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Irrigation and Drainage arc inter-.rclatced and in most
of the cases complementary to each other, It is well knbwn
that while considering the need for drainage much of the small
portion of the total land surface on the earth thot is svailable
to man for grouing crops requires artificial roconditioning
before it is ready to produce cultivated erops. Among the items
of such artificial reconditioning are Irrigation and Drainage.
There will élways be a balance between the wator that
ultimately flows out of the underground reservoir to a valley
and the inflow to the underground water from the land surface
by way of rainfall. Any condition that creates obstruction to
this natural phonomenon will lead to instability of ;nrlow-
outfloy relationship, causing the underground water table to
rise and make the land water-logged, warranting provision of
artificial drainage. The causc for water-logging will have to
~ be cstablished before suggeating'system of drainago to ve adopted.

gxpgg_gg_ggg;nggggérv Drainage may be for agriculture or non-
agricultural purposes. low.agricultural drainage may 1nclude

nunicipal drainage, drainage to protect structures, drainage of

playfieids, race~tracks, air ports and for ensuring public-hecalth.
Agricultural drainago deals with the removal of excess

vater fron the land surface and from the soil of the root zone

of plants i.,e, surface as wsll as sub-surfacc or internal

drainage. This 48 necessary to incrcase productivity of crops

grovn on the land by koeping the rcot zonc without saturation

for a long time.
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Soil.moisture relationship are vory important in drainage.
Thug the factors wvhich are of yrimary impoftance in Irrigation
are: infiltration capacity of the soil, f@eld capacity, mois?ure
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 soii;-moisture holding capacity of the
g0il in the root zone betwecen fiscld capacity and saturation and
the soll porweabllity and these factors are mainly govorned by
the soil texture, soil structure and organic matter present in
the soil. |
Hater-logpine:- When free water is present in the soil pemman; 
ently within the last 1/3 of root zone of cropsf[%he soil pores
are occupied by water to such an extont as to cffectively catoff
normal circulation of air, and retardation of plant growth
leading to watcr~logging of 1a§§if§§b hamful offects of free
vater are poor aeration resulting in lack of oxygen to ‘the plant
roots, retardation of favourable bacterial activities, adverse
bioehcmical changes, dilution of soil nutrionts and their
romoval by seepage, development of certain plant discases and
in some cases, encouragement of growth of somo insScet posts.

For dotailed discussions rofer para 2.1.0.

age in Ar and d Repiong:~ In Iumid and wot roglons,
lov lying lands with poor Surface drainage may be naturally
wator—moggod.48u¢h lands are tho most fertilc and need to bo
officiently drained in order to be fit for cultivation. Thus
in arid rogions, drainage follows irrigation and in hﬁmid rogions
it moy have to preceds agricultural development. In arid und
semi-arid regions, the rise of ground water table, vhich leads



to water-logging also brings up injurious’ salts causing exce-
sgive salt concentration in the root gzone thcreby rendering
the soil saline and unproductive.
ator-logring in Chanbal Compand:- The commanded areas in
' Madhya Pradesh from Chambal Canals falls between arid and
semi-arid zone. ihe Chambal Canal is a contour canal with
command on left side and the water logging conditions ane
confined to the left side of the Main Canal only,(Ref. F\Gi)
map). The water logging problems in the areas of Bhind,Morena
Districts are attributed to the blocking of natural drainages,
secpage from canal, existcnce of clayey soils on the left side
of the Main Canal at top lovels preventing infiltration and
conscquent stagnation of waber on the land surfaco. Further,
due to the exlstence of soils with comparatively lesser
percontage of clay at right side of the canal compared to the
1eft side recharge conditions~haﬁe developed lcéding to high
water table on loft side of canal in confincd stéte. About
1,45,401 acres of land under Chambal 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
Hawgrel, Sabalgarh, Pemsar ete. have been taken up after pre-
liminary investigations, for implementation of remedial measurcs.
It consists mainly of clearing,dcepoening and widening of natural
drainages,prbvisionlof additional drains vhere nocessar;:fiin-
ing of canals in embankment reaches to prevent sccpage. Since
the water logging conditions arc only marginal at present,no
‘costly proposals like sub-surface drainagpge are proposed to be
taken up. Aftoer watching tho bshaviour of water table ecte. on
construction of surface drainage,further remcdics would be proposs



1,1.0. IRRIGATION

Irrigation practices are krimm to have developed since
over four thousand years in the Valleys of Fuphrates, the
Tigris and the Iile in Egypt. Irrigation fecilities provided by
the major rivers in Igypt, China ete. 18 roported to be the
cause for the development of ciilization in these countries.
After the first World War in 1918, the develomgent in the
field of Irrigation increased. From one hundred miliion acres
at the beginning of the 20th century, the irrigated acreage
in the world increased three-fold to about 300 million acres
by 1955. It 495 estimated that vefore the year 2000, ths irri-
gated acreage in the worid would have exccodod the 500 million
acres mark'177, B
1:1.1, IRRIGATION IN INDIA

Irrigation in India has beon practiscd from pro-historic
tméa and appears to have been contemporary with Agriculture
itgelf,. Frequent referonces are found in the Vedas and other
ancient Indian literature to wells, tanks, canals and dams,
to the importance to the community of their officient maintoe
" nance and operation and to the dutles of the States in theseo
mattera(m) .
1.1.2, Hany major works in lorth and South India wore
completed during the 18th and 19th centurics. The period
1800-1836 has been called the period of tixo first groat vonturos
during vhich the old Yamuna canals in the Ibrth and Cauvery
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Ds1ta oystem in the South were remodelledl’®),
1,1.3.  India has madc rapid strides, since 1951 in the
field of irrigation, vhen devélcpmcmi; started. The total
cultiveable land in India 13 19%.61 m.ha (480.9 m.a.) About
85 to 90 million acres would be under irrigation by the end
of 4th Five-year plan.vhich 18 about 185 of cultiveable area.
By the end of Sth Plan it is proposed to bring the irrigation
potential to 237 of total eulturable arca,
1.2,0, DRAIFAGE

Tho cxperience in India and other countrics has shoun
that irrigation, vhile it contributes substontially tovards
the support of ever-increasing population of the world is not
an urmmixed.blegsing. Pt‘oﬁision of inadequate dminage faci-
lities has lead to the prdﬁle_m of wator logging and salani-
zation of lands, Thero is always a balance botween the inflov
of vator into the ground from rainfall etc. and the outflovw
and as a result a state of equilibrium vwill have been ostab-
"1ished by.the underground water table. Any disturbance in
this resﬁect, for instance, by construction of roads, railvay
cmbankments, dovolopment of towng, extensive irrigation by
canals thereby affecting tho natural drainage capacity of
drainages will lead to an imbalance in the natural inflow
‘and outfloy of gmimd wvater vhich orifinally oxisted.
Congoquently, the underground vwatén table vill try to rcade
Just the equilidvrium by croating o rise in vater toblo at
" gome portions and llowcmng in some other arcas. If the water
table comes close to tho ground surface, it pay affect the
productivity of soil and water-logged conditions may dovelop.
(Rofer para 2.1.0), Undor weter-logged conditions the crop



yiold will be considerably affected. This state of affairs
cannot be allowed to develop when there is already shortage
of £ood in most of the countrios in the world, compared to
‘¢he riso in population. It 1s, therefore, ncccssary that
adcquate drainage of 1rr1gated lands should bo provided to
check mtex'-logging.
1.2.1, PROBLEY OF VATER LOGOING IN CANAL IRRIGATED AREAS IN IND
The problen of wator logging exists in many states in
Indin especially in Indo-Gangetic pleins which have flat slopos
~ and poor outfalls. In Docean regions in the South where the
drainage conditions are better, boing a2 rolling terrain the
problem is not much., In Uttar Pradesh the pmblean exists in
the commanded areas of Ganga Canal System, IHira Canals in
lioharashtra and Chambal Canals in Madhya Pradosh and Rajasthan.

A rough agsessment of arcas water-logged in different States

upto April 1959 is indicated in the table‘2)
, 6 TADLE: 1 ) Jffa » _
' ategory A cavepory B atopory € Category

States w.tr,o.xsy W,T 5'..10' HeT, D Saft ggg:l
deep-area in doop.ares 10151 affectod  Tolitoq
ggmg . in %cmga geep area deep y.q
vWater Salt Water Salt Aroa l_f_,_':‘_(___ (Rever)
logped affectod logged offoct (acres) Area(acres)\°-7

aXo2s AXeHs aroa _ _od aroed
Punjad 1970520 1300000 3350000 450000 2283000 1250000 3000000

tost Bongal 573750 Nil 191250 M1 151 K1 Nl
U.P. 1M1 HNot known 96345 Kot known Il 2300000 2300000
Bombay 10821 172900 M1 53744 lbt known M1 7164
AP, 10456 4l "1 ml 1l il ril
J&k 4500 Ml 25000 1l 24000 11 M1
I'ou Dolhi 3200 151 6000 131 600 IH1 111

Total:2§73247 1317900 3668595 503744 2307600 3550000 53716k
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Tho need for drainage as anti-wvater logging measure
vas recognised in 1954 and prior to this year desired atten-
tion had not been Grenradtss1 provision of adequate drainage
in canal irrigated tracts.( 18) by most of the Statgs in India.
12,30 It vas in Punjab even as early as betweon 1870 and
1880?§erta1n canals were realigned and natural drainages
improved by tho provision of adequate water ways 4in order to
lover the W.T, in canal irrjigated areas. A drainage board was
set up in 1‘918, a water logging Board in 1928 and a Drainage
Circle in 194% to investigate into the problem(ZH).

1.2.4, The Stetes are now alive to the situation and a‘ number

of anti~water logging measures have been taken up by the States.

West Bengal has undsrtaken the Sonarpur Arapansh drainage
scheme, the execution of Etoberia and Kalaberis Khal schemes
and others. A total area of 360.9 sg.miles is oxpected to be
béneritéd by these sehemes(‘?l"). |

1 2.5. In U,P. several measures like the constructian o.i"
surface dra.ina.ge 1lines with the canal xsystem, reducing the
intensity ofcfz\rrigation and implementing correct: irrigation
practices oncouraging the use of wells have been taken up(al") .
Conjunctive use of well and canal irrigation is also practised
in'U,P. | |

14246, Maharashtra has carried out experirents on various
antl vater logging measures such as c¢anal lining, changing

of cropping patte_rh according to soil suitabllity ete.

and has nov stendardised tho technique of land drainage(a’"”) .

|
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1,2,7. In Madhya Pradesh 1,45,400 acres of land 1s affected
by wator logging. This area 1s under the influence of W.T.
potween 0-10!, Efforts are being made to combat the water
logging by implementing such measures as removing obstruction
to natural drainages, construction of surfacc’'drains, encoura-
ging use of wells étc. ’

1e30 waﬁer logging is a serious problem in this country.
Extensive valuable agricultural land of the country is going

~ out of uge due to water logging caused by incorrect irrigation
practiées, oﬁer irrigation and inadoquate drainage of the land.
It may thorefore be kepi in vicw that seicntific irrigation
caﬁpled vith proper land drainage are essential for succossful
agriculture. it has t0 be realized that drainage measures are
an essential part of the irrigation schemes and adequate
provision for drainage should be included in the irrigation
pfoﬁecﬁ itself. On the older canals therc is nced for concen-
trated meoasure to check ingress of water logging and to reclaim
vater logged areas. -

1.3.1. The dissertation on the subject of wator-logging has
boen divided into two parts for convenienee.‘lt prasents the
probleme of water-logging of lands, its caouses and remedial
neasuros, Part I desls with the General aspecets of the problem
and Part II with tho problem of water-logging in Chambal canal
systen.



20140, Hater-loggcd soils create aneroblc mndibions at
tho roots of plan’cs and suffocates the plant growth and thus
roader the land unfit for cultivation. The growth of nomal :
cRops 19 dependent upon an adequato supply of nitrogen in thq 4
fora of nitrates, The process of nitirification is carried

cut by a kind of bacterial activity i,e. aerobic bacteria

wiidch require oxygen for thelr survival, The presence of }/
oucess vater in the water logged soil reswlts in the exclueion
of air, reduces the supply of oxygen to these bacteria mtt%
tho result that niirification process does not take place and
plar'n; growth 1g affected. Thus the ‘anerobie’ conditions are
£olt by the Ip,lants. This axierobﬁ.c bacteria produce gases vhich
oro haraful to the plants. |

In average well drained éoﬁ.lsy the pore spaces amount
to be WZ of vhich 257 1s filled vwith capillary water and
the renaining 15% with air''?), In well drained soils the
carbon-dioxide in the soil alr dissolves with the water
/nfiltrating through the soil forming carbonic acid which
dlpsolves tho nineral elements of‘th.e s0il required by plents,
tnd thus frosh alr with oxygen is drawn fron outside., When
the soil is aatufated under wvater logged condition the
norcolation of water is stopped and as carbon-dioxide is not
(dssolved its concentration rdses. Consequently fresh alr |
cupply to tho z}la.nt is stoppoed affeéting the plant growvth
tnd consequont roduction in erop yiald.



2.1.,1, The depth of vater table below the ground surface

is tho factor that makes the land water logged. The depth of
water table at vhich it starts hamiing the crops depends on
the height of capillary fringe and the type of crOps gmwn;
The height of capillary fringe depends on the characteristics
of the soil, which is more in the casec of fins grained soil
than in tho case of coarse groined soils, lomally the W.T,
(including the capillary zone) should npt bo al?.owea to rise
beyond tho last 1 /3. of root zone of the crop. Table bhelow

| illustrate the depth of IH;T. at vhich thoe crops nomally suffor
. from conditions of water-logging® 3. Deep rooted plants suffer

more from water-logging than shallov rooted crops.-

Crop
Wheat
Cotton 51 to 6!
Rico 2 o
Sugarcans 3!
Foddsr crops Iyt

\ Lucerno 74 to 81

2.4.2, Similary the water table closec to the ground sur-
. face may turn the land salino; but 3 salinc soil neecd not
necessarily bo water logged. This aspect will be discussed
goparatoly in Chapter 3.
242404 SES _OF 1 LOGG
The general cause of mtor-lcggihg 15 attributed to
Solto
the imbalanco in thekhymbgical eycle,

\
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INFLOW QUTFLOW
surface flow Surface flow
Subé;x"face flow Subs‘;;rfaw flow
Prec;,pitation o CQns;mptive use
,Impo;t.od wvater 'E_qu;'ted water
;Docr;ase in surface storage Incr;aae in surface storage
Decr:ase in groundwater -_ Incr;ase in groundwater
storage storages

The disturbances cauged to the outflow by way of excess
“infiltration into the ground will tend to raise the water tsible
leading tc water logging of the land.
2.2.1, Water-logging may result from either natural or

artificial canses or a combination of the two(m) .

24340, NATURAL CAUSES
(1) Excessive raink‘all and poor surface drainage

due to flat topogrophy of the area ‘

(11) summergence of adjoining lands by river floods.

(11i) Artesian pressures

(iv) Poor sub-surface dralnage conditions ceused by
unfavourable geologlcal formation such as perched
water tables,

These factors have been described in detell in the
follovwing paras. |
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2e3014 Continued excess rainfall over arcas having poor

~ drainage will lead to a rise in water table. Further, the
topography of the land influcnces the rise of water table.

A £1at topography will not discharge the surface and subsurface
wators quickly wvhereag a rblling terrain is better drained,

Frequaht flooding of land will lead %o the growth of |
veeds and blocking of natural drainage in the water shed.
The small depressions or ponds will continuc to hold water
even after the flood receeds. Thls phenomenon 1f continued
will add to the increase of undergiuund wator table and
consequent water logging of the land. |
24343+ ARIESIAN PHRESSUBES

Water table 1n the land may be under confined condie
tioh &ue to impervious nature of top soil and recharge condi-
tions at higher elevatibnsn This makes the aroa marshy.

2. 3.#. POCR_SUB _SURFACE DRATINAGE crm TIONS CAUSED
BY ULFAVOURABL. GROTOGICAL ¥ORTATION

Existence of impcrvious soile, barrier, or stratas

not far belov the ground surface in stratificd formations. and
also along'the goneral diraction of the flow of underground
water will impede the.mcvement of water and creates a high
wvater table, This ig known as gggghéd*ggggr fable, and will
bo difforont from the general underground wator table,
2.1+,0, ARTIFICIAL CAUSES

These include =

(1) High intonsity of irrigation irrospoctive of the

5011 and sub-soil chafactoristics.

(11) Hoavy soopage losses from canals, distributaries
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and water courses and from water impounded in
reservoirs. |
(111) Heavy bunding or enclosing irrigated fields and
ch¢oking up of natural drainages.
(4v) Abandomment of existing péreolation volls.
(v) Wrong and defective methods of irrigation and
over-irrigation.
(vi) Badly aligned canals.
These have been described in thé following poras. '
2.4,1, High Intensity of Irrigation:- 4 land not receiving
any irrigation water in the past is brought under extensive
irrigation, the excess water infiltrating into the pound may
contribute to rise of water table, "

2.%.2, Heavy seepage lossos from canals & rosorvoirs:- Depending
upon the | drainage arrangoments provided downstream of the carth
dem or the canal banks, the height of water impounded in the
dam, canal and the charactoristics of soil in the bved of canal
and at tho dam basin, there would be inflow of water into the
ground rising the vater table,

2-’4'039 Heg 1ilemAe}
Draipages:-

At times the fields will bo bunded up more than that
required from the patnt of view of water requirement of crop

lcading to excess water storage and conscquent infiltration

of wator into the ground rdssing the water toble, -
Another cause of water-logging is due—$o the blockage

of natural draina.ées by construction of -bunda along small

nallas for Rabi Irrigation ¢te. and also prbvision of inadequato
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vatervay for culvorts, bridges ete, vhere the road or railwsy
crosses the drainages obstructing flow,
2.&.%. Wrone, and De;acﬂﬁugtue;iyds of drrimtion:- Owing to
wrong notioh of supplying more water for better erop yields
among farmers, over irrigation has become a practice all
over. This excess vater from’fields vill lead to water-logging
of lands,
2.5,0. EEFECTS OF WATER IOGGING

The folilowing ore the main factors rosnonsible for the
1nfér£ility of water-logged lands:

(1) Retardation of plant growth

(ii)'_Difficulty in carrying out cultivation opcrations

{1i1) Competition from the natural vepetation of water
o lopgged soils

(1v) Salinization of lands

(v) Adverse effect on ccmmunity health.,

These factors have been described in the following
paras: |
2.5.1.

hi~ The growth of plants

vill 59 affected badly due to water logged conditions as
explained in para 2.1.0,

Proper tillage and preparation of tin f{icld for optimum
conditions of germination is not possihle for most crops in
a soil vhich is constantly vet.

Thore are cortain plants or weeds vhich are adapted
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to growth in saturated soils, These plants toke root in the
wator 1ogged lands and grov in greét profusinn supféssing .
the useful cnopa grovn in tho £1p1ds Protcction of the crop
gainst them would need conatant toeing which mal:es the crop
neaonnmical. 4
2,54+ Salinization of lands - lands become saline under water
loggéd conditions due to concentration of salts at the surface.
2.5.5. Adverse effoct on comnunity heaith. Tho formetion of
stagnant pools and the generally demp climate 1s very favour-.
able to tho breeding and multiplicuation of malorial paragite,
wnich‘is.extramaiy detrimental to the health of the community.
1 2e5¢64 It may thus be seen that water logcing presents
serious problems and antiwvaltor logging measures to combat -

the problem 1s of urpgent necessity.
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3.1. INIRODUCIION
As already pointed out salinity problems have occured

in many states in India especially Rajasthan, Punjab, U,P.,
Wost Bepgal and Gujarat., Rajasthan being in arid-zone the
problem is more acute there and so also in U,P, and Punjab.
3+2. PROBIEMS OF SALINITY |

Salt-efflgrescénce 13 vorse type of danage to 1andé
than water logging. It Spreads in deep soil zones vhere natural
contents of the salts in the subqsoil are great and they |
accumulate and come upto the surface of the soil by capiliary
action due to the rise of the sub-sSoll water table. After
lovering the water tablo by drainage or by 1ift 1rrigation the
Sélts at the surface do not disappear unlosé they are specia-
1ly treated for. | | |
3¢3¢ IN HUMID CLIMATES annual depths of rainfall are suffi.
cient to lesch excess quantity of soluble salts to drainage
outlots or to dopths below the root zones.
3ol | In irrigated reglons ample 6uppliés of irrigation
wvator, prbperly'applied, moy accomplish the Same results
providod satisfactory soil structuro can be maintained and
adcquate sudb soil drainage 15 available, When these problems
are not ful—-f£illed, continued irrigation causes rise in
ground water levels and increaging accumulotion: of soluble
salts in the root zono.
345, dn an averag@, 50,000 acres of good fortile land is
affocted every year in lorthern India. In U.S,A, morc than
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254 of irrigated farm land suffors from the salt trouble,

In these dqys of growing food demand to feed the increasing
vorld population the fmportance of reclazming such land and
of maintaining the salt balance of all land undor agriculture

is obvious.
346, FORMATION OF SALINE AND ALKALI SOILS

Tho processes which lead to tho formation of salted
soils can be sumarised as followss o -
.(1) Salinizatiopn - This 1s the procoess of salt accumulation
in solls. It occurs where neither tho surface nor ground waters
drain ayay satisfaéborily. Salt 18 concentraoted by wator evapo-
ration. Sodiun salts usually predominate in carly stages of
salinization. Caleium earbonate and caleium sulphate are less
Soluble, so they accumulate more slowig% and then,brecipitate
as the process of evaporation and concentration proceed.
(41) Alkalization- As salts concentrate in soils, there is
an equilibrium eatablished between the positively charged
1ons in solution and bhose adsorbed on the soil colloid. As
sodium Salts become mors concentrated in the soil solution,
greater quantitios of Na ions are adéorbed. As the perceentago
of exchangeable sodium 18 increased, the soil bocomes moro
alkaline in reaction, and for this reason, the process is
terméd 8lkalization.
347+ SOIL RECIA Ol PROCESS
3¢7.7, Qg;gg;;ﬁgﬁ;gn;~ This 48 the process of loazang éuay
of soluble salts from soils which have had larpge accumulation.
then tho salts are largely rcmoved, the colloids tend to disporse
and decreasc pcrmeability, ‘ |



3.7.2. Dogradation:- If a soil undergoing desalinization
doos not contain gypsum or calcium earbonate, there are no
bases to replace sodium after the soluble salts have been
romoved. Exchangeable sodium then tends to hydrolize and
form sodium hydroxide vith hydrogen being added to the clay.
The sodiunm hydxnmﬁﬁﬁ reacts readily wvith the carbon dioxide
from tho soil air to form sodium carbonate,

Co2 + H20 (H2C03) + 2 NaoH = IoRCo3 + 2H20,with extenw
sive leaching, the sodium carbonate 18 gradually rcmoved and
the hydrogen exchange for‘soa;um is ﬁrought to near completion
with a resulting drop in PH, This practice is adopted in
Punjab for reclaiming land which 48 discussed at tho cnd
of this chapter, The PH of 'ﬂegradedﬁ alkali soils may be lss Fam
L 6.0.where soils contain caleium carbonate or gypsum,large
‘quantiels of calcium are maintained in the soil solution,
Caleium is then exchanged for sodium during the leaching
process and a norma; so0il results,
3473+ Bepradinms- Tﬁia 1s the procndure'whereby lime or
gypsun 15 addod to an acid degraded soil and the calcium

roplaceos the hydrogen on the solil colloids, giving a normal
soil with respoct tio. exchangeable ions.

Conductiyity of |
extrac€"mhoa/cm at_250C crgp response

0-2 Salinity effocts nogligible for most erops.
2=l Yield of many sensitive crops restricted.
48 Yiolds of many crops restricted,

8-16 Only tolorant cropa yield satisfactorily.
Above 16 Only a few tolerant erops yield sat 18-

fa orily,
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The abovo table gives the tolerance of some plants
to salts.

It has since been established that salinization/alka.
lization of land does not occur only due to presence of a
high wvater teble, Salinization or aakalan;zation of land
may also be due to poor quality of water supplied for irri-
gation, If the water contains cxcess harmful salts they Qiii
be deposited in the soil pares'and on the surface during the
process of evaporation and makes the soll saline/alkaline.
3.10, SOIL RECIAMATION

rhis can be accomplished by a suitsble combinntion
of (1) leaching (2) application of amendments,(3) proper soil
menagement, () growing of alkali resistant crops and (5) measures
to reduce evaporation(21).
3.10,1, RECIA F_SALINE SOI}

| The first step 1nkrecla¢ming saline soils is to instal

drains for leaching soluble salts. Secil should be woll drained’

to attempt loaching as leaching requires unrestricted passageof
Joater  /through and out of the root zone., The second step in reclai-

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

water to the soil s0 that much of 4t goes on through and

drains away from the rooting gone. In order to be effective

in removing salts at least 108 or more of the wator added

should be carried to the drains., Tho most desirable mothod

1s to make level chaks of about /4 acre cach so that cach

chalk can be irrigated independently from the water. course,

In no case should the wvater be allowed to pass from ono chak



20

to another. To make leaching effective the chak should be so
levellod that water stands uniformly over the surface,
Flooding 1s usually maintained for seweral days. Tho water
supply is then shut off and the flooded waters alloved to
percolate through the soil. After the soils bacome dry,flool-
ing operations are repeated until Snnst of the excess salts
have been vashed to depths below the root zone., Dying betwoen
leaching periods stimulates root growth of any vegetation
that may exist, aids aggregatibn and permits the formation
of surfaco cracks that facilitate infiltration during subse-
guent flooding. Soil samples are taken and salt content
analysed after oach flooding.

Cropping may also facilitate leaching where roots or
incorporated residues make the soil more permeable, A erop
should be chosen which is adaptable to wet conditions and
tolerant to salt. Among such c¢rops ars rice, bariley, éwaet
c»lbver,e tall wheat grass Bormud grass ete, Carbon dioxide
released into the soll may also inecrease ecaleium solubility
and facilitato desired base oxchange roactions. inen the rice
or othar crop 18 harvosted, soil samples are toested again to
sce tho effect of leaching and the dopth to which the salts
have been washed out.

Tho salts should be washed below the root gone say
upto 10*(30) from tho surface, For this purpose rico should
be the first iﬁitial erop in any project.

On account of continuous leaching and the grovth of
crop (such as rice) for this purpose during roclamation,tho
availablo nitorgen in the soil is reduccd considorably,
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Treating the surface with liberal applications of coarse
farm mamure or ploughing under a good green manure ¢rop
helps not only to set right the nitrogen deficiency but also
tonds to keep the soil surface open and to provide channels
for water entrance. there lands are covered with oncrushed
salts, altornate flooding and surface drainage prior to
leaching may remove appriciable quantities of soluble salts
and thus facilitate subsequent leaching.,
3.11. TYPES OF SAITS

The most common salts that affect tho productivity of
s01ls are carbonates, chlorides and sulphates of sodium;
othor salts that may be troublesome are carbonates;chlorides
‘and sulphates of magnosium and potassium and chlorides and
nitrates of caltjum, Mg.XK and Ca are utilized in plzmt growth,

wut cause salt troubles when present in the =oils in excessive
| amount s,
~ .Soils that contain oxcessive quantities of caustic salts

suth as sodium carbonate whiclh dissolve organic matter and
cause the formaticn of a dark coloured crust at the soil
surface are called "black alkali"; soils that contain excessive
quantidies of neutral salts which cause the formation of a
vhite crust at the coil surface are callod"white alkald".

Black alakeli is more injurious to plant growth than
vhitoc alakali. Howover both types of salts aro injurious vhen
prosent in relatively small proportlons and may prevent plant
grovth vhen present in only slightly greator proportions.

The 1imitg of toleranco of plants for difforont alkald
salts in the soil are as below('9). |



Sodium chloride
Sodium sulphato

Sodium carbonate
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- 015%
- 19
« 0,058

Only black alkali salts cause harmful offects on the
physical propertios of soils. Fortunately black allali soils
are less common than vhite alkali soils. Both typos can be
reclatmod by proper corrective measures and appropriate cul-

tural procedures, provided ample supplies of watcr are availéble,

3011ﬁ1;

of PH higher than 8, 5 to -

The alkalinity or salinity of a soill is moasured

by hydrogen ion concentration which is termed PH, Any wvaluo
10 ™akes the soil Alkaline and a

value loss than 8,5 leads to salinity of land, The table
glven below shows the conditions for different eoils'(,”.

IABIE - 11

Conditions for saline, saline alkall, & alkeli soils

Talt  Common Salt Index Sodium indox Hydro- oo

condi- term, ' Conductie Exchangea‘ble gendew Recl
tion, vity of so@ium Jage pH W““
saturatian
extract
Millimhos
e DOE 08 250C
Balinc thite . Y 15 8.5 Ieaching
Saline Generally leaching nczcoss and
alknld, b 15 about-  possidblo,but as sg?t’s
8.5. are removod the sodium
must e replaced to pre-
vont dispcrssion of soil
particles and reduction
o) 2ab
Alkali Black Genera~- lowv permeability due to
Alkald 2 15 disporsion of soils by

ally
botwaen tho sodium:; reguires
8.5-10,0 replacing the sodium to
improve the permeability
so that leaching can
nrogeed,
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Since a pH of 7.0 is neutral, pH values less than 7.0
indicate an acid 904l which 1is common in the non arld regions. |

Note that the iarger'the pH, the less the concentration of

hydrogen ions, since pH is the logarithm of the reciprocal

of tho hydrogen ion concentration of caleium and magniéhm.

A ﬁH'value of 7.5 to 8 usually indicates the presence of

earbonates and a PH of 8.5 and above usually indicate appre.

ciable oxchangable sodium.

3.2, BEIEDILS FOR ALKALY)

Thus the method of reclamation of alkali soils
consists of the fbllowinge-

1o Desep under drainage vhicn lovers tho water table
~coupled with copious applications of irrigation water
oenobling washing of excess salts out of the soil root

 zone, |

2, Deep and rogular tillage prevents formation of sure
face crusts of salts, anqkeeps the soil structure

, open for infiltration and under drainage,

3 Chomical treatmont such as the use of‘gypsum'or
other soil amen&ments is particularly useful in the
reclamation of black alkall solls,

b,  Grouing of alkald resistant crops, specially thoso
vhich provide good cover hasten the reclamation by
improving soil structure and reducing ovapoiation.

S Application of memuro and providing rmlch cover
improves soil structure, providss'plant nutrition,

reduces evaporation, and cncourages infiltration,



3.1+3+1. Bunjiabs

The reclamation practices in the Punjab vhere the
s01ls are alluvial, consist of provisions of additional
irrigation supplies ( 1 cusecs for 90 acres) for leaching
folloved 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 9.5 respectively, The crop rotation
generally advocated is rice followed by berseem or Senji,
then sugarcane followed by wheet or cotton,
3¢13.2. ligharagthra:

In Moharasshtra vhere the soils arc depived from
the wheathering of the traps, the practice of reclamation
of saline soils eonsists of 3 to 4 years cycle of cultivation
of'salt tolerant varietiesvof sugar cane preceded by Sesbania
aculoata as green manure. The rate of Sesbania aculcata |
(Jantar) vas found to be more effective and enduﬂna,than
that of chemical amondments, o,g8. sulphuric acid, sulphur,
calcium chloride, gypsum etc, Varieties of éugar cane grown
during mid-monscon are also employed to faei:u,éate leaching,
Crop rotations indicated include sesbania, sugar canc, cotton
or lucerne and paddy. For alkali soils the practlice hns becn
doscrived as: ploughing, bunding and lovolling during hot
veather, intermittont flooding, cro;:ping of virter fodder
follow2d by ‘'Jantar! é.nd subsoquoent application of Jypsum
(3 tons/acre) or cropping of lucerns or selected sugar cano
varietics. A special trootment of farm yard mamuro with dbasal
d.oz&.ebf gypsum (3 tons/mcre) and a layor of dry canoc leaves



has also boen indicated for alkali soils,
3.13.3, Gujarat:

In this state where the soils display widely varying
characteristics, oxperiences in Maharashtra are said to be
applicoble, For 'Bhall lands vhich are described as highly
saline, with calcareous content & to 107 and in some areas
highly sodimized, 66" of water 1s reported to leach chloride
content of 125 to 3' depth and green memuring with sesbén:la
after leaching followed by paddy will restore near normal
productivity. | '

" In 'Rmar! or Cﬁoaétal low lands reclamation is achieved
in 2 to 5 yoars from péé‘colating rain water vhich leaches
out tho chlorides after the lands are protected from tidos
and provided with a drainage systam.
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%.1,0, GERERAL
For adequate crop I oduction and maintenance of soil
fertility, the wator table must be maintained at a depth of
not {e%8 than 6! velow ground surface. Where the water logged
conditions exist the lowering of the water table to the dosired
lovel can be achioved either if the amount of inflov into
tho 801l ean b reducod and/or the amount of outflow can bo
increased. In other words either the excess woter should be
eliminated or the drainage cépacity of the area both surface
and subsurface should be improved, '
L 2.04 Anti water logging measures may be broadly classie
- fled into tvo catogories:
(a) Preventive
(b) Curstive,
| These have been listod as below:
4.2.1, Preven ASUrS o
{a) Pro-Irrigation soil surveys(%)
(b) Maintenanco of natural drainages in the irrigated
areas, -
(¢) Restriction of intensity of irrigation to say 499

(d)'aofusolfc%nal irrigation to areas vherc tho spring
level is already high,

(0) Encouraging uso of wells

(£) Devising cropping according to soil suitability
and avoiding ovor irrigation,

() Conjunctive use of canal and tubewoll irrigation,
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‘4,2.2. Curative measures:- This implies artificial draining
of a land already water.loggod, The following mecasures may

be consldered.

(a) Imprdvement of natural dralnage lines and cong-
truction of additional drains where necessary,

(b) Provision of artificial drainage arrangoments
surface or subsurface depending upon the soil
and topographical characteristics,

(¢) Lining of canals or distributories to prevont
percolation losses.

(4) Scraping the surfave salt and leaching the lands
by fleooding during monsoon.

{e) Growing test crops of fodder, millet end the
like according to their calt resistanbecapacity
‘and -the concentration of salts in the top soil.

(£) An appropriate crop rotation including the use of
groen manure.

(g) Construction of seepage drains, channols parallel
to the oxisting channels,

(h) Installation of tube wells in the commanded area
and pumping weter for irrigation, local pumping

from swa ressions ha adopted to control W,T,
L dep . Y e y n(wokv tnl:l.v)

A fou of tho above rineasaunes are described 1n the following
parass ’ |

1442034 ~Iyr on_go ri- A survey of soil in the
commanded arca of irrigation canal should bo carricd out
bofore irrigation io carriod out in the arca. This givos an
1dea of the properties of‘thé soll, Salt contonts and soil-
moisture cte. so that fuzure procautions may be taken up to

prevent watcr lozging.



Matural drainages should not be interfered, croséing
~ of these drainge by Railvays, Roeds, canals ete. should provide
for adsquate waber Woyn 2o,

42,5, Bostzd n.of rrigatio

Limiting tho intensity of irrigation to say 453
or in the alternative to enforce noneperennial irrigation

on the landﬂ not suitable for heavy irrigation like sugare

riction of Intensity of Ifripsations

cane crops, in viewv of their poor natural drainage capacity,
would go a long way in preventing water logging of the arca,
Under HNira Canal system ( Deccan Canals) in Maharashtra, to
stabilize irrigation Sugarlfactories were egtablished., The

- areas selacted for the cultivation were bettor drained than
others and the obligation to excavate drains and to maintain
them vas imposed on the management according to contract
for water supplyxza); Al50 anmual closure of canal at head .
for 10-15 days in a year helpsto arrost water logging(13)g

In portions whoere the underground uwater tabls is
alrcady high in a drainage area, irrigation wator is not
supplicd to maintain the wator table at lov levelse
2.7, Usc of wodlss

Rormally in an irrigated arca porcolation wells
will bs out of use duc to the availability of irrigation
vaters, Encouraging the poople in the arca to uso these wclls
vill be of great holp in painteining the water table at
lowor deptho.

\



%,2.84 Soyising Croppdn patiern necording Yo soil sultability
Deponding upon the characteristics'of ihe'§6i1 to

the soil moisture relation, toleranco to salts ete. the
pattorn of cropping should be prdposed. The crops may be grovn
to compenstate large volumes required bﬁvbther crops.
be2s9, A .;f.ngu_!f?;iﬁiﬁ_gf,gl;euﬁg_ét

| - This consists of climinating excess water from surface
and sub-surface by constructing artificial drains, wells
ete, Certain special problems and thelr remedies are dis.
cussed A para Y4,3,0. below, there water logging is caused
by floods from rivers, construction of embankment s and bthﬁr
£lo0d control works would be helpful in preventing flooding.
4,2,10. Lining of Capals:-

 Considerable saving in water and corresponding

saving in drainage roquirements can be obtained if the canals
in an.irrigation system 1s lined. By doing so, it is esti.
mated that lossos that occur in scepage in canals could be
ré&ﬁcéd’fﬂaﬁ 1/7 ox 1/8 which contributos to the prevention
of vater-logging in the area.
Le2:tee ]

This inpllos rcomoval and clearing of man-made
obstruétions on natural drainages in the water shed,
Inprovement of rivor channel capacity reduces flooding by
lovering f£lood lovels,

%,2,12, Cops ruction oi seepane drains:

Seopage or interception drains along the canal

emb?nkmgnt, rivers, nallas, deprosslons ete., vill reduco
Wakey toble) :

the U,T. 4in adjoining lands by intercepting scepage from

thoso sources,



leaching 18 initiating dowrvard movemont of salbs
in the broad sense, This has also been discussed 4n Chaptor 3
under roclamation of saline soils. Isaching b& flooding is
the nature's way of reclaiming soilsjuhere the rainfall is
‘fairly high the solublc salts are carried away to the soil
crust or into the natural drainages and rivers,
42,1, ’

QtO e

Irrigation by tube wells combined with canal irri-
gotion goes a long way in preventing the rise of sub«soil
water table and conscqgont water logging probléms. :

%.3.0. SPECTAL IRA NAGE PROBIEWS Al _THEIR REMEDIES

Some of the problems that are oncountered during
invostigation for a project and their remedics are gencrally
as given in the following paras:

%,3.1. Perched yator table:-

The cccurence of this vater table is due to tho
disposition of the soil materials in stratified soils, Sand
layers are ovarlain or underlain by relatively impervious
strata of clays or'other slouly permeable soils, which whon
irrigation water is epplied 1ﬁpeda the percolation of tho
excesgfkihﬁ drainage consists in removal of wator by suba
surface drains placod closed to the clay layer and lowering
of tho water table,
k3.2, AEtesian Prossures:-

Artosian pregsurcs aro caused duc to confined condi-
tion of aquifers., The method of draining wator under artesian
progsures is by means of reliecf wells coupled vith tho drainago
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11n05¢%7), Relsef wells will relieve the artesian pressures
vhich may otherwise causc the tile drainage lines to blow

out,

%¢3.3« If the problem is only canal seepage it would call

for an interception drain along the Qanal(aa).

43,4+, Basin type of topography lends itself well to pump-
ing for drainagetas). »

h;3.5- Disregarding other factors, flat slopes lend thom-
selves well to tiling on a grid aystem<28).

k.3.6. Pockets requiring drainage are usually best drainecd

by aumps.(ae).



5e1e NECESSITX B

Ons of the essential requirements for planning drainage
vorks is an intimate knowledge of the area to be drained, It
has‘baen seen from previocus chaptors that drainage has a marked
influence upon tho physical conditioPs of solil, The propor
location and corrcct design for draihage yorks, require a
knovlodge of the soil and its conditions so far as water
content is concernsd. Thay require also a knawiodge of topo=
graphy and the source and the direction of movement of the
waters to be removed. |
5¢2+ Surface drainage 1s a must for drainage of irrigated
. lands. |
9¢3s  The Investightions aro divided into two categories:

(1) Geological investigations.

(2) Hydrological investigations,
5+3»1. Gpolonjcal:

Salient featuros of certain important items of detailed
investigations that are €o be carried out in planning drainage
and anti.vator-logging schomes are discussed in this chepter,
Hap of tho arca:;- A survey map of the arca to be drained
indicating all the topographical featurcs should be prepared.
Good topographical maps aro essential for a study of a drai.
nago problem sinco thoy provide frequently the koy to the
osgontial featuros of tho system of drainage, such as the
location and type of outlet (gravity or pumped), surface
slopos, existing degroe of drainage ote, The accuracy of
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vertical control is particularly inmportant, For prelimihary
studios, a vertieal interval of 2' to 5! may ve adoquate,
Dotailed studdes require an interval of 1! or loss in flot
land, . ,

The topographic survey should elearly indicate the
. position, alignment and gradient of existing ditches, streams,
culverts and such other physical features as roads,railimy
tracks, canals cte. In major projects the use of areal photo-
graphs in conjunction with a ground survey will be of assistance
in locating arcas of poor drainage and cultural featurecs,

In Ghambal project 4" to a mile toposheet showing all the
features in detail along with ground contours at an interval
of 11-0" yere propared, In areas where such a plan is not
available, it has to be prepared. The preliminary idea sbout
t_'hc; condition of grcund water can be had from wa’tzer‘ levels

| in vells. For fhié pm'pbse, o :village map usually 330! to an
inch is obtained and a grid of wells normally covering one
squa_x-é mile is propared. For a future study it 1s very ossene
tial to locate the available wells on a plan, A general recor-
ding of levels of ground water in wells will héve to be made
bofore 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 na.lla%dsb&%;ﬁe intervals to give an idea
of the vatervay available, It 1s 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 dotailed note of
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cross«drainage works along both raillvaysand road is to
be mades The ficld book of the survey party chould bo
clear andfiggibate all physical conditions of the
country.
Se3s1e1e Submsurfnce oxplorationt |

Data relative to the character of soils and subsoils,
 glevation of vater table subterrerean conditions are obtaincd
by means of borings or tost pits, a record or log boing
kept as shown in Fig.1(bée).
5.3.1+2, Somotimes underground formations are responsible
for crocating water«logging conditions and thorofore a

trace of thﬁ subw-surface goological formaﬁian should be

| obtained to assess the causes of water logging. Perched
water tables &ué to the oxistance of elay layer at the
bottom in the case of sedimentary formations and Artesian
conditions are some examples for water logging due to
uneven of underground formations,
5¢3.1:3. Soil Ipvestipntionse .

Soil ourvey of the commanded area is un inmportant

investigation in order to assess the drainage possibilities
or danger of doveloping alkaline surface,

A thorohgh novledgs of the way soile aobsorb wator
and tho capacity of the differont soils on the ficld
to store water is vital as this enables the application
of the optimm quantity of wator for the nceds of crop.

For o correct

Contd.
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uﬁdorstandmg of the storage characteristics of the soil and
subsoil 1t 1s nccossary to understand seme of the more impor-
tant constants dealt with in the soily Moisture studes.
These have been separately described in brief in the Chapter
oﬁ wi)-éurface drainagc.

5+3.1.%. Arfogian Pressure ;-

Water logging may also be due to artesian pressurcs
in subesoil and therefore investigation in this respect is
Very necessary,
5;3;1;5; Dapth to Imperyious layers:- *

. The depth to the impervions strata underground is
important in locating the drains. Most of the drainage forw
mulae for determining depth and spacing of the drains tale
into accoﬁntj this information. The term 'Impormeablet is a
rolative term. All soils are mora or less pe.rmeahie. Fron
the drainage point of view, if the permeability of the sub-
soil is about 1/10th of that of the sub-surface soil it can
e considered impermesble, Thore will be water-logging above
this layer, if the rainfall rate oF the rate at wvhich the
vater is added to the soil oxceeds the permeability of this
layer, The flow pattorn of the wator moving towards the
drain wiil be altercd drastically by this layer of low por-
moability, Tho drains will have to be spaced closer to achieve
the samé offect as in a deop permeable s‘o;!.;l.'
5.3+1.6. Spil Suryoyvi-

For carrying out soil surveys the best mothod is to
estoblish a grid system for the area to be surveyd to encble
the obsorvation points to be shown in detail. It would be



gonorally sufficient if grid lines ore established at one nile
intorvals horizontally and vertically. Auger holes 3" to L

. 8ize dug to depths of 10! to 15! depending on the nature of
the soil mey be taken at 1/2 mile interval, Sometimos, if
¢lay or othor hard strata is struck, ‘the holes may be stopped
at emallor depth. Soils at every foot depth should be examined
on the field for the vario;_xs eharactoristics and logged accu-
rotely, Representative soil samples should be analysed in a
soil laboratory both for physical and chemical properties.

For facilities in planning grid lines may be drawn on close
mntaur maps so that all impovtant features like roads,water
courses ctc. may be seen in relation to the; solil profiles,
Flgs, 1(a),(b) and (c) show the arrangement of the grid lines
and how the logging of the soils maly be mainta:!;ned_

5e30147, MM.

Dotailed study of the following proporties of soil in
the area to be drained is one of the important aspects of
drainé.ga and they are briefly described as under,

_ (1) Spil texturo:- Soil texture refers to the wolative
proportloms of various size groups of individual soll grains
in o soil mass. Soil toxture can play an important part in
the design of drainage systems since it gives an idon about
the soll permeability as well, An increase in the percentage
of clay makes. the drainage character of the soil poor.

£ilty clay loam - Sicl- Clay-C- loss than 0,002 mn
Clay loan - CL 841%-8i- 0,002 to 0,05 mm
Coargo sand - Cos Gravel - ¢ 7 1m

Fino gravel - FG.
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(11) Soil structures.  Structurc refors to the condie
tion of the soil grains (clay;silt,aand etcs) in the way they
- are arranged and bounded together into aggregates with dofi.
nite shape, The structure in which particles are relatively
uniform in size has comparatively large pore space in betucen
tho particlés,.whereas those soils in vhich tpe'sise of
grains vary greatly may become c¢losely packed and thus the
volume of space between the graine 1s restricted.
| Tho usual type of soil &ructure are described as bolow:
Hassive structéra - m
Platy - (Leaf or flaky ) - P1
Prism 1ike -(Columner) - Pr
Blocky - (Cuhé 1ike) ~ bk
Gramular - Gr . Very porous, ' |
(111) Porisity:- One of the requirements of soils is
porosity. In order that plants may‘grow successfully in o
| soil, it must bo in a condition that will allow roots to
pen2trate froely and thus oblain the hccessary supply of food

and moisture. Porosity is also nccessary to allow wator and
alr for transpiration. A fine grained soil mass is loss
porous and thorcfore absorbs soil wateor slowly but once the
vater is absorbed, it holds the water against gravity for a
loger period compared to coarse grained s011s which aro
more porous, The capillary action is more in the case of fine
grained soils mass,than the coarse grained soils. The power
of $ight soils (fine grained soils) to hold water decreases
tho offectivencss of the drains in thom and incrcases the
time nocossary to romove excess wator, Porosity is defined
as the ratio of voids (air and wator filled space) to the
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~ total volume of soil + water and air. It is denoted by

- ¥

'n = porosity Wv = Vol.of voids
V = Total vol.of soil

(iv) FMW\:- This 1s also determined for
soils mider investigation since it 1s required in_'ascertainin_g
cortain soil properties. It is defined as the ratio of the
wveight of a given volume of dry soil to the weight of an
equal volume of water,

(v) Intake:;- Rate of infiltretion from a furrow into
the soil is refered to as Intake., This ferm 1s specially used
to indicate infiltration oacizring under g particular soll
configuration., Each type of soil haé its own rate of water
intake and capacity of wator retention.

Ibfmamy clayey geils have o slov rate of Inteke,some
boing less than 0,1/hr. with the soil mamagement condition
being equal (crop residus, cover crops,blowing depth etc,)

a coarse or sa{ndy soll can take more than 3"/hr, The rate of
intake is measured by a. Ring Infiltrator. Average final
intake rates for differerit soils are glven below:

Soll typo | Intake rate : op/ur.
Clay Iegs than 0,1

Clay loam 0.1 to 0.2

841t loam 0.3 to 0,7

511t 0.8 to 1.2

Sandy loam 1.3 to 2.4

Sand ) over 2.9
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Tho rate of infiltration 4s one of the factors contributing
for the rise of water table.
5.3.1.8, Permeability:

This is one of the important properties of the soil
governing ﬁhe flow of water through sail.pores in a homoge-
neous soil, 'Permeability? of a soil 4s its capacity to
transmit fluidé. It 15 used a8 a gualitative toera i,e, it is
used as a term for this property of soil, The term is also
modified to descrive the relative case of transmission as
"Rapidly permeable”, or "Slowly permeable',
gggggg;gg_ggggugzgzgﬁz: of a soil 15 a mumerical value for
permeability. It is the pranorbionality factor 'K' 4n Darcy's
equation(1856). 2 is denoted by

. V=KI

for velocity of water flowing through a porous media

under saturated conditions |

V = velocity of water through the pores
of the soil -

K = Hydraulic conductivity
= Hydraulic gradient.

There are several mcthods for determining tho permes~
bility/hydraulic conductivity of solls. Both laboratory and
fiold methods are avallable to ascertain the nature of the
501l in respect of permecability.
lohoratory perme + laboratory permeability of soid gives
only approximate results of 'K' as it does not represent
fiold conditions corroctly. Tvwo methods are in vogue for
dotermining the permeability of soils in tho laboratory:

1. Constant head permoameter method
2, Variable head permeametor method
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- The method of determining soil permeability by constant
hend permesmeter consists in maintaining a constant head of
water percolating,through a soil sample and measuring the
rate of discharge when constant outflow is obtained, The
formula for this condition of flow is givefi by,

Km_%_%,

there K = hydrauliec conductivity
L= length of sample
h = head of water |
A = Areé. of cross-section of soil sample,
In the veriable hoad permeameter method the outflow discharges
through the éa:ll sample for miable neads are moasured at
suitable time intervals and an equation is evolved for the
permoability. .
If Q¢ is the total flow through thoe soil, then
%@_, ie the rate of flovw pe:if unit time and by Darcy's law
£
Where K = hydraﬁlic conductivity

11 = hydraulic head in the water column at time ¢,
moasured with respect to the upper soil surface,

A = Area of crosse~gection of the cylinder cone
+taining the soil sample.

L = length of soil colimng
For variable heads from hi to h2 in time t1 to t2
the formula reduces to

K = 2,303 ( grpsley—) looySs
there a = Area of cross.section of the stand pipe.
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eld lothodss. Pleld methods are adopted to determine the
permoability of soils in-situ in order to have a fairly
correct idea of the permeability at the point of observation
of soils. | k

(1) Siggle Auger Hole mothod:~ This is a vory simple method
requiring small amount of equipmont, The procedurc is to dig
. a hole in the soil beneath’ a water table, After allowing

thé water level in the hols to come into cgquilibrium (Fig.B)
the water is pumped out of the hole and measurements arc made
of the rate of rise of wator in the hole, Various formulae
have hoen developed based on the data obtained from this
method for detormining the hydraulic conductivity and they
are described in brief below:

| AL mlat:  Dr.S8.B.Hooghoudt made
substantial qantrihut ion to drainage design with his developw
ment and perfoction of the auger hole mothod of determining

hydraniic conductivity. He developed an equation by considering
the above data with certain assumptions,
Agsumpbions (1) The soil is homogencous

(2) Impervious layer exists bolow the
soil surface

(3) ¥ater flows into the auger hole
horizontally from sidesoind vertically
upwards at the 'bo@tom of tho hole,

The formula

for this condition is given by

R = lOg renee (1)
%ﬁTt 10 y

there K = hydraulic conductivity
a = Badius of the hole

S = Constant = g%
0.19

i
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Here 'S! has the dimension of length
d = depth of hole below the mﬁei table,
yo and y1 —.. .2 ¢. rise of vater in the hole from
yo to yi. '
thon the aﬁser hole terminates on an impormeable layer tho
vertiical flow of water through the bottom will be equal to
zoro and equation (1) reduces to

K = -
( %:‘13%‘5‘.&. lﬂgatg '%%‘ ) I ZERERRE N BN (2)

Bince S = _@%_ introducing this in the above equatian,ua
419
get for an impormeable layer,
e
K= 2.3(a)? 86400 19610 ¥
(55(0.19) At

inG. K = 523000 (& alﬂg10 %1 tnunv(B)

If a = radius of hole in meters
| At = Time in seconds
Then K = Hydt-conductivity in meters/day.
7 ., _ Ernst made é detailed study of the flow into
an ouger hole and developed graphs which are easier to use
than Hooghoudts' formula. Ref,(Fig.4 & 5).

Erpst's mothod - When the profile consists of two 1a&ers
having an approciable difference in conductivity, Ernst
proposes that the hydraulic conductivity of each layer be
dotormined by digging two auger holeo of different depths,
The bottom of the Ist hole should bo approximately 10 enm,
above the lower layer. The second hole should extend well
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into the lowoer layer, If there is a third layer, the bottom
of the second hole should stay above that layer. Since tho
formulas are based on (d-h) greater than 15 cm, Ernst dorives
the following cquation,(REF ' Fi&e6)
© K1dq + Ka(d2edq) = Kdp
Where K{ 1s the conductivity as measured in the first hole,
K2 is the conductivity for the two layers as mpasuiad
by the rate of‘riae in the second hole. The conductivity of
the lowor layer, K2, is computed from the above equations;
This equation gives fairly roliable results if K2~/ Kt, If
K L LK the cqﬁation may give negative results for X2,
If accurate values are desired for K2 measurements in the
second hole shou.d bo delayed until the water table has
lowerod to a pcéitibn below the interface of the two layeres.,
5.3¢149, There are'two assumptiona made in deriving the
equations for layered soils, The Ist one is that the stream.
lines are horizontal and are independent of the way in which
the permeability of the soil profile changes. The socond is
that the amount of wator flowing out of each layer depends
only on the permogbility of the layer out of wvhich it flows,
Both the assumptions aro questionabie. Howevor,Ernst,indicates
that ths resulting error is notv-7 about + 10%.
5¢3.1.10. Other Mothods:-
Another mothod of permeability (hydraulic conductivity)
that is usually adoptod 1s as follows:
A porc hole is made in a soil especially when artesian
conditions are to be expocted. No freo water a§ & rulp is

mot with until the imporvious stratum is piorced, At this
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point which is called the level of the First strong flov.
(F.8,F) water rushes in to tﬁe bore, sometimes with a hisesing
noise and rises with an appreciable welocity which gradually
diminishes until after some hours water remains st%tianary.
This point 1s called the £inal water level(P,W.L), Differcnce
betwoen F,W,L and F.S.F, may b 1'«0" to 810",

Before test is taken, initial water level is recorded
and tho riso in wator level 4in 5 minutes is noted. The rise
in small bore hole of 6" dia, 15 recorded by a galvanometor |
squipment and then the pexcentage rise is ealculated, ihe'K/A
ratic is thon known for a particular porecentage rise. The
chort givem below is propared by lMeoharashtra Organisation,

K = Pormeability
A = Arsa of auger hole,

Percentage risc K/A
2 0+10
& 0.16

0.22
5 0.27
6 0.32
g Qe 8
0.3
9 0,48
10 0. 5%
12 0.66
13 0.72
1 0,78
15 0,84
16 0.90
1 0.96
1 1.02
19 1.08
20 1.1
21 1.26
and s0 on

m .
Whon R/A is ~/4gtho pcreontage is groster than 18, then
tho stratum 18 quite pervious and this stratum is normally
eut whon surface drains are to be decpened. Bore holes of
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nallas are usually taken and the lovols of the pervious
strata is obtained which 18 normally the criterion for {ixz-
ing bed levels,

Se30,11.  (urum Isobay ;"

Hain purpose of obtalning permeability is to locate
the pervious strata which 1s esseﬁtial to fix the bed levels
of soepage drains, Surface drains and sub-surface drains.

A contour of tho pervious strata is known as murum iso-bar:
and is drawn in case ofvany schene. This can be preparcd
after careful soil analysis as already discussed.

5.3s+2, Hydrological investigation

Data rolative to source and amount of water supply
are necessary to dotermine the quantity that must be removed
and to furnish a basis for the capacity of drains,
5+3¢3. Floods:

Information relative to storm intensity and 1ts dura-
tion is particularly noccessary to determine the capnpcity of
draing, in the case of surface waters, |

With data concerning rainfall, ﬁributory area and a
knovledge of surface and soil conditioﬁs, it is possible,
by using coefficients of runoff, to foim en estimate of the
supply of water that may be expected uhder ordinary conditions,
But, it may be noted, that all theoretical determinations
of this kind may be subject to wide wariations from actual
anounts. Thé most relioble results reldtive to runoff from
a given area are those based upon direct measurements of
discharge, These vhen takon over a series of years give
fairly reliable data from which to detormine average dischargo.
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5e3elhe : , B BRRAY
Data which may be collectlod relative to ground
vater supply are confined principally to sources of such
supply, that is, whore surface vaters are lost into the sub
soils, This may include also, seepage from matural streams
where tho same occur. In making investigai:ions of this
sbrt it is ecssential, In go far as possible to deternine
the emount of such losscs and the arces over vhich they
Joccur, Thoe character of materials through which seepapge
wvaters pass and the steepnoss of the slopes déwn uhich thoy
move ara also important. It 15 somotimes possible, by ‘
‘moans of these data and by the use of poreolotion coefficients
to estimate vith in rough 1limits tho amount of water which o
may entcr an arca from a given scurce. p
5.3.2.1. Record of water table (2
A record of water table levels may be kept from

tho observation of water lovels in wells existing in the ’
areca mquimng drainage, Siumltamcus ly the water samples |
nay be taken from wolls and sent to laboratory for analysis
to detormine the proscnce of any objcctionable salts, solids
and othor substances dissolved beyond 1imits sot for the
purpose, Ref, Fig,'. |

Using data collected from wells it will be
posaible to draw ground water contours. These arc dashed
lines and drawm at a §5'-0" vertical interval to correspond
to tho interval of the surface contours, Ground water
contours show the configui‘ation of water tablo surface

in the same way that surface contours show the.



configuration of tho land surface, The direction of
penpendieulan

ground water flow can be dotormined as per to the water

table contour lines shown by arrows,

5e302+2, Depth to ground yater 288

. This4s known as Jydro-Isobath and givos an

idoa about the oxtent of areas under the influence of water

logging a5 shown by hatched portions In the wvorliding map.
Rof. ?18079

Seecpage from canals is one of the contrivuting
factors for incrcase of water table, As mich as 25% of the
head discharge of ganal is lost in seepage, Scopage losses
are determinsd by installing measuring notches or weirs
above or helovw a known length of cansl in which there are no
offsets, Pond infiltration tests perhaps give botter results,
This consists in creating ponding of water in the canal
by closing the canal by means of a water tight bund and
obsorring tho rate of lovering of water lovel in a fixed
time.
Se3e2:4 Qubflow frop draimoge oreags

Hherevér‘pqssible data should b9 obtained in
regspect of outflov from existing drainage systems, These
data should then bo corelated not only with tho soil type
but with other charactoeristics such as texture and per.
meanlility, By collecting data of this kind it would be

possible to cxtrapolate, The data obiained in one arca
for use in othor ercas, This necds judgement and oxporicnece,



18

9¢3+2.5.  The draw down capacity and area of jnflucnce of
pumped wells shoﬁld‘ be datormined vherever dato are
available, The possibility of using wells should not be
overlookad.
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6.1.0. Defindtion of pralnages

In its broadest semse, land drainage in the hunid
reglons, 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 iﬁ is e2l30 understood as control of
ground wvater table, In the arid regions, drainage is only
onc of the agencies for such control,

6.1.1. Purpose of Drainase:

The purpose of drainaze 1s to romove all free
water from tho surface of cropped fields and from the soil
of the root gone as quickly as'practiéabla aftor it accumuw
lates 50 as to prevont interfercnce of this water with the
root functions and plant grouth,

6.1.2. tlore than a century ago (1835) the first file
draingfigid in'U.8,A. Those were hand nade tiles and were
installed on the farm of "the father of tile drainage™ ),
6,240, Degipgh of Drainape systems:

The main principleos involved in tho dosign of 8
drainage systen are i-

a) Rate of wator removal or drainage requircment

b) Site investigations

¢) Design criteria to be followed

Experience‘gained,égé vorking of cémilar works
inplomonted in other pldcas will have to bo considered for

dosigning an oconomic and successful drainage project,



6e3+0. Mobthods cf Drainaget
The drainage mothods are broadly classified into

threo catogorlies:-

a) Surface drainage

b) Sub«surface drainage

¢) Combination of tho two systens (a) & (b).
6431+ Surface drainage probvlems, involve only the rapid
removal ongigggf;gxerfﬁwwthe surface and wiich has not
entered the ground; )
6.3+2. The removal of wpter that has alr.ady entered the
goil profile 4s sub surface drainage, Sub-surface drainage
is also needed for release of artesian pressurcs, inters
ccpﬁien of seepage along sloping land and rouoval of
alkall from tho root zone, |
643.3, Combination of the tuo gystems arc normally adopted
so that sub-surface drains discharge into latoral open
drains and both gsurface and undergréund wmter are drained,
6.3.%, Adoption of any of the above mothods, howevor,
depends upon the topopraphy of land requiring dralnage
and its subterranean geoclogical conditions, and charactoeris-
tics of soil,

6.k, Hunidd end Arid Arcps:

Drainage in hupmid arcas has to do largely with
excess wator rosulting from precipitation. In arid and
somi-arid areas the ncod for drainage arisos principally
from irrigation.,

Surface drainsge systoms may be required in cithor
‘humid or in irrigatced arcas, Surface drainage is usually

/07777
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an integral part of irrigation systems on slowly pormeable
soils or in areas of high precipitation rates,

6.%.1. The purposc of subesurface draingge is to lower
the water tablo to a point where it will not inmferfore
with plant growth and developments The minimum depth at
which the water level should be maintained variss according
to both crop requirement and the soil, But one of the
prineiple factors in the hoight of the water table in arid
areas 13 control of salinity and alkalinity in the soll
and ground water., This is a major reason for the difference
in the subesurface drainage of Tumid ond of‘arid D .
climates, |

6.%.2, The depth of drains in humid climates is generally
3 to 5, Water is relatively pure, there usua11y is a
natural ezcoss of water over plant requirements, and
there is a net downward movement of ground water.

6.4.3, Soils in somi.arid or arid climates requires sub
surface drains at least 5 to 7' deep. Host of the wator
needed by crop is added by irrigation,usually ground water
15 somewhat saline because of salts in the soild, the
irrigation water, or both, A water table as high as 2430
inches bolow the surface, suitable in many lnumid areas,

vould create a harmful salt concentration in the root

zone in arid areas,
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1. Water ie removed from the ground surface within
the arca affected or
2. by means of certain construction outside the area,
" the wator is diverted away from the area to be
protected.
In either case the system 18 conveniently divided
into three functional parts, For details rofer para e i
{1) Colloe syste
Dedding, surface field ditches, row ditches or
diversion ditahas are part of the sysem that first picks:
up water from the land.
(2) Dispgsal gystems
o This is part of the system that reccives water
from the collection system and conveys it usually in
open channcl to the outlet,
(3) Qutdot:
| " This 45 the ond point of dreinage system under
consideration,
| ‘, Fundamentally, surface drainage uses the potential
pnergy that exists due to elsvation to provide a hydraulic
gradient, The surface drainage system creatos a free wﬁter.
surface slope to move water from the land to an outlet
at a lower elevation,
The water surface profile is the gtarting point
in the dosign of the disposal systom channols. The design
of the disposal systen involves, the computation of a water
surface profile through the control points for known or
trial channcl sections, The control points are, outlet,
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land elevation at critical low arsas, and restrictioninv
the channel such as culverts, bridges and veirs,.
Bernoulllts theazﬁx is adopted to compute the
hydraulie grade line for steady flov condi%ions. losses of
head ete. are ealculatedrby an open channcl formila
usually Manning's. Head losses at entry to bridges, culverts
etcs are computed from formula wsing appropriate loss
coefficients, o
6.5¢2, Morits and Deme of the systems
Demeris (1) Difficulty in farming operations,
| | (2) The system requires constant maintonance at high
cost, Guch as removal or control of vegetative growvth,
removal of fallen txees,.&xift bars and other debris that
.aé&umulate‘in the ditches, |
{3) Cost of land removed frﬁm cultivation,
(t+) ﬁequire construction of bridges aceoss them
for animals and vohicles,
«Meritss(1) Low initial cost of construction ¢ompared to
subesurface drainage system., Fasy of construetion.
| (11) Ability to earry large quantities of water,
Water is conveyed to distant outlot points by open
drains. Water may flov from ground surfaco as well as from
collecting tile drains in many cases, Soloction of drain
outfall 4is an importanﬁ factor in tho design, The bed
level and wator surface lovel of tho drain doponds on the
clovation of tho outlet, |




(1)

(2)

(3)

()

(5)

(6) .

(@)

(8)

a4

Bod slope depends upon the velocity to be permitted
for the soil under congideration and is in confirmity
with surface slope, | .

Side slopes ¢of the drain depends upon the soil type,.
Range 43 & to 1 in. stiff clay to 3 to 71 in, in loose
opon sandy formation. In the case of farming operations
by machir;ery fiatter gide slopos may be pfovided.
Depth range from 5' to 8, laterals should be
prm}ided at suitable internals depending upon the
501l permoability snd rate of d-ainage desired.

The bottom of the drain must be lov onough to drain
the land which 1t serves.

The ditch/drain must have sufficient capacity

with in its banks it all points to carry the water
brought inte it. |

The side slopcs must be such that the banﬁs will
remain stable, _ '

The velocity of flow must bo such that noithor
serious scouring nor silting will occur, Hanning's
for:ﬁula 15 used with the value of n =0,035 to

0,04 to take into offect probablic vecl growth,

" It may usually be adoquate to provide the drain

capacity such as to drain the surfago wator and the
root zone of cxcoss water resulting from a sevore
storm rainfall with in a poriod ol about 72 hours,
However, for sensitive crops larger cppacity may
be reguired,
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9) A storm frequency bf 5 to 10 yoars is usually
considorod adequate, A drain capacity for 10 ycars
recurance intermal.may be suitablo for areas .mger
than 5 acros, For areas less than 5 acres,

5 yoarse recurance intorval may be adopted. It may

usually be found adequate to provide drain capacity
equal to ‘5'0% of the poak discharge. This will, of

. course, cause gome f{looding of tho area for a few
dayaA vhich ghould normally bo found within the
tolerance limits of Greps Mdimﬁe& in para 3-lo.

The tate of removal of excess water by fgpen :
drain iﬂ. influenced by = |
(1) Rainfall
(2) 84ze of &mihaga ares |
(3) Run-off characteristics including slope of land,
soil and végetation and grop tolerance to
standing water, _
(%) Degrec of protection required,
6.641, HMothods of \

6.6,2, inaso €oo ent:
The required rate of drainagse is the key factor
in cstablishmg the required capacity of drains and their
apacing. This rate expressed as the depth in inches of water
that 1o drained off from o given aroa in 2% hours is the
‘Drainage Coefficiont' or ' Lrainage lodulusts
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The method of ascertaining the drainage coefficient
differs depending upon whether the area under study ié,arid
or humid, In the case of areas requiring drainage under
arid zones, the drainage coefficient is assesalfrom the
percolation losses from the quantity of irrigation water
diverted to the ares and the offect of precipitation ia' |
normally noglected, being small, Whereas in Humid regions,
the drainage coofficient is fixed by adding the runeoff
ascertained from a designed storm for draining the surface
aroa as indicated in paras 6,5.8. and 6,5.9, to the quantity
of excess wator infiltrating into the ground from irrigation
in the arca,

6;64@3; Drainage coefficient ‘, arid zonecss

" A method vhich hng gainad considerablﬁ rocognition
for the assessmont of drainage coefficient is as @stailed
below. liske an estimate of percent loss to Heep percolation
from irrigation, the percent canal or ditch loss from other
nown sources and apply these percentages to the amount of

- Arrigation water diverted assuming no procipitation,

As gn 1llustration the following cxomple 1s considered.
Area to boe drained . 200 acres,

(1) From consumptivo use. gtudies it hos been found that
doep percolation loss from irrigation is 20,

(é) From ditch flov measurcments ithas been determined
that f1cld ditch loss is 87 of water applied.

(3) The cultivator for moximum yicld gpplics W

irrigation evory tuo weels and no procipitation
occurs during this period.
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(4)  The area is isolated from any other adjacent area in
so far as ground water inflow ic concerned and that
thore 418 no accretion from deep artesian wells, |

(5) ' There is no eignificant sub-so1l drainage from the
area, _ |
Therefore, totol loss through percolation is
20 + 8 = 28¢ | |
1.0. 4% x 28" = 1,12" lost through percolation in

. each irrigggion.

This works out to 0.67 cfs from 200 acres,

This is accretion to ‘ground wgtor from ficld
irrigation loss through deep percolation, Somctimes an
additional allowance must be made for secpage from main
canal which contributes a aignificant portion towards
deep percolation loss. |
U.8. Salinity lLeboratory has suggested two typos
of estimate of drainage waxer-éuantitins based on the
assumption that all drainage wator comes from irrigation
water'applieﬁ to the same fiold or area boing drained.

(a) Dy = T'EE“"EQA%I“”T x DO
. ECAU « ECiv
vhere Diw = quantity of drainage water to bo removed in cm.
DCw = consumptive use of water ( ovapo transpiration)
_ ~4in cnm, :
ECduwtECiw = Tloctrieal conductivity of drainage wmiatm Waher

/
. or salt tolerance of crop to bu grouns, -
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(b) Another egtimote of depth of drainage water 18 based on
Irrigation efficioncyi= | ' -
Ddy = Diw ( 1.5} |
Waere E = Irrigation efficiency
 Diw = Ddv + DOw = quantity of irrigation water in em.
épplied to the fiold,

Since irrigation effieiency is low, tho portion of
irrigation water that must- ve removed is m.gh ranging‘
commonly betwsen 20§ to 70/:, ‘L’otal amount of water to bo
rémoved/drained can be found by addition to this the portion
of rainfall to be drained, However, the ‘offoct of rainfall
9 may bc neglected for arid regions, |
6uGalry naso. 1id Regionss

In humid srosa 'the‘ drainage coei’ﬁcient' takes into
aécount both the offect of rainfall and irrigation vator, and
it may bo determined as indicated in para 6.6.1.

(a) UsSs Dol 8011 conservation sorvice fgives an ‘*Imperical
formula for detarmining the mte of water renoval,

Q= I(Ii
Whore,

Q = Run-off in cft/ Seo

K = a constant

1 = wator shed area in sq. miles,

A = an expcriant'

The correctnass of water quantity from this formu:m
depends upon tha. accuracy of con tant K & X, Valux.s of K &x,
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8imilar figures should be bbtained on the basis of experie
ments to suit local conditions in Indis as well, |
(b) Curves arc also establishod by UsS.D.A. for
deternmining drainago coefficients, Some such curves
are given in f£ig, 3(a) and (b)e Similar curves should be
establised for areas under study in India, |
6.7, Capacity of Drains |

Capacity of drain is computed by opplying the
appliééble drainage coefficient to the area gerved as discusssd
in the previous paras. |
647+1s  Open type sub.surfaco drains may be uscd as dual.
purpsée drains to cmlloét and dispose off both surface
water and ground water, The open dfain section may be a
Cunnete section So that the top seetion will bo available
for carrying flood waters and the bottom scction for carrying
the normal design discharge, S

ﬁbr‘ﬁakﬁmum economy of oxcavation trapezoidal
sections are adopted in practice for casy canstrﬁction gven
though a semi-circle has the smallest wnttoﬁ.perimater.
Canstructian‘equipment to bo used, soil charactoristics are
also to be considered in the design of section.
6.841. Depthi |

This should be sufficiont to drﬁih the arca
adequately and 1s also 30verned by the topography of the
arca and the wolative elevation of outfall points, Whore
tile 1ino outlet into ditch o minimum depth of 4% to 6¢ may

be required. Allowancce is also made in some cases for



60

ﬁccumulation of silt,.
6,842, Hidths

This depends upon the nature of tho soil and the
type of soction to be adppted, to dispose off the oxcess
vater, o
6,940 £ Dr

The spacing of drains dopend uypon the tapography
“of the area to be drained and the soil characteristics,
If the topography is unduloting the location is more oy
less dictatéd. If the surface is uniform then depending on
the soil type the apaéing is determined. ror 1m@cr§10us
s0ils ¢loso spacing is edopted than proviocus soils,

A formula used for agscertazining the spacing of
drains has been given ﬁy Ionnane This formulo assumes an
impervious soil layer at a reasonable depth overlaid by a
perviuua soil strata:

[aa.ima_‘]

S = 5pacing betyeen drains

K = pormeability of S04l 4n £L/yoaxr.

g = discharge entering the drain in cfs.

H = Maximum depth of water tablo above the
impervious strata, .

hy = Depth of water in the drain above the

imporvicus strata,, |

( Ref, £1g.s10).
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6410, Spoil Bankss

- Spoil banks are generally avoided as far as
possible as they obstruet farming operstions, However,
vhere they are to be nsed,oPeﬁings should be left in the
spoil bank uhere a notural drainage channol intersects the
ditch and at loast every 500% along tho ditch,

Various pattern of lay out are used individually
or in combination of two or more systems depending upon the
topography and other features encountered on the field for
the removal of excess water, They are as indicated below,
Flatter side slopos for ditﬁhiﬁ% may be adopted to facilitate
farming by machinery since macﬁinﬁa are common in médern,agrig
culture,
6,11.1 Beddips Syster
This is a method of surface dréinage consisting
of narrow width plow lands in which the doad furrows run

paraliel to the prevailing land slope, The area batween
tuo adjacent dead furrows is known as bed. Bedding is most
practicable on flat slopes of less than 1,57, vhero the
soils are slowly permeable and the tille drainage is not
possible, _

Design and layout of this systcm involves the
proper spacing of dead furrovs, dopth of bed and grade in
the channel, The width of bed deponds upon the land slope,
drainage characteristics of the soil and tho cropping
pattern. Ref, Fig.l).
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Bed vidth recommmended for the upper Mississippl regione

"W =23 to 30 for very slow intormal drainage
= to 510 for slov intermal drainage
= 58 to 93! for fair internal drainage

Depthy 4 = 0.5 to 1,5 alloving & éggg*for dead furrov,
Tho depth actually depends on soil charactoristics and
tillage practices, |

Bed grade will be more or less oqual to the peneral
ground slope because of flat land. |

Length of bed may vary botwcen 300! to 1000 f£t,
If the longth 1s more thon additional collcetion ditchican
. be proposed. |

In the bedded ayen the direction of farming may
be parallel or normal to the dead furrous,

6,11.3. Hatural or Rapdom ditch systemy

This system 19 uszed for arcas having staffered
pods or pot holes that are too decp or too large to be
filled by land levelling, '

The surface drainage ditchos may meandor from one
lov spot to another, collecting the water and carrying it
to an outlet ditch,

Drainage 4in thesc areas 18 improved if the entire
field is smoothed or gradod to remove ninor depressions
and allow the surfase wator to flow to the ditchexn,

Ref, fige12. |
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6.11.%, Intercopting systemy :

mhis is applicable to broad flat areas which are
wbt because of the seepage from adjoining high lands,
In the case of subesurface drainage wherc intornal dréinage
15 good & 1ina of tile properly located st tho foot of bhe
slope will intercopt the flow and relieve tho wet condition
of the lov areas. bhere the area consists of marny shallew
depressions and water collects in them without infiltrating
through them bocause of tho impermeable nature of sofl and
subw-surface drainage not possible, open ditchos constructed
across the sloping land will relieve the surface water,
Ref, Fig.?Q&w. '

The success of this drainage systom depends upon
the elemination of deprossions between the dit ches,

- va.r l A + » . - 2 3
On flat.poorly drained soils that hove mumerous

shallow depressions the parallel ditch systom is suitadle,
In general, tho parallel ditchos are spaced 600 to 1200 ft.
apart' and the lomd betwoen the ditchos 18 sloped and
smoothed to climimtie any ninor deprosgion or obstructions
to the over lnnd fiow of tho wator, (Rof, Fig.13).
6.11,6. land Gmoothings

Most of the soil that roquire surface drajnago
have pnany depressiong in surface vhich may vary in size and
" ghapo, A1l high points and shollwdeprossions should be
snoothed and £4lled up respectively, ‘hore as large depressions
should bo connected to a ditch so as to Improve the over
land floy of water,



Av o L
?; }1 i
N
3 N x
MR S !
R o
N N
SR N
N 3 |
'Q X
N
N [

4+ TURN STRIP ‘ T | X

— X X ]|

\

r/

OUTLET O)TCH

— /WM\"'"""\
VLS "”"«’\,Jiﬁ _ T

SIOE SL.8:1 00 £LYTTED

m«M‘

JECTION ON 44

L1613: PARALLEL FIELD DITCH SYSTEY 0F SURACE DRYINAGE.




64

HAPTER -

7.1, A subsurface drain is ohe that is boeneath the surface
of the soil, It may be a tile drain or Hole drain used to
colleect water that flows out of the soil and carry {t to a
conveyanco channel or outlet structure,

The flov of water in saturated zone bolou the ground
gurface is based.on Darcey's law,

| Q = AKL

K = Permeability of soil
1 = Hydraulic gradient ;A= Area 0f Soll

This is the fundamontal eguation on which the gquantity
of flov in simple drainage problems arc assesded.

Tho quantity of watoer reaching a tile pipo placed under
ground bdelow water table is estimated by drawing a flowmet,
(Ref. Fig. 14 3 and Fig.)'5,)
743+ HYDRAU BSIGN OF SUB S :

The subsurface draing may bo designed conpidering the
following points:
1) Drainage coafficient of the area to be drained.

2) The hydraulic charactoristics of the materials used
for carrying the water.

3) The sizo and spacing of the drain should be adequato
to earry the wator at a designed slopc.

L) Tho pipes should not run under pressurc.

The gonoral laws
for tho flov of water in opon channels also hold good for
tile drains provided tho water does not run undoer pressure,
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7+3+2. Draipage Coefflclent:
(a) For Arid regions the drainage coefficlent is fixed
as discussed in para 6.5.2.

(b) For Fumid areas the coofficicnt will have to b
nscertained by judgement and esperionce considering
the rainfall ito frequency and duration, porosity
and pormeability of soils; crops to be grown,

Tho U.S,Department of Agriculturé has recqnmended draine

age coefficients for difforent cascs, as below, |

Tvo cases are conslderaed: |

(1) Ho surface water admitted to: the tile and complete
surface drainage provided.

(2) Surfaco water admitted to the tile through surface

inlets,
2 Cadnare coeliielon A DY U
Snii Field crops | Truck crops.
 Mineral 10«13 mm 13«19 rm
Organic - 13«19 mm 19.88 &m
Bogl Field crops. Truck crops. Field crops. Truck crops.

4neral 1 3«19 mn 19-25 mm 13-38 mmn 25.38 nn
Organic 19-25 mm 38-51 m 25-38 51~162 on

Similar figures of drainagoe coofficiont should bo estab-
lished for local condiﬁiohs vith the guidaence of above tables,
7.W¢ SI1Z: OF TILE DRALLS |

 The size of a tilo drain 4s fixed after establishing
the drainage coefficienmt for the area under study as discussed



in para 7.3.2 and the grade of the line and tho volocity,

The smallost sige of tile genorally reccamended is 12 enm
size, It is based on the need to ?révide good agriculture drain-
age for a long period and cost of mein.tenance, construction
methods ete. A larger tile minimises the possibilities of
clogging with sedimont, roots or othcr materisl, | |

Velocity of wator flowing in the drain may be calculated
uaing either futter or Haning's formulae, for & piven grade
of tile line and the crea of tile determined. |

There are many Dmperical formulas given by different
authors fgr determining the wvelocity in a tile drainage. But,
out of them a formula racqmmendéd by ihe U, 8, DsAs oppears to
give bettor results than the others, This formula also takes
into geecount the unevenness. of the Joints between the indivi.
dual pipes. -

The velocity thained'by UsSeDuls fbrﬁula shoﬁld.hawover
bo reduced by 107 for sub.mains and 153 for laterals, Since
the formula gives higher velocibties too large for mains and
gukmains,

The formula 18 givon by !

vV o= 438 »¥3 gi/2

This applies to both clay and concroto tile and for
all eizes from 4" to 12",
7e5e

The depth at vhich the drains are to be fired bolow
grouﬁd level doponds on the soil pormcability5 crops typoe and
cutlot positions. It also depends upon tho position of an
imporvicus strata availablé at reasonable dopth bolow ground
lovel as inflovw into the tile is govorned by thesc factors,
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The inflov into the pipo 1ncreaseé Jinearly with the depth
of pipe below ground level, |

Certain Engineors have rocommended the drain depthv
and spacing based on their experionce which are given bslow,
This is only a guide for selection of depth of pipe and its
actual dopth is fixed,according to the factors that should be
considered ao discussed above,for local conditions,

(1) E.0.Elljot: - Dapth 2' to 24 in dense heavy soils;
4¢ 4n light open sandy solls, '

Spacion - 30! to 40' in dense soils largely clay; 60 ft
in mixed clays with fine sand. 70 to 80' in aliuvium, glacial
drift and sandy loams. 150! to 200' in sendy lands or those
conteining much vegetable matter having sandy or goawvelly
sub-g0il. | o

(2) AsG,Smith: Dapth - Generals average of 3% ft,

Spacing: In castorn farming about 32 ft. to 70 ft.
on pervious soils, - ,

On sandy loam soils vith clay sub.soil it 4s 100 ft.

(3) HalsSchlick: Dapth: 34 to 4! usually the latter
using gloser spacings,rather than shallower depths to expedite
action of drains,

Spaginns Maximum 100! used for crops in average soil
condition, | ,

For truck crops - 50 to 75 ft,

In tarc cases vith sand or gravelly sub-soil a maximuom
of 200! spacing i¢ reccomendoed,

7.6, DEI R _ _ :
A numter of formulnc are available for determination
of the spacing of drains. In short, the procodurc adopted in
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theso formulae to arrive at the spacing of drain is o assume
a suitable drainage rate, determine suitable characteristics
~of the soil and selecting o suitable depth for tho drain come
puto the spacing. .
The formulae are derived based on two conditions
(1) Steady state flou in homogencous, Isotropic media
(2) Non-steady stote flov consideration,
_ D.6.1. Stopdy Stote Conditions |

The main acsumptions made in respoct of derivation of
for ulae under steady staté are te- | _‘
(1) The soil is homogencous and of hydraulic conducti#ity

134 | | |
(2) The drains gre cvenly spaced a distance & apaft.

{3 Tho hydraulic gradient at eny point is equal to the
olope of tho water table above the point. '

()  Doreyts law is valld for flov of water through soils,

(%) An impermeable layer underlics the drain at a depth d.

(6) Bain s falling or irrigation water is applicd at a

uniforn rate, v.

(7)  The origion of'c6~ordinatcs is taken on the impermeable
lsyer polow the centre of one of the drains,

Tho formulae are given boloy s
(1) Boorhoudts formulag

Hooghoudtpives the following forpula for drain spacing
and tho diagram roprosenting his problem 15 shoun in Fige5
" This is for homogoneous Soil, ‘
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0% = 8 BRSO o Miwmaa erresiersveres (1)

Thio 19 thooguntion of 0dddpnn. Duoooranid hnvo boon
oobob2aoied for 2inding out tho cpnodng, DOLWBlss,17418.

More @ = Dapth of foporvious loyor bolov tho t4lo 4mo

Ho o lbight ol uator Goblognidumy Botuoon tho
410 Lince obovo €00 Mo connaching o
cantiou of the €410 Adnn.

R o CooffloD nt of poronabidity of 40 coll

v = Bate of Gioeiargo/umit ares of land curfdeo
drodnod. :

logopod poddns- having difforcnt pm‘*mabifm&m abevo nad
maw th:s M.la Am:a, tho cbovo oguation 40 pedlificd oo «

0% o &mﬁ i E@‘g} -ﬁ-ﬁ'( Waﬁém} .miuu-n} (2}

AOre 8 oo I&}r@mﬂi@ cmﬁuaﬁmw of coii cbove me
dralin 1in0

¥ o Cydpauldic oonfyedivity of ooild bolou tho
dradn i o
&:}W i& p Kﬂi 1»233 o wned

PO TR T
GCicdlor.y Db do0 dotorninod Lop &ﬂ.ﬁ's«:m e (alelnoso
of codl loysre ond the drafn opoodng bo endeulntod for o given
not of conditlonn,
Wrp.lorouiase Shdo forruto commop RO Oho eatey
of fioy icto O draln ao Rerirontold which 20 nst ko ¢ago
S tho £igu bodng #odinl.
o (. no?)

w00 B o axfoun hodcht of wabtor tabls nidny botcon
tho €330 ldnoo above tho 4rpuivicun layov.
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ho < dopth of dnporvious layor bolow the cable of tils
This forouln givoes only appromimato rosulta.
irihantp forpuin: « This formmlo given by hin 4o supposod
to pive bottor rosults than Hooghoudtis. It ic ap bolow

Ho = (%JF(%*HIB)

there oll ¢hs oymbols are dofinod ac per ogquation(l)
| P {22/5,1/0 | ; 5 @ A
and F (»2/5,1/0) = .%.{( oz, 75 ¢ %‘[% C%Q&QE_&%SEE>

(Cos ZADE 1)]} |

Jor comvenicnco of ealoulations, graphs are prepered for
this i’ﬁmula f;ﬁ obtain draln apming sao R@f.i’.ﬁmls

’ma i‘lov plwmmn m:’smﬂ in cubesurf{oeo 4rodnoco
i ono of thy transiont or unotoady ctoto whoro the conditiono
of couilibvriuz botwoon o water tobleo ond the rainfull ami/ar
irrigation Aoes nob nlwnys orxist. Tased on tho studfies for
trangiont draimge pmblamm U,0.Burcon of Doclanotion have
evolvod tho folloving formulo for spacing of draino

e mac .
(Rer FI6:18)  ohenr D= CERN ‘\Jo,jHot/ wm toble a{&w
Yor caoy aalcumuona, ennete ove bBoon propared frmw‘k&

valea the gpaging can be doternined, .
ho d-ain ocpacing £rom bLoth oboady oand unoteady condie

Ulong aoy bo noeortadred £pen Ch2 abovo foromloe ond tho
¢ctedding £40uro moy o odopted ot the roguived opacing of
araing. ' |

Sub»summ@ draing can bo lpid ot o vworloty of slopno.
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However to keep the 1ine sclf cleansing it is nocessary to
“ have a grade that will develop sufficicnt velocity to carry
the sediments away. The slope recommended for a 4" tile should
not be less than about 0.2% to develop & volocity of about
1 ft/se¢y vhen flowing full %o avoid éediment deposition,
It reduces for 12" line and adbovo to 0,05%,
7.8, MOIE DRAINS
| Mole drains are formed by pulling & plug/ball through
the sub-soil having a good structural stability. The soil
should be cohesive having Sufficient moisturc content. The
lay out of drains is similar to tilé drains. Hole drains may
empty .into open ditches, tile lines or other meole channels.
If tho moles emply inte open ditches, a short lmngth.afVmetal
tubing may be useful :m protecting the outles,

there closer spacing is required mele drains may‘bp
adoptod, if other conditions permit. Hormally a spacing of
loto 30 ft, are adopted depending upon depth and degree of
drainage requiroed,

7+9. BIVE]

In order to provent entry of fine sand,silt cte.
entering the draina filtor paterials like, gravel, coarse
sand are placocd around the pipe, |

This also helps 1n.ma1nt§¥ng stability of the soil
round the pipe aftor its installation. About 2" thickness of
gravol round the pipe may‘be adoptoed,

The wator enters into tho drains through tho holos
or cracks botween the successive pipes, In unstable soils the

crack width be as snall as possible to prevent possible
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entry of soil particles,
7411, QUTIETS POR DRATIAGE

There are two types of cutlets

{1) Gravity outlets

(2) Pump outlets

Crovity Ouplots:. Include natural channels, tile drains
and open drains. The outlet should have gufficiont capacity
to carry additicnal discharge vhere the drainage syStom 4s
connecﬁea to other tile drains, Whera the pipe outlet into
an opon drain the end of the outlet pipe should be sufficiently
sbove the normal water lovel in the drain. -

. W are used whoro gravity cutlets are not
available, The ‘etssential parts of a punping outlct are a
punmp, tnd a Sump or storoge bagin, Pumps arc operated for
certain number of hours in a doy dopending upon the discharge
to be handled, The pump should bo installed in such & way as
to provide minimm 1ift and tho pusp house 1o not flooded.
7412, U T DRATH PIPES

The drain tile should be installed so that the load
ovor the pipe due to fill materiél over it does not exceed
the required avorage minimu crushing strength of the tils-
naterial, |

Differont formula are available for calculating the
loads on pipes depoending upon the width of tho tronches in
vwhich the drains are pluced. One such foruuln yhich is eomuonly
used is given by |

Mo = CgH Da®



vherc Ye = total load on the conduit
W = Unit veight of £ill material

Cd = load coefficient for ditch conduits
Bd = width of ditch at top of conduit,

The topography of the land, source of wator to be
removed and various other ficld conditions detormine the right
location of the tile lines and the proper type of drainage
systenm,

The system of sub-surface drainage consists of main
drain, sub.mains and the laterals, A main drain is the one
into which several 1ines of tile 11:1@3 empty their water, The
main ﬁsuamy have outfalls into open draing. A sub main is a
short main which caile;:w water from a number of tile lines
and discharges into ths main. A lateral is a tiie line collec.
ting water from the soil and discharges into the sub-main or
main, .

T4lo .systomé can be classificd by three gomf‘al types

(1) Parallel systom

(2) Random systen

(3) Intercepting cystem, |
7.13.1. Tho parallel gvsten: The parallel line system: iS
usod in poorly drainod soils having little slope and approxi-
nately uniform texturo, Variations are the grid-irm'} and
parallel systems, tho Torringtone system, the douhlo main
systen and tho groupin” ‘f;»yétem, Fig.l6(a)
7+43+2. In the grid irc:n and parsllel system. , On® main or
subaain gorves as many laterals as pcssiblc, Tm.is the length
and mumber of outlets are kept to o minimum. Tho laterals
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enter the mains from one sido only. This is the most econo-
nical arrangement as £he land on only one side of the ub-
main or main 15 double drainod, that 1s, a nsrrow strip of
land along the mein is droined by both the sub main and the
lateral, The system can be used on land thet is uniformly wot
if it slopes genorally towards the modn or sub.main, Fig,!6().
741343« The Berrinsbonc Systen 19 applicable in places where
the main or Sub main lieg in a narroy depresé:s.on and the
laterals must ontor from .bof;h E:ideé. It is loss occonomical,
since gonsidorable double drainage occurs vhere the laterals
and main join, If the depression over the sub main is unusually
wet, however, this system will provide better drainoge at
that point, Fig./6(o) | |

7.13.4: Double systom - The double system is a modification
of the grid iron systen. It pay be used vhere thesub-main

is in a broad, flat deprecssion, wh:i.c,:hnay be a natural water
course and somotimes moy be wot hecause of small anounts of
secpage vater from ncarby slopes. A submain on cach side of
the dopression servos tho double purpose of intorcepting
‘Secpage wvater and providing sub mains for the laterals. Fig./i)
7.13.5. Goouping systems; A combination of individual systems;
arc usoful when topography and wetness on the ficld vary and
the pattcrn of drainazo must be changed to fit differont
conditions, I

7+13+64 The Ropdonm System: It is uged in rolling arcas that
have scatterod wot aroas somowhat isolated from cach other,
Tile linos are laid moro or loss &ib random to drain the wet
places, I¥ is boetter to locato tho main so as to follow tho
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natural draimage | ways rathor than to make deep cuts through
ridges to make straight tile linoss Sub-mains and laterals
shoﬁld bo extonded from tho main to the individual wet areas,
Fig. (6(© = , '
7.13. 7. The Inbercopting systen: This system is used to.
intercept the seecpage water from the slcping land, when the
land is wot upto the valley, Fige 1¢(4)
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CHAPTER ~ 8
PIAINING FOR A DRAINAGE SCHUME
81,0, GEIERAL |
The choice of a system of drainage Yo be adepted for
a particular area deponds primarily upon the following factors:
(1) Econocmy in cost
(2) Topography of the arca
(3) Rainfall |
(4) Drainage requirement

(5) Characteristics of the soil in the land réquiring
drainage.

{(6) Geology of the area.
(7) Type of crops grown and their relatios to Dralnage.
‘_jkfter 1n§eatigation of tho area with-regard tc‘ﬁhe abéve
points, depending upon the rosults obtainod the excoss water

from the arca to be drainod can be disposed off in tho following

ways:

(1) Surface drains

(2) Sub-surfaco drains
8.1.1. Surfaco s ‘

These are open drains to dispose off the surfoce
runoff from storams and irrigation as quickly as possiblo,
dopending upon the requircment relating to soil charzetoris.
tics and tolerance of tho crops to ponding. These drains aro
also used to remove excess watoer fron the sudb-soil vhero
tilo drains cannot bo used due to economic and othor roasons
such a5 inadoquate cutfall,stratificd soils, fibrous organie

s0ils ete. Tho common use of opcn drains 15 ag collcctor drains
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- CHAPTER - B
PLAJNING FOR A DRAINAGE SCHIME
8.1.0. GEMERAL |
The choice of a system of drainage to be adopted for
a particular area‘depends primarily upon the following factors:
(1) Econcmy in cdst
(2) Topography of thﬁ_area
(3) Rainfall
(%) Drainage requirement

(5) Characteristics of the soil in the lend reguiring
drainage,

(6) Geology of the area.

(7) Type of crops grown and thelr relation to Droinage.

Aftor investigation of the area with regard to the sbove
points, depending upon the results obtainod the excoss water
from the arca to be drained can be disposed off in the following
ways: |

(1) Surface drains

(2) Sub.surfacc drains
84141, Surfaco Drains |

These are open drains to disyose off the surface
runoff from storas and irrigation as quickly as possiblo,
depending upon the requirement relating to soll chorzcteris.
tics and tolerance of tho crops to ponding. These drains are
also used to remove excess water froa the sub-gsoil where
tilc drains cannot be used due to cconomic and other roasons
such as inadoguate outfall,stratified soils, fibrous organic

50ils ete. Tho common use of opcn dArains 16 ag collector draing
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or main draings for covered drainage Systems, Different types
of layout arc adopted dspending upon the soil type, topography
otc. and these have been discussed in para 6¢11,0.

Be1.2¢ An important advantage of open drains for surfaco

and sube-surfaco drainage is their low initial cost and ease

of operation. |

The merits and demerits of the system as discussed in
para 6,5¢2. should be kept in viow beforo finalising the
system of drainige to be adopted for a particular arca.
8.2.0, SUD-SURFACE D | |

The following are the types of gub-surface drains for
effocting control of wator table:

{1) Opon drains

(2) Tile draing

(3) Holo drains

(&) Drainage wells,

8.2.1. Open Drains

Open drains being cheapeXr are used for subusu?faée
drainage where foasible, The spacing i usually closc and
the length of the lands botwoen them nust be sufficiont to
carry on farm operations, The drains are normally pliaccd in
tho direction of the prevailing slope.

Open drains are generally usod as dual purposc drains
to colicet and dispose off surface water and ground water,
The capacity of tho drain will thorefore be dosigned Lor
surface run-off and the ground wator discharge as illustrated
in para 6.6.2. Where high valuo of the land prohibits the use

of open drains,tile or molc drain® may be a solutdon.
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84242, Tile Drajns
T4lc drains, though oxpensive, arc most suited for

cub-gurfaco drainage since thoy can be laid at closor spacing
vithout interferying with farming opcratione and do not call
f&r'aquisition of land. Tilo drains can bo used in oll soils,
but in the case of fibrous organic and fine toxtured minoral
soils, therc would be chances of differontinl suboidenco, and
thorefore tho tiles will have to be placed at greater dopths
viaieh inercasos the gost of installation, The minioun dopth
rocommended for organic soils liko poat and muck 4is b f%,
Deeper drains at wider spacings are cconomical but tho oconomy
decreases with depths greator than 4 ££, due to increasc in
installation costs,

The drains have to be lald at closer spacing in tight
solls and at wider spacing in porvious soils, therc therc 4s
danger of choking of the @rains, the opon joints arc surroun-
ded with filter moterinl. In silty soils, use of porforated
pipeos surrounded by filter motorial is helpful. Formulae for
the dotormination of depth and spacing of drains for different
501l conditions have bzon given ond illustrated in pura 7.6.0.

Corroct dopth and spacing which gives an ocononicul
solution for tho drainuge of the aroa should be solected keop-
ing in vicw of tho points discussod above.
8+2¢3¢ lolo prains _

liolo drains are suitable in the caso of fine tertured
plostic nin Tal soils vhore the inhoront stability of the soil
itooif is dopondod upon for maintenance of the drainnge channcl,

The spacing and depth of mole drains is genorally loas
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than that of a tile drain; since they are laid in hoavy soils,
a spacing of 10 to 30! =z¢e¢. generally suitabdble,
8+2.%¢ Draipage Wells

In underground drainage systom where outfall ig
inadequate, shallow well pumping can b rosorted to, The
pumped water yherc possihle is used for irrigation or for
feeding into closcby canal Or reservoir.

Decp woll pumping through gravel shrouded wolls can
bo ouccessfully used for lowering high water tablo where
gravity mothods are not successful or are feund uneconomicél
Gegs in tight soils, artesian pressure c¢onditions cte. Tho
water so pumped is used for irrigation purposes.
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9.1.0, Introductions

Chambal Valley Davelopmont s=

The Chambal Valley development scheme is a joint
venture of the States of Rajasthan and Hadhya Pradesh.
This project is onc of the Multi.purpose river valley

schemes taken up for execution just after the Independence,
The River Chambal is an important tributary of Yamuna and
drains about 55000 8q. miles of area in the States of
Rajasthan, Madhya Pradesh and Uttar Pradesh.

9+1s1, After detailed investigations and studlies it was
docided to devolop the Arripation and power potential of
the rivor in three stages., The work in the Ist stage
congisted of a storage dam namely, Gandhl Sagar Dam in
Madhya Pradosh State, a power station at the toe of the
dam vith the necessary trangmission system and a barrage
near Kota City along with canal system on tho Right as well
as loft bank to irrigate about 1100,000 acros of area 4n
the two participating stagos.

9+1.2. Undor stage IInd anothor dam Rena Pratap Sagar of
127' high and pouer station has been constructed at a site
nidvay betwoon Gandhi Sagar dam and Kota Barrage. The
irripgation poteontial of the scheme after complotion of the
Gtage II willincrease to 1%00,000 acres,
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9+1,3, The Stage III of the scheme is purely meant for
power generation, and a 11714 high.sucmiﬁnm, Jawahérlﬁagar
vill be constructed approximately mideway between the
Rana Pratap Sagar Dam and Kota Barrage.

9.1.%: The three power stations of tho scheme will
301ntxy have a power potential of 2,30,000 K.W. at 60%
load factor. The total installed capacity at these power
stations will bo 3,26,000 K.¥. The topography of the area
near Gandhi Sagar Doam was such that no irrigation channels
would be taken off dircctly from the main Dom. The Chambal
Valley opcns out noar Kota City about 60 miles downstreanm,.
and it was necessary to construct a barrage from vhere two
¥ain canals one on cach bank could take off to irrigata
the fortile lands dowm below,(REF: FiG:21)
9.2, EPhysiomraphys

Tho Chambal command 1ies in the districts of Bhind

and Morena in M.P. The River Chambal forms the boundary
betveen !1.P. and Rajosthan, The main droinoges of this area
are BRivers Chambal, Parvati, Kunu, Kunwvari, Sank and Asan
vhich are perennial., Tho area under canal command has arid
and semi.arid climatic conditions. Tho summer scason 18
vory hot with temperaturc excecding 45%C, In winter the
temperature goes down to 4°C,

9.2,9, Tho vogitation of this area consists of Kikar,
Eori, Jondi, Khor Julon and Gross ote. The land is mostly
single cropped. In Kharif, juwar, Bajra arc sown mimed
with Arhar, Til and poddy are also growvn in lov lying
arcas. The main crop in Rabi 15 vhoat,
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94+3:0. Iopographyt

The command is very mneven in topography with
gurface slopos varying from 0,001% to 0,47, The area is
covered by deep ravines near the fringé of tho River
Chambal,
9.3+1. Vater logged arca is surrounded by tho ‘main canal,
the Gudsh Nala and the Ambah branch canal, The Gudah nala
has a catchment area of 52 sq. miles and has hardly any -
capacity for earrying flood discharge ( being ploughed by
cultivators). Down bolow the nalla, small bunds arc conse-
tructed for tank bed cultivation, The Ambah branch canal vhich
groases the Gudah nala is syphoned,
9.%.0, Soil Charactor. , .

S0116 in tho command ‘area of Chambal canal 4n M.P,

contain mostly silt, clay and send vith varying poreentages
of clay, In wator-loggoed arcas the top soil contains more
pereentage of cla& than the soils at tho bottom with
hérmful salts, It 15 also seen that the top soil in certain
areas have as lov a permeability as 0,00%"/hr. and the
underlying solls bolovw clay 0.26" to 0,86"/nr,

941, Pre=Irrisation soil surveyss
During the period 1953-1957, the Agricultural
Regsoarch Institute, Gwalior conducted a Pre-irrigation
soii éurvoy of commanded areas under proposed Chambal

canals and classificd the areas according to their suitability
for irrigation, Profiles were dug on the basio of 6 miles
grid of the Thasils in tho commanded area upto 10' depth,
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9.42 Samplos were taken first at 49" and next 9"~18" and then
for every foot of depth. Ths soil analysis vas earried out
for the following four factors onlys-

(1) Clay porcentago

(11) PH ( soil reaction)

(411) Total soluble salts

(iv) Calcium carbonate percentage,

93, The suggosted permissible limits are 20% clay, PH
up to 8,5 and total soluble salts 0,205 for soils host
suitod for irrigated agricultire,

According to the irrigation suitability classes,
the Rescarch Institute made the classification of the
area as given in thoe nest pages. (TABLe- M)

‘ Soils of class I cover mainly the Tahasils of
Bhind and Ambeh and to a smaller extent Jora, Sabalgarh
" and Bijaipur. | |
‘ xsﬁa.ﬁor portions in the Jahsils of Bhind, Ambah,
Morena and Sheapur have soils of Class IIA, Soils of
class.B are found in Tahsils of Sabalgarh, Jora, lerona,
Ambah and Sheapur. Soils of class IIT occur in Gohad Tahsil
and soils of clasg IV in Ehcopur Tehsil end in a smail
arca of Jora Tahsil.

Solls of class V aro found in Tahoils of Gohad

and liohgaon. (REF- Fi6:20)
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9.9 Goolonys
From the geological report of the arca given by
G.5.1s the following is the main geological formation in

the arca forming the stratigraphic sequence.

- Age Forpatlon Bock Typo
(1) Recont Alduvium 811t and clay
Kankar, grawel
poulders, pebbles and
sand,
(2) Cambrian  Upper Vindhyans 1imo stone, shale

and slate, sand stone

quartzite.



10,140 After the introduction of canal irrigation for 7 lakh
arcas in M.P. in the commanded arcas of Chambal project in

the year 1962 the water table incereased considerably in certain
areas being mostly along the main canal, The water logged

arca 19 confinocd to tho left side of canal, boing a contour
conal with irrigation on the loft side, Tho arcas doclared
water logged are indicated in Pig.22

10,1+1s In order to knov the ground water ccnditions in the
wvater logged area, 390 wells are observed monthly and 523 wello
seasonally and 700 piezometers. The observed spring level data
is given bolow:

Da%th of W.T. boloy Area in aeres Reparks
Gel. during October .

otast 4oh66 Damagod

5«10 | 95935 « {0«

10.15 33253 Proteoeted

llore than 19 ft. » 39806 safo
Total 2,18,460 acres

10,1.2, On.thishasis the whole area undor commond has bcen
divided into smaell schemes for the purposc of introduction

of Drainage i# thece aroal, AS can bo Secen about 1,495,401 acros
arcn 48 having wator table botwvoen O-16 £, from ground pure
face vhich 1s quito alarning.
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10.2,0 Inyestisationss
~ Detailed investigations of those arcas have boen taken
up for suggesting anti wateralogging measures. The followiﬁg
investigations are in hand,
(a) Survey of oxisting drainapes, and for alignment of
seopage drains along canal,
{(b) Bore holes of 4" dia for deternination of hydros
Isobars and turum Iso.bars, ‘
(¢) Colloction of Soil samples from suger-holos in a grid
of 2000 apart for mochanical analysis for ascortaining.
. (1) PH value (411) Clay percentage (141) Total soluble
salts (4iv) field permeability tests to detorminc the
position of pervious strata,
10,3, Rainfalls
The area has an average anmial rainfall of 30 and the
season 18 from July to September, Normal storms do not last for
more th&@ é# hours with a maximum of 6", Tho arca falls under
semi-arid zona,
10.%, Causes of water logging have boen ascertained and
proposales for remedial meacurcs are in hand for the arcas
prove to be wator logged as 1néicated in Table Jo.3 and
Tig. No,22. The causes and remedial meacures proposed to be

takon up in rospect of 'Mangrol Drainapge Scheme! are describod

in the folloying chapters,

8ido of tho lain Canal, the Ambah dranch and a portion to tho
loft of Gude nala., Fige 10,26. Tho total arcn affocted is

agscsed as 668 ha.
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10:5s1¢ S Jater to gvations)
(1) 1ell observations have boen made since 1967 and
onwards and hydrographs have beon drawn. On these
hydrographs the oxtent of rainfall and the canal
opcration conditions have been indicatod., This shous
steady rise in water table from ycar to year and the
vater table rises more tovards monsoon.
{(2) To find out the effect of contribution of the
canal in Yauearg the water table, piezomoters wore
installed adjacent to the canal, The canal was complo.

. tely closed in the month of lay 1970 and the readings

vere taleen, This was compared with the piczometric
levels when tho canal was running in full, The levels
were plotted and they are indicated in fig. 23
i& mey bo Seon that thtse is significant contribution
of canal in rising the water tsble. | '
(3) An cbsorvation hols made in the £icld about 30 m
avay from the canal indicated that tho ground water
exlsts under a pressure of 187,5 1lbs/sq, foot
indicating confinod conditlons,
{&) Statement of seasonal variations and dscliﬁes
“indicate the fast riging tendoency of wator table,
Ref, Table Lo.V, Table o, indicates that the vater
table is rising with monsocon rainfall,

10,6, Causos of Mator lozginnt
Studies of the offected area werc made by obsorvation

of water levels in wolls, piozometors and hore hole rosults,

The c¢auses of water logging are summzriae& as belovie
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- Study of cross-scction from main canal to Chambal

river marked for the months of Juno 1970 to October
1971 indicates that the water table is high to a
cortain Qistance from the canal and £alls fost, thoree
after bringing tho water levol from about 2! below

~ ground level to 180' below G.L. Goologically the

roasons ascribed for such behaviour arc - (Fic.25)
{a) It may be due to faulting and dovmuard displacee
mont of the aquifer zone towards Chmebal river,

(b) Tho docp water table on the banks of river
Chambal may be a separate aquifer,

(c) The faster draining of ground wator ncar the
river helping drainage. S

(d) Ground water bodies may be different duo to the
unsvon topography of the bottom mads up of impervious
atrato. | |

(e) Yator level could also drop‘becnusm of tho
doterioration of confining conditions of the aguifor
towards river chambal, ' |

Howover, deteiled investigations are being carried

out to establish the likely possibllities,

(2)

Study of soil characteristics along & section frem
Right to Left sido of the main canal ( Fipge 27- )
indicates that the porcentagoe of clay is significantly
ouch lesn at the right side of thecanal than along

the left side, Also tho eanal i cutting through
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pervious strata, The top soils at the left side

area of the canal contains more porcsntage of clay

than their bottom layers. From this 1t may be said

that the right portions of the Main Canal including

the canal itsclf may be - rocharge gone for the .

areas watorelogged on the loft sides Thoeconfining

conditions observed at the ).éi‘ﬁ side of the canal as
discussed in para 10,514 (3) confims it.

In addition to the avove causcs several other causes
a5 given belov may be contributing to the rising of water
table,.

(a) Provision of inadeguate water may for dminagés’ vhere
the Road and Railvays cross them at tho} right gide of
ganal, This leads to the obstruction of free flow of
wator and contributes to tho oxcess infiltration of
vater to the ground, | .

(b)  Natural drains choked up duc to inadoquate capacity

and slope, This will not permit quick disposal of

surface water and tho result is charging of the
aquifers, ' |
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11.1.0, Measures to chock water logging in the Chambal Canal
commanded arca are in hand and the following proposals have
been framod on an experimental basis for the present as the
problenm is only marginalha§§+ig§2h the variation in vater
table levels after implementing ths proposals, Dased on the
results, further permanont measures will be talen up after
dotailed investigations, 4f called for.
{a) Lining the canal in embanked reaches and in cutting
reachos vhere pervious strata has’bean punchured.
(v) Daoping and widening of existing drains and proposal
of additionnl drains vhere necessary.
(e) Construction of seccpagedidncs: parallel to canal
to drain away the canal aeepage. The seepage drain
¢utfall into sub-drains and the sub.drains into main
drains which are the natural drainage in tho ares
{Ref, Fige 26. )
(4) Restricted supply of irrigation wator
(o) Soleection of suitable crops after study of soil
profiles,
{£) Scientific mothod of irrigation 1liko bordor strip
method and applying water as vhon roquired.
(g) Combincd uso of tube-ﬂall‘and canal irrigation,
1142, Salp Balopeoj
Consoquent upon rising of water table close to tho
ground aurfgce,'uhite patches of salt are oboerved. This is
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predominant near tho main canal at the loft sido to a distance
of about 500 ft. So far only tho total soluble salt contont has
boen assessed and not tho composition and percontage of various
salts. The conductivity ( total solublo salt content) of thé
gsoil solution varies from 0.1 to 6.6 milli mhos/cm. indicating
varied porcentage of salt content. Tho conductivity and other
characteristics of the 8011 should bo brought down to the
dosig-od linits as suggosted in para 9.4,3. by the proccss

‘of leaching.

"103»0 .’”".; i
. {—0 tvhi;]towm
It 49 prOpOqu to clear the natural droinages and, by

giving proper soetion and slope for carrying the surface run-
off and also to construct additional drains whore necessary.
The details are shown 4in Fig. 26- The design of drainage
channels arc discussed belov.
1143+1. Praip Seotions |

~ The most important factor in ths design of drains
is the drainage coefficiont. Thic 1s fixed up as belov i=-

A study of tho rain fall from the yoar 1942 to 1970
reveals that, if a cycle of 5 ycars is takon as representative
rainfall, tho area has an average maximum rainfali intonsity
of 12,5 cm(5") in 2% hours, It is also seon from tho data
that mostly tho rainfall duration is not moro than 8 to
10 hours with no rainfall on tho provious snd succecding

doys,
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11.3.2. Assuming, therefore, a rainfall of 12.5em (5") énd
807 of it as run.off and the vhole area to be drainéd in
3 days wﬁich is tho capacity of crops in tolerance for
floods the drainago coeffiéient /éq.km, vorks out to O.4l cumec,
or say 40 efs./sqemile, ? | '

Since the distribution of rainfall will n0£ bve uniform
through out a reduction in the percentage of run-off is proposed
as per the table belovw i

SiiTo. | Catohmont area JFercent of | DsCe in cusocd/ | Total

: in sq.niles . D.C, ! Sq.nile ;dischargc
1. 0to5 . 40 200 efs.
2, 5to10 90 36 360
3. 10415 80 32 480
Y, 1520 - 90 28 560
5, 20.25 60 2 600
6 2530 55 22 660

7 31 and above 50 20 ’ 700

The mazimm catchment area invalved for the main
drain is 52 sqemilos, According to the above table percentage
of D.C. 18 50f% Ao such, the discharge through the drain
vould be about 1040 cfs. or 29.4 cum/scec, |

The scetion to be adopted 18 as under @

‘Bed slope - 1 in 3500 ft.
8ido slope - 1%
Bed width © 9.6 m (31,5 £i,)

F.8.D. - ’ 2q59 n (805 ftt)
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" Rugosity Coofft, - 0,03
Discharpe - 29.4 cum/sec.

This gives a velocity of 2.78 ft./soc,. and carry a
dischargo of 29,575 cum/sec. The other drainage channels aro
also designed 'aimilarly?, considering the D.G applieable to
their individual catchment arcas.
114343+ Tho other drainage critoria are as beloy 1=
(a)  Ths velocity in the drains is to be taln between

| 0.6 to 1.2 n/sce.{2 to b ft./s00.) B0 a8 to avoid
chances of silting ond weed growth,

(b) A higher coefft, of rugosity shall bo taion betwoen

‘ 0.03 to 0,04,

(e)  5ide slopes may be provided according to the charactoris

tica of tho soil, Formally 1441 should bo considered
, in cuttipg.

(@)  Tho bed level of the drain should bo Lopt as far as
possible in porvious stmta so that it may take care
of the subesoil water also, '

11.4, Copclusionss
A8 discussed go far in part I and II as well, water

logeing is a groat menance to the development of lands and

it nltimately leads to tho shortage of food in the country
unless proper care is talen to combat the problom at the
initial stages. Irrigation dovelopment activities are well
progressing in ovory state in the country. larpo scale
nrigation works have boen taken up nnd also undor progroso
in India sincc the starting of 5 year plans, with the
intontion of growving Bore food to meet with the large demando
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of ever incroasing popglation, but proper notice of damage to

crops by intensive irrigation has not heen talion, It is very

essontial that drainage of irrigated lands should be considercd

and implemented before the comnmissioning of canals so as to

prévent damage to the crops by canal irrigation in courge of

time, A mero irrigation project w;thnut provision for adequate

drainage of the land will ultimately dofeat the very purpose of

irrigation and stapping up of food production in the country,
In tho c¢ase of Chambal projegt 8 Seperate division

has besen formed and entrusted with forming proposals and

implementation of drainage schemes. The Division has now

token up detailod investigations of the wator loggod arcas

for sugpgesting permanent measuros to check the monanece of

.water logging in the area,

cow
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