CHAPTER 1IX

9,0 Be fore devising suitabdle measures to solve the menaeing
probler fx of water logging in the 8tate, it will nsat be out of
Place to state briefly the eonditions vhioh bdring about rise of
water table and eonsegquent water logging., Kow main factors whieh
eause these econditions are 3

(A) Peroclation from rainfall and flooding.

(B) Seepage from eanals and high intensity of irrigation

(C) Blocked Arainages and absence nf proper drainage system,

(D) Abandonment of percolation wells,

(B) Subterranesn Obstruetions.

(F) 8511 characteristics leading to poor natural Arainage
of the subsnil,

9.l A single or a combination of measures may have to be used

for lowering water table in an area. It all depends upon the traet
or the area t0 be dealt with, BEach case will require a close study
of the geological eonditions, the position of sourees and sinks, the
Censtitution of tre soil, the quality of the under ground water and
the existence of clay bands gand their position, Taking the measiures
generally and on a hroad basis, the storm water Araine nf prover
dimensions and degign to Aisvose nff guickly the rain water,appear
very esrentisl, The large tract of lande, nnee sunnosed +o have
been parmgnmtly ruined by over-frrigation, are vith the help of
proper drainage, now being suscescfully Wbught baek under eultiva-
tion and their fertility restored, Bqually important is the vreven-
tion of in-undation of the area from the floods, Adequate vater ways
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under roads, oanals, their branehas and Aistritutaries, have to be
providad, As far ag noss'hle,rivers shou:ld be utilired €or Araining
~out excessive water, Sandy arsa® are amenable to drains e’factively,
Where tubs-wells are to be installed for anti-waterlogging measures,
due imnortance shourld he given to the alay laver in the underground,
Large diameter challow tube wells should be installed in &he upner
strata for Bowering the water table, at deep tubs wells have little
effeet on tha watar table level, Lining of ea-ales should be Aone as
far as practicable to echeck tha heavv amount of seepage there-from,
Thase aspeots have been sevaratsl—" dealt with gs belowi=-

(A) RERCOLATION FROM RAINFALL

(1) Macharge-Precinitation Relationshin,

T™his case ig by far the mogt important as it ocovers the hulk
of agricultural lands whieh usnally lie hatween two natural Arainages
vig, rivers, better known as Doabs, The rise of water table in all
such cases is largely eonditioned by the effective recharge i.,e, the
balance bet ween the infiltration 4due to rainfall and return flow from
irrigation and the 4ischarge towards natvral drainage.

In a previous chantar, the avaerags rate of rise of water
table has heen determined by fitting in regression lines both for
June snd Oetober separately and then by Aifferentiating the algebraie
relationshio, T™his is tre one wav, when the effeet of rainfall al one
has been eoneidered, The second mathod takeg into affeagt the effeot
of {rrigation as well, In case of Ludhiana Division of the 8irhind
Canal Circle and other eanal Diviesions, 1t has been statistically
determined that "14,47 inches of rainfall oan be dealt with by
natural ageneles without causing rise of water tadle™, In gnse of

Jandials D"ivicion of the Upner Bari Dnab Canal Cirole, the figure
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13 14 inches, Ag a result of detailed st tistieal anaglysis carried
out for a number of yearz, the gverage resharge for vgrious Doabs
in Punjad (1) when eorrelated with rainfall for thea vear gave the
following relation

R= 2.5 (P16 )t
Where R = Wacharge during the yvear expressed in imches.

P = annual precipitation in inches,

Polloving examples have been worked out to determine the
goodnesc of fit,

The average ennual rainfall at the selected stations based

on 60 Years average is

Amritsar 23, 54 inches,
( Upper Bari Doad Tract)

Jullundur 2. 27.91 inches
( Pigt Doad Traet )

Kamal 22.88 inehes

( Cis-Sutlsj Traet )
(a) REAZX 2242
R= 2,8 ( 27,01 - 16 y
= 2.5(11,01) «2,85x3.48
= 8,80
This is against 8,52 inches ( 0,71 ft. upto 1958 figures )
as ealeulated by Regression Line Method,
(v) TREER RBAR] ROAR
R= 2,8 ( 23,84 - 16 )}
= 2,6 ¢ 7.5¢ ) = 2,5 x 2,76 = 6,875
™is i5 against 0,56 ft. or about 6,72 inches for Ogtober

levels ( upto 1058 figures ).
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(b). SIS SITLEY DOAR
Ra= 2,8 ( 28,85 = 16 )‘
= 2,8 x %6 = 6,5
™is 18 against 0,54 ft. or 6,48 inghes fnr Oatobar lavels
( upto 1958 figures ) as calenlated for Kamal Pivision of the
Wstem Yemung Canal Cirole.

The above relation 1s an average reaflt and variations

-ms:(e.ﬂs)‘

are poseible vhen there 1s e mpiderable Henarture in geology and
hydrology. For finding *‘ha yecharge in the case o haavily irriga-
ted greas, P has to be suitahly inereased by adting to the rainfall,
the Aesp pereolation from total denth nf {irrigationes during the
Yoar taking into agseount tha emnsumptive uge »f this frrigation

A detailed s*udy of smepage losses both from 1lined and
unlined oanals has bean made and fin4s mention in Chapter VIII of
the thesisg, A new metro? wars previously develoaped in the Regearch
Institute ‘“)m determine the seenzge from the cansls in water-
legged areas, Thi® methnd denends unom the determination of the
angle 6y vhich the outer most stream line of subeoil flow makes
with the vertisal and the measurement of velocity v of the subeoil
flev by an electrical metho4, The total flow aarnss anv segtion
of the osnal can then be abdtgineq by the integrgtion of a mathema~
tical expression involving the two variables 0y and vo The theory
88 wrked out as below., ‘hen the water table is below 22 ft. the
method 1s not gpnliegble due to practiesl A1 ffigulties,

It the middle noint of the surface of water in the eanal
be the nrigin for purnoses of caleulation. Taking x-axis in the
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direction of flow and the axis of ¥ in the vertjeally Aowwara
direetion, 1t 1s elear that anv element of volume of water that
pereclates downwards will trace a path in the vlane gseonstant.
Obviously, the central stream line i3 taken to be @ireeted verti-
oslly Aowmwards and the inclination of ebthey gtream lines inereases
vith the increasing value of x. Taking the inelination 0 of a

st ream line to the vertiecal at provortional t» the firet power of

the x-eo-ordinate, we put -

o = !.f (')
writing y) = 1/b, for the plane y = h
0= x/b

The velocity in the case of steady viscoug flow is direetly
propnrtional tn tre forees produeing 1t. If Vg is the vortleall;v'
dowward veloeity along the y-axis at the paint ( o,h,p,), the
velocity at the correspmding point on another stream line inclined
at an angle O with the vertieal would be ¥, Cos 6,

Velocity at any point ( x,v,2) = ¥, Cos 0 = Vg %es x/b

The downward flnx of water throngh an element of area x
enctogsed by unit length of the ganal would be 1

Vo Cos x/b §x. Cos x/b =V, cos? x/b §x
Henee the total flux, ¥, per unit length »f the eanal equalss

4
¥ &n cos? x/b " ax
vhere x = 4,, gives the poiht of observation of veloelty of the
outermost straam line, Then the flux
4,

) E'.S Cos”~ x/b dx
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7= Y.S §1+cos —2{—;3 ax
b 2%a
= v, }‘1*’23’“—3—, ;

Yo and b are determined from experimental data.

Let the velocity of the point of obgervation on the outermost
strean line be v and 4f O3 ( a partieular value of O ) 15 its
inelinatinn to the vertical, then

Vo Cog &y = v

and 6y = &/

or Yy = v/Cos 0

and b o= 4,/8

Substi tuting the values of ¥y and b in above relat ion, we havet

T ¢ a *-%131- Sing 2 0y

- 8
R

It mllows from the ghove expression that the flux »f water
per unit length of the canal can be calculatsd from a knowvledge
of 01 and v,
REXAELE .
The values of the peepage losces gt three sites on the Jhang
Branoh aaloulated according to this theory are given below as an
{llustration of the use of the method.
(1) »,0, 3,337,
v = 0.128 ft,/hour
4, = 67,0 fr,
0 = 0,788 radians.
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s 2,21 x 11‘)-3 cusecs par foot length of Yhe camal,

= 15.8 ousees per million sq. ft. of wetted surface,

(11) R.D, 7,280

v = 06,0643 ft/hour

dy = 73.6 ft.

&1 = 1,138 pudians.

Ps= 1,68 x 103 cugeas per foot ngth of the eanal,

= 11,5 eusecs pr million sqe. ft. of wetted surfaece.

(111} R, D, 12,16"

v = 0,008 ft,/hour,

4y = 75.0 ft,

€, ® 1.017 radians

P = 2,01 x 103 euseas por foot length of the eanal,

= 17.8 cusecs per million sq. ft, of wvetted surface,

The above relationship thus gives a higher value of seepage
than the usually gccepted value of 8 susecs per million square
feet of wet ted surface ind the theoretically determined value of
6 eusecs,

() SUBPACE RRAINAGE.

Development of modern eciviligation resulting in a net work
of rallwnye, roads, embankments and eanals running seross the country
and expansion of inhgbitations has encroached very seriocusly on
the natural run off aver the ground surfaee. At mogt of the plaoes,
the originel ecurses of *hr streams under the railways, roads,
gnd canals have been 8losed and nev eourses given, This does not
work eaticfactorily because it takes gquite an appreciable +ime
for the et roamg t» zdjust to the new eourses. In the meanvhile

consderable hegding up of water oce rs, flooding takes place and
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vaterloeping is eavted, Again the oneninge provided far the rune
off have deen inadequate. The ‘lnnds of 1947, 1080, 1952, 1058
196 and 19€2 in the Punjab have definitelv shown the inadequany
of these openings. Pesidas ovening nf the 014 blosked drains, new
storn water drains should be eonstrmcted t2 Araln off® the area
quickly,

The rivers are the natural drzinage= of the econmtry., The
first effort ghnuld be to take the artificial Araingge channel te
the neardby river, Por instance, vaterlogging in Ludhiana anA
Ferozepur Distriets eould be epadicsted by condueting run-off to
Arop intn the Butlej river, If in ecertain cases, the requisite
slope 18 not available, 1t can be secured by slightly changing the
alimment of the Arainage ghannel, It should be possible in most
of the casas to seenr® g nroper Arainare of the grea by utilighg
the river as a sinks. 8Similarly on Yamuna, Ravi and Beas Rivers,
propar ontfall sites are available gnt more sites san b found and
storm water diverted on to 1¢,

(1)

B ¢ 3 E. ’
OGGIN G MEASU RRS

In an area of high wvater table vhere subsnil yater hat nearly

eole to surfaee, a shallow oven drain is an effective megsure to
lover 48 to limits eonsidered safe and Adesirable for grovwing
certain types of araps, Intercention of ground watey Tleving
laterally from g sourge which may he outside the affeceted grea is
the common nroblem, The varigbles involved are 4denth, Inngth and
sige of the drain anq their loocation relative to the prodblem area
and source of seepgge, The purpose is to investirate mesim
a2 shallow nnen type »f drain, vhere there i a souree of Seepape

at some finite Aistance from 'the projeeted loecation of the Arain,
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The design of sueh a Arain has bdeen wonrked out with the help
of Darey's lav and Chegy's Formula for uniform flaw and explained
by wvay of an example. In the analysis of the equatioms, following
assmamptions have been mapde,

(1) Capillarv flow is negligible,
(») Open shallow drain interespts all the flow,
(8) Seepage flovw i{s uniform 4in entire length of the drainm.

Let us atsume that water tabls in a eertain traet is at least
3.5 ft. balouw the natural surface level., Ssleeting a 4rain of
umial trapogoidal shape having bded witth and Aepth eqral te 5 ft,
and side slope 18l and hydravlic slope as 1 & 1000 |, the spvacing
of the drain can be caleculated by Darer's Lavw and Chegy Pormula for
unifors velocity, keepirg the water tabls 3.5 ft, lowsy tham the

_ ground surfaee.

iy

No by Naraer'e Law, the flow of ground wato is governed
hy the equation ¢
¥=X4
Whaye ¥V = Daroy's Dig charge veloeity,
K » Pormeability coeffieient,
1 = Hydranliec Oradient
Now asmuming the dspth of flow in the Arain to be 1 t, wve have

va X N2
R
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Where he i1s the fall of water surfaes up *» the Arain snd R is the
spacing o drains
Again assume g
value of X « 0,32
B = 0.50 ft.

S Y a2 0.0

Now flow in *ha Argin from hoth sides for a length of one
foot is given by the equation
q=2(axv)

vhare a - mean area of *low

Benge g = u.x.zuu.iu‘za_mm
Again assuming that the length of the plot parallel to the

drain 1s L,
® total #epage into the drain - Q.P_

. "

The chinnel capseity to pase this mueh A1seharge will be
worked ~ut from Chezy Fermula a8 delov
Y= ¢_/mi
whe re ¥V = veloeity of uniform flov in tha dretin
C = Chezy' eonastant
B = hydraulio mean radiuns
and $ = onergy gradient of Tlow

Volve 07 C will bte found ~ut by Manninga' Formula a8 beley

c . 288 1/6

Now | 'V, 4 KX
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. 1,458 1/6
. 0= 5 { wimy
Taken K = 0,028

Henge c-%ﬁ i’?ﬁzv

= 59,44 x 0,95
= 56.47
x 57 { say )

* V::S?_/m

- =" ‘1‘5’5)"“ iﬁé

n 87/ 2.4
O A XV
.’_Lﬂ = 9,4 gusees,
3%.4

Row 0= Q-gﬁ-l-'g"

Now take L = 3,000 ft,

=
o.. 9.‘

= 179 ft,
= 180 fr, ( say )
Spacing o the = 360 £t,
;lqr:codlm{nof Drains = ‘ggg- +1 =8+],

=0 ( sav ),

Open surface drains ean provide a fuitable solution vhen the
formation 15 shallow with top 8~1il1l bYeing sandy or sandy loam,
underlain by Yard pan as compared to slayey formations under similar
situations. In the latter case, only the underground or sudb-
surfaoe Arkdms will be more suitedle as surface drains will be

nn-neonomin?/md waste toe much of land beesuge of clofew spacing,
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(11) SRECING QF SUB SURFACE DRAINS,

T™hie can be worked ~ut in a simpla form by annlying
Darev's law and the Continuity Bgration, assumimg the matural
érains to go &m to gn impermeable sgtratum undermeath.

With usnal notatioms

dh
e * kh S x

<X

Combining the above two and putting at x = Oy h = B
and at xs-é— ’ —?&— -0
we get
h2-h°2- -'ﬂi— (R x2-%E)
Where R is the effective recharge and L 18 the spaeing detween
the 4raims. This gives a parabolip profile,
It H ig the paxisum head midway Detween the drai ms, we get,
on? - M
Now total diseharge im 6ach draim per unit length = R x L
=0
S, Lea (E2.m? )
Q

The sfse of the subsurfage draim em be ebtaimed im the
usaal way for the vequired Q and the svallable slope of tho draim,
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Taking into aeeount the curvature of streamlines, Hgmmad”o)
improved the gbove eqation by solving the Laplaoian Bguation for

tw dimensional Mow nsing Schwartz Christo”"el The~rem., Ase~rding

to him, Aigeharge tn the drains ner foot length 18 given by

o-m-ﬁ‘—-br}—’—‘
lo(. 1 +L/r

(111) INIERCEPTING UBAINS AXD FEEDER WELLS

When watarlogging 18 due to general building up of water
table from seepage of canals supnlemented by resharge due to rainen,
fall and 1rrigation ete., the intereenting Arains al omg embankment
reaehes someatime give substantial relief when *the aquifer underneath
18 shallow ant near thae top nil, This deviee has been puceessfully
usad at many plaeaz and especiaglly in the Tnited Puniab on Upper
and Lower Chenadb Canal areas. It was found that the Alstanes of
these draine as 1,000 ft, from the eanal was generally suceesaful
but this would normally depend on severgl fastors like the Arginage
capacity and thickness »f the quifer formation,and 4ifference of
head between eanal full sunply level ant the water tghls,

Wen faced with deep aquifer formations, the intereepting
drainé cannot prevent the general building up of water *able, A line
' ‘here T = radius of the tile, ‘o
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of feeder wells narallel tn th- sanal wonldi be more a-vrooriate
in this care. The nroblam is how t4 Aecide the dis*anee »f this
lina from the eanal n that ths eanal Seepapge does nat inaerasse,
It would alsn he necessary to det-rmine suitable A4istance between
the feader walle themeelves in the nrooosed line, Meld sxmerim n-
ts earried nut o Ganga Canal foeder welle showet that vnder
emAitiong when the eanal 48 nedthrr in Aigeing nor in filling,
the Aletaner nf fasder walls can be safelv taken as SO0 £, It
can be taken somevhaye arund 1,000 f£,. for eanals unier heavy
epbankments,

(D) ABANDONMENT OF PRRCOLATION WELLS,

With the advent of eanal irrigation, a large number of
vercolation wells have gone ont of use., Reecords show that there
are gt present 42,553 norenlation wellez in the striets of
Perozepur, Ludhiana, Hoshiarour and Jullumdur out of yhiech 36,604
are in working erndition gnd +the ragt S 604D in non working
econdition, In the whole of the State, exclutiing the Erstvhile
Popsny 8tate, number »f pbandned wells is 26,000 gecording to
" Segson and Crop Report nf the Bunjab Govemment - 1957 ", Taking
on an average 0,1 ¢S, dissharge of eaeh well, at least 7,600 ocusees
have remained ﬁnpumped from the underground reservoir all these
vears, Thig arount would have gone 3 long wav in lénring the
vatertghle and removing water logging in the State,

vhen the quality of water is gond and water benring formg-
tions extend to larger depths, 1t will be advisable to mink a
large number A shallow tube wells which besides augpenting
irrigation sup~lies, help a 1ot towards lowaring aof watartable
to 1imits eonsidered gafe far proving of crops. Before

embawking on such a project, 1t 1s, howvever, essential to explore
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the subsoll strata for suffiefent depth below the natural
sarface. In short, the following information would be desirable,

(1) '“hat gmount of water 1f trere in the esub-strata
and 1t2 quality,

(11) Bow quiokly it ean part with tha water,
(111 )How pueh lowering the watertahle would be af”aated.

(iv) Fow this water is to ba Aisposed nf in ease 1t 1g
gond and vhen it 1s bad,

Such tests in tha 1213 have baen made in Amritsar and
Ludhisna Districts recently by the Researsh Institute., Norings
near Anritgar showved that the strata unidemeath the surfaece upto
a depth of 1~ feet was mostly composed of good sand exesept in
the ton 7 fert, Thig proved to be a gnod feature for insta’ling
tubewells., Aftey that, four tubswell: of 6" diaweter have bdeen
installed to various Aepths such g8 30,5 and 170 feet beloy thre
surfaee and their effegt on lémﬂng the water table studied,

It has been shown that the affect of lowering water tablak by a
tude well tdcen gay for instanes to a Aepth of 50 fest, dees not
extend bevond 570 feet, The effect is more vronounced upte 9250
faet, It is +hus “bgepved that for effective lovering of the
water tables with the help of tubewells, these may have to be
placed about 1000 feat apart.

In the Ferorzepur distriet, in Sighwan bet area, field
tests shnwd that an impervious elay layer exists at a Aepth
varving from 30 ft, to B0 ft, and the thicknecs »f the clay
layer in certaln cates 13 15 to 20 feet, The rasults of geolne
gleal investigations have shown that the avea is not at all
suitable fnr installing zhallow tubs wells,

The neeesgity of underground exploration before taking up

anti=yaterlogging measures gannat be ovey emphgsiged, When the
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wvater bo;m( formgtinng extend tn lakger denthe, the development
of the basin botween twn Adrainages in regard to maintenanca of .
the wat~y table at lower elevatinns is Het ter worked nut by tude-
well pumping vhich btesides affeeting lowering of water table will
be benefieial Mr thne extension of jrrigation, This has besn
analytiecally determined with the help ~f MNarer's Lav and the
equation of Continuity a8 belowte

Aceording to thr NDarey's equation, the flov a* any seetimn
between the ¢gallery an4 drd nag~ i2 given by

qs = kh ’_%- e 6 8 8 & ® 8 @ "-1)
and the equation of emntinuity gives
’u— = n s 6 0 8 @ . & » ‘Q.Q)
X
oY daq = R dax ® ¢ o v v a v » 0(9-3)

Chlning Bgs ( 2.1 ) and (P.3) and integrating, w get
qux S ghdh = (Rxax + gc;d:

2
oF - ..kgg_.-._l.g_.«vo:lg#c.



which gives the water table préfile as

hz B - + éha 4.131: Fy a\czg -o-ooo....--.(904’

‘herein Gy and Cg are constants governed by the bonndary eonditione |

A

Apnlying the boundary eonditions(vhen x = 0, h « hy and

at x 3 A, h = hy ) the constants san he evaluated as

he? = 1y o

and the water table profile is given by
a2 (1 -2 (2omd)e By (09
-r—' -!— A se .

Hapa, the Aistance Xy dYom the drainage for the maximum head hy
between the gallery and drainage can be found by AiCferentisting
equation ( 2,55, equating to zero o 4 tubstituting x; for x.

2
a?{;—}- --.5;_ — - 222:1-1\)* '..’.}1’..-0

or  moEgr— (m2-8?) 42 .6
A

The recharge to the st#ip elose to the Arainage upto a
di stanee Xy vill flov to the drdnag~ and th~ corresponding
maximum head hy San be obtained by apnlying boundary enniitinons
2h- .0, h=hy andat
Xx= Oh= hy and finiing values ot eonstals §.0,

to weq. (9.4) vherein at x = x,,

2
c].""-L;l—a‘ldca ,kh!_

Thus hy2 = hg° + Nk x°  (9.7)
Blmilarly. the gromd wgter profile between the two palleries
is obtained by again applying the boundary conditions to equation
( 9,4). Taking the origin at the galleyy line instsad of
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drainage 1ine ( at x® 0 , h = hy and ot x = ( L/2-14) ,+ = 0)
gives

2
Oy = R(L/2-A) and Gp = - e

g h° - h19 x - 1K é a2 -R(L -24) x ; (.0.0

At the centre of the dralnage basin i.e, gt x = ( L/2-4),
h = hg, equation ( 9.8 ) reduges to

ho2=m32 ¢+ RE(L/2-A)2 ... ... .(0.9)

From the above gnalysis it 13 eansy to locate the nositisn
of the galleries 1.e.y the 'ine of wells, and the head sgainst
vhich purping is required for eeonomically lowering the vaer
table profile to the desired level,
RXAMFLE. |

Let us take the gase of waterlogged traet of land in the
Upoer Bari Doab Canal Cirele, 16,000 ft. wide, lying bdetween two
dreinages of infinits length, Assume that the seil 4£ homegenecus
having a coefficient of pe Mmegbility equal to 24 ft, fipr day.
It 4s desired to provide the most eaconomical drainage measures
by tube well pumning., RMirther assum® that the mximum gmmdé
elevation of the water tadle in the eentre is 178 fi. above the
imparmeable base and on the sides upto 4,000 ft. the average
eountry elevation is 172 ft, Taking that the maximas of the
depressed water table profile should he 7 ft, besloy the greund
sarfaces #0 that the effect of waterlogping 18 elimingted within
the root mne, the allowsgble safe elevations of wter in the
gontre and the sides are remectivoly 168 ., and 165 €, Again
take the water lavel in the 4 ral nages to be 160 ft,
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Wow rate of resharge in the Uppneyr Bari Dngh Canal Tracot
( vide page 55 ) i equal to 6.875 inches in 6 month:, as most
of the manual precinitation is received Auring the Memsnon
momths { Vay to Ostober Ye

Tnis gives an average daily a recharge

Suhgtituting the known valuesz nf the vagriables in equations
(9,6) , (3.7 ) ma (6.9), we have

n"%*ﬁm(hlg_:mﬂ:) .ooo-o(ggel)
h12 -mog “4— s @ e ® @ .(.?A)

Xy 2
ho’= n 2 « z% )2 cerrosnsessl(D.ON)
7

From equatim ( 9.7A), x; = 3470 ft{say 340r) vhen h; = 165
ft asnd (9,9 Adyye have hy = 164 and A = 4900 (Avproximately).

Thus the suitable distance of the gallery from thd Arainage
13 4900 ft, and 164 ft, gbove the impermegble base. This will
wean that the flow to the d rainage "n either sgide will he from
a strip of land 3400 ft. wide, legving the resharge to the
galleries ovar g width of m;?m - agm ft.or 4600 ft,
per gallery
(B) EINIRBRANEAN OBSTNICTIONG,

The relation nf the ohgerved rise of watertable in the
vali ous 2snal {rrigated traets to the intentity of irrigation
and rpinfal has alresdy bheen investipated thegsetically as
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well as by the method of statistieal analysis., The general
eonelusions drawn feem this study indieate that a large proper-
tion of the ineregsed volume "f growmd water sust be arrtibuted to
poreolation nf water from the surfaee of the Soil. A general rise
of the watar~tgdis remlts until sugh time as a dynamie equilib-
riup 1s estadlished in vhiech thefloy of the ground water as
relieved dy natural or artifisal surfase drainage and evanoratiom
from the 8011, ean oope¢ with the volume of water eontinuglly added.
It 13 found that with an infinitely deep sub-soil of uniform pers
neability, the possibility of establishing an equilibrium eondi- -
tiom of flow for an estimated pereolation 1ogad depends largely
on possgible depth of the Subsoil stregm, In order that any predi-
etion shall he possidble of the equilibrium profile of a water=tadle
beneath an irrigated traet, 1t 1s negessary te ertimate the
possible depth of flow in the mbesoil, .

Usaally the breat thisiness eoupled with enowmous width
an uniform eharaster of the alluvium fo-mg the sudbsnil of the
plan, Enginesrs have bored down through layers of mud, sand and -
elay Or nearly 500 "t, gt Calautta and 1,000 feet at Ludknow
withont coming to solid rock bottom. Later on Oeodetie Surveyors
deduged 1ts depth to about 6,500 “eet but this estimate 15 consie
dered too lev by @eologists. Mr. N.D.0ldham of the Geelogieal
Sarwey of India eomelnded that the maximum depth of through fe
15,000 fyet at the foet of 8ivalik Hills, Later om Xr 8.0G.
Burnard o” the Burvey of India Department, speeulated it likely
ts be 20 miles. :

Had 4t been almo ao. in the case of Punjsh, the problem of
water-logging might have not grisen gt 2ll. 7The sub-stratum

(ni
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in the Punjab is believed to bde intruded by ranges 0 impervieus
roeks vhieh prove g direet oheek to the floy of mubd=terramesn
water and thus eurw of hydraulie gradiemt is disturbed. A
BaPrev ridge negr D-1hi, vhiech is really a northern emmtimugtion
of the Aravali Moumtain system, dips under the plaihs., It is
farther sald te tave manderlain the North-Rastera geetion of the
Satlej-Jumna Doab. It may be further observed that geodetie
investigations have revesled beley the Punjadb rivers glluvium,
the existenes of a eontinuous ridge wvhich ofter traversing this
Degd runs parallel to the Himalayaes through the Bist and other
Dogbs, right frem Delhi to the salt range. The visible parts
of the range pepresent the Ghahkot, Sangla and the Kirana Hills
im Pakistan ( West Pamjad ). (Fig. 9.1).

It,1s, Thevetfve, neeessary that series of traverses at
right angles to this ridge of Aravall system be tohen mmd the
ouxet sub~sur”aee topegTaphy de pl.ottid.

The first predlam taken up by the Irrigation Regearedr
Laboratory in 1926 was the determinstion eof the depth of mab-
sxk alluviur of Reehma Dogb. My, Wilsdom, the them Seientifie
Ressareh O7fleer, earried nut gravity survey with the help of
Btovos TorShen Balanes, This Survey was foumd useful in wmder-
standing the preblem of waterlogging in that Doab and devising
meatures to cheek that. Many methods have eome to limelight
sines them. Etoves Torsion Balanes beeome obselets as baek as
in 193 gnd has been replaeed Yy gravimeter. The vhole survey
$s thus expedited and is undispntedly more assurate, Developments
4n the seienes of seismolegy have given rise te a mueh better

method. Sédismic surveys, though expensive, are more relighble
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nd instruetive. Various methods in vogue for subd-sarfaee
| YVeyYs ean be snumerasted as belew:-

(1) Gravimetrie Method.

(2) BSeimioc Method.,

(3) Eleetrieal Mesistivity Method,

(4) Magnetic Method,

A peculiar feature, however, in the hydrographic system
of the Minjad State is that jerthem halfuef the Btate is wvater-
logged and loﬁthom half 18 in the grip of severe draught, The
41 fferemes in the vater depth from the surfase im the two halves
Bay he easily more than 170 feet, f_!hil has been the subjeet of
investigation simes the establishment of the Instétate, Recently
it was taken up by the Qeophysics Department which earried ocut
iemic obeervations, but so far ‘there has been mo indieatien of
a definite ridge underneath, Whatever the caunse of this peguliar
system may be, it 15 a fagt that the two areas nresent a very
strong eontyast s to the water table conditioms. ZRxeepting for
Indo-Gangetie drainage system of rivers, there is no sther river
worth naming. The ground slope may also be in the reverse
direetion. This smbjeet has to be further studied., There would
be a big drop iIn v ater table oontours also begause the groumd
surfaee does not drop so suddenly. With a view to eradicate high
water table, big drop may be utilised and should be eonridered
a8 a very valuable feqture, This will have a doudbls ef’eet to
remove wutor logi ng from the morthern part and remove Araught
from the souxtherm part of the Pujad as wll a8 from Mjasthan,
The ground wvater removed from the northern nart of the Punjab
should be utilised in fl1llimg the underground reservoir te a
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Yeasonable depth in the lower part. If the natural surfase drop

for the free w.t?r is not available, the undergrount Arop ean be
afoetively used by dringing this wvater through a ehannel and
leaving this into large ponds. It ean be to a eertaim deoth as
o give some drop in the bed slope of the ehanmel dringing water.
The absorption in sud s04l would be small as eompared to the
shannel flov but its eumulative effeet would be great as this
wuld be a sontinuous firoeess,
(7) 30IL CHARACRERISIICGL

It has been found that g fevw years gfter irriggtion has
been int®» dueed to an area, the palts begin to appear &t the
mrfaee at places m?r:zon':';ofon. Thue vith {rrigation, |
alkali appears %o spring up denove and wvhere salt patehes
already existed, these spread ranidly with artifieial irrigation.

On g modest estimate 1t may be Stated that total avea of
saline and alkali lands in India 1810 million aeres, The
damage to lgnd gppears to bs vory great 1n Punjad and Utter
Pradesh and about 50% of the total damaged arsa lies imn these
tw States, In the Punjad before the advent of egnal irmd gatiom,
the Thur (8aline) Land oesupies only a small area of the Bigte
but vith the imtroduotiom of eanal irrigatien, thewe has beem
vide Spread inereass in thur arsa. 7To estimate demwage to eanal
frrigatdd lands in the Punjgb, a regular Thur Girdavari was
started and a reasonably secsurate regord is being vept sinee
1927, These Thur Girdawaries are made both by the Jfvil as well
as by the Irrigation Departuents aeeording to their owm basis of
assesment. Agcording to the Civil Department imstruetioms, am
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area is reported Thur vhen damage to the land 1s indicated by a
erop which is less than 28% of normal ygeld. Aacording to the
Irrigation Branch standard, however, the land whieh is 20§
damaged by thur is classed as Thur or Kgllar Land., The thur
area in 1943-44 in mnited Punjad in seleeted estates alone stoed
at 26 lakh aer~s which is quite high., The total thur land
in whole of the 8tate was, however, emsiderably move,

‘In Punjab (I) after Partition, a regnlar reeord of thur
Gt rdawariss has bDeen kept in the Institute and 1t has been showm
that every year, thur is on the ingrease, The totsl thur withia
the Irrigation boundary on the various eanal systems is about
five lakh geres ( Tahje 9,1), Outside the Irrigation doumdary
al4though the reeords are not very accurate, vet it thowvs enormous
area affected by thur.

8ince the probdlem of Thur is vary serious im the Pimjabd
on aeeount of 1ts rapid spread, it has been tackled also on a
pProper sgientifie basis. As early as 1935-40, methods for the
reelamation of thur land vere evolved and spolied to the fie14(72)
The earrying out of soil survey in such salt affected areas ;d
the survey for eaeh Irrlni\:ion Projeat bhedore it was takem up,
vas eongidered as an essential feature. Boll surveys of 57,200
aeres of Chag Darkhana Blogk of Havell Preject { 1932-33 ),
26,986,000 acress of Thal Projest (1939.47), 10,00,000 asres in
Lyallpur distriot (1941-43), 1,67,000 aeres of Jalekpur Pumping
Projeet (1943-48) and 64,800 seres of Crovh Waste Land om
Rangpur Canal ( 1944 ), were made in the pre-partition wmriod,
Thess were eontinued after 947 as well and an area of 1,721,200
aeres of culturgble waste Aand in Kamal District (1948-48),



Name of Mvisgion, Calturahla : .
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Delhi Division. 3515613 57337 67328 69008 es3my 62389 69358 72089 72564 39924 36999 34520
Kamal Division, 237114 28090 28791 °8793 27003 27969 27969 27969 27961 08900 88290 67758
Hariagna Division. 417125 15669 15657 15677 1ses1 156877 15849 165¢8 17033 18119 18219 18219
Rohtak D°viston, 351612 20500 14805 15083 13481 13539 13539 13684 13534 13008 15073 16471
fﬂuar Division, 513523 1064 10748 10773 10080 10860 13088 12563 19200 19685 12009 12184
Pehowa Divigion, - - 4216 476 2328 2328 285238 22747 22747 28747 20304 23147
Bhakra Main Line. 165937 - - - - 121 4285 4413 4413 4800 4908 4800
Tohana Division./ 378505 - - - €901 5700 4923 6404 “o9 449 ez 7998
Fatohbad Division. 615672 4950 1312 4308 2409 950 980 950 @33 R é3s A58
Rupar Divisdon. 140297 242 256 248 194 1750 4122 783 1120 2679 2479 2683
ABbatinda Divielon, 846772 3980 5429 6766 o 7071 72684 10659 11007 12850 12881 11936
Abohar Divisicn, 654935 3618 3919 11099 11009 11899 11189 11129 11120 11129 11120 11748
Perozepur Division. ' 720527 16348 17513 10887 10013 10830 12473 12887 13887 13052 16627 16748
Bastern Division, 369173 03739 99211 79879 53060 83967 s9e7 53087 51125 EMM 53047 53508
Siahvan Division, 430641 85482 67493 72121  TBES)  TSRSE  756S TSGR 91804 80601 . MO0 AN
Madhopur Division. 18047 - - - 7806 652 23401 MO0 23011 gYSY 33787 23787
#ajitha Divigion. 4042285 71166 91677 89860 88443  )71%8 87046 20299 79411 90066 79964 o064

‘M mliqion. | 61833 1053'? _8178 0‘“
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33,04,200 aeres of Punjad Bhakra Projeet ( 1949-82 ), 1,50,00
asres of Gang Canal in Bikaner - Bhakra Raljasthan Canel Projeet
( 1981 - 82 ), 12,68,458 aares of Madhya Bharat (1952),23,77,411
aeres of Pans: Bhakra (1954-86) and 10,00,000 aeres of old
areas on 3irhind Cenal Cirele ( 195857 ) were surveyed, The
grid used wvas 400 geret in mmwe cases snd 800 or 1000 in others,
Based on the information obtained from these scil serwys,
sehenes for the reelamation of the damaged aress were plamned

and executed,



