
8.0 Dstennina t ion  o f  seepape l n s a e r  i n  l r r i s a t l c n  ahanns l  I 

me of the most m m l i a a t - 3  problems t h a t  have fneed ths Hydraol i  

8vgln-re fmm tho r a r l i e s t  timer up4 t h a t  bnrhnbr a x p l a l n r  ~ & y  r 

l i t t l e  advance hms been mnde t h e r e i n  npko the reemt tlns. 

Labora ta rv  t e s t s  v h i l e  1-nrtinu t b m s e l w s  t o  a t h e r  earns ,  seem t a  

f n i l  *en aoo l i ed  t- drennRe l o s e ~ p , t t a c a u s e  t h e  most important  

Caotor rl z. naLuro o f  m j h m i l  s t r a t r *  o m n a t  be rsonr l r lesd i n  thm 

l n t n r a t o r v .  me eva lua t . im  o f  a m p a m  l a s s o s t r m  t h e  a m a l 8  4 t h  

reasonrb lp  p roe i  sion, 1s o f  t h o  utmqst  im?6rtanee ?or t h e  h n j a b  

S t a t e  ar  it t a r  i n v a r i a b l y  r e a u l t e d  I n  n rnn ld  r i m  O f  anr jng  

l e v e l s  onus'ng amrte  water lopplng c m t l l t l n n s  i n  t h e  e a n a l  l r r l g a t  

t r a c t s .  I t  h a s  hean obenrved t h a t  a M r l v  hlph narasn tnge  n t  

water  let o f ?  a t  t h e  hand nC a onnel means l n t q  t h e  s ~ r h s - I 1  t h r m  

u n l i n e d  eanal8,  h ranahes  an4 d i H r l h a t m r + r r .  On nn r r s r a a e ,  out 

of tbn t - t a l  q u a n t i t y  o f  water t h a t  m t r r a  a eana l  at t h e  head, 

17% 18 l o p t  by vav o t  ahso rp t ion  and e r a e n r a t f a n  i n  t h e  main aans 

and branohns, R$ i n  tbm ? l s t r i h u t ~ r l a e  a04 r l n o r r  an4 3n$ i n  t h e  

v ~ t e r  COUTSCS. This means t b n t  f o r  100 a?t. a? water r e a e l r a d  i t  

the f l e l d ,  1RZ a f t .  n f  water Is r e l e a s e 4  at t h e  head. 

I n  t h e  subwquent  pages, t o t a l  mmmt af  mter  1&11eh rc 

i n t o  t te  s u h d l  fms a 1 1  mnior u n l i n e d  a a n a l  r y s t m r  in t he  

?unjab S t a t e  ha8 beon w r k e 4  mt  t o  n!rO@ls t h ~  g r a r f t ?  O f  ~ r o b b '  

me stutly hns  r e h a l a d  t b n t  88 m ~ c h  as 7,- aclrso8 are b r i n g  

l o s t  e v s w  day on t h i s  a e e w n t .  
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R .1 Colonel w a s  '1R63) md T.Pi~ham(lW4) wen t h e  e a t l i e s t  

inves t lgatore  i n  t h i s  l i ne .  mep wcrra, hawwer, emten t  *a bow 

that a h s a r ~ t i o n  1Lnrws i n  tho Vain Line a ?  t h e  Uppet Bar1 Dnab 

Canal wr* !X?$ and lB$ ~ e 6 o n d J v o l ~  o f  the  d i s a h a r p s  i n  the  Main 

Canal. Keanebv(l*RS) mrked out nhswptLon lessem a e  dlfCsrsnt  

ra te6  nf  sinkage per haul fqr main l i ne ,  branches, d l s t r lba ta r iam 

and water ocnlrwm. R l s  n m l t r  when rednael to  tmsees por r d l l i m  

mq. Ckrt o f  wetted a r e s  were 9.76, 9.7, 3.3, and 9.4 r e s o e a t i r e l ~ ,  

'Joadr trietl t a  be male m s i m t l f l c  and produaed t h e  h m n l m  

q - m a d  

whem q ¶ s absorption In nlmeem/lbd, C i s  a w n 6 t m t  m w l n g  f r a a  

1.- t o  1.33, a 9 s  the rsdt~eod u t t o d  ~w¶netmr  af t h e  dhsnnel 

meotlon and d IS the depth. Later ,  T.Pi~ham ('*care tb i b l l a r  

l n g  iarnrlla ibr tletcrmination b f  lams by meaaage i n  )anjab Cul i l a  

vhre ? * lams by s e e p a p  i n  crrmes f o r  s length of  s a n a l  

C = a ommturt u r u a l l g  taken ae 3.5 

d depth of  water In  @anal i n  fbet. 

V wldth o f  water mnrfaoQ In  aanal  In  feat .  

L Length o r  canal  sesttan i n  it. 

Heamunlosntm On mae o f  the  o lder  eanalm i n  PunJab garr 

an a n r a g e  l o r 8  of 8 eubio fbet  par a s a n d  fbr eaeh m i l l I a n  rquar 

f ea t  o f  m t t o d  area, rrhloh l a  equivalent  to a lnam of 0.7 m b i o  

tbet  o f  u a t ~ r  per  square foot o f  w t k d  area ar a depth o f  larm 

of 8.4 inahma. 

' j l l l r d n  (w)var perhaps the first  tn make a r e a l  s t a r t  

I n  the s e i a n t i f i c  i nvee t igp+ im of  W i s  ruhlaet. HIS  L g d l p u t  

exparimerits gave a o l ea r  p ic tu re  a f  what ae tna l ly  haonena in tbr 



m i l  when mter is l o s t  from a aanal by abrnrpt i tm *hrcn~gl~ 

unsaturate4 m i l  (rrhieh ha6 a r o i r t n m  c m * m t  o t  l n s r  than 2~n 

and by p r r m l a t i n n  t h n r i s h  ra tu rn te?  s o i l  ( whioh ham a moirture 

eontent  o f  more than !?dl. The t e n  neepage l o r s o r  r taad bath 

for abmarption a n ?  p--rmlntian. I n c : + = ~ t l v  invas t iga t ionr  by 

'Sllednn ppnvod t h a t  !hod's formula (K = a d )  vae i nae r r s e t  

a s  t h e  nhrorntlcn In8 WI were not d a l l  di  r e d l y  pmnortlanrrl  

t o  deuth. F.F.Hdgh (m) o f  thc Funjab I r r i #a t9an  ruggarted tb 

f i l l o v l n ~  tb?mala baaed on nbsorvat inm an3 a n d  e m ~ r i e n w s  

K = 8.0 @-me& ( Unlined ~ h . n n e l r  1 

' h 4 s  Cnrwula ~ r a s  b ~ l a d  on t he  umual e rae r ienas  t h a t  ab8ar- 

p t ion l o r m r  uers c-und a t  6 cusecf -I*? w i l l i on  rq. feet o f  ~ t t e C  

ahannel nf  3,660 m ~ ~ o r  o r  roro .  It hn8  slnca bean ro31 t i e 4  a8 

f b l l o w  In  the Central  Dcriunr Ot f loeI r r iga t lnn  ' h rk s ,  )Injab. 

K = 4.0 ,O -067s 

b a d .  on tho aasreat  i n t e rp re t a t i on  a t  Mr. Faigh'r r e s r ~ l t e  0f 

14R experirnentS. 

Tke ~ h n v e  ?at@* o "  semppe 1 0 ~ 8 e E  Wprrrent  arerage lor8 

per  r e a r *  faat a t  us t t e3  perimeter. Tbe I n t m s l t v  a? l o r *  Is, 

however, leaximum ~t thr ho t to s  md 4ecreases n n l ~ r n l v  *he 

r ide r .  I f  t h e  i n t a n r i t v  a f  lops  9 1  armme1 t n  varv Llnh tho 

rquare thqt a t  tho death qr inrt l rs tnd by the m m l t s  given ahare, 

then t ha  t o t a l  seepage In s8  from t h c  two s i d e  s l n w s  l o  equal  +a  

4,/3 times t h e  l a n d h  of &he 8 9 d e  r lonc ,  n u l t l a l i ~ l  hy t b  maximm 

i n t e n e i t ~  an th* battom. (mqs ha8 h ~ ~ n  theore t9ea l lv  r e r i f l s d  in 

aubmquent angee). lbr o r m a w  prbpsr t ionr  a? had width t0  devth 

t h e  e r r o r  i r m l t i n g  hp apqlr inp +be nvrrn- loss 90r rqaam feat 



C3 = Inollnatian a f  the side to horirnntal. 

i - 4 ,  *em B ln Bed mud vldth ard D I s  Depth a f  thm 
chsnml.  

Wr unlined ohannels, a aide rlope o f  I& t o  1 i s  generaU: 

taken i n  the Pun jab. 

8.2 

*om an Inrastigation of tb oharaater?atias a f  the 

-1oaity along the nerimater o f  a ditch am bs w r k d  mt as 
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t r apez r ida l  sec t ion  using the method o f  inversion. He takes t h e  

quant i tv  of @epaEe i n  the  form 

q r k ( B + A E 1  

Where A i s  given by the re la t ionsh ip  

f A I D )  - 1 ( I /an. G- t;I 
A ' * J22((n/n) -f2(h$ 

Taking a s e r i eo  o f  values for & nnd , he obtained the  

correspondence bet ween A and B/B a8 gf ven i n  Fig. 8.1. In this 

r i ~ u r e ,  m = Qt i s  t h e  s ide  mhpe o f  t h e  diteh. 

Aotlng tha t  the ve loa l tg  a t  i n f i n i t v  @ g a l 8  the o~e f ' f i c ld  

of  permeabillty,wa f ind t h a t  t h e  width of the flow at I n f i n i t y  i s  

L = ( B + l t I )  

Thus for a t r a p e e i f l a l  sect ionb the  equ ipo ten t ia l  l ine8 

rapid17 auprnach t h e  horizontal ,  Ron- tb sa lut ibn o f  this 

mot ion may a l s o  be cansidered ta provide a s u f f i a i e n t l y  val id  

appmxlmatlon f o r  mepap  i n t o  deep hor izon ta l  filter#. 

8.3 ~ D H P ~ R ~ ~ ~ I V B  APP LICAR~LITY OF T W ~  HST- 

IxmumQL 
In order t o  lnoe s t i ga t e  the  comparative a u p l i a a b i l i t  y  o f  

~ K I  methods I l l u s t r a t e d  above, l e t  as t ake  the seet ian  of  t h e  

d i tah  o r  cand as below- 



The average value of+ 1.17 

Wetted Perlmrtar of the M+eb = 24.4 f+. 

Taking wr l t  length of the am81 WmUm, 

Wetted area -4 X 1 = 24.4 #Q. f i e  

8n tbe total q ~ a n t l t y  of @3epngI t h lw&  +he C H ~ ~ ¶ C I ? I  11 

U m n  by 

f.. = 117 x 24.4 
k 



Vedemlkov method t.akns i n t o  omsidera t ion  bhe value a f  

A fnr  calcula t ion a f  q/k as 8b9Wl i n  Fig. 8.1. Slnee the graph 

t h e  ssmr were e r a  m pUated  and am sham in +he same f imn 

i . o m  thlch A was found out t o  be 3.84 f'or Bh = 1.70 

I t  m l l l  hs men t h a t  the values o f  q/k s ealeula ted by 
ole &, . 

d1fferw,t ~ a t h a d s  are verv nnar t o  anek w. 'hhlng t h e  avoram 

8.4 -0 OF y 
f t wl l l  hs qui te  in fownt  I r e  to i n w r t i ~ s t .  t h a  r rit.ia af  

ampage l o s c  a8 it accurs fmm t h e  tmd end d r l e  o f  a osnal  mat la  

¶hi? h.8  been c a l m l a t e a  from t b e  F i r s t  M~tbnd alah is bared On 

the ~ u k o v r k y ' s  Fmcti n 

8 - 1 z  + .+ = A ev/& 

T d i n g  t h e  Ease sectimr 4 +he oanal a8 tmfor ,  ric. 

6160 length = 4 0  R. 

L d  Vldtb  m16.4 f i e  

B i &  Slope - l V ~ * t l  

Haydmm f n t m s l t v  a f  sanaaee a t  bat* is ~ i v e n  by 
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68 r a l w l a t e d  by tho equat ion  ( 8.1 ) 

by taklnr  3 = 0 at t h e  middle 

Also t h e  ValuoS of S e ~ p a ~ e  ornm +be r l d n ~  aan bo aa leu la t ed  

by f l n d i n ~  t h e  a m r a g e  va lve  -7 V/k fir r l d n s  and tbcn m l t l p l p l n g  

by t t e  l ength  o f  Side#. 

h r  tho  above r r a t i m ,  thm R W ~ R P ~  v a l w  o f  V/k at t h e  

siclea comes ou t  ta be  1.P1 . 
Seepage through ba th  the ~ 1 4 ~ s  a m S  q u t  ta be . . 
1.01 x R.0 = 8.08 

chf oh S~-I:IS t h n t  the tot n l  seepa- t h m l ~ h  both  e i d e r  o f  a a n n a l  

r e a t i o n  1. qw.1 t o  6/5 timer t h e  maxlmum l n t e n r i t v  of rmraage a t  

t h e  bottom m u l t l p l i a d  by t h e  s l d e  length.  Thlr  value l r  taken a6 

4 / 3  by # m e  a n t b r r  vhld? a p w a r S  mmr-what on the  hlgh ~ l d e .  

8.5 -IQ TO CAWAL SRCFXOKS, 

Ihe mathads given a h w e  can be abp l i ed  t o  mv a a n a l  meetion, 

m d r a u l l e  flat. fqr whiah are a v a i l a b l e ,  *a datemlnm reepagr  l o r n r  

a n  a t h m r e t l  cal bar in .  Some of those emal modlans a n  g l v m  i n  

Table 8.1, Iha volt-P of  total  sorpe#e l o s r  thmveh t h e  he4 and the 

r i d e s  has been c n l m ~ l a t n f l  bv t h e  n o s l i c a + i ~ n  6f t h e  r ~ l a t ? = s h i p  

q - k  ( B e  A H )  

where va lue r  o f  A can bo read ageins+ the  correrpondlnp values  of 

B s Cbt & and t hn  r a t i o  af t h e  water r u r f ~ c a  width af w a t e ?  

faaa depth, Bfi.  

'lbc value of Beepa@ l o r ~ e s  am ca la r~ l l*ed  Cram tho  a b a w  

f b r m l a  t o r  t h e m  s e c t i o n r  am given In  t h e  Bamm t a b l a  and ibontl 

to varv  Cmm 5.78 te 6.18 Q I W O S / ~ O ~  rq. it. bt m t t e d  -+ma 4 t h  

an average of r a y  6 sureem. 





I t  mag no t  be out of olam to m l C i o n  h e r s  t h n t  @nercll ly 

8.6 AL XATXR L06SRS IA VtlLINm (XANR- 

b dot a i  l e d  .t11dv ha8 hecn made ta vnrk mt m a n t i  t a t i ~ m l y  

t h m n g h  l'aln Line md Br?nchra of 111 t h e  major un l ined  e a n a l  

r v s t s m ~  a t  t b e  State. b e t d l s  about the P p p r  B a r 1  D.ab Canal, 

Hain Line ,  a r e  given in  Table 8.:! by vrv of i l l u r t r o t , i o n ,  r i m i l a r  

o t h e r  m, . jor  cmnls h a v i n g  bean om i t t a d  f o r  nurnars  of b n v i t y .  4 
K I 4 $g6626 evolved i n  t h a  C e n t r a l  Drr lgn Offlee a? th )rurSab 

@*ending! over rr number a? v n r 8 .  Totla1 mepaw l o r s e s  an th is  

Canal wmtm 

npqer  Bar1 Dnab Canal m a i n  Line). 260 
Wain Branah Lover 166 
Lahorn Branah 109 
Hqln banoh lower en1 
K a ~ r  Braneh trppar 33 
Karur Branch lower 1.- at- 
YHzlng an the same l i n s s ,  e x t e n t  of r repage  lor R I ~  an th. 



k~mdl Dime. lSl800 L 
Wsim Maw. 1- L 
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a x h i n d  C n n d  and t h o  '&stern Yamuna Cannl oame tm 7 e  e n r e a s  and 

m8 m s e c  rsrp.ct lvrlp,  bile thew ?or the Main Lina an4 Main 

Brenoh of t h e  B a r t e r n  Canal 8n r  un to  "13 ourecr.  m u 8  TI an a m r a  

a t o t a l  3,546 m1secs of' ~rrte* 1s b l n g  l o r *  evmw dav t h r m g h  

t h e  un l fned  ehannels  i n  t h n  Punjab. Bnslliee a r u 4 n ~  a n e w r r l n g  

heavy l o s s  tr, t h e  s t a t e  Lxcbequer by v7.r a ?  revenue, this @nagor- 

h a  flgurr, i s  n s p o n r l b l m  mr rise i n  watertable 48 tb varlbclr 

eana l  l r r l g a t e d  t radm t o  a l a r g a  ex ten t .  

It i s  t h u r  ream t h a t  ths l r r l ~ a t i n ~  v a t e r  i s  o f ' n o  Ls?r 

i rnpar tmoe f o r  the tree g m a n d u t e r  m ~ i m ~ ,  cnustng sharp ria. 

o f  the gmund water l e v e l -  b r i n e  t h e  m t n r i n g  t i n r e ,  d l e h  W ~ S l l l t 8  

I n  the f lua t aa t lons  o f  the v a t o r  tabla. 

8.7 me p e r o a l a t l a n  o f  t b r  m t e '  o a  t he  a n i n  m n a l  eyasea tbe 

P3mat ion  of waves a f  Cresh water  em the  m + n r  table, & l o b  Sbrnrd 

i n  h e i g h t  an1  breantk i n  a r o p o r t l o n  t o  t b r  gmvtk PC +he parm1.a- 

t i n g  m + e r (  t h y  then j-3n t b a  canal mirCaes a + e r  ail fom l e n ~ a  

of fresh water f l o a t i n g  on  t he  s a l t .  ~ m u n d  va te r .  'ha A d t h  af 

these Lsn res reaches  2 W - S M  m. 

19 at a e o r t d n  depth,  +her@ are roeks o f  foo& f l l t e r l n g  

c r p ~ a f t r  (sand, pebbles ) ,  t h e  main canal vatclr p s r a a l n t t o n  i s  

aemmpanled by a t rms%r o f  h o d m h a t l c  o r e r 8 u r e  a long  t h e  fma 

ground w a t r r  table which qtriukly .fiends Cor s n v r r a l  k i l a m d r r s  

nway f m  t h e  c a n a l  and cauaea a rl ne a? watv l r v s l  i n  the 

a b s e r v n t l n n  -11s. 

. . . 


