line oo .oc-
ting tutor fromthe coil and discharges into the sub-main or 
main 

silo systems can be classified by three gonoiai typos 
(1) Parallel system 

(2) Random System 
(3) Intercepting system, 

7.13,1. 	r 	 s The parallel line system: t s 

used in poorly drained soils having little slops and approxi 
Dately uniform texture. Variations are the grid-iron %nd 
parallel systems, theT ^rr a Bono system, the double main 
system and the groupin 'system F ,16(). 

7.13« 2. In the grid Iron and parallel systoe, , OO main or 

subo44n servos as many laterals as possible, Thus the length 
and number of outlets arc kept to a mom' . T laterals 
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enter the mains from one side a only. This is the most a ono.. 

mical arrangement as the land. on only one si.de of the cub. 
main or main is doub .e drained, that is, a mow strip of 
land along the main i.s drained by both the sub main and the 
lateral, The cyst= can be used on inch that is uniformly wet 
if it slopes generally towards the main or ub.main. Fig, f 6 C6). 

• ?,133. 	rr  ion 	is applicable in places where 
the main or sub main lies In a narrow depression and the 
laterals must enter from .both sides.. It is loss economical, 
since considerable doublo drainao occurs whore the laterals  
and main join. U the depression over the sub main is unusu .y 
wet, however, this system will provide bettor drainage at 

that point. 1' .g. I(  c) 

7+13.)0-  _ ubie ..sus&+ na  - The double system is a modification 
of the grid Iron system. It may be used w er'e thcsub-main 
is in a broad, flat- depression, which nay be a natural rater 
courme and sometimes may be wet because of small anounts of 
seepage water from nearby Slopes. A cubiath on each side of 
the depression servos the double purpose of intercepting 
seepage water and providing .sub gain for the laterals* Fig, I&) 

7.13.5*  2 ., 	a, WRIMR_ _,  A combination of individual systems; 
are usoftil when topography and wetness on the field vary' and 
the pattern of draina;a must be than ;ed to fit different 
conditions. 
7.13.6,  ,01 	49ft 8t0V It is used in rolling aroas that 
have scattered wet aroas somewhat jolated from each other, 
Tile lines are laid more or lass 	random to drain the wet 
places. It is better to locate the main so as to follow the 



natural dra ge ways rath r' than to make deep cuts through 
ridges to make straight tip lines., Sub-mains and laterals 
should be extended from the main to the individual Vat arse'  
rig. I6() 

. 1  3,  7. 	rr.w ■  	 This System is used to 
Intercept the seepage water from the slcping land$  vhon the 
land Is wet upto the valley. Fig. I(4') 
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The choice of a system of drainage to be adopted lor 

a particulararea depends primarily upon the .following factors: 
(1) Economy in cost 
(2) Topography of the area 

(3) Rainfall 
0+) Drainage requirement 

) Characteristics of the soil in the land, requiring 
drainago. 

(6) Geology of the area. 
'1 pe of crops grown And their rc.lat jo ; to Drainage.  

After investigation of the area with regard to the o bovo 
points, depending upon the results obtained the excess eater 
from the area to be drained can be disposed off in the following 
ways; 

(1) Surface drains 

(2) Sub..surface drains 
8.1.1,  8urfaco. i ins 

These are,  open drains to dispose off the surface 
runoff from storms and irrigation as quickly as possible, 
depending upon the requirement relating to soil charactoris.. 

tics and tolerance of the crops to pending, Those drains are 
also used to remove excess water free the Oub-coil whore 
tile drains cannot be used duo to economic and other reasons 
such as inadequate outfall,stratifiod soils, fibrous organic 
roils etc. Tho common use of open drains is as collector drains 
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NPtf.UG OR A 11AiLkGE 8C 

8.1.00  GEr ;' .Z 

The choice of a system of drainage to be adopted far 
a particular area depends primarily .y upon the following factors s 

( #) Economy in cost 
(2) Topography of the area 

(3) Rainfall 
(1+) Drainage requirement 
(5) Characteristics of the soil in the land rouirjng 

drainage. 
(6) Geology of the area. 

(7) Type of crops grown and their relation to Drainage.. 
After investigation of the area with regard to the above 

points, depending upon the results obtained the excess orator 
from the area to be drained can be disposed off in the following 
Lays: 

(1) Surface drains 

(2) Sub-surface drains 
8,1.1.  §ur£acc S raitas 

These are,  open drains to dispose off the surface 
runoff from storms and irrigation as quickly as possib .o, 
depending upon the requirement relating to soil char: cteris,. 
ties and tolerance of the crops to ponding, These drains are 
aiso Used to remove excess water fro the sub-soil where 
tile drains cannot be used duo to economic and otbcr reasons 
such as inadequate outfall,stratifiod soils, fibrous organic 
,oils etc. The common use of open drains is as collector drains 
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or main drains for oo rorod drainaao systems, Different types 
of layout are adopted depending upon the soil type, topography' 
eta. and ' hoso have been discussed in para 6,11.0. 
8.1.2. An Important advantage of open drains for surface 

and sub-surfaoo drainage is their low ,initial cost and ease 

of operation. 
The merits and dements of the system as discussed In 

para 6.5.2, should be -leapt in view before finalis .n the 
system of drain .go to beadopted for a particular area. 

.2.Q. 	' 2 	ati`~V + 	A IL 

The following are the types of aub..swface drains for 

effecting control of water table: 

(1) Opon drains 

(2) Tile drains 

(3) Ziolo drains 
4 Drainage wells.. 

321. gnDr ; .ns 
Open drains being cheaper are used for sub-surface 

drainage whore feasible. The spacing is usually close and 

the length of the lands between them must be sufficient to 

carry on farm operations. The drains are normally placoc in 

the direction of the prevailing slope 
Open drains are generally used as dual purpose drains 

to collect and dispose off surface water and ground eater. 

The capacity of the drain will therefore be designed for 

surface run-off and the ground. water discharge as illustrated 

in para 6.6.2k Where high value of the land prohibits t e use 

of open drains,ti3,o or nob o drains may be a solution. 



8.2.2. file_ Jrpin 
Tile drains, though a pensive, are most suited for 

cuts-surfaco drainage cinco they can be laid at closer spacing 
without interfering with farming operations and do not call 
for aauisitioni of land. Tile drains can be usod in all coils 
but in the case of fibrous organic and fine textured amoral 
soils, there would be chances of differential subsidence,. . and 
therefore the tiles will have to be placed at greater depths 
which increases the cost of installation. The minimumdei:th 
roccmended for organic soils like peat and U3uc1 is ft, 
Deeper drains at uider spacings are economical but the economy 
decreases with depths greater than 4 ft. duo to increase in 
Installation costs 

The drains have to be laid at closer spacing in tight 
soils and at wider spacing in porvious soils, Macro thoru is 
danger of choking of the drains, the open joints are surroun 
ded with filter nateriai. In silty soils, use of perforated 
pipes surrounded by filter material is helpful, Formulae for 
the doto aination of depth and spacing of drains for different 
soil conditions have been given and illustrated in para 7.6.0. 

Corroct 4o th and spacing which gives an oconaaic l 
solution for the drain go of the area should be selected keep 
Inc in view of the points discussed above. 
4.2.3.  I1ooiain  

iiolo drains arc suitable in the case of fine tc:-turod 
plastic min Tal soils chore the inherent stability of the soil 
itoo .f is depended upon for maintenance of the drainage channel, 

The spacing and depth of mole drains .s generally loss 
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than , t t of a the drain; since they are laid in heavy soils, 
a spacing of 10 to 30' rn.generally suitable. 
8.2!.  rainacW& 

In underground drainage system where out fall is 
inadequate, shallow veil- punrping can b resorted to, The 
pumped water where possible is, used for irrigation or for 
feeding into closoby canal or reservoir. 

Doop well . pumping through gravel shrouded wells can 
be successfully used for lowering high water table where 
gravity methods are not successful or are found uneconomical 
e.g. in tight soils, artesian prossuro conditions etc. The 
wator so pied  is used for irrigation purposes. 



9,1 .0.  IntrodugtLMt  
Qianbal Valley D ve pmont :*- 
The Cabal VaUei development scheme is a aolnt 

venture of the States of Rajasthan and tiadhya Pradesh. 
This project is one of the zfi .t .purpose ruler valley 
schemes taken up for execution just after the Independence. 
T}c River Chambal is ani portent tributary of Yarnuna and 
drains about 55000  sq miles of area in the States of 
Rajasthan, Nam Pradesh and Uttar Pradesh. 
9,,1,,1.. After detailed Investigations and studios it was 
decided to develop the irrigation and power potential of 
the river in three S. ges. T e work in the 1st stage 
consisted of a storage dam namely$ Gandhi. Sagar Ism in 
Madhya Pradesh State, a power station at the too of the 
da with the necessary transmission system and a barrage 

near Kota City along with canal system on the Right as tiefl 
as loft bank to irrigate about 11009000 aacroo of area in 
the two participating stages. 
9.1.2, Under stage IInd another dam Rana Prratap Sagar of 
17' high and pokier station has boon constructed at a site 
mjduay betuoon Gandhi Sagar daze and Kota Barrage, The 
irrigation potential of the scheme after completion of the 
Stage II illincreaso to 1).00,000 acres 

sf 
• 
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9 1.3r The 'Stage III of the scheme is purely meant for 
power generation, and.  a 1171  high fick , Jawahar Sagar 
will be constructed approximately midway between the 
Rana Pratap Sagar mm and Kota Barrage.. 
9.1 I The three Power stations of the Cohwo will 
jointly have a power potential of 2, 30, 000 K.W. at 60% 
load factor. The total installed capacity at these power 
stations will be 3,26,000 1.W, The topography of the area 
near Gandhi Saga` Dam was such that no irrigatl.on channels 
could be taken off directly from the main 	Chzimbal 

Valley opens out near Kota City about 60 miles dou nstream. . 
and it was necessary 't o construct a barrage from whore two 
Main canals one on each bank could take off to irrigatdc 
the fortile lands down bC '1t(RE F : Ft G - 21 

9.2. 	 hy':  

The Chambal c+ and hoc in the districts of I3hlrid. 
and UGrsns in P•M.P • The River Chembal for as the boundary 
between 1;P. and Rajasthan. The main drainages of this area 
are Rivers Cha bal, Parvati, Kunu, K 	ri.. , Bank and Asan 
which are perennial. The area under canal command has arid. 
and semiarid climatic conditions. The summer season 
very hot with temperature ezcooding 1+500. In winter ths 
temperature Coca dovn to IQC, 
9.2,1, The vogitation of this area consists of Uhar, 

ri1  Jandi, T.)r Julan and Gross etc. The land is mostly 
single cropped. In Kharif', juwar, Bajra are smarm uni cd 
with , A,rhar* Til and paddy, are also groan in low lying 
areas The main crop in Rabi is wheat 
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93O Tooiratht 
The cc and 1.3 very uneven in topography with 

surface slopes v17inI from Q,O0i % to ' ().4%,The area is 
covered by deep ravines near the fringe of the River 
CIt bal. 
9.3,1. Water logged area .io surrounded by the 'main canal, 
the Gudab Uzila and the Ambah branch canal.. The Cudah nala 
has a catchment area of 52 sq miles and has hardly any 
capacity for carrying flood discharge ( being ploughed by 
cultivators). Down below the nalla, small bunOo are cons. 
tructod for tank bed cultivation* The Amb h branch canal thich 

crosses the Gudah nala is syphoned. 

Soils in the command ' area of Cbxbal canal in . P. 
con lain mostly silt, clay ad sand with varying percentages 

of clay,*  In wator4ogged. areas the top soil contains more 
percentage of clay than the soil at the bottot with 
harmful salts, It is also seen that the top soil in certain 
areas have as law a permeability as 0,O0 ."/hr. and the 
underlying coils below clay 0,26" t© 0.$6"/hr, 
9. o 1. retion.ioilurvevi  

During the period 1953..197, the Agrioultural 
Research Institute, Gwalior conducted a Pr©-irrigation 
soil surrey of commanded areas under proposed Chambal 
canals and classified the areas according to their suitability 
for irrigation. Pr files were chug on the basis of 6 miles 
grid of the ThaeIlo in the commanded area upto 10' depth. 
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9.4."2 fismplee iero taken first at 1t4.9 and next 911--1011  and then 

for every foot of depth. `t'he soil analysis txs carried out 
for the following four factors only z 

(I) Clay, ,orcentago 
(.ii) P$ ( 0011 reaction) 
(lit) Total soluble  aolublo salts 
(iv) Calcium carbonate percentage 

9,1,3, Tho suggested permissible limits are 20% clay, P f 
up to 8.5 and total soluble salts Q. 2O ft r soils beat 
suited for irrigated agrl ulttire. 

According to the irrigation suitability classes, 
the Research Institute made the classification of the 
area ao C:L:ven in the next }altos, (TABLE- III) .  

Soils of class I cover mainly the 1 asils of 
Bhirid and Ambs and to a smaller extent Jora, Sabalgatl 
and l3i, Jaipur, 

or portions In the l Neils of Bhind, Jbah, 
MMrena and Sheapur have soils of Class IIA. Soil of 
class.. 3 are found in TaIwu1s of 5aballarh, Jora, I1orona, 
Ambah and Shoapur. Soils of class III occur in Gohad ' .hsil 
and coils of class IV in Ghat pur Vohs l and in a snsU 
area of Jura ibhsiL 

Soda of class V are found in Tihoi of Gohad 
and tlohgaon.. (REF• F I G,: 2 o). 
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9+ 5• Gez 
From the geological report of the area given by 

G,S.Z. the following is the main geological format on in 
the area forming the strat.igraphiC sequence 

(1) Recent 	Alb"iun 	Silt and clay 
Kanlmr, "`av1. 
boulders, pebbles and 
sand, 

(2) Cambrian 	t por Yin 'ans 	I4no stone, shale 
and slate, sand stone 
quartzite 
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10,.1.0 After the introduction of canal irrigation for 7 lakh 
areas in M.P. In the commanded areas of Chrimbal project in 
the year 1962 the water table increased considerably in certain. 
areas being mostly along the main canal, The water logged, 
area is confined to the loft side of canal* being a contour 
canal with irrigation on the left side, The areas declared 
water logged are indicated in Fig. 22. 
10.1.1, In order to know the ground water ccnditions in the 
water logged area, 390 wells are observed z onto and 523 wofls 
seasonally, and 700 piezo net..ora. The observed spring level data 
Is given below: 

Depth of t1.T. bellow 	l rw.. 	a ., 	R,» ar ~,s 
G«1. during October 
3 	 0 

09,40 	 49466 	Damaged 

5.10 	 95935 	** " 
10.15 	 33253 	Protected 

t' ore than 15 ft. 	 39806 	8afo 

Total 	2,18,.E acres 

10,1.2,. Qn, thi basso the whole area under conunand bao boon 
divided into small schemed for the purpose of introduction 
of Drainage I t a to aroas e An can be soon about I ,LP5,t01 acres 
area is having -water table botwoen 0.w1 b ft. 2ro ground aura. 
face uhich is Quito alarntng, 



10.2, 0 ,; i' tivation8 t 

stalled invostiationc of those areas have been taken 
up for suggesting anti tator.logging measures. The following 
inveotigat ions are in hand. 

t 	survoy of existing drainaces, and for alignment of 
seepage drains along canal, 

(b) 	Boro holes of +" dia for doter ination of 	o.. 

Isobars and uruni Isobars, 
(0) 	Collection of soil sa'ploa from suger.bolos in a grid 

of 20001 apart for mechanical an ysio for ascertaining. 
. Ui.) PH value (ii) Clay percentage (iii) Total soluble 

salts (i) field permeability tests to dstormino the 
position of pervious strata. 

10.3« inf : 
The area has an average annual rainfall of 3O ' and the 

season is from July to Soptoz 'bor•f Normal storms do not last for 
more than 21 hours with a; maximum of 6". Tie area fails under 
somi.arid zone.. 
10.L,, Causes of water logging have boon ascertained and 
proposals for remedial measures are in hand for the areas 
proto to be water logged as indicated in Table a-,o,3 and 
Pig. N'o.22.. The causes and remedial measures proposed to be 
taken up in rospact of '1 ngral %inago Scheme' are described 
in the following chapters. 
10.5. ~tor oçuinp 	1an1 1'a 	a 

The area roquirtng drainage Is confined to the left 
aide of the rain C 1, the Amber branch and a portion to the 
loft of Guda nala. Fig* Leo, 26. The total area affected is 

ar sosod as 668 ha. 
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I0; %16 Sgf watere ZUttipNJ.3 

(1) 1e, , observations have been made since 196? and 
onwards and hydrographs have been c a.~ ; On these 

hrd rographs the extent of rainfall end the canal 
operation conditions bays been indicated. This shows, 
steady rise in water table from year to year and the 
water table rises more towards monsoon, 

(2) To find out the effect  of contribution of the 
canal in. 6a~ 	the water tab a piozotnotors oro 
installed adjacent to the canal, The canal was co lo.., 
tely closed in the month of iiay 1970 and the readings 
were taken, This was compared with the piozc otr±c 
levels when the canal was running in full. _ The levels 

• %1ODO plotted and they are indic=ator in fig. 23. 
It may ho soon that th~tme is significant contribution 
of, canal in, rising the water table* 
(3) An observation hole made in' the Field about 30 r 
away from the canalindicated that the ground water 

	

. . 	exists under a pressure of 18?'J lbs/sq. foot 
indicating oonfinod, conditions. 

(I) Statement of seasonal variations and declines 
indicate the fast rising tendency of t for table, 
Rod', Table ? o* j4 Table r 'o,vi indicates that the water 
table is rising with monsoon rainfall.  

	

006 	,~ I~~i/~`11WfI~Mi+"1 , . 	
~'~WI~DM~4/al:'w_ 	/•"vat 

Studies of the offo sd area were made by observation 
of water levels in wells, piozomsters and boro hole results,. 
The causes of water iogng are as 	rued as bo ow: 



(1) 	Studj of cross-sootion from main canal to Abel 
river marked for the months of Juno 1970 to October 
1971 indicates that theater table is high to a 
curtain distance from the canal and falls fast, there,  
after bringing the water level from abet 21  below 
ground level to 180' below G. L, Geologically the 
reasons ascribed for such behaviour arc -» (F G : 2 5. ) 

(a) It may be due to faulting and downward displace. 
wont of the aquifer zone towards Obmabal river, 
(b) The deep water table on the banks of river 
Chaxnbai may be a separate aquifer.. 
(c) The faster draining of ground water near t the 
rI rr helping drainage. 
(d) Gund iiator' bodies may be different moire to the 
even topography of tho bottom made up of impervious 
strata,, 
(e) fitter level could also drop because of the 
deterioration of confining conditions of the aquifer 
towards river cbsmbal, 
However, data ,led investigations are being carried 

out to establish the likely possibilities* 
(2) 	Btu of soil characteristics along a section f m 

flight to Left side of the main canal ( Fie. 2.7 • 	) 

indicates that the percentage of clay is significant r 
much boo at the right side of thec nal than along 
the left side*  Al o the canal is cutting through 
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por rious strata. Tho top sails at the loft side 
area of the canal contains more percentage of clay 
than their bottom layers. From this it may bo said 
that the riot portions of the 1ain Canal including. 
the canal itself may be a recbargo zone for t 
areas orator logged on the loft side. Thoconfining 
Conditions observed at the left a 4e of t Ze .na. , as 
discussed  in para ° ., 5# 4 ( ) confi a It 

In addition to the above causes several other causes 
as, given below may be contributing to the risin.g of water 
table o- . 
(a) Provision of inadequate water my for drainages w e . 

the Road and Railways cross them at tIo right sale of 
ale This leads to the obstruction of free flow of 

;.ter and contributes to the excess infiltration of 
water to the ground1  

(b) . Natural drains choked up duo to inadequate capacity 
and slopQ This will not pez1t quick disposal of 
surface water and the result Is charging of the 
aquifer. 

0 
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11.1.0. Moasxes to check water logging in the Chambal al Canal,  
commanded area are in hand and thO f olio iin propoSals have 
boon framed on an experimental basis for the present as the 
problem is only marginal h 4 	the variation in water 
table levels after implementing the propooalfl. Lased on the 
results, further permanent measures will be taken up after ,. 
detailed investigations, if called for* 
(a) Lining the canal in embanked reaches and in cutting 

reaehe S where percrioua strata has been punchurod. 
(b) Dooping and widening of existing drainss and proposal 

of add Ltiorzal drains whore necessary. 
(c) Construction of soopag ta, 1p parallel to canal 

to drain away the canal seepage. The seepage drain 
outfall into sub..drains and the sub-drains into main 
drains rich are the natural drainage in the area 
(Ref* Fig 26. 

Cd) 	Restricted supply of irrigation water 
(0) 	Selection ©f suitable crops after Stacy of soil 

profiles. 
f 	Scientific method of irrigation like 'order strip 

method and applying water as Nihon required.. 
(g) 	Combined use of tubo..woll and canal irrigation. 
11,2. SBalançoi 

Consequent upon rising of water table close to the 
ground surface, white patches of salt are observed, This is 

s 



predominant near the main canal at the loft side to a distance 
of about 500 ft* So for only the total soluble salt content baa 
boon assessed and not the composition and percentage of various 
salts. The conductivity total soluble salt content) of the 
soil solution varies from 0.1 to 6.6 •  milli ryas/cm. indicating 
varied percentage of salt content. The conductivity and other 
~ .cccristicc of the soil should be brought don to the 
dc5 rod limits as suggested in Para 9.+.3. by the process 
of leaching. 
11, 3.   	D~ca .node .S at± m t 

it is proposed to clear the natural drainages and&by. 
giving proper section and slope for carrying tho surface run-

off and also to construct additional drains whore necessary. 
The dot.ajis are shown in Fig. z 6. The design of drainage 
channels are discussed below., 
11,3.1. ain ccti n 

The
iNl A I' 1I 63 iIliAI Itl'la~ ilk Fl   - 

most important factor in the design of drains 
is the drainage coefficient. This is fixed up ,o below a 

A study of the rain fall from the year 19k2 to 1970 
reveals that, it a cycle of 5 years is taken as roprosontativo 
rainfall, the area has an average maximum rainfall intensity 
of 12*5 cm(5") in 24 hours. it is also aeon from than data 
that mostly the rainfall duration is not more than 8 to 
10 hours with no rainfall on the proviouc and succeeding 
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11., 3.2. Assuming, there fare , a rainfall of 12.5cm (5") and 
8o of it as runoff and the whole . area to be drained in 
3 days vrhich is the capacity of crops in tolerance for 
floods the drainage coeffio ont /sq..hm„ corks out to 0.44• cumec. 
or GEJy 40 cfa./sq,mi o, 

Since the distribution of rainfall ri . not be uniform 
t1wou h out a reduction ir the percentage of run-off is proposed 
as per the table below : 

.U01 	` ; 	'ea Percont 	 D*C. iif i't7 a 
In 3.D1 L0$ 	 D.C. 	Sq.,i iio 	r discY gt 

1. 0 to 5 . 	l 1+0 200 cf9, 
to 10 90 36 360 

3.  106.15 80 32 480 
4.  15.20 70 28 560 
5.  20-25 60 2 600 
6 25-30 55 22 661 
7., 31 and above 50 20 700 

The maxim cat c) ne area ±nvc cod for the main 
drain Is 52 sq,,m .wa. AOcording to the above table percentage 
of D.C. is 505. As such, the dischargo through the drain 
wrnu1d be about 10l0 ci's. or 29,4 cn/soc, 

The section to be adopted is as under 
Bed slope 	• 	1 In 3500 ft. 
Side 8].Opo 	- 	a1 
Bedwidth 	40 	. 9.6 m ( 31.5 ft.) ) 
P.S.D. 	 • 	2*59 ra (8.5 ft.)  ) 



Bugos it r Coofft. 	0.03 
DiS0haD 	 29.4 Cum/SOC. 

This given a velocity of 2*78 f't./soc, and carry n 
disch a rgo of 29.575 cum/seen The other drainace channels are 
also designed c ti2arly, considering the D. C► applicable to 
their individual catebment areas. 
11,3,3. The other coinage criteria are as below :. 
(a) he velocity in the drains is to bo- taken between 

0.6 to 1.2 m/soc. ( to )+ ./see,,) so as to avoid 

chances of silting and woad growth* 
(b) A higher coeftt. of rugOsity shall be talon between 

0.03 to 0.. 
e) 	±de slopes may be provided according to the cbaractorjs.~ 

tics of the soil. irial. r 'i a1 should. be considered 

in cutting, 

(d) 	'ho bed level of the drain should be Izopt as far as 
possible in por ria $ strata so that It may take care 

of the sub..sol water also, 
11 .1. t 	3lus  

As discussed so far in part I and II as well, water 
logging is a groat ne'nanco to the development of lands and 
it ultimately leads to the shortage of food in the country 
unless proper care is taken to -combat the problem at the 
initial stages* Irrigation dove l ont activities are well 
progressing in every state in the country,* LQrgo scale 

irrigation works have boon taken up and also under progress 
in India since the starting of 5 year plans, with the 
intention of growing more food to meet with tixe largo donancla 
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of ever incroaOing p'c latiOn, but proper notice of damage to 
crops by intensive irrigation has not been taken,. It is very 
essont .al that drainage of irrigated lands should be considered 
and bplomonto4 before the onmissioning of canes so as to 
prevent cage to the crops b r canal irrigation in course of 
tine* A more irrigation pro ect without provison for adequate 
drainage of the land wifl ultimately defeat the very purpose of 
irrigation and stopping up of food production in the country. 

In the ease of Chambal project a separate division 
has been formed and entrusted with forming proposals and 
implementation of drainage schemes. The Division has now 
taken up detailed invoatigations of the vator log od areas 
for suggesting permanent measures to check the monance of 

, wator logging in the area,* 
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