
9.0 bibre d e v l r i n t  n i t a b l e  maarms to m l v e  t h e  mnaeing 

p r a h l r  ih of  vnte? l o g ~ i n g  i n  t b e  Btate, it w i l l  n e t  be out af 

plaoe  t o  state b r i e f l y  the condi t ianr  *I& bring about r i m  af 

water t a b l e  and omroquant  water lotging. Uov main tautor8  whiah 

oat180 t h e s e  eOnditiOn8 a r e  I 

(A) ?eraa le t i an  C r a m  r a i n f a l l  and t l aad in t .  

(B) hopa t .  from emalr and hi* i n t e n s i t y  o f  i r r i g a t i o n  

( O )  BloaLed drainage8 and ahsmcls oC prop.? drainage syrtaa.  

(D) Abanbnmnt  oC beroola t ion  mllr. 

( t )  Subterranean Obrtruotionr.  

(m (hi1 o h a r a o t e r i r t i a s  l ead ing  ta paor n n t u r a l  d r a i n a e  
af the r u b m i l .  

9.1 A r i ng l e  a r  a omibinat im a?  measures say hqve ta be used 

f o r  l o u e r i n t  water t a b l e  i n  an an.. It a11 depends upon t h e  traet 

o r  the area t o  be dealt 4 t h .  Eaoh oase w i l l  r eqa i re  a d a m  atady 

of the gea log ica l  o a n d i t i m r ,  t h o  b a r i t i o n  a? roureor and d n k r ,  tho 

C ~ a t i t u t i m  af P e  s o i l ,  t h e  q u a l i t y  o ?  the  under gmund mter and 

t h e  exlrtsnab a?  o lay  bands and their por i t ion .  N i n g  the !sea81!rOr 

t ono ra l l y  and an a hmad  b a r i r ,  tho  s t o m  water dra in8  o C  prober 

dimenslana uld derign t a  di0808e off quickly b h  r a i n  mte r , appear  

verp e s m t i n l .  The l a r g e  t r a c t  a? l m d r ,  nnw runaored t a  ham 

been pormacmtly mined  by o v e r - l n i  t a t  I an ,  am w i t h  t he  he lp  a f  

a m p r r  drainage, naw being n raees=fh l ly  m t h t  b a a  under au l t iva -  

t icm and t h e i r  C e r t i l i B  rer tored.  Bqual l r  iapertaat i r  tho DMven- 

t i a n  a ?  ln-andat ion o f  t h e  a rea  fr-m t.he f h o d s .  Adequate water 



Under roads, oanala, t h e l r  branah-S and l imt r ihu tqr ies ,  ha re  t o  ha 

pmrldnd. A ?  tsr a s  nass 'h le , r i re r r  rha1:ld he u t l l i t n d  f o r  dra in ing 

o u t  exr?e~s lve  mtrr. Bandy area8 a r e  amenable t o  d r a i n r  eWeet1relv. 

m e r e  tuba-vel lr  a r e  to he l n r t a l l e d  for  a n t i - v a t e r l a g ~ l n ~  umarnrmr, 

due imnortanae shor:ld be glvon t o  the  a l a ~  l a v e r  i n  tho unlergmund. 

Large diameter shallow tube v e l l r  ehoull b* l no t a l l ed  i n  ah. u p w r  

s t r a t a  ibr  l aver ing  the  water tablo ,  am doop tuba voila hare  l i t t l e  

e t t n o t  on the  water t ah l -  lcrel .  Lining a t  ea -a l r  rtamld be lane  am 

t a r  88 ~ r a a t i e a b l e  t o  aheck +ha bearv amount o t  8aeQage thorn-*rm. 

'Ihsee a m o u t r  ha re  been r o a a r a t ~ l - 7  l r a l t  d t h  sr M ~ w -  

(A) glUQQuTIO1P F w L w m L L  
(1) lbcharge-Prec i~ i tn t lon  l b l n t  lon8hla. 

?h i s  ease 1s b y  f a r  t,ha m e t  Imoortant a8 It aarorr  t h e  bulk 

a t  a g r i c u l t a r q l  h d a  rrhlch u8nally l i e  batmen tw  na tu ra l  Iralnagor 

r l c .  r l r n r r ,  b e t t o r  known a r  Doabr. m e  ria. o f  v a t e r  t a b l e  I n  a l l  

moh eases  l a  l n r g e l ~  o m d i t l a n e l  bv the  Ofha t lVe  raahargo 1.0. th. 

balanoe betwsen t h e  i n f i l t r a t i o n  duo t o  r a i n f e l l  and re tu rn  r l a v  from 

i r r i g a t i o n  and the  d l 8 a h a r v  t ovn rd l  n a t u r a l  drainago. 

I n  a  p m r i a u r  ahantor,  tha armrag- r a t e  o f  r i m  of writer 

t a h l e  ha. hem bs tewinrd  hv f l t t l n p  In regrandon l i n e r  both tor 

June and Ootaber r p a r a t e l v  and than by i i f h r a n t i a t i n e  t h e  a lgab ra i r  

mlatllondhio. ¶hi8 l a  tf-r one wav, jhrn t h e  s f f e e t  O f  ra in*al l  d o n e  

h a s  been a m d d e r e d .  The seeand method t a k e s  In to  e W r &  t h e  effigt 

a t  l r r i g a t l a n  a8 wll. I n  cam o f  Ludhiana Mvlrien of t h m  l r h l n d  

a n a l  Uirol. and 8tL.r o m a l  Dl r i r ionr ,  i t  ha8 been . ) r t i 8 t i aa l l f  

d e t a n i n o 4  tha t  '14.47 inohem a f  r a i n c a l l  aan be dea l t  ulth by 

n a t u r a l  n g ~ n e i o s  v i t han t  caurlng r i s e  of water tmbl... I n  aasa of 

Jand la la  9ivI  d o n  o f  the Ppner Dari h a b  Canal C i r o h ,  the  figurn 



I8 14 Inches. As a r e s u l t  07 &ta i l ed  8 t = t i r t i a a l  analy8i8 ca r r ied  

ou t  tor a number o f  years,  tho averam rtmhargr for  v a r l m r  bbabr 

I n  Panlab ( 1 )  wbn  aar re la ted  wl+h r a i n f a l l  f e r  tho  year gave the  

following re la t ion  

R = 2.5 ( t-16 I+ 
%ere R = h e h a r m  &?in# th year e x p r e r r d  In LnaRes. 

t = m u a l  p r e a i p i + a t i m  In  inahor. 

h l l o v i n g  example8 have beon worked out t o  deternine  t h e  

goodner r of tlt , 
The average annual r a i n f a l l  at. the se lected r+nt im~ ba88d 



hydmlogy. Far f i n d i n g  ' h n  moharge i n  the case O r  haarilv i r r iga-  

t d  amas, P har to he ruitably inereare4 by a84ing to tho ra infa l l ,  

the  deep peraolatian from t a b 1  depth of i r r igat ians during the 

p m r  taking in to  aamunt tho e~mrmptlvm u u r  qf  t h i s  l r r i ~ a t i ~  

H t O T o  

(a) -ALS A Q ~  ~ R L ~ E I E R ~ I  OF 

A detdlsr l  e+11tly o f  swaps l o r s r  both fmr line4 and 

\nrll.n*d aanalm ham been made an1 flnlr mentian ln  Chapter TIII of 

the thesis. A new mettad w a ~  ororloudly derrlnpod in  the Rebarah 

In r t i t u t e  (-'ta determine th mearge from the canal# l n  -tar- 

legged areas. Thir mth-4 deven48 unan +ha dtatemination of the 

mule el vhlah the outer most rtrnam l ine  of rnbrai l  flow maker 

d t h  t l m  re r t ioa l  and the maaaure~ent a?  re lac i ty  r a t  the r u b ~ a i l  

a e v  by an e lee t r lca l  !rathorf. The t o t a l  now aaroar urv mation 

of the eural can then b obtained by the lntsgr&ian a f  a mdhsma- 

t l e a l  exprsrrlan lnrolr ing the t u ~  rar iabler  81 and r. The theory 

fir wrked out as  below. Ifhen the m t e r  table i a  b l e w  lt8 tt. the  

Mthod 18 not ap9lieabl.a due t o  praatleal  t l i f t i ~ l t l e r .  

f& the  middle m i n t  o f  t h ~  rurtaon of w t e r  in the oural 

b the  origin tor  pumama sf call\llntim. Taking x-ad# i n  the 



d i r ea t i on  a f  flaw an4 t h e  a x l r  o f  y i n  t h e  r e r t j e a l l v  damwar4 

d i r e e t i m ,  it 18  e l e a r  t h a t  anv elareen? o f  v o l m  of  mter t h a t  

p s r m l a t e s  downward& w i l l  t r a c e  a path i n  t b  n l m e  v e o n r t a n t .  

ObriourlY, the acmtral stream lhre is  taken + a  bm a r e e + e d  verti- 

m l l r  dawrw~rdr and t h e  inal inat iOn Of  -r #nu l i n e r  ine reares  

with the i n c r e a d n g  value o f  x. T a k i n ~  the inol ine+ian 0 a t  a 

&ream l i n n  t o  the v e r t i a a l  as pmoor t lona l  to t h e  f i r s t  poiar  a ?  

tha x-ao-ordina te, w e  put - 
0 = x.f (F) 

v r i t i n g  t(y) = l/b, f ir  th plane g = h 

0 s  xfb 

The velocitY i n  tho Care a t  steady virnmm f l a v  i s  dlrea+lv 

~ m p ~ r t l a n a l  tn t b e  forces prodtrcing it. If fe i r  t h e  r e r C 1 a a l l ~  

dawrvard r e l a e i t y  along t h e  y-axis a t  the  point ( o,h,p,), t M  

r e l o a i t g  a t  the aorrsapnnding point nn anather @mam l i n e  inc l ined  

st an anple 0 4 t h  the  r e r t i e a l  m ~ l d  bs fe Q. 4 

VelooitJ a t  any polnt  ( x,g,d = fe Q r O = V . t r s x / b  

'Iha donward f lux  of we-r throl-gb a? e b m t  o f  area  1 

enalared by unit lang+h o f  the @anal w ~ l d  b@ 8 

f ,  car r/b & x. Qs r/b = f,, Corm d b  S t 

Hmm the t o t a l  f l a x ,  P, per u n i t  length q t  t h e  o m a l  egaal88 

arm db . dx 

\me* x YJ dl, g iver  t h e  poiht o f  a b r e r r a t i m  a t  r e l a e i t y  d the 

o u t e n a r t  stream line. 'Ihm t h e  f l u x  



Vo and b a re  detamined from experimental data. 

Let  &ha veloci ty  o f  the point a t  ob@rvn t im  aa the au te raas t  

atream l i n e  be v and i t  Ol ( a p a r t i a l a r  vslue o?  0 ) i r  i t r  

i n a l i n a t i m  t o  the ve r t l aa l ,  then 

Vo = V  

and % = "lb 
o r  Vo = v/Qr 61 
and b = 61/81 

h b r t i t u t i n g  the  values of  Ve and b i n  above r e l a t i en ,  u hare8 

It m l l e r  iraa tbe above expression tha t  the Clox a? water 

per  uni  t length o f  the  aanql can b. c a l c u l a b d  fmsl a knowledga 

of  q and v. 

.rrwtr 
'Ihe valuer o r  t ho  mepage l o r e m  a t  thrre d t e r  8~ the  Jhang 

Branoh ealaula ted aamrding t o  t h i s  theom a re  given brhv  am nn 

i l l u r t r a t i r m  o f  the ure  o f  the msthod. 

(1) R .  3,337. 

r = 6.126 it./hbar 

dl * 67.0 it. 

81 = 0.786 rndianr. 



= 13.8 euseca per million rq. it. of w t t e d  murfaea. 

me above relationship thnr giwm a hieher value of reepagm 

than  tho u r u a l l ~  aceepted V ~ U R  o f  8 mroar per million rqUar0 

font af wetted enrfrlm caqd the thaoretioallv dotomined ralun of 

6 su#cs. 

(0 I E B Z A E P  P S A L E A Q I -  
Dorelopment o r  madom e l r ~ l l r a t i a n  mmlt,lny! in a net va* 

of railvoys, roads, embulkments ~ n d  annals running aemrs  +.he countn  

and expansion of lnhabltatlonr has enamaahed r o w  r r i a n r l y  on 

the natural  run off ever the groan& Surfam. A t  s o r t  of the p l a a r ,  

the  a r i ~ l n a l  emrma of +hi- stream# under tho rafluay#, mad#, 

md canals hsvo been .lamed and new aaurrrr given. 'his dons not 

mrlt rat igfaatorl ly beaaure it taker quite an appndab la  +iw 



- :cr' - 
m t e r l o ~ ~ n g  i s  earrrsd. Again t?e o w m i n ~ s  providnd Ccrr t h e  run* 

O f f  have born inadequate.  Ihe elnods o f  1947, lQSn, lQ89, l n 5 8  

1060 and lQE* i n  the Pcnjab have d e c i n i t e l v  shown t h e  i n a 4 e q u n . ~  

o f  t h e m  a ~ e n i n g s .  B e r l d o ~  aoening c r T  t h r  a l d  blobked d r n t n s ,  new 

storm water d r d n s  shonld be onn8truated t? 4 r a i n  o f ?  t h e  a r e a  

Wi ak l  Y 

Be  rlrers a r e  t h e  n a t u r a l  d r a inage -  af the aountry.  The 

f i r s t  e f f o r t  should be t o  t a k e  the  a r t i f l e i a l  d r a i n a ~ e  o h m n e l  t o  

t h e  ?earby  rlver. Por i n s t a n a s ,  v a t n r l o g ~ i n a  i n  Ladhiana and 

b o z e p u r  Distrlets muld be eraflicrlted by aon&mting rm-erf ta 

.Imp i n t o  the  O u t l e j  r i v e r .  If i n  e e r t d n  casee ,  t h e  r r q u i s i t e  

s lope i s  n o t  a v s i l n h l n ,  i t  can ba setwrsd by slightl? chang in r  +he 

a l i m m e n t  of  t h o  dra inage  ehannol. It s h m l d  ha possible i n  most 

o f  the case8 t o  wun* a DTODeT f l ra tnsr-  o f  t he  a m a  by  u + i l i ~ h ~  

t h e  river a s  a rink. B i m i l ~ r l y  an Yununa, s a r i  an4 Bear Rivers ,  

prcrpnr o u t f a l l  s i t em a r e  . ~ v a l l a b l a  and Fala  sites ean ba %und and 

I n  an a m a  a? h i *  water t a b l a  *ere s a b a n l l  wn-r h a s  n e a r l y  

t h e  a e m m a n  amblaa. 'Ihe v a r i a b l e s  i n w l v e d  a m  d e ~ t h ,  k n g t h  qnd 

d m  o f  t he  d r a i n  an1 t h e l r  l a o a t i o n  m l a t l ~ e  t o  t h e  omblm a r e a  
uyl 

.n4 sourea  o f  seepage. %e purpan i s  t o  i n ~ e s t l r a t e  Ibn des ign  

a sha l low m e n  type  ?f d r a l n ,  v h e m  t h e m  i s  a 8auTe8 o f  Seepap 

a t  sane f l n i t e  d i s t a n c e  ? r a m  p m j e & e d  loaa t i rm  o f  t h e  4rain.  



- 101 - 
The design of  raah a dra in  ham boon wrke3 out  w i t h  the  halo  

0 r D a r e '  s law and Chr try' 8 ?ormula fbr uniform f lqu  and nxplainrd 

by m y  o f  an exampla. In  the a n a l p i 8  of  t h e  aqia t ie88,  fol loving 

ascarp t lans  ham both mad@. 

(1) C ~ p i l l n r v  f l a v  18 nsg l ig ib l s .  

('? open sh(~110v dra in  i n t r r e a p t e  a11 t h r  f b v .  

( 8 )  Soovase f l a v  i 8  unl fbm i n  9nt irr  length of tha draim. 

kt ue a 8 u m  t h d  -tar t a b l a  i n  a eer ta in  t r a 8 t  J 8 a t  l e a d .  

3.5 ft. t a l a v  t h e  nepllral mrfaee  level. a l o e t i n r  a  d r a in  ef 

ueunl t r apamIda1  #hap@ havine: b 0  wl4th and depth o q ~ - a l  t o  8 it. 

and d d e  nlape 1 8 1  and hydraulic. #lap. a8 1 8 1m , t h o  maeing 

of tho dmin  am lm aalcula t rd  by D a r e ' #  Law mnd C ~ W  Irbmula Car 

rtnifbm veloci ty,  kaeplr,g t h e  water t a b l a  a.5 ft. lo-r +ham t h o  

low asmming the  depth a? flaw i n  t h e  i r a i n  t o  he 1 ct. w h a n  



Wmre hf i s  t h e  fa11 of  vats' uurfaae uu +-  t h e  i r a l n  snd R 18 t tw 

#pacing no drain8 

Again aswm~ a 

value o f  K = 0.m 

bf r 0.50 ft. . . . v = 

Mew flow i n  %a drain C r a m  hath ride8 f o r  a length af  one 

*at i a  gtm by ttm e ~ u a t  ion 

q = 8 (  a x v )  

*en a , mean area o f  ?low 

Emse q =  

Again anmaing that  the lenqth of  t h e  plot  p n r a l l r l  Q the 

drain i a  I, 

t o t a l  - p a p  i a t a  the  drain . . = *  

The cb;innvl c q ~ e l t y  t o  p a s ?  t h i a  meh d i s e h a r g ~  dl1 k 

mrked ~t f m  C h c q  hrnm1.a aa below 

t =  o J i r  
-ra v = w l o a i t y  o f  rinlform flow i n  t h e  dra in  

C = Chew' eanrtmt 

$ r hydraulla  mean r 8 d i u r  

nnd 1 energv g r a d i e n t  of  new 

V , l w  ar C w i l l  bo fonr.rl qut by Ymninrn' Pbmula klaw 

law 



law 

lov W e  L 





(111) n w  Am!3 FEEDER (&LtS 

&an ra t r r l agg lng  1s duo t a  general h r r l l d i a ~  up af us tor  

t a b l e  fmr 8 ~ p a g e  ef a n a l S  mip~loloentofl W m.harg0 duo t o  rain-0 

f a l l  and i r r i g a t f e n  eta., t h e  fnteret-ating Oraiar d o n g  rbankmmt 

roaohor wast lmo g i ro  w b r t a n t  f a 1  r e l i e f  them t h e  a0p3 tbr underneath 

1 8  ihallOw an3 naar  th- t n ~  #-¶lo ?hi6 der iee  ha8 beon #ueeorr%lly 

uasd a t  many plrrer s an1 e 8 p e a i a l l ~  1n t h e  Pni ted  Punjab m Pppor 

and Lamr  Ghsnah Canal area& I t  war Caw14 t h a t  +ha 4lntmee af 

these  d ra ins  a8 3,dCIO ft. from the  aanal vas g m e r a l l v  sucoorrlhl  

but t h l r  waald n a s a l l y  depend *n monra l  i a ~ t O ? s  l i k e  ths drainago 

oapacity an4 thlakne-r of the qu1C.r inrmntion,amd OiC%nnm e l  

bead betwem .anal C u l l  sunply lo re1  an4 t h e  water tab. 

men f amd  wlth deep aqulfor  fom.~tirmm, thr ln taroept ing 

drains cllnnat prevent t h e  goner81 bnilMng up o f  m t e r  t ab le .  A l i n e  

* Iborr r - r a a u a  e t  &e *il*. 8 



l i n e  f r o m  the cana l  s o  t h a t  t h e  cana l  seeDale dcms nnt  inareaoo.  

I t  waul4 a l r o  he nocessarv  t o  l e t -nn lna  s u i t a b l e  d i r t a n c e  b e t m e n  

t h e  f eede r  wells thrrnselves i n  t ha  a r a ~ a r e d  l i n e .  Me13 emerlmnn- 

ts e a r r i e l  o u t  on h n g a  C a n d  i e o d e r  ~ l l s  shovel  t h a t  rmdor 

cnnMtion8 when t h e  c a n a l  1 s n r i  t h - r  i n  4 i g p l n ~  n o r  i n  t i l l i n g ,  

the l l s t a ? c ~  a? h r d e r  wel l s  can be 8 a f e l v  taken a8 .We it. I t  

can be t t W n  mmrvhnre a n u n 4  I ,(vrn Ct. fbr e m a l l  u n l e r  heavv 

mbankmentr. 

(Dl OF 

' a t h  the a l v e n t  o f  cana l  i r r l g a t l m ,  a  lrrrgo number of 

p n r a a l a t i o n  -11s have gnne o a t  of nse. Reeordm shw t h a t  t h s m  

a r e  st p r e r m t  43,553 n ~ r o o l n t l m  wUs i n  the ? i s t r l c t r  o f  

are i n  uerklng n n 4 i t i o n  and +he rest 6,- i n  nan isatking 

mnf l i t i rn .  I n  t h e  whole of t h e  S t a t e ,  exc lu4ing  t h e  Rrr twhi lo  

hpsrr W a t e ,  number o +  mban1.me.l wellr Is %,OM, according t o  

Ssa8bn and Croa Reaort  o f  t h e  W1.b O a v e m w n t  - 196) Taking 

on m avr rage  0.1 6s. achsrae  oa+ each well, at lear t  ",bOr, auroom 

havo rrnrainotl unPumpcd fmm the  untlsrgmunfl r r w n o i r  a l l  t h e r e  

Ysarr. ' h i 8  amount v w l 4  have gone a  l o n g  wry i n  l ouor ing  the 

v a t e r t a b f n  and removing mter logging i n  tho  St.*. I 
t l m r  ex+ tnd  t q  l a r g e r  .Iepths, i t  w i l l  be a f l v i a a b h  t o  dnk a 1 

irrq ~ a t 1  on s u p - l i e s ,  h a l a  a l o t  t o w ~ r d s  l o v s r i n g  af wate r t ab la  I 
e m b d t i n ~  en such a p r o j e c t ,  It 18, howwe?, o r m n t l a l  t o  oxp l0m I 







- 1ca - 
di eh givRs tho water tabla  prOflle a8 

h2 = - +- i ,,J? +%= + e2 1 ............. (9.4) 

!kernin C 1  an4 C9 a m  mnStant8 gaverned by the bomdary aand l t im  % 

A p a l y l n ~  t h e  boundan aandlt innduhen x - 0, h - and 
1 

and ttn water t ab le  p r o t i l e  i s  given by 

H*m, the dis tance  xl &em t h e  drainage for  tho aaxlmum b a d  h l  

k t m n  the g a l l e m  and drainage onn tie fmn3 by diCfbmnt la t ing  

.quatian ( 9.$, equating t o  lrnm rr I ~ a b r t i t u t i n g  x l  for x. 

¶be r e e h a r p  to the &Np eloma t o  the  d ra inam ogto a 

d i s t u 1 2  x1 w i l l  flow t o  t h e  d r a r g ~  and thp cormspending 

madmum head hl om be obtained by aunlflng bmndarf e n ~ 4 i t l o n s  

ta mq. (9.4) wherein a t  x T xl, a x  = O , h = q a n d a t  

x r 0 h = b, and flnillng valuer af 8 o n r b . t ~  1.0. 

mum h12 - b2 + w XIa ( 9.7 ) 

% n i l a r l p ,  tbe gmund w d e r  praY1a botm.a t h e  t m  ~ a l l o r i * r  

i s  obtained a g d n  applfing t h e  boundan cond i t ims  t o  e q u a t i m  

( %4]. Taking t h e  a r i g i n  a t  the g a l l e n  l i n a  Utrtsad Of 
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d r a i n r e  l i n e  ( a t  x - 0 , h = hl qnd a t  x = ( L/%A), A - 0 )  

gl ror  

o1 - a ( &/%A ,UI~ 02 = - 2t.L 
Q 

1 h 9 . 1 ( L - E A ) X )  (.@*@ 8 h2 - hI2 = - l /K ( 

A t  the  m n t m  of  t h e  drainage bar in  i.e. a t  x = ( L/2-A), 

h = hg, ~ q ~ n t i o n  ( 9.8 ) rdnse8 t o  

hv2 = hI2 + ( L l a  . . . . . . .(@.9) 

l b m  tho a b a n  u r a l v r l r  It i r  s a w  t o  looate  t b s  p a r i t l m  

of tho g a l l o r l o r  I..., t h e  l i n e  of -118, and tha head agalnet  

a l e h  lwnplng 10 roqr~Wod for eeonomiaally l o w r i n g  the w a r  

t a l e  p r o f i l e  t o  ths doelrod level .  

M U a L  
Lot u r  t ake  t h e  care  o f  wa ta r lagpd  t r a o t  O f  land In tho  

Upper Earl h a b  Canal Cirelo, 16,CQO it. witlo, lyin(( b t v s o n  tm 

4radn.goe of i n f l n i h ,  length. Alsume t h a t  the m i l  1s hamegenoaue 

hasing e mnff l a i sn t  a t  a m a o a b i l l t r  equal t o  24 it. Ppr dw. 
It 1s 4 e r l r d  t o  provldo the m a r t  soonomleal dralaaga meaeunr 

br tube w l l  pumaing. Futthor aesum t h a t  thQ mximua m d  

olesa t i tx i  a f  tho  water t ab l .  i n  tho e e n t m  Lo 176 Ct. abam t h e  

impameablr baa. and on the  s i h ~  upta 4 , m  ft. tlH amrage  

mun t ry  e l e v ~ t i o n  10 1 7 V  lt. Taking that the  maxlmar o f  tha 

dopreend  water t a b l e  p roc i lo  ehmld  be 7 Ct. b a l e r  tho gmund 

i m r f a ~  so t h a t  the s f f e e t  o f  m t e r l o g d n g  18 oUmlnated v l t h in  

t h e  mot a n e ,  t h e  al lavablo safe oleva t ionr  o f  & o r  1. tk 

m n t r o  and the d 4 0 e  a m  r e g e a t i v e l y  168 R .  md 166 Ct. Again 

t&o the  water lev01 i n  ths d r d n a ~ o r  t o  be 1@ ft. 
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Wow r a t e  o f  raaharga i n  the Ppper  Rari  D9.b Canal %sat 

( r i d e  page 95 ) i s  eat1.l ba 6.876 fnohes  I n  6 m o n t h s ,  a8 mo8t 

of the m n u a l  p r r a l n i t a t l o n  i m  reamired du r ing  t h e  Yonmmn 

m m t h s  ( Pxg to Oetohe? ). 

Thim g ive r  sn avarago d a i l y  a r r a h q r t p  

Cbhmtitutlng t h e  know valuer  o t  the v a r l a b l o r  i n  aquatimm 

(9.6) (9.7 ) (9.91, W have 

IQ = -& +  dm ( blE - Y ~ O "  . . . . . . (9.6~) 
x 2 A 

h12 = 1802 + 1 . .  . . .( .7~) 
7 m  . .. .... .. . .(B.BA) 

mean t h a t  t h e  flow ta  the d r d n a g r  r*r elthar d d a  dl1 k ftw 

a s t r i p  of l a n d  3400 tt. d&, l e a v i n g  the r seha rge  t o  the 

g a l l e r l r S  o v r r  a wldth of - = ft.ar 4600 R. 
a 

far  g a l l a n  

( t1 
The r e l a t i o n  of th. obmorved r i m  o f  watr*abla i n  the 

.a+ aus emal lrrigatsd traatr  t o  t h  l n t e n ~ l t y  of i r r l g a t i a n  

and r a i n f d .  ha8 a l r s a w  h m  l n . ~ l t i p a t d  th-tiaallf am 
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nll a8 by tha methad of r t a t i r t l a a l  uralyrir. Tho general 

a n o l u r f m r  dram ik. t M 8  rtu- indieate t h a t  a l a r m  proper- 

t i m  of the inoraared volume qf ( road  water mrt k arrt1but.d t o  

p r o l a t i o n  of water ?ma th. 8Urfa08 of the  80110 A *nerd  ri8a 

ef  tho wafsr-tUa mmltr  u n t i l  ruQ tin a8 a m u l e  aquilib- 

rim 18 08tabliQod i n  vhieh theflow of tho grarmd -tar a r  

ralioved by natural o r  a r t i f h a 1  a r f a a a  drdnagm and avanorat ia  

frw th m i l ,  .an mpo wlth tho vohmo a?  -tor an t inua l ly  added. 

It 18 ?%wid that dth an i n f l n i b l y  daep m b r a i l  a t  nailbra por- 

moaMUt7, fho ~ o r r i b l l i t y  ob rstablirhlng an oquY l l b r i ~ u  rondi- 

tia of flaw for m omtimated p . n a l n t i m  load d.pmd8 largely 

am pardblo  dopth a f  the rrubrall rtlrr.. la arbor that -7 prrdi -  

.tian rhall b. pardblo  of tho equilibrium p m f l l e  of a n t o r - t a b u  

bnoath  88 l r r i g a t d  t raot ,  it i r  nsW888W to artimata tho 

pa rdb l .  depth of f l e w  i n  tlm mb-wll. 

0-w thr bmat t2liaWo~r a ~ ~ p l e d  d t h  ana-8 width 

em t ~ ~ i f o m  aharaetsr of tha alluviam rb-a8 the rubmil  01 tb 

plan. Fintinasrr harm bond d o n  thmugh layer8 of mud, rand and 

o l u  ?or nearly KN3 Lt. l t Calaatta and 1,W *at a t Ludrnow 

d t h b a t  eoming t o  rolld rook betta. Later arr b e d a t i a  hrvmmrr tn: 

&duoad i t 8  depth to about 6,500 *mat but t h i r  orU.rto i r  wn8i- 

dond  too l o w  by @eloglmtr . Mr. R.b.Oldhun of tb 6Wlegl.rl 

b r m y  mf b d l a  eenalndod tha t  tho maximum depth of thrarrb l o  

S,<KW) !bat a t  tho toot of bdralik R l l l a .  Later a Wr 8.O. 

Burnard a ?  tbr brvoy o t  India Doparka t ,  pp.eulat8d it lib17 

t. t~ so m i 1 0 ~ .  

%d i t  b a n  .Ira ao i n  the ear. af  ?unj&, th problem mf 

-tor-logging might have net arl#O?I a t  a l l .  'Ih. rub-8tratum 



in tbo h j a b  is bolierod t o  ba i8trud.d by rules or  1rp.wl.a~ 

rooks *lab prom 8 d imat  rho& t o  the r b v  o r  r b - t e r r y o u  

n b r r  and thus our- o f  hydrmUr gradloat i s  d i s k r k d .  A 

aa r l rv  ridgo mar D-lhi, *Soh i s  r o w  a n e r t b a a  ra t lamatla  

of tho Ararili Mountain wstbl, dips rmdrr tho pl.LIs. It i r  
LrLb.? arid %a b*. mdorlaln tho Uorth-Eastan matien ef tbr 

b t l o j - h m n a  Daab. f  t may k farther o b n r r r d  t ha t  gaodotir 

1 8 r e s t i y t i o n r  have roroalad blew the -jab rivers a l lu r i r~ r ,  

tho e l d a t . n r  of a r a t l n u e u s  ridgo uhich aftor tra*.rdng th i s  

0.ab mas para1101 t o  tho Himiluar through tho D i r t  sad &bat 

Dubs, r ight  f r r  Wlhl t o  t t m  silt row.  S o  risible parts  

e f  the rugs t .pns ra t  tho * m o t ,  8 u g l a  .ad th. K Irma Ell18 

i. P a k i ~ t m  ( Walt h 1 . b  1. (R#.  9.1). 

It,lr, ~ w Y C . ,  aoaesnrv  #at n r i e s  of t r a r r r r r  at 

right mglos t o  this ridge of Mara l l  system b t3.a md lrhr 

rua t  s u b a r % a  trlrwa?lO b ~ l e t t o d .  

t h e  *st ptoblm t Jm  up by tho f r t lga t i -  Rorunh 

Laboratory ia Sf46 n s  the Ostominatiar ef the &pth ef mb- 

.Il~rlm of R a e .  Doab. Mr. Wil~d08, tbr tb .  hi8 . t l f lo  

h r a r e h  O W l a r ,  earxiad m t  g r a r l v  rurrry vifh tha hr lp  Of 

l to ror  Ternom h1-a. 'Ihls rurrry was iC..d 8rfml i. a d r w  

mta ding tho pnbl -  of  nk rlagglng i t a  that  Doab .ad dr.i@in# 

measuns t o  aha& that.  b y  a t h o d s  ha*. ar to l i w l i ~  

sina ttma. B t a v a s  Wrrion -ma barnme obmlato as  b..L as 

i n  19W md has k e n  n p l a r d  ararimtor.  -0 uhob surV@Y 

i s  thus rxprditod and i s  andi8putodlY ma- arrrrrato. b . ~ b ) . h t S  

i. the srirna of r i a a l e g y  hare given risr te a mob b t W r  

mothad. B l l r i c  surreys, t hm@ oxpns l r r ,  a n  w n  n l l a b l ,  
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o d  ins tmet i re .  Varima wthoda in  r o w  for m b a r t a a e  

a r r w a  ean b enumerated am belev:- 

) Onrimetrfe Method. 

(2) 8ei r i o  Method. 

a Blse t r iea l  I l .a i l t I+i ty  Method. 

(4) Maaet la  Method. 

A p e a l i a r  fiaturn, howrer ,  i n  t he  bdregraphie a y a t n  

a t  the ?Un jab B t n t e  la m a t  aer them hal ibsf  the  I t a t e  l a  nter-  

langad urd aouthem ha l f  l a  i n  tha  g r i p  of aeretm draught. The 

d i t t e r e n n  la the  n t e r  b p t h  frol the mrRm i. the t m  halrea 

mar he oaallf  man than 1W h o t .  'Ihi a ham bea tb aubjemt of  

imreltigation LI.@ the establiah..at of th 1 n a U . k .  Ibmnt ly  

it ma  taken 8p by the  Cbaphpiea D e p a r t m t  *:oh oarried mt  

-&=lo ab r r r a+ i aaa ,  but ma far  them ha8 beon ma indleat l rn o f  

a dofinite ridge underneath. *atover the  eauae of  thia p e a l i a r  

myatam ma7 be, it i s  n Caet tha t  the tm amaa n m r n t  a very 

a t m g  m ~ n t r a l t  am t o  the water table  senditiaaa. Xxnpting tbr 

fndhQ8ugetie drainage afatam of  r l w r a ,  them i a  no ether r tmr 

mrth a u i n ~ .  b e  ground alape mu a l sa  b in  the r e m r r  . 

dlre8tion. ¶hi8 mbjoet ham ta be thrther atndled. lhen umld 

b. a big dmp i m  v ate? t ~ b l e  o n t o a r a  .Ira beauae the  grorud 

m r h a e  d e e m  net drop a auddmn4. Mth a a e r  t a  eradieate high 

watrr h h l e ,  big dmp may be ut i l l aed  and ahmld b .anridered 

aa a wrf ralruble  feature. l h i r  dl1 have a doubb te 1 
?.rare water l o l l  ng twom thr, m e r t b m  part and ?.law iraaght 

ira ths 6aaxth.m part a ?  tho l u ~ i j a b  a r  w l l  .a ha hJaaUI.a.  

'Ihe g-4 mt.r --red t r o w  the netthem na r t  of  the -jab 

ahmld be at i1ia .d  i n  fl1lf.g the aadsrgmn~d n w r r a i r  t e  a 
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rea.arable depth in  tbs lauor part. If the na tuml  8 u r f a ~  drop 

4arSng thi8 in to  l a r p  panda. I t  our be to a mr t a in  death a8 

t, giw DO- dmp i n  t ho  bod do* af th ohanno1 bringing water. 

The abmrp t im in m b  m i l  mid b m a l l  a 8  mmpamd +a t tm 

ohmnol f lvv but  i t 8  ~ t p u l a t i r e  efEsot wuld  be great a8 t h i r  

are.& @dated ,  theme 8pn.d ranidly with a r t i i l a i a l  i r r i g a U a .  
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area i 8  tOported 'bur h e n  damam to  the l y l d  18 indieate4 l 

@rap uhl ch 1 r 1.88 thur 769 of nornull field. Aaobrdlng t o  the 

f r r i p t l o n  Branah mtandard, howver, the l a d  18 m% 
d.aa8ed by thur i r  classed ar  mur er Kallar Land. 'Lhe thur 

area i n  1943-44 ln  t m i t n d  -jab i n  relerted erta-r rime #toad 

at  2g lnkh serer +iah i r  quite high. nm t o t a l  thur 1-4 

i n  whole of the atate  war, howver, ennrldrtably mom. 

Xn ?unjab (I) a f t e r  Part i t ien,  a n g n l r r  n a r d  of thur 

&rdauarler ha8 been kept i n  th In r t l t a t e  .nd lt h 8  k e n  rho- 

t h a t  every yeat, t h r  i s  a th. inareare. %s t o t a l  t h r  d th im 

the i rd (a t1an  beundan an the vnr iou r  eanal w r t a r  18 abmt 

flw lJrh .ens ( Table 9.1). Outride the I r r l g a t i a  barmdary 

aljthaagh the reeomr e r r  not verv aamrate, pt it lh ow8 enamour 

area affeated by thar. 

Blnw tho problem of Thur i r  very mrlaaS i n  the hrajab 

on a..ooat af its rapid rprsad, it hnr k e n  t aekbd  a180 on a 

proper es len t i f l e  barir. A 8  ear ly  a8 195&.16, mothods far  the 

rrelamtlfm of t h u r  land wrr evolved and ap~1i.d the fl0U (71) 

me ear ryhg  Out of s o i l  Wrvey ill 8 U . h  ~ l t  a f h d d  area8 <d 
\ 

the rum? f i r  eaab I r r l g a t i m  ?rajaat b&m it ul.8 t a b u  up, 

r r  sonridered u m e r @ n t i a l  foatum. &il sum* ef 67,QOO 

w r e r  of  Qla Darkhum B l o b  of Rawli  ?ra)eat ( 192JR-ZKJ ), 

8U,db,OCX) aerem of RiL Projeet (1939-4?), lO,PO,MM .ere8 i n  

L l e l l w r  d l r t r l a t  (1941-491, 1.67,- a e n r  ef Jal&puP hrlping 

Projeet (l94S4S) .ad 6 4 . m  earns of C r a a  Vamte L a d  a 

Rmgpur canal ( 1944 ), wra made i n  Che pi.-partiti- p r lod .  

%ere were raatiwed a f te r  '947 a8 wl l  a 4  yl .ma of 1,71,11)I) 

aemr  of  aulturable mate &d in Kamal Dlatr iQt ( l 9 4 w ) .  I 



Pshow Mvidan.  

Bhakra Main Line. 

T0h-a Dlv1sion.l 

lhtehbad Mvi don. 

hpar Dlvidon. 

Bhatinda Divi don. 

Abahar D i d  don. 

h ~ ~ z e p u r  Mvi  dm. 

Bartern Mvi don .  

Sidhmn Mvidon.  




