CHAPTER VIIX.

8,0 Determmination of seepage lnsses in irriration channel %
one of the most oomplieated provlems that have faced the Hydraull
Bnginmers from th~ earliest times andA that verhaps axplains vhy s
1ittle advance has been made tharein upfo tha reeant tives,
Laboratory tests while londing trameelves tn other cases, seem to
fail vhen anolied tn mpenage lnsesag,because the mnat important
fagtor viz, nature of subenil strata, eannot be reprodnced in the
laboratory, Tre evaluatinn of seepare logsesfrom the ganals with
reasonable preeision, is of the utmist immdrtanees for the Punjadb
State as 1t tras invariably resulted in a ranid rige N snring
levels caus‘ng aonte wateriaogping emnditicns in the eanal irrigat
tracts, It has been Obfarved that a fairlv high nareantage nf
water let off at the head nf a eanal geans intn tha suhsnil throv
unlined canals, branches and 4istributaries, On an averape, out
of the t~tal quantity of water that entars a eanal at the head,
17% i3 lost by wav of absorption and evaporation in the main ecans
and branches, 8% in the il stritntariez and minars and 3K in the
water esurses, This means that for 100 eft, of wnter receivad iy
the fleld, 1R2 eft. of water 18 releaseq at the head.

In the subgequent pages, total ameunt of wmter vhieh &
into tre subsnil fror all mainr unlined canal systems in the
Punjab 8tate has besn worked ont tn assess the gravity of proble
The study has retwaled that as much as 2,546 evseos are being

lost every day on this aeenunt,
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.1 Colonel Dyas '1863) and T.Vigham(1R74) vere the ealliest
investigatnrs in this line. They were, howaver, esntent to kmov
that ahsarntion 1losses in the Main Line of the ¥pper Bari Dnab
Canal wera 201 gnd 12% resvectively of the iisgharges in the Main
Canal. Kennedy(1°83) wnrked out absnrption lotses as 43 Cferent
rates nf sinkage per hour for main line, branches, distributaries
and water gourses., Hit remlts when redueed to cuntecs per millioer
8q. Peot of wvatted ares were 9.75, 2.2, 3.3, and 9.4 resneatively,
“oods tried to be move gajientifie and produged the formila
q=0a d _
where g is absorption in wncl/m‘, C is a constant varyving from
1,70 t6 1,33, a is the redneced wetted perimeter of the channel
section and 4 18 the depth, Later, T.Fizhm“s)un the follow-
ing formula for determination &€ loss by sgeevage in Punjadb Canals

P = ¢ _/——glﬂb

where P = loses by seepage in cusses for a length of eanal

C = g gnstant usually taken as 3.5

4 = depth of water in eanal in feet,

We vidth of water surface in qanal in feet,

L e Length of canal seetion in ft.

Keasurements on msmme of the older sanals in Punjab gave
an average loss of 8 cublo feet per seoond for each million squar
feat of wetted area, vhich 18 egquivalent to a 1lnss of 0,7 eudies
feet of water par square foot of wetted srea or a depth nf loss
of 8.4 inches,

‘dllndon‘“)waa perhape the first t» make a real start
in the seiontific invertigytion of thisg subieet, His Lygallpur

experiments gave a clear pleoture Af yhat aetnally havnens in tiw



8011 when water 1s lost from a canal by absnrption +hrovgh
unsaturated =111 {(whiech has a mristure content nf lasc than 23%)
and by pereolatinn throngh aaturéted enil ( whioch has a moimture
content of more than 23%), The term seepage losses stood both
for absorption and p-reolatinn, Incidently investigations by
Wledon proved that 'wod's formula (K = Cad) waf ineorregt
as the ahsorntinn lnsess were not gt all direetly pronortional
to depth, F,F.Halpgh (67) of the Punjab Irrigation suggested the
following formuls based on obeservati ms and past exverienees

K = 50 q0.0628 { Unlined Channels )

Th's forrula as based on the usual experience that absor-
ption losses were f~und 3t 6 cuseect ner willion sq, feet nf wetted
area for a channel nf 20 cusecs am? B cucees per million for a
channel ~f 2,000 eusege or more, It has since been mndified as
follows in the Ceritral Deeigns Offiecelrrigation “nrks, Minjab,

X = 4.0 00.0695
based on the eorrect interpretation of Mr, Faigh's resulte of
14R experiments,

Tre abhnve ratece n® seengpe lo-ses rapresent aversge loss
per square foot »f wetted parimeter., The intensitv »¢ lnse i3,
kowever, maximum at the hottor and decereases mniformly on +he
gides., If the intensitv of locs 45 assumet tn vary Yith the
square ont of the deoth as inAicated by the rasults given ahove,
then tha total ssepage 1oszs from the two cide slopes 1s aqual +o
4/3 times the lancth of bhe side slone, rultipliet by tha maximum
intensity on the bottrm. (TH1s has heen theoretieally verifiad in
subsequent pagee). For ordfhary prépertions »f had width to Adepth

the esrror regulting by apnlying tho gverace lossg 7ar square foot
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to the entire wetted perimater to obtain the total seepage loss
will be 8mall onmpared to the gecuraey with whieh the loss ean be
estimated for A1 fferent materials, The valuer given adbove ecan,
thereforas, ha applicd to any eross section and tha 10ss expeessed

in gudie feet psr segon?t ver mile with the haln of the forrula

= 0,081 x (1*?@”093/1-,‘”
-~ 1+Cot Q)

"here N = Dizerarge in eunsees,
8 = total seapage loEsw.
S=m Average seepage in‘ensitv,
® = Inelination of the side to horisontal,

1-*, vhare B is Bed gut width ard D it Depth of the
ehannel,

For wnlined channels, a side slope of H{ to 1 is genersll;
taken in the Punjgb.
8.2

From an investigation of the gharact~ristics of the
Znukoveky's function
o=17 + F-aro¥/
( vhare w= & + 4%, J 1% a parameter snd A 15 a real eonstant

velocity along the nerimeter of g Aiteh ean be worked omt ac

X
J, 1+ \II B/(B+ HI)]’ - gb.ﬁ_ eee{B,l

wvhare B 1¢ the surfaee width, H it the maximum depth of the ditoh

¥=

and k 1s the nermeabi‘ity.
Yedernikov (“)donlopad s mach more Aireet mathod of

solution for determining seapage from Aitehes, sanals ete, of a
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trapezeidal section using the method of inversion. He takes the
quanti ty of seepare in the form
q=%x ( B+ aR)
Where A 15 given by the relationship

fa ¢ >e) .53 ¢ 49/cop0-121
A = Eano IT Jo (I1/2) = £5 (%)

Taking a series of values for J- and B} , he sbtained the

correspondence hetween A and B/H as given in Mg, 8,1, In this
figure, m = Cot is the side slope of the diteh,

Noting that the veloecity at infinitvy equals the goefficlhed
of permeability,we find that the width of the flow at infinity 1s

L = ( B+ aAH)

Thue for a trapercidal sectiony the equipotential lines
rapidly avproach the horigontal, Hence the solution of this
section may also0 be considered to provide a suffieiently valid
approximation for ssepage into deep horizontal filters,

8.3 QOMPARATIVE APPLICABILITY OF TWO METHODS,
FIDNC METHOD,
In order to investigate the comparative anplicability of

tw methods 1llustrated above, let us tgke the gection of the

diteh or canal g5 belows=-
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B = “ater SurZace wiAth = 12,0 ft,

R= 3,5 ft,

The valume of ¥/k at various points on the side and hed
are given by the equation ( 8,1 )

_{__ —
TR - (B TR,

At r ¥ - 06®° L— = 0,83
| I ¥ = 8s® I~ = 0,86
P, ¥ = 8P 4+~ - 0.99
. ¥ = 758 _g_ = 1,08
Py ¥ o= % 3 = 1.08
o Yoo o= e’y X - 1.08
) \ - 6 J = 1.18
Q Y .- L 1,20
G Y = 0w 3 - 1,49
Q ¥ = 0° + = 1.70
The average value ofef— = 1,17

Watted Porimetear of the diteh = 24,4 T,

Taking unit length of the canal seetion,

Wetted area = 24,4 X 1 » 24.4 8q. ft.

80 the total gquantity of seepsge thsough the ssetion is
fiven by

L:-:J- = 1.17 x 2.4

or q/x = 28,8
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(v) SECORD MEIHOD,
Vedermikav method takes into emnsideration bhe value of
A M1 ealeulation of q/k a® shoawn in Fig. 8,1, Sinee the graph
does nnt give values nf A againet valuesr ~f B/H for m = Cots 0,8
the same were oktra » pdlated and are shown in the same fipure
foom which A was found out to de 3,24 for B/E = 5,70
Rence q/k = B+ AH = 19,0 + 3,24 x 3,5
= 31,3
It will be eeen that the values of q/:k'a: ealaulated by
41 Fferent methods are verv nesr to apneh odervh, Taking the averags

of these twn, the quan$ity of seenage is piven by

9 = 30,0
X

Assoming X = § x 108
q 30,0 x ¥ x 10~5 x 10%
M4

= v S 6, 15 susees
Y4 -

It wvill be quite informative to investigate the ratio of
stepage 108 r a5 it sceurs from the bed and side of a canal peetior
Thir has been ealeulgted from the FPirst Methnd wvhich 18 based on
the Zhukovsky's Bmnetinn

0 =13 + -—\'DE- = A e¥/>

Taking the same geotion ~f the canal as before vig,

§ide length = 4,0 ft,
Bed WiAth =l6.,4 £t.
Bide Slope =1 VY1 ¢ N

Maximum Intensity of seapape at bottom 1t given by

'A = 1,7
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as ealeulsted by the eguatisn ( 8,1 )
by taking X = O at the middle
Algo the valuet nf Seepare rom +he 2ides ean be ecaleculgted
by finding the average valve nf V/k for sides and then multiplying
by tre length nf sides,
ryr the above seetion, the averape value of V/k at the
sldes comes out to be 1,01
Saepage throvgh both the sgides enmes nut to be
1,01 x 2,6 = 2,08

. Ratio = 3‘@—-— = 1.2 = 6/5
. . 1.7 x 4

vhigh ghawe that the totpl seepage throrgh hnth =ides 9¢ a canal
section if qgual to 6/5 times the maximum intensgitv Af secvage at
the bottom multiplied by the side length. This valne 1s taken as
4/3 by goge guthnrs which gppears some-what on the high side,
.5 APPLICATION TO CAWAL SECTIONS,

The methode given ghove can be applied to any canzl seetinn,
hydraulie data f7r wvhiech are availgble, to determins seepage losses
on a thesretieal basis, Some of th-se eanal sections are given 4n
Table 8,1, The valra of total seepage loss through the hed and the
sides has been calenlated bv +the annlication &€ the relationship

q=kx ( B2 A H)
vhere values of A can be read asgains* the corregponding values of
B = 0ot & gnd tha ratio af the yater surface width of v ater
s face depth, B/AR,
The value nf Ssapage losres as caloulated from the abnve
form:la for these geetions are given in the same table and fouvnd
to varv from 5,75 to 6,15 onseqs/108 sg, ft. 0f wtted srea with

an average nf say 6 susees,
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It may not be out of nlace to mekbinn here that penerally
Seanage lo-ses gre asrumed teo be nf the nrder of R rcuseqs par
million square et of watted arveg whieh assumption 18 not prove
to hold good on theoretical ensiderations,

Also the valus of teanafre losg from the 8ides can be eale
sulated by finding Hhe maximnmr seecpage intensitv gt the ¢ontral
point of the bed hy taking Y = 0 in the equation ( °,1),
and multislying in with the side length afd the ratio 6/8,

8.6 : JATH QS58ES IR

A Aetgiled gtudv has been made to wnrk sut gaanti tatively
the gmount af water which gnes into the subenil by wav of seepnge
through !"ain Line and Branches of a1l the mgjor unlined esanal
svsteme of the State, Datal 1l agbout the Upper Barl Dead Canal,
Main Line, are given in Table 8,2 by way of fllustration, similar
le~gthy escloulations for branches ©f thic ognal system and for
other m:jor cannls having been omf}itted for purnoge of brevity,
Ahsorption loesses per vnit area are wnrked out frok the formula
K =g P28 oy51ved tn the Central Design Office of the Punjab
Irrigation Department as a result nf observations and ressarches
extending over a number of years, Total seepage loscag on this

canal systewm work out as under,

Canal svstem Seepape
( in cuseas/day ).
Upner Bari Dogb Canal (Main Line), 260
Main Braneh Lover 166
Lahore Braneh 108
Main Bransh Lower 201
Kasur Branech Uppey 33
Kasur Branch Lowver 13

Sabraon Branch !%g

Wrking on the same lines, extent of seepage losses on the
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1.* o, .’.. a"s  » .-;. a "™ .-a..-. us:-.-.-.-.-.-.-.-.;:-.-. .-...-.;:-o Lo Tand Lamd Tandl ot .-i:o [ Lol ]
1. 181800 134000 178900 K.B.Upper 151800 R 591

K.B.Upper 151800 L 713

$11¢ Blector In XBU 164850 L 8500

Reraawali Disty. 181800 L 47

Ghaziket Disty, 130988 L = R s oom.
2. 144000 114110 19290 8ilt Bloetor 13400%, 1500

Panu Nadgal Disty. 1885008 ﬁ'ﬂ
3. 114110 T 41390 Bhatoa Disty 105000 X 81

Avankha Disty, 9000 R H 10606
4. 72720 66758 862 M1t Bjoetor 72720 L {g cs 12196
8, 66758 28600 as2m ‘hrldnngar Peoder C67THB L «1800

Bhimpur Silting Tek ¢€4180 100

:11])‘01' m;"t".' ; 54400 R 263

alangur Disty. 39400 R .

Sama Disty ' )

: 514 )-lﬂﬁ 10910

6. 268800 W03 297 Paridanagar Fesder 28851 1800 es. 17710
7. 28203 11000 17203 Salampur Feeder 28202 A =380 es8. 9210

s. 11800 [+) 11000 K 3. Link & 11000 L 10000 es. 19810
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84 vhind Cahal and tho Yestem Yamuna Canal eome to 720 gusees and

608 eusees respactively, vhile those for tha Main Line and Main
Branch of the Eastern Cangl sur unto 213 cusecs. Thus ”"m an avera
a total ~* 2,545 cusecs of vate» ig being lnet evory Agv through
the unlined c¢hannels in the Punjab, Besider caucing g reenrring
heavy loss to» the State Exchequer by wav of ravenue, this staggere
ing figure it gesponsible for risa in watertagble &€ the various
eanal irrigated traels to a large extemt,

It 18 thug seen that tha irrigating water i8 of no lecs
importance for the €ree groundwater regime, causing charp r!’al
nf the ground water level: uring the watearing +*ime, wvhieh results
in the fluoctumations of the water table,

8.7 The pereolation of the water o* the rain ~anal aanses thre
formation of waves of fresh water on the wm*er table, vhieh soread
in haight and breadtt in oroportion to tre growth »f the peredola-
ting wa*er; they then 3~in the canal surface wnter gnd form lensges
of fresh watar floating on the salt ground water, The width of
these lenses reaches 200300 m,

I¢ at a certain depth, there are roecks of good filtering
capacity (sand, pebbles), the main canal water pereolation is
aeenmpanied by a transfer of hvdrostatic pressure along the free
ground watep table whieh qnickl? extends f~r several kilomotres
away from the canal and causes g rise of water leyel in the
obrervation wells,



