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PROJECT AREA ~ A BRIEF DESCRIPTION.

) j c J t t a n a d : -

; - . K?ittanad t r a c t  i s  a d e l t a i c  a l l u v i u m  f o r m a t i o n  o f  

f m r  r i v e r  s y s tem s  v i z *  1 M e e n a c h . i l 1 / 1pam pa1, 1M a n im a la  ,

and 'Achen  C o i l '  and t h e  l o w  l y i n g  a r e a  i n  a n d  a r o u n d  

1 vcmbanadu L a k e 1 . The t o t a l  a r e a  o f  K u t t a n  ad t r a c t  i s  

abou t  C 7 j  sq .km . o u t  o f  w h ich  290 s q .k m .  i s  u n d e r  g a r d e n  

l a n d s ,  s c a t t e r i n g  a l l  o v e r  t h e  t r a c t  and i s ' l y i n g  1 t o  2m 

above th e  s e a  l e v e l ,  u sed  m a in l y  f o r  c o c o n u t  c u l t i v a t i o n  

and h a b i t a t i o n .  The r e m a in in g  p o r t i o n  w h ich  w a s  u n d e r  

submergence w as  p r o g r e s s i v e l y  r e c l a i m e d  a s  p o l d e r s  b y  

c o n s t r u c t i n g  r i n g  b u n d s .  T h ese  p o l d e r s  l i e  about  0 . 5  t o  

2m b e l o w  mean sea l e v e l  and t h e  impounded w a t e r  i s  d r a i n e d  

ou t  b y  u s in g  l o c a l l y  m a n u fa c tu re d  a x i a l - f l o w  pumps. The 

a r e a  o f  each  p o l d e r  u n i t  r a n g e s  froga 75 t o  5 ' v0 h a .  and 

th e  c o t a l  a r e a  u n d e r  p o l d e r  c u l t i v a t i o n  i s  e s t i m a t e d  a s  

abou t  52 .39 sq .  Km. The w h o le  a r e a  i s  c r i s s - c r o s s e d  b y  

r i v e r s ,  c h a n n e l s ,  c a n a l s  an d  o t h e r  w a t e r w a y s .  T h e  g e n e r a l  

t o p o g r a p h y  o f  t h e  a r e a  i s  f l a t  and l e v e l .

ihc  t o t a l  w a t e r s h e d  a r e a  o f  t h e  a b o v e  f o u r  r i v e r s  

I s  n e a r l y  5, j j  Sq .pm. and d i s c h a r g e  t h e i r  w a t e r  i n t o  

xu ttan - jd  r e g i o n .  A f t e r  f l o w i n g  th ro u g h  a n e t  w ork  o f  

c a n a ls  and c h a n n e l ; : ,  t h e y  j o i n  t h e  Vembanad L a k e .  The  

c a tch m en t  a r e .  has ur. an n u a l  r a i n f a l l  v a r y i n g  b e t w e e n  

2G.cn t o  3 J c r . . A g o  cel p a r t  o f  t h e  r a i n s ,  G j%  a r e  r e ­

c e i v e d  d u r in g  sou th  Went monsoon r e s u l t i n g  i n  f l o o d s  and 

.rest  o f t e n  subm erg in g  the l o w  l a n d s .  The  K u t ta n d  r e g i o n  

e x p e r i e n c e s  f a i r l y  u n i f o r m  t e m p e r a t u r e  t h r o u g h o u t  t h e

y e a r  r a n g in g  b e tw e e n  2 1 °C and 3 6 °C .  The mean r e la t iv e
h u m id i t y  i s  h i g h  and i s  a b o u t  7 )%.



s C r—

The vcnbanod Lake which io  the non-recla im ed p a rt  

o f  the K uttanad  extends between A l lop p ey  and coch i n w ith 

in area o f  C sq .K k i .  This 1 ’ike i s  connected t o  Arabian 

Soa at Cochin. The water i n  the J ice i s  s a l i n e  excep t 
d u r i n g  ohe monsoon somun when the surface w a t e r  i s  s w e e t ­

ened by f lo o d  w ater. Phon the f lo w  in the r i v e r s  d w i n d l e s  

from the month o f  d» cr irber/ the sa l in e  vaster f r o m  t h e  sea  

in truder the out: i r e  ire » out to  t i d a l  a c t io n .  The  s a l i n i t y  

in the northern p-irl.s o f  Kuttanad goes beyond l i m i t s  o f  

to lerance f o r  r i c e  c u l t i v a t io n  from January o n w a r d s  and i t  

spreads ra p id ly  to the southern parts . The su r fa ce  w a t e r  

remains sa l in e  t i l l  the f i r s t  f lo od  washes i t  d u r i n g  t h e  

succeeding south west nonsoon.

The  s o i l  i s  a c i d  s u l p h a t e  i n  n a t u r e  £nd i s  h a v i n g  

h i g h  a c i d i t y .  T h r e e  m a jo r  p r o b l e m s  e n c o u n t e r e d  d u r i n g  

c u l t i v a t i o n  i n  th j .s  a r e a  a r e :

1 )  h i g h  a c i d i t y

2 )  damage c a u s e d  b y  f l o o d s  and

3 )  i n t r u s i o n  o f  s a l i n e  w a t e r  d u r i n g  t h e  f a g  en d  o f  

c r o p  p e r  i o d .

B . i i  ) K a r i  Lands

The w h o l e  K u t t a n a d  t r a c t  i s  d i f f e r e n t i a t e d  i n t o  

t h r e e  t y p e s  o f  l a n d s ,  namely  K a r a p p a d a m ,K a y a l  l a n d s  and 

K a r i  l a n d s .  The  K a r i  l a n d  o c c u p i e s  an a r e a  o f  n e a r l y  

7 / 3 :0  h a .  T h ey  a r e  l o c a t e d  i n  t h e  T a l u k s  o f  S h e r t a l l a i ,  

Am balapuzha and K u t ta n a d  o f  A l l e p p e y  D i s t r i c t  and v a i k o m  

and K o t ta ya m  o f  K o t t a y  an D i s t r i c t .

The K a r i  l a n d s  a r e  a u n iq u e  a g r i c u l t u r a l  t r a c t  w i t h  

K a r i  s o i l s  -  b l a c k  c h a r c o l  c o l o u r e d  o r g a n i c  s o i l .  T h e s e  

l a n d s  a r e  q u i t e  s i m i l a r  t o  t h a t  o f  K u t t a n a d  r e g i o n  w i t h  

r e s p e c t  o f  t o p o g r a p h y ,  f o r m a t i o n ,  c l i m a t e  and v e g e t a t i o n ,  

b u t  t h e  o r g a n i c  m a t t e r  c o n t e n t  o f  th e  s o i l  i  s v e r y  h i g h .



r t  1 3  b e l i e v e d  that  t h i s  s o i l  was fo rm ed  and d e v e lo p e d  

- n the  d i s t a n t  g e o lo g i c  p a s t  when th e  a r e a  w as  c o v e re d  b y  den se  

'■.-esc v e g e t a t i o n .  in the su cc e e d in g  g e o l o g i c a l  a g e s ,  the s e a  

ccvanced and e n g u l f e d  many p l a c e s ,  h f t e r  thousands  o f  y e a r s ,  

th sea receded  exp o s in g  th e  c o a s t a l  r e g io n  and p a r t  o f  t h e  

- r e r e r t  m id lands .  During t h i s  g e o l o g i c a l  u p h e a v a l s ,  th e  e n t i r e  

r - n  t  a rea  was submerged f a r  b e lo w  the  ground and  t h e r e a f t e r  

sJlttjd upto v a ry in g  l e v e l s .

The p r o f i l e  o f  Kuttanad a l lu v iu m  c o n s i s t s  e s s e n t i a l l y  

of a l t e r n a t in g  layers  o f  c l a y  and sand, admixed w i t h  v a r y i n g  

p ro p o r t io n s  o f  o rg an ic  m atte r .  The c l a y  i s  u s u a l l y  a g r e y ,  

dare  o r  b l u i s h  b laclc  ir. c o lo u r .  T h is  a l l u v i a l  f o rm a t io n s  e x i s t  

in 1 jycis v a ry in g  upto  3~ metres  in depth  u n d e r l a i n  b y  sand s to n e  

and m ott led  c l a y  o f  t e r t i a r y  f o rm a t io n .  S t i l l  d i s t i n c t ,  the  

p a r i  s o i l s  can be r e a d i l y  be d i s c e r n e d  by  the deep  b l a c k  c h a r ­

co a l  c o lo u r ,  due to h igh  o r g a n ic  m a t te r  c o n t e n t .  The tcp s o i l  
■

i s  admixed v l t h  w e l l  decomposed o r g a n i c  m atte r  t o  the tunc  o f  

11-3.,%. But, underneath ,  the Lop l a y e r  i s  th e  p a r t i a l l y  decom­

posed, f i b r o u s  p l a n t  r e s i d u e s  c o n t a in in g  l e s s  than  5 J% m in e ra l  

n a t te r .  Hence, these  s o i l s  a re  bo th  mucky and p e a ty  in  n a t u r e .  

In some p l a c e s ,  l a r g e  l o g s  o f  wood l o c a l l y  known as  1 Kandamaram1 

Dccar embedded in  the sub s o i l .  Beneath t h i s  l a y e r ,  the  s o i l  i s

in admixture o f  sand, o r g a n ic  m a t te r  and c l a y  and s t i l l  d e e p e r
L t b  ecorne s r  ivc  r  sa r. d .

I ' j r i  s o i l s  a r e  e x t r e m e ly  a c i d i c  in  r e a c t i o n  w i t h  pH 

ranging J .5 and the pH redu ces  f u r t h e r  when the s o i l  g e t s  

f r i e d  up. I t  i s  found th a t  the e x t r e m e ly  low  pH on d r y in g  i s  

due to t.ie P roduct ion  o f  f ret ,  s u lp h u r i c  a c id  by  o x i d a t i o n  o f  

sulphur compounds in  th, t o i l .  The f e r t i l i t y  s t a t u s  o f  t h e  

■ o i l ^is  p o o r . B e s id e s ,  the n o i l  c o n t a in s  t o x i c  c o n c c n t r a -  

Ji 1 ^ i :ox ic  o r g a n ic  pro due b*r> •

111 — —P— -fir—  Kavil Thckkumpuram Padasekharam.
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D . i - i i ( a )  L o c a t i o n  • nd Ari-O : * ,
--------------------------------  t y p i c a l  r e p r e s e n t a t i v e  tract*

The pro  j ecu a rcd  l j ]
.jC, 99 h a .  ThCr [ jTOjCCt

o f  i ' . . n  land  w i t h  on u rea  o f
i l- l i - iDuzho v i l l a g e  and T a lu k  o far\.i c  ernes undej ambui ipu^u

• i/,ns c a s t  o f  Jimoalapuzha
A l lo p p c -y  D i s t r i c t .  I t  i r e s  .. Kins.

. . . 7 The p d d a s c k h a r  am i s
J u n c t i o n  on n a t i o n a l  Highway
n . n e u i  by ; ,n , i r . l rp n -h a -T h a K a 2hy r o a d  a t  n o r t h ,  l e a l *  

t h i l  thodu  a t  c - v t ,  K a r l  th o d u  a t  s o u t h  and Karumady 

thociu t. L w e s t .

( b ) p h y s i o n r a p hy and H ydro l o g y  :• -

The p r o j e c t  f icJ .  ri i s  l o c a t e d  1 t o  1 .am b e l o w  mean 

s e a  l e v e l .  The w a te r  c o l l e c t e d  i n  t h e  p r o j e c t  a r e a  i s  

d r a i n e d  o u t  by pumping t o  n e a r b y  c a n a l s  u s i n g  a x i a l  

f l o w  Dumps ( p e t t y  and p u a h ) .  T h e r e  a r e  tw o  p im p in g  

o u t l e t s ,  one w i t n  a 3 HP and t h e  o t h e r  w i t h  2f'HP a x i a l  

f l o w  pump. The f o r m e r  i s  i n s t a l l e d  on t h e  r i n g  bund 

o f  Karumady thodu  and the  l a t t e r  on t h e  r i n g  bund o f  

K a r i  t h e d u . Two d r a i n a g e  c h a n n e l s ,  w i t h  an a v e r a g e  

w i d t h  o f  2.5m ana a d e p th  o f  >. .7m/ a r e  i n t e r  c o n n e c t e d  

and l e a d  w a t e r  to  t h e  p im p in g  b a y s .  T h e r e  i s  a n e t

v/ork o f  s m a l l  d r a i n a g e  c h a n n e l s  w h ic h  o p e n s  o u t  i n t o  

the- main d r a i n a g e  c h a n n e l .

The land  has  g o t  a lm o s t  an e v e n  topography.
»

The- w a t e r  l e v e l  i n  t h e  s u r r o u n d i n g  water ways 

w i l l  b e  h i g h e r  b y  1 t o  1.5m th an  t h a t  i n  the- p a d d y  

f i e l d s  d u r in g  t h o  s e a s o n  o f  c u l t i v a t i o n .  T h e  h a v o c  

o f  f l o o d ,  o v e r  t o p p i n g  and b r e a c h i n g  o f  b u n d s  and 

f l o o d i n g  o f  paddy  f i e l d s  a r c  a n t i c i p a t e d  d u r i n g  t h e  

p e r i o d  o f  SW monsoon. i n u n d a t i o n  o f  s a l t  w a t e r  and

damage o f  c r o p s  are  e x p e r i e n c e d  du r in g  t h e  p e r i o d  
January t o  March.
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s . l i i ( c )  Climate
The croject are- s t^ r io n c c c  a typ ica l t ro p ic a l

The monthly .^ean of the weather parameters 

for the rnriod from' 1976 to 19C5 anc that fo r  the
from 19#  January to  narch 1907 j.s given in

I table - a  . The ironehl;,* charge,s in c lim atic  parameters
I have also t>een iJ isstratcd  through f ig -A  and B . ,

♦

E . i i l ( d )  L a n d  H o l d i n g  a n d  y t i l i z a t i c n s -

Frorr -che survey CGndueted at th is  station  and from 

the reca r ls  avail dale with Revenue Departmenti i t  is
found .-hat altogether 1-5 cu lt ivato rs  are there in the
project Area, farming 75.23 3 ha of paddy f i e ld s .  when

I the tenures hip of the. land is  c la s s i f ie d  based on the
I  extent of hole Lrv. , i t  mo seen that a substantia l num-
I to- r of h 1 ii . . fed 1 '-v icTi.. Out o f  125 n o s .o f
I holding , ~5 holding were wj th . n avcrag* extent of
1 1 ucr- o. below eh rL and 3 5 holdingp were with an

averag- ext fef between I o r .  and 1.5 acre. Only 15 

holdings v/cr- v/j tl mean acreage cbo/e .3 acre. The 

| average size of holding is  j . f  i ha $1 .•*n a c re s ) .

I The tota l *roa of the pro ject fie lc i is  CO.91 9 ha.
and actual p ddy : ia ld  is  75 23G ha . The r e s t  of the 

I land i s  occupied by *oads. trenches and rec l aimed drj
, lands. The dry J srds are used for human habitation
1 and uor ‘the cu ltivation  o i  perennial crops, mainly

c o c o r n t ,

3  - i l l  v j )  C r o p  p i n e ,  -

h- on© 'nri th* orly  c ro : ra ised  in  the vjet land  
Poddy m l -htrc •a i $ covQ®fdi under tt/g
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T a b l e  -  A .

MONTHLY VARIATIONS OF WEATHER PARAMETERS IN THE PROJECT AREA 

( a )  T o t a l  R a i n f a l l  cm.

Jan .  F e b .  March A p r i l

A .  1 .7 b  4 .39  4 .57  12 .0 0

B. 0 .1 6  j .36  3 .  6 0 .0 0

C. - - 1 .10

( b ) M o n th ly  mean maximum T e m p . ° C .

A .  3 3 .3 2  33 .<> . 3b .  47 3 b . 76 33 .70 3 .61 3 .19  3 ' . * , 7

B. 31 .1:- 3 2 .0 9  33 .03 3 2 .0  3 2 .^ 3  2 9 . CT 2 9 .2  23 .35

32 .3  3 2 .0  3 3 .1 4

C o n td

3 1 .6 2  3 2 .2 2  3 1 .7 6  3 3 .6 1  3 2 .5 5

2 9 .3 3 •< , K-  i  * _ 3 1 .1 j

May June J u l y  Aug S<_ct. Oc N o v . D e c .
T o t a l
me clH •

20 .46  65 .2 6  5 3 .0 6  3 9 .7 3  20.51 29 .59  21 .07  5 .5 5  292 .62  

9 .0 4  3 5 . 96w 24 .40 2-,.5 33.6-,  1 5 .1 2  19 .0 . ,  ‘ .0 2 1 7 5 .9 2



( c ) M onci i ly  f t  -in m! ninum T\-nio. °C ■

Jan. F e b .  March A priJ . May June

A .  22. 5 23 .29 25 .  7 25.- .2  2 5 . C_ 24.-,3

B. 21 .65  22.6-. 2 .  . . 5  2 2 .4  25. -22 23 .93

C. 2 2 .1 -  22 .63  2-. .55

(21) M on th ly  rr.i-an c v a p e r a t i o n  (mm) -

3 .77  - . .23 .-.75 5 . ' • !  4 . 9 4  *.-.23

3 .  3 .  -3 ! .23 --.9-. S .2 S  - , .57  . .3 1

C .  3 .  1 3 .7 9  . . . 6

.3 = M o n th ly  near, f o r  t h e  y e a r

3 = M o n th ly  mean l o r  the  y e a r

C = M o n t h l y  mean f o r  t h e  y e a r

11 : -

J u l y  A u g .  S e p t .  O c t .  Nov. Dec. T o t a l
 *  _ Mean.

23 .39  2*:.33 2 . .7 3  25.-1 2-..30 23 .32  2-.. 27

2-1.. 24 .39  2-1.16 2*. .53 23 .1 73 .2 ; :  23 .63

--.3 9 -1.13 4 .3 7  , .2 2  3 .9 4  3 . 2  4 .2 0

-.  3 3 .95 - .52  3 .57 3 .*13 3 .11 4 .11

197G t o  1905.  

1 9 0 6 .

19 37 .



RF

co
M o n t h l y  m$m  f o r  ch< ( 1 )  T o t  & r a i n  f a l l  ( ? - )E v a p

P e r i o d  J 976 t o  1905 
po r  th  y e  ,ir j.9 06

CL j

J J A S O N 33 
F i g u r e  -  ( a )
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B - 111 ( f  ) S o i l  Chur a c tu r  j .b t  1< s i — j

Tr. s o i l  o f  the pi ■ j at  i s  typ ica l Kari s o i l .  J
sox_ monolith from C .2m df pth has been drawn from thJ 

project re ud has been displayed in  ̂ k °x -M
Freni the. vibu .J oh.-crvaLion i t  i s  seen that  frora 0-j|  

depth/ thf 1 i i  i s  cl yey • -1* ’ blach i n  c u l o u x  luc t o j

l i i . jh  o r g a n i c  m a t t e r  c o n t e n t .  Thu c la y  t y p e  is  the J  
pandJu j  cm, end ] . r g c  c r a c h s  arc  fo rm ed  on  d r y i n g B ^ H  

From 60-«90m dc i eh ,  l o t  o f  wooden d e b r i s ,  u n d o c o m p o a j  

o rgan ic  meter i a l, arc seen embedded. B e low  that.* J D  

s o i l  l a  an a d m ix tu r e  o f  c l a y ,  sand  and o r g a n i c  matt^S 

From t lu  d e p th  oC 1 .Gm o n w a rd s ,  t h e  s o i l  i s  a l m o s t  oj

th e  r i v e r  sand t y p e .

oECTIO! ] -  C.

O b j e c t i v e s  ov t h e  p r o j e c t :

1 o t o  comorehcr.d  th e  e f f e c t  o f  a s u r f a c e  and s u b s u r f  tee

d r a i n a g e  sy s tem _ on th e  movement  o f  s o i l  l i q u i d s  :

i )  t o  s tu d y  che e f f e c t  o f  sur fac<_  and s u b s u r f a c e  d r a i n s  

i n  p r e v e n t i n g  th e  r i s e  o f  t o x i c  p r o d u c t s  f r o m  sub­

s u r f a c e  s o i l  i n t o  r o o t  c o n e .

i i )  To  s tu d y  the  e f f e c t  o f  s u r f a c e  d r a i n s  i n  r e m o v i n g  

th e  t o x i c  p r o d u c t s  a l r e a d y  p r e s e n t  i n  t h e  r o o t  z o n e

i i - i ) Tc study t h e  i n f l u e n c e  o f  sub-surface d r a i n s  on

l o w e r i n g  w a t e r  t a b l e  a n d  i t s  effect on g r o w t h  and 

d e v e l o p m e n t  o f  r o o t s .

2 ,  to s tu d y  t h e  p a t t e r n  o f  h y d r o l o g i c a l  c y c l e  c c c u r i n g  i n  th e  

w a t e r s h e d  a r e a  and i t s  im p o r t a n c e  and i n f l u e n c e  on  t h e  I 

d r a i n a g e .



TO d e v e l o p  a f e a s i b l e :  t e c h n o l o g y  f o r  t h e  l a y ou t  o f  su b -  

’  ^ c f a c c d r a in a g e  sys tem  s u i t a b l e  t o  p e a t  and muck s o i l s :

i )  t o  d e v e l o p  th e  c r i t e r i a  f o r  t h e  d e s i g n  o f  su b ­

s u r f a c e  d r a i n s  i n  p e a t  and muck s o i l s .

i i )  To e v a l u a t e  t h e  t y p e s  o f  d r a i n s  ( s u c h  as  t i l e  d r a i n s ,  

pyc p i p e s  e t c .  ) and s i z e  and s p a c in g  o f  s l o t s  on d r a i n s  

s u i t a b l e  f o r  t h e  l a y  o u t  o f  s u b s u r f a c e  d r a i n s .

i i i )  To e v a l u a t e  t h e  f i l t e r  m a t e r i o l s  t o  be  u s e d  f o r  t h e
mt

l a y o u t  o f  s u b s u r f a c e  d r a i n s .
i

i v )  t o  d e c i d e  upon tha d e p th  and s p a c in g  o f  t h e  l a y o u t  o f  

s u b - s u r f a c e  d r a i n s .

v )  to  d e v e l o p  t h e  c r i t e r i a  f o r  t h e  d e s i g n  o f  a u x i l i a r y  

s t r u c t u r e s  o f  s u b s u r f a c e  d r a i n s .

To d e v e l o p  c r i t e r i a  f o r  d e s i g n  p a r a m e t e r s  o f  s u r f a c e

D ra in age  ?

TQ d e v e l o p  t h e  d r a in a g e  p a t t e r n  r e q u i r e d  f o r  d i f f e r e n t
c r o p s :

1 )  To d e t e r m in e  th e  d r a i n a g e  r e q u i r e m e n t  o f  r i c e  c r o p

under  s t a t i c  and f l u c t u a t i n g  c o n d i t i o n s  o f  v/atcr l e v e l s .

i i )  to  s tu d y  th e  f e a s i b i l i t y  o f  c h a n g in g  m o n o c r o p p in g  p a t ­

t e r n  i_o d i v e r s i f i e d  c r o p p i n g  and t o  d e v e l o p  a g r o  t e c h ­

n iq u es  r e q u i r e d  f o r  t h e  d i v e r s i f i e d  c r o p p i n g .

i i i )  to  f i x  up th e  d r a in a g e  r e q u i r e m e n t s  o f  t h e  c o m p e t e n t  

c r o p s  o f  d i v e r s i f i e d  c r o p p i n g .

To e v a l u a t e  th e  f e a s i b i l i t y  o f  u s i n g  the r e t u r n  f l o w

from  d r a in a g e  f o r  i r r i g a t i o n  in r e l a t i o n  t o  w a t e r
qu a l  i t y  r  a t  i  ngs .

To e v a l u a t e  th e  s o c i o - e c o n o m i c  b e n e f i t s  accrued frcm
the d r a in a g e  p r o j e c t s .
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TEC HNICAL PROGR .MME, yOP_JL_Lb —d—  "

, uj , f  07 35  a p p r  o v o d
T e c h n l e a ]  pr igrammc f o r  the_ y» I J u p - q /---------

i n  t h e  p r e v j o u s  annua 1 wot k s h o p :

1 .  P e r f o r m a n c e  ^ . v a lu a t i o n  e>f t ) i o  e x e c u t e d  s ub
/•; 1 fi wi ] 1 b o  c a r r i e d

d r a i n a g e  s y s tem  i n  th e  f a r m e r s  s i c l d  w n

o u t  on th e  f o l l o w i n g  a s p e c t s .

a )  p e r i o d i c a l  c h a n g e s  i n  v/ater q u a l i t y  a s  i n £ l  c  

b y  th e  d r a i n a g e  s y s tem *

b )  F l u c t u a t i o n s  i n  g ro u n d  v/ater t a b l e .

c )  A s s e s s m e n t  o f  h y d r a u l i c  p r o p e r t i e s  o f  t h e  t i l e  

d r a i n a g e  s y s te m .

d )  T h e o r e t i c a l  p r o d i c t i o n  o f  d r a i n  p e r f o r m a n c e  i n  

t e r m s  o f  v/ater e n t r y  q u a l i t y  o f  t h e  d r a i n .

c )  E f f e c t i v e n e s s  o f  th e  d r a i n a g e  s y s t e m  i n  t h e  

p e r f o r m a n c e  o f  p a d d y  c ro p s  in  " " a r i  l a n d s " .

2 .  E v a l u a t i o n  o f  th e  s u i t a b i l i t y  o f  d i f f e r e n t  f i l t e r  

m a t e r i a l s  f a r  s u b - s u r f a c e  d r a in a g e  i n c l u d i n g  t h e  

c r i t e r i a  f o r  t h e i r  d e s i g n  and e c o n o m ic s  o f  v a r i o u s

f i l t e r s .
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— , n r  i  a i  t e c h n i c a l p r o g ra~r ie  o f  th e  p r o j e c t s  ta k en  up a t  

-Jr.c ce  n t r c  dur i n j  1906-07  . - _ -
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c r c j t _ c t  a r e a .

P e r i o d i c a l  c h a n g e s  i n  D e c . 1932 
th e  qua i i t y  o f  s u r f a c e  t o  t i l l  
w a t e r  i n  th e  p r o j e c t  end  o f  t h e  
a r e a .  s ch em e .
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P r e p a r e c i o n  o f  
i- : tcr  c o n t o u r  

r -p anc hydr^u  
1 .c c a p  i n  chc 
p r o j e c t  a r c  -.

Dev c l  ■jpmc.nt o f  
s u x t a b l e  
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t h e  end o f  
t h e  schem e

b ;

JV rrm' a t  o f  ny*- D e c .1904
<"- i v . l i c  p r o o c r t i c s t o  c o n ­
o f  th'. V i l e  d r a i n - t i n u i n g  ,
dc s y s t e m .

E f  f e e  c iv .  n e s s  o f
t i l e  d i l i n a g e Dee .1904
sy s te n  i n  t h e t o  c o n ­
p e r f o r m a n c e  o f t i n u i n g  .
p ■ a- c r o p  in
t h e  K a r i  l e n d s .
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TJ tx . ■ t h e  : r o j  c  ■' 5 Survf >

q u u l j  t y  of. wa
t e r  i n  t h e  p r o j e c t

\rc i .

T i t l e  o f  the- p ro b lem 3 p . x l o c l i c a l  c h a r g e s  i n  q u a l i t y  o f  

Mar L nc» ond s u b s u r f a c e  w a t e r  i n  

th* i r o  l o c t  a r e a .

3 j  (OCt-lVC: ; 1

»• o 1,' p  j I o d i c  c h a n g e s  xn t h e  qu  a l  i  t y  o f  x l o o d i n g

w:c< > , d ra in a g e  v ia t o r  ind  g ro u n d  w a t e r .  1

) ’c i d e n t - i f y  d i e  f l u c t u a t i o n  in th e  q u a l i t y  o f  w a t e r  

d u r i n g  the  y ^ r  io c is  o f  f a l l o w i n g  and c u l t i v a t i o n .

rj’ r e e l e d  u t i l i t y ; m

The n c y  . a l l  • u n _ f u l  I n f o r m a t i o n  on  t h e  q u a l i t  

a  t o r  . -  j c  -Jc a r e a  a n d  e n a b l e  t c  s t u d y  t h e

1 lO ' c t  . q e o f  J ; e  on t h e  . e o l e g y  c f  t h e  a r e a .  i b e  

;■ .. formai: j. th' - e, s e r v e  e f f e c t i v e l y  i n  t h e  p i ;  n -

i , :j c f  c<.j .c ivc •[ - . p r o j e c t  a r e a .

xcch> o'cax j pro£ - *

W a te r  s en  p i c s  w i L I  L c  drawn a t  w e e k l y  i n t e r v a l s  f r o m  

the  c b s e r v a t i o  i w e l l s ,  p  c u c m e t e r c ,  d r a i n a g e  c h a n n e l s  and 

wniair i^ays n o  1'. c_n e l  i c y  such as  and EC w i l l  b e  

a s s e s s e d

j b s e r v a t j on s t a k e nm T  ̂ — — — —  ̂ |- MB •

pH and EC o f  th e  w a t e r  sam p le  t o  be  e s t i m a t e d  a t  
w e e k l y  i n t e r v a l s „

Date  o f  s t a r t i n g : December 1932

r"1



Qjz c o m p l e t i o n  s Throughout.

?r  ac r e s  s o f  wcrk : ■■

W ater  s a n p l e s  w e re  c o l l e c t e d  a t  w e e k l y  I n t e r v a l s  f r o m  

r -<3eterm!ned p l a c e s  f o r  s t u d y i n g  th e  p e r i o d i c  v a r i a t i o n s  

h. pH and EC. in  a l l  c a s e s  th e  pH v a l u e s  w e r e  s l i g h t l y  

c i d i c  and ra n g ed  b e tw e e n  5 t o  6 . 5 .  The  s u r f a c e  d r a i n e d  

t e r  a l s o  has shown th e  sam e v a l u e s  o f  pH a s  t h a t  o f  t h e  

o n a s id e  w a t e r b o d i e s .  The t im e  b a s e d  f l u c t u a t i o n  o f  pH i s  

g r a p h i c a l l y  r e p r e s e n t e d  in  f i g . l ( l )  and 1 ( 2 ) .  The  EC v a l u e s  

i a v e  r a n g e d  b e tw een  3 .5  t o  2 .5  mmhes/cm ( F i g .  1 ( 3 )  and 1 ( 4 ) ) .  

In  t h i s  c a s e  a lso  th e  v a l u e s  r e p r e s e n t i n g  t h e  s u r f a c e  d r a i n e d  

w a t e r  f o l l o w e d  eho same p a t t e r n  o f  f l u c t u a t i o n s  o f  t h e  o u t -  

.. 'd c  w:. c a r  b od y  s u g g e s t i n g  t h a t  t h e  c o n t r i b u t i o n  o f  s u r f a c e  

r a i n a g c  i n  r e m o v in g  s a l t  f r o m  the  s o i l  i s  n e g l i g i b l e .

j f  w a t e r  sampl . s a t  w e e k l y  i n t e r v a l s

Date Karumady
th o d u . Kar i  thodu K a l a t h i l

th od u
D r a in a g e  
ch a  nnc 1

G C S . 23 5 .03 6 .1 6 5 .37
1 1 . t  • u J 5 .33 5 .3 j 6 .0 2 4 .0 5
1 7 .4 ,8 6 5 .0 0 3 .41 C .30 3 .7 0

i - . oG 5.93 5 .6 0 6 . 3 0 4 .7 0
3 .4 .0 6 G .35 6 .4 6 6 .7 3 5 .4 4
0 .5 . 0 6 6 .35 C . 4 6 .1 4 4 .95
16 .5 ,06 C .92 6 .7 0 6 .3 1 6 .6 9
s . 5 . G6 6 .61 6 .50 5 .6 0 5 .3 3
2 - .5 .0 6 ^ .3 3 a .42 3 .6 7 G .70
* . r ■ . G 3 .54 3 .66 3 .6 0 3 .5 6

C on td
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Dat^

( 1 )

Karurncidy
thodu

( 2 )

K a r i
thodu

( 3 )

K a l a t h i l
thodu

( 4 )

nr  ci i n  age 
cha  n n e l  •

( 5 )

.12 .6 .86 4 .94 3 .55 3 .48 4 . 7 0

1 9 . 6 . 8 6 6 .67 5 .0 5 4 .61 5 . 9 2

2 6 .6 . 0 6 5 .77 5 .81 3 .57 5 .8 8

3 . 7 . 8 6 5.81 4 .6 0 4 .8 0 5 .3 3

1 0 . 7 . 8 6 6 .27 4 .8 5 4 .4 0 5 . 8 5

1 7 . 7 . 8 6 6 .8 0 6 .2 6 6 .3 7 6 .7 1

2 4 .7 . 8 6 6 .6 6 .7 5 5 .34 6 . 8 6

3 1 .7 . 8 6 5 .9 8 6 .0 0 6 .6 5 6 . 7 8

7 . 8 . 8 6 6 .93 6 .30 4 .1 5 5 . 2 8

i 4 . 0 . 8 6 F l o o d F lo o d F l o o d F l o o d

2 1 .8 . 8 6 6 .4 8 6 .0 0 6 .  20 6 . 3 8

2 8 .8 . 8 6 6 .72 5 .95 6 .3 5 6 . 3 0
4 . 9 . 5 6 6 .8 8 6 .  20 7 .00 6 .9 3
1 1 . 9 . 8 6 6 .4  9 C . 53 6 .0 0 6 .7 1
1 8 . 9 . 8 6 5 .83 6 .1 0 5 .6 5 4 . 7 8
2 5 .9 . 8 6 6 .37 6 .85 6 .6 0 6 .7 5
3 . 1 0 . 8 6 6 .47 5 .85 6 .0 0 6 .0 3
9 . 1 0 . 8 6 7 .1 0 5 .95 6 .8 5 5 . 9 0
1 6 .1 0 .8 6 6 .5 7 5 .3 0 6 .8 5 5 .8 8
23 . 1 0 .8 6 6 .80 6 .7 5 6 .5 5 6 . 0 5
3 0 . 1 0 . 8 6 6 .83 5 .5 0 6 .1 5 5 . 9 8
6 . 1 1 . 8 6 6 .97 6 .2 5 6 .6 0 5 .9 5
13 . 1 1 .8 6 6 .7 5 6 .5 0 6 .60 5 .9 5
2 0 .1 1 .8 6 4 .63 6 .2 0 3 .60 6 .65
2 7 .1 1 .8 6 6 .43 6 .1 0 5 .5 5 6 . 0 8
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V J
( 2 ) (2 ) ( 4 ) ( 5 )

p C., _ * »o v-

. . 2.86

' . . .  I " i 36
— — » ■* 

j o

. . 1 . X 387 

J -

; . i37

, . J

s j  i -37 

p ,  ̂. ci 7

? -*7

J B  ' - Ci /

S • 3 .87 

-1 2.2 .87 

1 . j .C7

2 8 .3 .0 7

6.83

6 .33  

6 .97

■ ••

6 . 33 

6 .3 0

6 .33  

7 .6 5  

7 .  27 

7 .63  

7 .7 0

7 .13

7 .0 0

6 .  CO

6 .0 5  

• • *

6 . 9 0  

6 .35

6 .6 5

6 .6 5

7 .05  

8 .15

6 .65

7 .  20

6 .  25 

6 .3 5

5 . 5 0  

• •

6 .45  

6 .9 0

6 .50

7 .6 0

6 .6 0

6 .4 5  

6 .4 0  

6 .40

6 .2 5

5 . 8 0

6 .4 2

6 . 5 5  

6.88 

6 .75 

7 .5 8  

6 . 6 0

7 .6 8

6 . 6 8  

6 .9 5

7.25 

5 .5 0

6 .5 5

4 .9 0

7 .6 5

6 . 3 0

8.02

6 .6 0
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v —;

EC o l  v/ater a

,<'aruri.-ii.1y
thodu

(?)

; - j i M  at weeldx J J ?

t l  iorlu

(3)

K a l c i t h i l  
t  bodu

(4 )

D r a i n a g e  
c h a n n e l .

( 5)

j 5 ,33 4 .80 0 .3 2

M .06 7 .2 0 6 . 60 0 .5 4

i  / *  1.06 4 .7 0 5 .7 0 i . 1 2

X“r . 36
0 «

3 .0 Q
• 1

6 . 20 1 . 1 0

Ju .  -10o 6 / .07 3 .2 0 1 .  20

C  g  -  p  C  O

ft.
6 . 2 0

0

6 . 6 0 0 . 1
• f

1 5 . 5 , 3 6 i .  n 1 . 5 0 2 . 2 0

1 2 .  5 . .  8 6 2.71 0 .  >-5 1 . 0 2

2 9 .5 .8 6 1 .  23 2 .01 1 . 3 0

.6 .3 5 5 .1 0 2 . 8 0 2 . 20

1 2 .6 .3 6 0 .7 7 3 .70 3 .35
1 9 .6 . 8 6 J. .67 .2 .6 0 2 .3 0
/.6 . 6 .  1)7 3 .3 5 3 .9 0 3 .5 5
5 . 7 .8 6 0 .7 7 1 .7 6 1 . 5 0
1 0 . 7 .8 6 0 .9 5 2 .25 2 .43
J 7 . 7 . 36 0 .2 5 0 .6 0 0 .3 2
2 4 .7 .8 6 0 .71 1 .9 2 1 .5 6
3 1 .7 . 8 6 0 .7 2 m m 0 .7 8
7 .3aS6 0 .5 0 0 .7 5 1 .35
1 4 .3 . 8 5 Flooded Flooded Flooded
2 1 . 8 . 8 6 0 .  .15 0 . 1 2 0 .1 3
2 8 .3 . 8 6

0

0 .3 7 0 .2 7 0 . 24
4 . 9 . 8 6 0 .3 4 0 .33 0 . 3 5
1 1 .9  c86 i  .80 0 .63 1 .6 5
1 8 . 9 , 8 6 3.33 0.90 0 .8 3

2.40

2 .3  0

2 .85 
2.70 

1 .26  

4.68  

2.32 

2.08 
2 .20

3 .90 
2.14 
2 .20

3.4 5 
2.02  

2.21 
0.43
0.99
1. 29 
0.72 

Flooded 
0.24 
0.27 
0.58 
0.79
1 .49

Contd. . . .



(1 )

25 .9 .86
3 .10 .8 6

5 .10 .86

16 .10 .86  

2 3 .1 0 .8 '  

5 .10 .36  

6 .11. 86
13 .11 .86

2 0 .1 1 .86 

27 .11 .86  

1 .12 .66  

LI .12 .86 

L3 .12 .86  

25 .1 2 .6 6  
L .1 .87  

3 .1 .07 

.5 .1 .8 7  

>2.1 .87 

10.1.67

>. 2. 7 

• 9 .2  .87 

27. 2.67 

i .3 .8 7  

.2 .3 .87

9 .3  .87

6 .3  .07

(2 )

0.68 
0 .26  

0 .3 7  

0.1 1 

1 .01 

1 .51  

0 .4  4 

0 .4 0  

0 .7 2  

2.3 l. 

0 .5 0  

0 .6 5  

0 .1 3

a a

0 .2 8  

0 .18  

0 .16  

U . l  5 

0 .14  

C .60 

j . i  5 

0 .13  

• • 

a •

0 .3 5  

3 .20

(3 )

0 .4 5

0 .4 5

0 .7 5  

0 .6 9  

1 .01 
1 .4 4  

0 .4 5  

0 .1 8  

0 .3 1  

2 .25  

2.7Q 

1 .35 

1 .20 

• a

0 .  29 

0 .5 3  

0 .22  

0 . 2 2  

0 .5 2  

0 .3 6  

0 .7 2  

0 .1 7

0 .05

1 .90

( 4 )

0 . 5 9  

0 .2 8  

0 .6 3  

0 .6 3  

0 .8 7  

0 .8 7  

0 .1 8  

0 .2 4  

1 .25 

1 .7 5  

1 .01 

1 .0 0  

0 .5 S

a a

0. 22 
0 . 22 

0 .2 7  

1 .1 4  

1 .1 1  

1.11 

1 .02 
1 .3 2

1 .30

1.75

( 5 )

0 .6 3  

0 .3 9  

0 . 8 2  

0 . 7 8  

1.10 
1 .0 0  

0 .1 5  

0 . 4 5  

0.21  

1 .8 0  

1 .6 3  

1 .9 3  

0 .7 4

m  a

0 .7 7  

0 .6 4  

0 .2 8  

0 .3 7  

0 .5 1  

1 .20  

2 .43  

1 .65

2.25

2.30



F i g u r e  -  1 ( 1 )

P e r i o d i c  c h ang e s  in  gH o f  _wat£r in_ d i f f e r e n t  w a te r  b o d i e s  w rt
t im e Karumaay thodu and K ar i thodu

S c a l e H o r i z o n t a l  -  1cm 2 wee] 
V e r t i c a l  -  2cm 1 pH

K a r i th o d u Karumady th o cu

.4'
f «
* I 

I

I
I
;
ii
«

/, a
i

» • 
I '
i
« *i •

»

i' '
*1 .x-'

A

- •

VI •

•Xi
- K

• / »I i

\ V K

' i 
’• II
I ,
, i

V.'
C r o p p in g  S eason

•7 -

i *

S 29 1 2 / t  ?vS 10/7 ".V 7/6 21 ‘ 4/9 ’ 13 * 3/10  16”  30 13/11 '2 7  11/12 25' S/1 22 5 ^ 2  27 11/3 26



F-1/  Lire -  1 ( 2 )

Per i o d i c  changes  o f  pH o f  w a te r  In  d i f f e r e n t  w a te rb o d ie s  w r t  t im e
(K a la t h i l  t hodu and D ra inage  c h a n n e l )

. » * —

V:

»N

:
' I

i

iS,! *'
f \\ ° '

‘ I *̂  4
1  ̂

! i  l '

,L

\ \J

w

s‘ \

U- —

S c a l e  : H o r i : 1cm 
V e r t :  2cm

L* i -

= 2 w eek  .d r a in a g e  ch an n e l  

= 1 pH

v

/

C r o p p in g ;  • S eason

. • i

• t  y
• !  I 1 

/ ’

1 ‘ : • /
*  t  \  ' v /  ,. v / V*. /

^C* v*‘ vV • o-O V

K a l  a t h i l  thoclu

10/7 <4 7/d 21 4/S I d  3/3 0 l c  30 13/11 2713/12 25 8/1 22 5/1 27 12/3 26
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6 .5

7 .5 -

7 .0

W»l \ 
i

I ' I 1
\

o

ib

I
c*
I

6.0

5.5

5 .0

4 .5

4 .0  

3 .5

3 .0

2.5

2.0 

1 .5

1 . 0

0 .5

0 . 0  I — _

S o  I. \
l! I H 1 \

F i g u r e  -  1 ( 3 )

26 :

periodic changes in EC of water I n d iffe ren t water bodies wr t  time
( Karumady thodu and K a r i  thodu )

S c a l e
L.

I <r.

- v K a r i  th o d u

H o r i z o n t a l  l e n  -  2 w eeks  
v e r t i c a l  l e n  -  0 . 5  EC(mmhos cm)

Karumady thodu

ii
i

>i

O'
C r o p p in g  s eason

I— _ L .
3 / 4  17 
G6

1 , V  \  ; W
      . . '*■

30 l b / 5  29 1 2/6 26 10/7 24 7/8 21 4/9 18 3 / 1 0  16 30 13/11 27 11/12  25 8/1 22 5/2 27

T im e (w e e k s )

S ’l

12/3 26/5



- :  27

p e r i o d i c  c h a n g es

F ig u r e  -  1 ( 4 )

i n  EC o f _ w a t c r  in  d i f f e r e n t  w a t e r b o d i e s  w r t  t im e  

( K a l a t h i l  thodu and Dr a i n a g e  c h a n n e l )

_  a .

.0  -

•  o
«✓ v

£
\

v\'
2 . 0  »_

1 .5

1 .0

0 . 5

i i

\.

t-
\ -

\

i !

• S - .I V

I .O
•  % 

i u-» i •

r ‘ i

V 1 jy ‘ i

i * .
O v.-c

O'
VL>'

0.0

K a l a t h i l  thodu 

->D ra inage  c h a n n e l

i i

• %

‘  ’r  v,- (i *

S c a l e  : H o r i z o n t a l  1cm = 2 weeks 
v e r t i c a l  1cm = 0 .5  EC

C r o p p in g  s e a s o n

' V

r./i !

i

y ' r  1

e> \
\

w

O  g 
C  ̂ \;V\
s '  \S? - -b' 

r i

-o

i , VO.-O \
,  ; ! O
1 A .  I \

v.‘ '

"D
' ,.o ' °

rS.-B''"
.1

3/4 17 30 15/5 29 1 2/S 26 10/7 24 7/0 21 4/9 18 3/10 16 30 13/11 27 11/12 25 8/1 22. 5/2 27 12/3 26/3

T im e  (w e e k s )
86 87



r e s e a r c h  PROJECT mo » 2 ■_

T i t l e  o f  t h e  p r o j e c t

T i t l e  o f  t h e  prcflblen

4 -i rif w a t e r  t j j jb l®  c o n t o u n  I: p r e p a r a t io n  ot
map, and h y d r a u l i c  map o f  t h e  p r o -  

j e c t  a r e a .

: Seaaop& | f l u c t u a t i o n  o f  g r o u n d

w a te r  t a b l e  w i t h  r e f e r e n c e  t o  sur­

f a c e  w a t e r  l e v e l  and c h a r a c t e r i s a ­

t i o n  o f  a q u i f e r  i n  t h e  p r o j e c t  area 

" K a v i l  thekkumpuram  p a d a s e k h a r a m "  •

Ob j e c t i v e s  :• 3

a )  S tu d y  on -t-ho s e a s o n a l  chan ges  i n  g r o u n d  w a t e r  w i t h  r e f e r ­

e n c e  t o  s u r f a c e  w a t e r  movement i n  w a t e r  ways  o u t s i d e .

b )  S e a s o n a l  c h a n g e s  on th«. l e v e l  and movement o f  w a t e r  in  

w a t e r w a y s .

c )  I d e n t i f i c a t i o n  and c h a r a c t e r i s a t i o n  o f  a q u i f e r , i f  any/ 

e x i s t i n g  in t h e  p r o j e c t  a r e a .

p r a c t i c a l  u t i l i t y  :

T h i s  s tu d y  w i l l  e n a b l e  t o  u n d e r s t a n d  t h e  changes th at 
t a k e  p l a c e  i n  g ro u n d  w a t e r  a f t e r  t h e  l a y o u t  o f  surface and 
s u b s u r f a c e  d r a i n a g e  sys tem .

T e c h n i c a l  p ro g ra m m e : -

in o r d e r  t o  r e c o r d  g ro u n d  w a t e r  t a b l e  f lu c tu a t ion  
o b s e r v a t i o n  w e l l s  w i l l  be  i n s t a l l e d  a t  a d e p t h  of i m Uc- 

i n g  40mm o r  50mm o f  p vc  p i p e s  a t  100m a p a r t .  The  p i p c ^  

w i l l  b e  p e r f o r a t e d  w i t h  6mm h o l e s  at. 10  x  5 cm spacing and 
w i l l  b e  wound w i t h  n y lo n  r o p c s / c o i r  t o  p r e v e n t  c logg ing  
W a te r  l e v e l  in t h e s e  w e l l s  w i l l  be r e c o r d e d  at weekly
i n t e r v a l s .



O b s e r v a t io n s  t o  be  ta k en  : W ater  l e v e l s  i n  o b s e r v a t i o n  w e l l s

w a t e r w a y s  and p i e z o m e t e r s  w i l l  b e  

r e c o r d e d  at  w e e k l y  i n t e r v a l s .

Date c i  s t a r t i n g  : June 1982

Date o f  c o m p l e t i o n  : T i l l  th e  scheme w ork  i s  c o m p l e t e d

prog r e s s e d w o r k : -

The f i e l d  i s  i n s t a l l e d  w i t h  24 o b s e r v a t i o n  w e l l s  i n  

3 bands a t  100m a p a r t  to  r e c o r d  the  w a t e r  t a b l e  f l u c t u a t i o n s  

th e  o b s e r v a t i o n  in  t h e s e  w e l l s  had s t a r t e d  s i n c e  i t s  i n s t a ­

l l a t i o n .  A d e f i n i t e  p a t t e r n  o f  g ro u n c iva to r  m ovem ent w i t h  

r e s p e c t  t o  t h e  o u t s i d e  w a t e r b o d y  c o u ld  n o t  b e  t r a c e d  s i n c e  

w a te r  movement was a f f e c t e d  b y  t h e  d r a i n a g e  p u m p in g .  The 

movement o f  g rou n d  w a t e r  w i t h  r e f e r e n c e  t o  t h e  v/ater  l e v e l  

o f  th e  s u r r o u n d in g  w a t e r b o d y  i s  g r a p h i c a l l y  shown th ro u g h  

f i g u r e  2 ( 2 )  and 2 ( 3 )  f o r  th e  c r o p p i n g  p e r i o d .  The m o n t h l y

a v e ra g e  v a l u e s  o f  w a t e r  t a b l e  e l e v a t i o n  a rc  g i v e n  in  t a b l e  

2( 1)  to  2 ( 1 1 1 ) .
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F i g u r e  -  2 ( 1 )

WL I "  •; !

. L o c a t i o n  o f  o b s e r v a t i o n , w e l l s  i n  t h e  p r o j e c t  a r c -
jjp «. *.......... ^

\\ zzz Main  open  d r a i n
\\ -  -  S e c o n d a r y  open  d r a i n

BM p o i n t  *
Karumady K u t t a n ) .  /• I

: ‘ it iiI
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T ab ic  -- 2 ( 1 )

- :  31 : -

lw’round w a te r  t a b l e  l e v e l  i n  the p r o j e c t  area (as  read  from s u r fa c e

bench  mark e l e v a t i o n  = 1C-'0  c m . )

MOP. t h • • CBWl OBW 2 03 W3 OBW 4 oaw5 03 W6 03W7 03W8 03W9 10 11 03W l2 Mean

( i ) ( 2 ) (3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 )  (G ) ( 5 ) (10  ) ( 1 1 ) ( 1 2 ) ( 1 3 )  ( 1 4 )

A p r i l 1 36

.\-W ii - / /

o v_ n / /

J u l y i i / /

Aug - ii e / •

S&D . n / /

o c t .
i i S 2 5 .9 3 2 9 .3 807 .8 321 .0 8 0 5 .5 8 0 9 .5  . . 823 .5 819 .3  . .  . 0 6 0 .8  822

NOV .
i t 829 .6 33 5 .5 514 .4 3_8 .8 812 .1 6 1 5 . 6 .  6 2 7 .4 8 2 2 .9  . .  . 869 .1  828

D e c .
i i 3 3 0 .5 c> 3 .  7 823 .8 3 2 9 .0 820 .7 3 1 3 .3 .  8 26 . 8 8 2 3 .5  . .  . S 7 5 .8  831

J a n .  1987 827 .6 3 3 2 .7 S I 5 .6 323 .( 8 17 .4 8 1 0 .3  . .  S '  2.1 8 21 .5  .  . 3 7 1 .4  826

F e b . i t 331 .0 331 .5 82S .0 8 2 8 .0 530 .0 8 1 8 .0  . .  8 2 7 .5 G 29 . 5 . .  . .  .  827

March i i
•  • •  • •  • •  m • • •  • •  • ■

Mean 8 2 9 .1 2 8 3 2 .8 0 8 1 7 .5 2 8 2 5 .9 6 817 .74 814 .34 .3 2 5 .4 6 623 .34 3 6 9 .2 8

C o n t d . . .



—: 3 2

Month OBWl 3 OBW 2 OBWl 4 OB Wl 6 OBWl 7 OBWl 8

A p r i l 86 F l o o d  f a 11o w in g

May II / / / /

June 11 / / / /
J u l y I I

* / / / /

Aug. II / / / /

S p o t . I I / / / /

O c t . «■ 80 0 .8 829 .3 811 .0 8 2 5 .8 816 .5 8 2 5 .0

Nov . II 8 0 9 .0 8 3 5 .8 819 .1 027 .8 823 .8 826 .3

D ec . r 811 .7 8 34 .7 8 2 8 .0 8 2 7 .0 8 28 .1 8 2 9 .8

J a n . •87 807 .5 83 2 .7 8 1 9 .2 823 .2 624 .0 3 26 .0

F eb . i i
■ • 831 .5 831 .0 8 3 2 .0 82S .0 8 3 0 .0

March i t
m • •  • m m •  • •  • •  •

Mean 807 .25 83 2 .8 821.66 8 2 7 .3 2 824 .0 8 8 2 7 .4 2

OBWl 9 Kean

831 .5 819 .9 9

837 .8 825 .66

836 .3 828 .06

631 .6 S23 .46

32 6 .5 829 .8 3

332 .74



riOiith OBW 20 03 W6 OQW21

A p r r l  .1505

May II

ju r e II

J u ly It

August: II

Seen • II

O ce . t: 801 .3 309 .5 733 .8

: : o v . I! 80 6 .3 015 .3 793 .1

D e c . II 3 1 0 .7 810 .3 7 9 9 .0

j a r .  1967 803 .0 S I C - 3 731 .2

Feb . *1 3 0 7 .0 8 1 8 .0 8 0 0 .0

March II • » • • • •

? * - —i r-\ 805 .36 £ 1 4 .3 4 79? .4

33 :

03'.7 2?. OBVf23 OBW? 4 MP-bn

Flood fa l low ing

8 2 5 .8

836 .9  

G35.8 

032 .6  

0 3 2 .0

805 .1  

8 1 2 .9 8  

015 .95  

0 0 9 .2 8  

8 1 4 .2 5

032 .62

C on td



34 a

T a b l e  -■ 2 ( i i ) T a b l e  - 2 ( i i i )

S u r f a c e  w a t e r  
su r ro u n d s  th e  
s u r f a c e  b en ch

l e v e l  i n  w a t e r w a y s ,  w h ich  S u r fa c e  w a t e r  l e v e l  i n  th e  ' 
p r o j e c t  a r e a  ( a s  r e a d  f r o m  Channe l  ( a s  r e a d  f ro m  Bench 
mark e l e v a t i o n  -  1000 c m ) .  E l e v a t i o n  -  1000 c m . )

Month WL~1* WL-4 DC-1 D C -2

A p r i l  1986 839 .5 836 .1 833 .9 844 .9

May " 858-3 354 -5 8 a 9 .6 862 .4

June " 876 .0 3 7 2 .0 878 .0 883 .0

J u ly  " 874 .1 070 .7 877 .9 853 . 9

A u gu s t  " 863 .5 864 .3 667 .0 87 2.0

S e p t .  " 061 .3 3 5 7 .6 848 .0 S53 .0

O c t . 11 669 .5 6 6 5 .3 73 8.3 795.7

N o v . 11 8 8 2 .5 3 7 6 .5 7 9 6 .5 313 .6

E t c . " 8 8 6 .5 083 .5 3 1 0 .0 316 .3

Jan uary  07 8 7 2 .6 3 6 4 .0 S0-! .6 808 .8

F e b r u a r y  " 0 4 5 .2 0 4 0 .5 783 .3 7 8 9 .7

March 11 8 2 7 .5 8 2 4 .0 757 .5 7 0 3 . 0

Mean 8 6 3 .0 4 8 5 9 .0 0 C M  .57 8 24 .71

* R e f e r e n c e  p o i n t s arc  g i v e n i n  F i g . 2 ( 1 ) .

: r  a i
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RESEARCH PROJECT

T i t l e  o l  tlie p r o j e c t

T i t l e  o f  the  problem

. r,i- u !  ci suj t a b l e  t e c h n o -  : D c v e lo p n e  nt o r
l o g y  f o r  the sub -su r fa .ee -  d r a i n a g e  

system in  the- K « i  l j r 'ds

Mrld .

. A s s e s s m e n t  o f  h y d r a u l i c  p r o p e r t i e s

o f  the t i l e  d r a i n e r -  s y s t e m .

O b j e c t i v e s :

a )  To e s t i m a t e  d i f f e r e n t  pa r .u re te rs  o f  h y d r a u l i c s  o f  t h e

t i l e  d r a in a g e  system in  K a r i  l a n d s .

b ) To e v a l u a t e  th e  pc-r for nuncc o f  t i l e  rain'"age >̂ y stern i n  

th e  p r o j e c t  a r e a .

c )  To c o l l e c t  i n f o r m a t i o n  to  d e v e l o p  a v i a b l e  t e c h n o l o g y  

f o r  the s u b - s u r f a c e  d r a in a g e  sys tem  i n  t h e  p r o j e c t  a r e a .

p r a c t i c a l  u t i l i t y ;

T h is  i s  a b a s i c  s tudy  aimed a t  g a t h e r i n g  v a l u a b l e  

pa ram e te rs  o f  th e  h y d r a u l i c s  o f  th e  t i l e  dra inage-  s y s t e m .

The i n f  o r  rrat ion c o l l e c t e d  and c o m p i l e d  can  be- u s e d  f o r  d e ­

r i v i n g  a s u i t a b l e  t e c h n o l o g y  f o r  t h e  d e s i g n  o f  a s u b —s u r f a c e  

t i l e  d r a in a g e  system f o r  t h e  K a r i  l a n d s  o f  K u t t a n a d .

T e c h n i c a l  programme:

P la n n in g  was made t o  l a y  9 l i n e s  o f  p a r a l l e l  t i l e  

d r a i n s .  The f i r s t  s ix  l i n e s  w ere  t o  be s p a c e d  a t  15m and 

t o  have  75m l e n g t h  and the  r e m a i n i n g  were  t o  b e  s p a r c 'd  a t

30m and t o  h * e  100m l e n g t h .  Th e  i n i t i a l  l i n e  d e s i g n a t e d  as 

1B 1 5 , t h e  s i x t h  l i n e  d e s i g n a t e d  a s  6B l5 / 3 0  a n d  t h e  l a s t  l i n e

9B30, were  l a i d  t o  f u n c t i o n  as b u f f e r  l i n e s  t o  m i n i m i z e  t h e  

boundary  e f f e c t s .  The l i n e s  d e s i g n a t e d  as  2e15/ 3^  4e15
and 5E15 are experimental l in es  o f  15m _

n o -an s P ^ c i n g  a n d  t h e  l i n e s
7e3 0 and 3e30 arc experimental l in e s  o-f an™

x x n e s  o f  3Qm s p a c i n g .



p u r s e r  r c o l i c s t i o n  o£ p a r a l l e l  d r a i n s  o f  30m s p a c i n g  o r  some 

o t h ^ r  e l s e " c o u l d  n o t  be  p la n n e d  b e c a u s e  o f  t h e  g e o m e t r y  o f  t h e

j  G c a c i c n -

A l l  t Vi© -»bovc d r 2 i n s  w o r e  t o  run  cit q s l o p e  o f  0»2/o 

an-: a t  an a v e r a g e  d e p th  o f  O.C7 5R1. The d r a i n s  w e r e  t o  b o  p r o ­

v id ed  w i t h  a cane  f i l t e r  o f  an a v e r a g e  t h i c k n e s s  o f  10 -1 5  eras, 

a l l  around th e  d r a i n .  A l l  t h e  p a r a l l e l  d r a i n s  w e r e  t o  open  

in t o  s e p a r a t e  c o l l e c t i o n  sumps w h ere  the. d i s c h a r g e  m ea su rem en ts  

were t o  be made.  The c o l l e c t i o n  sumps w e r e  i n t e r  c o n n e c t e d  b y  

PTC p ip e s  o f  110/160.7117 d i a .  l a i d  a t  0 .4% s l o p e  w h i c h  d r a i n  i n t o  

a rrain d r a i n a g e  sump from  w h e re  tha d r a i n e d  v/ater  i s  pumped i n t o  

the  o u t s i d e  w a t e r b o d y .

Tne t i l e  dra ins ar_ o f  bak ed  c la y ,  60m l o n g ,  w i t h  b e l l  

mouth a t  one end (125 ran outer d i a .  and lOOrnm i n n e r  d i a ) .  T h e s e  

drains a r c  provides: with 15 gos .o f  6mm h o l e s  i n  t h r e e  b a n d s  o f  
5 holes each, on the l / 3 r d  periphery area .

A s c r i e s  o f  o b s e r v a t i o n  w e l l s  w e re  a l s o  t o  b e  i n s t a l l e d  

ir. the  e x p e r i m e n t a l  f i e l d  t o  r e c o r d  th e  s u b s id e n c e  o f  g round  

w a t e r .

6 ,  O b s e r y d t1ons  t o  be r e c o r d e d ;

a )  Rate  o f  d i . c f v . r g c  a t  ea ch  c o l l e c t i o n  sump,

c )  W . t . r  ;b i '  r e  7 i  . g s  a t  c .eh o b s e r v a t i o n  - w e l l ,

c )  go; ip u te t io r .  o f ' t r a n s . T i i s s i v i t y , h y d r a u l i c  c o n d u c t i v i t y ,  

r m ir ing . .  j  ,Lv i .o jt iy  f  iCLor ar id  e f f e c t i v e  p o r o s i t y .

/. DciL ĵ Oj. s t a r t  . DccciaPcr 1984

B. L a te  o f  c o m p le t i o n  : T i l l  t n e  end o f  t h e  schem e .

9. P r o g r e s s i s t  work :

The i n s t i l l  t i o n  o f  th e  d r a i n a g e  sy s tem  w as  com -

rd '  l:r '1 " ,; r i r i - -1 -'V5*06 ,n-j th-. com p le te ,  l a y i m  p r o c e d u r e s

L"  n'- s t i o n e d  in  th e  Annua l  R e p o r t  1 9 0 5 -3 6 .  The l a y o u t

’-r* i s  g i v e n  in  f i g u r e  3 a (1 ) .
1 1̂ {')!
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O i  a c l  *j 'j i  i k i :

, h i r v C Gt o f  U.C pad d y
j u s t  a f t .  r  t h e  com p l '  tJO.'i .

1„ lluuy d r a i n a g e  uumping 
c r n A) i n  the e x p o r  imt n t  d  a r o . 1, cow ed i  nh-r-*-

H nnl-o 2. 3 . 19b/. ObGCif
.‘5t.il*t o d  on 1 1 .2 .1 9 3 7  Which '"'is c o n t i n u e d  ujjl

, i- 51 p d r  aj ns uU'-» w a t e r
V i c i . 'n i j  l i k e  o j ' o iu a n c  f l o w  th r o u g h  th .  t u -

, u i i «•■ wore r  e corded a t
t  ihle. r e c e s s i o n  j n the J o b s c i v  i t ju n  we.11-
'U r tv .cc -nc  t im v  IV,. ,< *  m *  i  I . t e r  p o l - J t c d  f r o m  t h i s

,1..he a o h i .  i.iv. r . , ,1  „ I ,  i i vcn j . .  . p p - n d i x - l  • Th.- g e n e r a l

u.n-.tein O f  i n  .j.-nph .ir ,/n '..••• . u - o h  r g t  v e r s u s  t i m e  a n d  w a t e r  

t i b l i  r..Oo...:--.lon 1 . i ' l j . ip a i ' . t  N.tw*.. u '■* *i >'c v e r s u s  t i m e  ( f i g  3a(i 

t o  J u ( 5 )  ) in. I i c  _c. '1 til .t e h o ' -  i.. c o n t i n u o u s  r e c h a r g e -  t o w a rd s  

eh-, d r . i i i u  from the  o u t s i d e  w a t e r b o d y  wb  n t h e  d r a i n s  .-.re l o c a ­

t e  .1 n e a r e r  t o  th>_ u u c s id c  v/.it<.i:boeV • The i n t e n s i t y  o f  t h i s  r e *  

eh  irq._ r e d u c e s  as d i e  d i - ' t  i i io .  o l  t h e  d r  w in s  j . n c r e a s e s  an d  ceas  

o r  b ecom es  r i e c i l i t i i b l c  at a c o r t a j n  d i s t a n c e  away  f r o m  t h e  w a t e i  

b o d y .  T h i s  r e  a t t r i b u t e d  t o  th e  f a c t  t h a t  t h e  o u t s i d e  w a t c r b o d f l  

i s  c i c o r y  a b ou t  I d  a b o v e  tn c  v c r a g e  w a t e r  t a b l e  e l e v a t i o n  i n  

t h e  f i e l d .  Th_ a b o v e  f e e t  car. be  i n f e r r e d  v.’h cn  a c o m p a r i s o n  i d  

rnr.de f o r  the a V t i a u :  t  a r d  h v e r s u s  t  g r a p h s  d ra w n  f o r  2e15 

and 7 e 3 0 .  In  th e  ca. c f  ' Z l , : , '• d r a i n  c l o s e  t o  t h e  o u t s i d e  

Wcitcrbody.. th e  d i s c h a r g e  and t h e  v/a te r  t a b l e  h e i g h t  t e n d s  t o  

becom e c o n s t a n t  t o w a r d s  th e  l a t c - r  s t a g e s  w h i l e  in  t h e  c a s e  o f  

7 f 3 0  w h ich  i s  f a r  way f r o m  th e  main  w a t e r b o d y , t h e  d i s c h a r g e  a « n  

t h e  w a t e r  t a b l e  h e i g h t  a b o v e  th e  d r a in  at m i d - s p a c i n g  t e n d s  t o  

becom e  z e r o .  The d r a in a g e  f l o w  t h r o u g h  t h e  d r a i n  7 e 3 0  i s  a 

c a s e  o f  n o n s t o a d y  s t a t e .  The t h e o r e t i c a l  a p p r o a c h  t o  t h e  a n a -  

l y s i s  o f  n o n -s t c -a o y  s t a t e  i s  g i v e n  i n  a p p c n d i x - 2 .  T h e  q  v e r s u s  

h g r a p h  f o r  7e30  i s  s h o w n ' i n ’ f i g u r e  3 a ( 6 ) .

3,-:<33ocCEOSWi:(t$g:. The I n  q  v s  t  and i n  h v s  t  g r a p h  f o r  7 e3 0  i s  

shown i n  . f i g . 3 a ( 7 ) .  The g r a p h i c a l  and m a t h e m a t i c a l  a n a l y s i s  o f  

t h e  p r o b l e m  i s  a i s o  g i v e n  i n  a j p c n d i x - 2 .  Prom  t h e  ^  ^  ^

t h e  f o l l o w i n g  p a r a m e t e r s  w e r e  f o u n d .
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T a b l e  3 a ( i )

v a l u e s  o i  p i s c h  argi. a t  d i f f e r e n t  hy d r a u l i c  h e a d s .

2]El 3* 3E1
—  - ™  ■ -  • »  •  1 ■

5* 4e 15* 5E15* 7e 3q"-' 8e 3 0 °

(cm) r a V  
d ay

~ T . i t /
m in u te

mm/
d a y

l i t /
minutv

mm/
: day

l i t /
m inute

mrv
d a y

l e t /
m in u te

mn/ l i t /  
dav  m in u te

rrur/
day

l i t / -
m in u te

55 1 1 .5 0 3 .9 6 1 2 .0 0 9 .33 • • • • 9 .2 0 7 .1 9 3 .7 5  7 .8 1 • m • •

60 1 0 .0 0 7 .2 1 9 .3 0 7 .27 7 .30 5 .7 0 5 .0 0 4 .69 2.15 4 .4 8 3 .3 0 6 .8 8

55 9 .3 5 7 . 3 0 0 .4 0 6 .5  6 5 .3 0 4 .53 4 .9 0 3 .03 1 .7 0  3 .5 4 2.45 5 .1 0

50 9 .0 0 7 .02 7 80 5 .09 5 .1 0 3 .93 4 .3 0 3 .36 1 .4 0  2 .9 2 1 .95 4 .0 6

45 S.5Q 6 .64 7 .1 2 5 .55 4 .5 5 3 .5 5 4 .0 0 3 .13 1 .2 0  2 .5 0 1 .65 3 .44

40 7 .0 0 5 .0 9 6 .6 0 5 .1 6 4 .1 0 3 .20 3 .70 2 .S9 1 . 0 0 .  2 .08 1 .4 0 2 .92

3 5 7 .0 0 5 .4 7 6 .20 4 .3 4 3 .8 0 2.97 3 .40 2 .66 0 .3 0  1 ,6 7 1 .35 2.81

3Q 5 .75 4 .4 9 5 .6 0 4 .3 3 3 .5 0 2.73 3 .0 0 2 .34 0 .6 5  1 .3 5 1 .0 0 2 .08

25 •  • •  • 4 .7 0 3 .6 7 2 .9 0 2 .27 2 .60 2.03 0 .5 0  1 .0 4 0 .8 0 1 .6 7

20 •  • •  • •  • •  • 2. 20 1 .7  2 2 .0 0 1 .56 0 .4 0  0 .8 3 0 .6 5 1 .35

15 •  • •  • •  • •  • 0 . 3 0  0 .63 0 .5 5 1 .15

10 ■  • •  • 0 .2 0  0 .4 2 0 .4 0 0 .8 3

*  15 m s p a c in g

@ 30 m s p a c in g



T a b l e  -  3 a ( 2 )

V a lu e s  o f  d i s c h a r g e  and a v e r a g e  h y d r a u l i c  head  a t  i d e n t i c a l  v a l u e s  o f  e l a p s e d  t im e

2e 15 3E15

~f- -

4e 15 5E15 7e 30 6e 30

q  “  . 
(mm/day ) (m )

ii
(mm/day) (m )! (m m / d a v ) (m ) ! (mrr/day) (m) 1 Q

i

i (m) ( mr/d a y )
ii

(m)

0 0 .6 9 •  • 0 .6 7 •  • 0 .6 5 •  • 0 .6 7 •  • 0 .6 6 •  • 0 .6 5
20 9.70. 0 .5 9 8 .6 0 0 .5 6 6 .1 0 0 .5 6 6 .5 0 0 . 6 2 2 .30 0 .6  2 3 .3 0 0 .6 0
40 9 .1 0 0 .51 7 .40 0 .4 8 5 .1 0 0 .5 0 5 .2 0 0 .5 7 1 .75 0 .55 2 .35 0 .5 4
60 8 .7 0 0 .4 8 6 .9 0 0 .43 4 .6 0 0 .4 5 4 .50 0 .5 2 1 . 5 0 0 .5 2 1.95 0 .5 0
80 8 .5 0 0 .4 5 6..60 0 .4 0 4 .2 0 0 .4 2 4 .1 0 0 .4 7 1 .3 0 0 .^ 8 1.7C 0 .4 6

100 8 .3 0 0 .43 6 .4 0 0 .37 4 .0 0 0 .3 9 3.9Q 0 .4 4 1.15 0 .4 4 1 .5 0 0 .4 2
120 8 .1 0 0 .4 2 6 .3 0 0 .3 6 3 .90 0 .3 7 3 .70 0 .4 0 1 .0 5 0 .4 1 1 .35 0.3S
140 7 .9 0 0 .41 6 .1 0 0 .3 4 3 .3 0 0 .3  5 3 .5 0 0 .3 7 0 .9 0 0 .3  8 1 .20 0 .3 5
160 7 .8 0 0 .4 0 6 .0 0 0 .33 3 .70 0 .3 3 3 .40 0 .3 5 0 .6 0 0 .3 5 1 .0 5 0 .3 2
180 7 .7 0 0 .3 9 5 .8 0 0 .3 2 3 .60 0 .3  2 3 .20 0 .3 3 0 . 7 0 0 .3  2 0 .9 5 0 .  29
200 7 .5 0 0 .3 8 - 5 . 7 0 0 .31 3 .5 0 0 .3 0 3 .1 0 0 .3 1 0 .6 5 0 .2 9 0 .6 0 0 .2 6
2 20 7 . 40. 0 .37 5 .6 0 G .30 3 .40 0 .2 9 2 .90 0 .2 9 0 .5 5 0 .2 7 0 .7E 0 .2 4
240 7 .3 0 0 .3 7 5 .5 0 0 .2 9 3 .3 0 0 .2 3 2 .8 0 0 .  28 0 . 5 0 0 • 2 hr 0 .7  0 0 .2 1
260 7 .1 0 0 - 36 5 .3 0 0 .2 6 3 .20 0 .2 7 2 .70 0-.26 0 .4 5 0 .2 2 0 .6 0 0 .1 9
260 7 .0 0 0 .3 5 5 . 1 0 0 .2 7 3 .10 0 .2 6 2.50 0 .2 5 0 .4 0 0 .1 9 0 .5 5 0 .1 6
300 6 .6 0 0 .3 4 5 .0 0 0 .2 6 2 .90 0 .2 5 2 .30 0 .2 3 0 .3 5 0 .1 7 0 .5 0 0 .1 4
320 6 .6 0 0 .3 4 4 .8 0 0 .2 6 2 .8u 0 .  24 2 .2 0 0 . 1 2 0 .3 0 0 .1 5 0 . 4 0 0 . 1 1

340 6 .4 0 0 .33 4 . 7 0 0 .2 5 2 .6 0 0 .2 3 2 .00 0 .  20 0 . 2 - 0 . 1 2 0 .3 5 0 .0 9
360 6 .2 0 0 . 3 2 4 . 5 0 0 .2 4 2 .5 0 0 .2 2 1 .90 0 .1 9 0 .2 c 0 . 1 0 0 .  l o 0 .0 7
380 6 . 1 0 0 .31 4 . 3 0 0 .  23 2 .3 0 0 .2 1 1 .80 0 .1 8 0 .2 0 0 .0 3 0 . 2 0 •  •

400 5 .9 0 0 .31 4 . 1 0 0 .2  2 2 .2 0 0 . 2 0 1 .50 0 .1 7 0 .1 5 •  • 0 .1 5 •  •

420 5 .7 0 0 .3 0 3 .9 0 0 .2 1 2 .1 0 9  • 1 .-.0 0 .1 6 0 . 1 0 •  • 0 . 1 0 •  •

4 *0  5 .6 0 0 .2 9 3 .8 0 0 .2 1 2 .0 0 •  • 1 . 3 0 «  9 0 .0 5 •  • 0 . 0 5 •  »
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■ - 1
1) Drainage i n t e n s i t y  fa c to r  0.14 1 _y
2 )  Kd = o . W / d - y -

3 )  ( e f f e c t i v e  p o r o s i t y )  -  2 « 9C%

4 )  d ( e q u i v a l e n t  d e p t h )  = 2 .1  rn.
5 )  k ( h y d r a u l i c  c o n d u c t i v i t y ) =  0 .1 9  rq/day.

T h e  g e n e r a l i z e d  e q u a t i o n  q = 2 . Kdh h o l d s  g o o d  f o r  t m

L 2

d r a i n s  w h ic h  a r e  away f r o m  t h e  e f f e c t  o f  r e c h a r g e  phenom enon 

w h ic h  h as  b e e n  dbue r v e d  t o  happen  u p t o  a d i s t a n c e  o f  45m away 

f r o m  t h e  main w a t e r b o d y .  S in c e  th e  d e s i g n  h a s  t o  a c c o m o d a t e  

f o r  t h e  w o r s t  c o n d i t i o n s /  t h e  h y d r a u l i c  p a r a m e t e r s  c o m p u ted  can 

b e  s u c c e s s f u l l y  used  f o r  f i n d i n g  the  d i s c h a r g e  f o r  a n y  h y d r a u ­

l i c  h e a d .  T h i s  can be v e r i f i e d  f o r  v a l u e s  o f  t h e  d r a i n  l i n e s  

4E15, 5e 1 5/ 7 e 30 and 8e 30 ( t a b l e  3 a ( i ) ) .

RESEARCH PROJECT I ’0 . 3 b .

1 .  T i t l e  o f  t h e  p r o j e c t  : D e v e lo p m e n t  o f  a s u j r a b l o  t e o h n o J o g a

f o r  th e  s u b - s u r f a c c  d r a i n a g e  s y s t e m  

i n  th e  K a r i  l a n d s  o f  K u t t a n a d .

2 .  T i t l e  o f  t h e  p ro b lem  : E f f e c t i v e n e s s  o f  t i l e  d r a i n a g e  s y s

tern i n  t h e  p e r f o r m a n c e  o f  p a d d y  

c r o p  i n  th e  K a r i  l a n d .

3 .  O b j e c t i v e s :

a )  t o  a s s e s s  th e  i n c r e m e n t a l  y i e l d  o f  p a d d y  due t o  t i l e

d r a i n a g e  s y s t e m .

b )  To  s t u d y  t h e  g r o w t h  p a t t e r n  o f  p a d d y  c r o p  u n d e r  t i l e  

d r a i n a g e  s y s t e m .

c )  TO s t u d y  t h e  e f f e c t  o f  t i l e  d r a i n a g e  i n  t h e  i m p r o v e -  

ment o f  r o o t  z on e  p r o f i l e  o f  K a r i  l a n d s .

4-  P r a c t i c a l  u t i l i t y ;

E a r l i e r  s t u d i e s  i n  t h i s  l i n e  r e v e a l e d  a r e m a r k ­

a b l e  im p rovem en t  ,on t h e  g r o w th  and y i e l d  o f  p a d d y  c r o p  and 

a l s o  on t h e  f e r t i l i t y  o f  r o o t  z o n e .  H e n c e ,  t h i s  d e t a i l e d



e x c e r im e n t  w i l l  b e in g  o u t  th e  m a g n i tu d e  o f  i n c r e m e n t a l  

p r o d u c t i v i t y  c f  K a r l  l a n d s  w i t h  l a y i n g  o f  a s u i t a b l e  d r a i n ­

age s y s t e m . The s t u d y  w i l l  a l s o  h e l p  i n  a r r i v i n g  a t  an 

optimum s p a a in g  o f  t i l e  d r a i n s .

T c c n ^ i c a l  p ro g ram m e :

Paddy  c r c p  i s  t c  be r a i s e d  i n  th e  f i e l d  l a i d  o u t  

w i th  the l a t e r a l  dr  or n 3, g i v i n g  u n i fo rm  p a c k a g e  o f  p r a c t i c e s  

in  t h e  w h o l e  e x p e r i m e n t a l  arc-c .  The s t a n d i n g  c r o p  w i l l  b e  

d i v i d e d  i n t o  d i f f e r e n t  s t r i p s  o f  5m w id t h  a lo n g  t h e  d r a i n  

l i n e ,  The f i r s t  s t r i p  ( t r e e  trr.cn t  T - l ) w i l l  f a l l  2.5rn on 

e i t h e r  s i d e  ^ f  t h e  c e n t r e  o f  t h e  den in  l i n e .  The  s e c o n d ,

T i ,  ' . / i l l  f a l l  b e t w e e n  2.5m and 5n frcrn t h e  d r a i n  l i n e  on 

e i t h e r  s i d e  and t 3 ; i I J  f a l l  b e t w e e n  5m and 7.5m f r o m  t h -  

d r a i n  l i n e  on e i t h e r  s i d e .  p e n c e ,  l a t e r a l  d r a i n s  o f  15m s p a c -  

i n g  v / i l l  h r / ,  f o u r  t r e a t  r e n t s  t 1 , t 2 , t 3 and a c o n t r o l  a n d ' 4 r e p l  

c a t i o n s  (4  e x p o s :  men'-al l i n e s ) .  The d r a in  l i n o s  v/ ith  30m 

s p a c in g  v d l l  h a v e  7 t r e a t m e n t s  ( T l  t o  T 7 )  w i t h  2 r e p l i c a - - ,  

c i o n s .  T?s. d i f f ;  r e i i t  yruv/fh p a r a m e t e r  o w i l l  b e  r e c o r d e d  f o r  

each  s t r i p  and a n a l y s e d .  The c h a n g e s  in  t h e  s o i l  q u a l i t i e s  

v / i l l  b e  e s t i m a t e d  an a s s e s s  th e  Im p rovem en t  o f  s o i l  f e r t i l i t y .

O b s c r v jL i o n s  so ba r e c o r d e d ;

a )  g r o w th  and y i . .I d  p a r a m e te r s  o f  paddy .

b )  P h y s i c o c h e m i c a l  i ’a l y s i s  o f  s o i l .

c )  M o .n ibar ing  o f  q u a l i t y  o f  d r a i n a g e  and 

i r r i g a t  j o a  v.ntf \ .

Date  o f  s t a r t  • b cccm b c i  1904 .

Date o f  c o m p l e t i o n  : T i l l  t , i  :• sshcme e n d s .

P r o g r e s s  o f  ’-/ o rk :

The e x p e r i m e n t a l  f i e l d  was s u b j e c t e d  to  continuous 
pumping t h r o u g h o u t  th e  c u l  h ivaaion sea .H »n „  Observations 
l i t .  g o ,O f  p. I .per/m2 , g o . o f  pan: j c I  js/m ‘ . height at



— i 5 2 x —

j f-. n< >r p a wioXt-'  * y i/ . j  ^
m a t u r i t y ,  l e n g t h  o f  p a n i c l e ,  g r a in - *  i

j Mr re r (  c o r d  eel arid s u b j e c t , ^  
s t r a w  w e i g h t  and 100 g r a i n  w e i g h t  w e r e

- 1 w r* *i c: V/riS C 1 OfjO L'CpuTrJ tC l y f^i
t o  s t a t i s t i c a l  a n a l y s i s .  The a i i a l y - > i -
15m and 30m s p a c i n g .  The r e s u l t s  o f  t h e  a n a l y s i s  a r e  r e p r e ­

s e n t e d  i n  A p p e n d i x - 3 .  The paddy  c r o p  r a i d e d  i n  th e  f  

m e n t a l  p l o t  was v i s u a l l y  v e r y  h e a l t h y  wnen c o m p a re  h the

c r o p  r a i s e d  o u t s i d e  th e  exp c - r iM K n t . i l  a r e a  d u r i n g  t h e  g r o w in g  

s e a s o n ,  h o w e v e r ,  t h e  c r o p  w . s  s e v e r e l y  a t t a c k e d  b y  t h e  P.PH 

tov/ardc  the  l a t i a r  s t a g e s  i.or the ./irit o f  t i m e l y  p r o p h y l a t i c  

m e a s u r e s .  The BPH a t t a c k  in  t ) j r  c o n t r o l  p l o t  w j s  n o t  au sevc  

as  t h a t  o f  t h e  c x p c r i m c n t . i l  p l o t .  Th is  u n e x p e c t e d  f a c t o r  i s  

r e f l e c t e d  in  t h e  s t a t i s t i c a l  a n a l y s i s .  H o w u v t r ,  t h e  t r e n d  

shows t h a t  t h e r e  i s  an a v e r a g e  i n c r e a s e  o f  560 sig  o f  a d d i t i o n  

g r a i n  y i e l d / h a  due t o  t h e  i n t r o d u c t i o n  o f  s u b - s u r f a c e  d r a in a g  

The  100 g r a i n  w e i g h t  a n a l y s e d  f r o m  t h e  e x p e r i m e n t  w a s  fou n d  

s i g n i f i c a n t l y  s u p e r i o r  o v e r  t o  chc  luO g r a i n  ’. / e i g h t  o f  t h e  

c o n t r o l  p l o t .

W i th  a v i e w  a v o i d  a l l  t h e  c o n t r o l l a b l e  s e t b a c ] : s  t h e  

s t a t i o n  i s  p l a n n in g  t o  p r o v i d e  t h e  f a r m e r s  w i t h  i n p u t s  l i k e  

s e e d s ,  f e r t i l i z e r s  and p l a n t  p r o t e c t i o n  m a t e r i a l s  f o r  t h e  nex 

c r o p p i n g  s e a s o n .  T h e s e  i n p u t s  w i l l  b e  made a v a i l a b l e  t o  t h e  

f a r m e r s  i n  t h e  e x p e r i m e n t a l  a r e a  and w i l l  b e  a p p l i e d  u n d e r  

p r o p e r  s u p e r v i s i o n  f r o m  th e  s t a t i o n  s c i e n t i s t s  so t h a t  a u n i ­

f o r m  p a c k a g e  o f  p r a c t i c e  can  be g i v e n  t o  t h e  e x p e r i m e n t a l  are 

and t h e  c o n t r o l  p l o t .

w a t e r  s a m p le s  f rom  e a c h  t i l e  d r a i n  w e r e  c o l le c t e d  at 
f o r t n i g h t l y  i n t e r v a l s  and t h e y  w e r e  a n a l y s e d  f o r  i t s  EC and

F i g u r e  No . 3 b ( l )  i s  a g ra p h  o f  Ec o f  d r a i n e d  w a t e r  f r o m  d i f fe r '  

e n t  d r a i n s  v e r s u s  t im e  f o r  t h e  y e a r  1985-86 and  1986-87. I t
c o u l d  b e  s e e n  t h a t  t h e  s o i l s  w h ich  w e r P ^  "

c l o s e r  t o  t h e  o u t s i d e
n a t u r a l  b o d y  o f  w a t e r  d r a i n e d  l e s s  s a i i - ^  ^

t h a t  t h e  o n e  w h ich  
i s  f a r t h e r .  T h i s  c o u ld  b e  b e c a u s e  o f  + -u ■ ,

r  t h c  h i g h e r  w a t e r  l e v e l



outs ide-  th e  f a r m i n g  a r e a  c r e a t i n g  a n a t u r a l  i n t e r n a l  d r a i n a g e  

and t o  some e x t e n t  wash ing  t h e  s o i l .  The same o b s e r v a t i o n  was 

n o ted  in  t h e  l a s t  r e p o r t i n g  y e a r  a l s o .  T h i s  o b s e r v a t i o n  su b ­

s t a n t i a t e s  c o m p a r a t i v e l y  h i g h e r  y i e l d s  a t  p l a c e s  w h e re  t h e r e  

i s  a n ea rb y  w a t e r w a y  o r  d r a in a g e  ch an n e l/  a s  r e p o r t e d  b y  t h i s  

s t a t i o n  i n  th e  e a r l i e r  r e p o r t s .  The  g ra p h  m e n t i o n e d  ab ove  a l s o  

g i v e s  an i d e a  on th e  r e d u c t i o n  o f  s a l t  c o n t e n t  o f  t h e  a rea  c o n ­

t r o l l e d  b y  t h e  d r a i n  7e 3 0 .  The g r a p h  o f  pH o f  d r a i n e d  w a t e r  

f rom  d i f f e r e n t  d r a i n s  v e r s u s  t im e  f o r  t h e  y e a r  ±98 5 -8 6  and 

1986-87 ( f i g u r e  N o . 3 b ( Z ) ) / g a v e  a lm o s t  i d e n t i c a l  v a l u e s  o f  pH 

f o r  each  d r a i n  ( 5 . 7 5  t o  7 f o r  t h i s  s e a s o n ) .  A c o m p a r i s o n  h a s _ 

shov/n a r e m a r k a b l e  im p r o v e  mint i n  t h e  a c i d i t y  l e v e l  o f  t h e  s o i l  

c o n t r o l l e d  b y  t h e  d r a i n  7e 30 .  The h i g h e r  pH l e v e l s  a r c  b e c a u s e  

o f  the  submerged c o n d i t i o n  o f  t h e  s o i l  d u r in g  c r o p p i n g  s e a s o n  

wh ich  p r e v e n t  e n t r y  o f  a i r  i n t o  t h e  s o i l  s y s t e m  p r o h i b i t i n g  

o x i d a t i o n  and f o r m a t i o n  c£ a c i d i t y .

W e e k ly  m o n i t o r i n g  o f  EC o f  i r r i g a t i o n  v/ater/ d r a i n e d  

v/ater ( s u b - s u r f  i c e  d r a i n a g e )  and s u r f a c e  d r a i n a g e  v/ater  was 

a l s o  done  d u r i n g  t h e  c r o p p i n g  s e a s o n .  The EC o f  i r r i g a t i o n  

w a t e r  was th e n  com pared  w i t h  t h a t  o f  t h e  s u b - s u r f a c c  d r a i n a g e  

w a t e r .  The c o m p a r i s o n  shov/n i n  f i g u r e  3 b ( 3 )  h a s  i n d i c a t e d  

t h a t  a s u b s t a n t i a l  amount o f  s a l t s  c a n  b e  l e a c h e d  t h r o u g h  t h e  

s u b - s u r f  a c e  d r a i n a g e  s y s t e m .  The same v a l u e s  f o r  t h e  y e a r  

1985-86 i s  a l s o  i n c o r p o r a t e d  i n  th e  g ra p h  f o r  e a s y  c o m p a r i s c n  

o f  r e d u c t i o n  in  a a l t  a f t e r  one  draina< c s e a s o n .  The EC v a l u e s  

o f  i r r i g a t i o n  v/ater r e m a in e d  same w i t h  r e s p e c t  t o  t im e  w h i l e  

the  EC v a l u e s  o f  s u b - s u r f a c e  d r a i n a g e  v/ater has  come down t h e  

l e v e l  w h ich  p r o v e s  a r e d u c t i o n  i n  th e  s a l t  l e v e l  o f  t h e  s o i l  

a f t e r  one d r a i n a g e  s e a s o n .  On an a v e r a g e ,  t h e  d i f f e r e n c e  

be tw een  th e  EC o f  d r a i n e d  v/ater and  i r r i g a t i o n  w a t e r  was 2 .2 5  

mmhos/cm w h ich  q u a n t i t a t i v e l y  amounts t o  1440 ppm o r  1440 mg/

l i t r e .  T h i s  i s  e q u i v a l e n t  t o  144 kg  o f  s a l t / h a / c m  o f  d r a i n e d
w a te r  .

53 :—



r’ n n c i c d  bt'tv/LLD Q »2 tu 2 , 4  
The EC v a l u o s  o f  i r r i g a t i o n  w a t e r  ^  ^  r ^

mrrihos/cm f o r  t h e  s ea so n  unc t n  

b e t w e e n  2 .4  t o  4 ,0  inmhos/cm.

s t u d y  on t h e  a m ou n t  o f  sal^

a i n a g e  j y s t a . i  i s  i n c o r p o r a t e

t h a t  t h e  s u r f a c e  d ra in .

54 *~

The g r a p h  3 b (5  ) g i v e s  a 

t l i  a t  can  b e  l e a c h e d  i f  a i r  f a c e  d r

i n  t h e  p r o j e c t  a r e a .  I t  c o u l d  be ->een
iri, ,H i i n n  t o  t h e  r e m o v a l  o f  salt age  s y s t e m  c b t s  nee c o n t r  ib u ee  a n y t i i i  J

f r o m  t h e  s o i l .  The EC v e i n .  r, o i s u r f a c e  d r a i n a g e  v / a t e r  and

i r r  i g a t  i o n  water  rem a ined  same t h r o u g h o u t  th e ,  r e a s o n .  Th e  sur­

f a c e  d r a i n s  g . , t  i t s  v o lu m e  o f  w a t e r  f r o m  t h e  r l o o d i n g  water 

n o r m a l l y  used  f o r  i r r i g a t i o n  pu rpose  and w a s h i n g  t h e  c o p  soil. 
The t o p  5—10cm o f  t h e  s o i l  i s  a l r e a d y  i n  t h e  w a s h e d  condition 

due t o  th e  r e g u l a r  p r a c t i c e  o f  t h e  f a r m e r s  o f  f l o o d i n g  and 

d c w a t c r i n g  th e  f i e l d s .  M o reo v e r/  t h e  f l o o d i n g  w a t e r  d o c s  not
g e t  any  o p p o r t u n i t y  t im e  t o  p e r c o l a t e  down and h e n c e  t o  pjjck 

t h e  s a l t s .  The h i g h  w a t e r  t a b l e  c o n d i t i o n  a l s o  c o n t r i b u t e  fqcj 

n o t  a l l o w i n g  t h e  f l o o d i n g  wat«_r t o  m ove  d o w n .  The  a b o v e  men­
t i o n e d  r e a s o n s  d i s q u a l i f y  t h e  e f f e c t i v e  u s e  o f  s u r f a c e  drains 

as an a l t e r n a t i v e  s o l u t i o n  t o  t h e  s u b - s u r f a c c  d r a i n s .  Howev 

t h e  s u r f a c e  d r a in s  c a n  be  e c o n o m i c a l l y  a^d e f f e c t i v e l y  u sed  as
c o l l e c t o r  d r a i n s  f o r  t h e  s u b - s u r f a c c  d r a i n s /  p r o v i d e d  they arc 
d e e p e n e d  and w i d e n e d .

A C l o s e  s t u d y  c f  t h e  w e e k l y  v a l u e s  o f  pH o f  ir r ig a ­
t i o n  w a t e r ,  s u b s -u r fa c e  d r a i n a g e  w a t e r  and  t h e  s u r f a c e  drainage
w a t e r  l e a d s  t o  t h e  f o l l o w i n g  i n f e r e n c e s .  T h e  m  v a l u c s  o f  

s u b - s u r f a c e  d r a i n a g e  w a t e r  and i r r i g a t i o n  w a t e r  r e m a i n e d  

i d e n t i c a l  and t h e  v a l u e s  r a n g e d  b e t w e e n  6 t o  7 . 5 . T h e  a i r -

f a c e  d r a i n e d  w a t e r  r e m a in e d  s l i a h t - i t r
- j - i g n t i y  . aCi d j . c  a n d  t h e  v a l u c s

r a n g e d  b e tw e e n  t . ,75  t o  6 . 5 .  mho <= -̂n
>4.. „  , ,  . .  “ i;L on d r y i n g  d u r i n g  t h e

i n t e r m i t t e n t  f l o o d i n g  a id  d r v i m  •
a r y r n g  p r a c t i c e d  b y  the- f a r m e r s



-- -• U'Vc .  .

r._ i c io e - rL cd  c j f i f d t i L . ,  and t h i s  a c i d i t }  i s  washed  ar.d 

- —  i in c c  t h e  s u r f - c c  d ra in : -  and h e n c e  i t  i s  s l i g h t l y  a c i d i c  

v i'. t  _ s u r f  ncr .'.rain:- u .o . ie r ib u tc  t o  t h e  r e m o v a l  o f  a r i d i t y

_ _  „  —  V.

e e

he fC  end pT-; v a l u e s  o f  d a i l y  w a t e r  s a m p le s  c o l l e c t e d  

i r .a~ _  rump w h ich  g e t s  i t s  w a t e r  f r o m  t h e  s u b - - s u r f  act 

. - j e . i j ' ' .  system. _ r; sh./., , -n- f i g u r e  3 o ( 7 )  and 3 b ( 3 ) .  i t  c o u l d  

s t e . i  ;h n t  eh t a i n  a r c h ]  cr. :*.s c o n t r o l l i n g  u c  s a l t  t h a n  t h e  

• r. * j - t i r  i f *  pr o b 1 _.T. g e t s  a u t o m a t i c a l l y  c o n t r o l l e d

- e uvc l e  a t  5 O', d u r i n g  w h ich  t h e r e ,  i s  a lw ays  su b m erged

TV LOr-r i

**

I • I

r- j ' l l  r ;:<plc r '.luj.i i;V|.; .* xyr  r lm e u k a l  s i t e  and a c o n t r o l  

‘ f -  r d r y !  n_* t '  ■*. s o i l  tn r o u g h  d ra in a g e *  was a l s o  

'i'5 - :  1 s tu d y  was c o n d u c te d  w i t h  r e g a r d  t o

- * ' 5 ■- --“ 'i -1 * - s , : l t :  o  r. d r a i n a g e .  The t a b l e s  shov;—

>- - -*. ■" • ’i i . j r e r .n u :  1, a ire an t a b l e  rccrc*--

• .n b ' b l e  3 b ( v i ) .  i t  has  b e en

. i *1 ij ' -ir.* i e d u c t i o n  i n  c h l o r i d e s  r _cm

I - " • n i a l  c l o t  v.ii.r, c : . ; ,p .*rer- co t h a t  o f  t h e  c o n t r o l  p l o t  

"'1 e r ' a i !  e t  " _ c . ' u   ̂ mere or  t h e  s o i l s  j u s t  a b o v e

j--'..*. he .jO-x, *'j j  yu round m ore  f o r  t h e  s o i l s  

* rf -tne • 'x v .  *dr>. 1 u r  o .  15m s p a c i n g .  T h i s  may b e

i t e d  t o  . ie f c t  :' ' u t  < i i n t e n s i v e  d r a i n a g e  i n  t h i s  

- ;-r: r.... eh ■ re s -- n * *- e x i o  . t i o i .  r u o j l t i n c i  :.n h i g h e r  t o x i c  
‘ -n -• -r;,. . -on - ' cT _ l e e c h e d  o u t  b v  f u r t h e r  i r r i g a -

' . r • ** l 11

r  '  r

^ j c ctud tur ing the cropping
r *. «J i 5 E o i c r • c • r 'j i n ~ vn rj m il y sc cl C o r :.i riding the

;t*' * or l  ni.r lunc:hc<i out incl -.he r e s u l t  is shown in
1 c *3* ( , - n ; .



T<j1 > 1 3b ( i  ) •

W a te r  s ample d o t  a t a k cj
( C o l  1 c c t c d  f r o r

*  ■* rnmmmm

i » L

L o c a t i o n 2 3 .1 0 .3 6 6 .1 1 .3 6

2E15 6 .10 6 .3 5

3e 15 6 .1 0 6 .3 0

•-E15 6 .2 5 6 .2 0

s e i s 6. 20 6 .2 5

7e 30 6 .5 0 6 .1 5

3e 30 6 .3 0 6 .2 5

va lu u  a

2 0 .1 1 .C 6  4 . i  2 . 0 6  1 0 .1 2  .86

6 • 20 7 . 0 0 6 .3 0

6 .  20 6 . 5 5 6 . 3 0

6 .1 5 6 . 6 0 6 . 0 0

G . l o 6 . 9 0 6 . 4 0

G .05 5 .8 5 6 . 7 5

6 .  20 6 . 4 5 7 . 0 0

EC Va lu .-

L o c a t i o n  23 .1 0 .3 6  6 . 1 1 . 3 6

2E15 1 .90 2.10
3e 15 1.80 2 .SO
4e 15 1.00 2. 80
5E15 2.10 3 .4 5
7e 30 2.10 3 .40
8E30 2.25 3 .90

(mmhos/era.)

20.11.36 4 . 1 2 . 3 6  1 0 . 1 2 . 8 6

2.60 2 .5 0 2 . CO
3 .30 3 .20 3 . 3 0
3 .80 4 .0 0 3 . 9 0
4. CO 4 .5 0 4 . 8 0
5.30 4 .7 0 5 . 2 5
5 .0 0 4 .7 0 5 . 4 4



W e e k ly  a v e r a g e s  o f  pH and EC o f  i r r i g a t i o n  

watv-r and d r a i n e d  w a t e r  ( 1 9 G 6 - 0 7 ) .

DH v a l u e s  
. —■ -  — -

57 4-

T a b le  -  3 b ( i i ) .

Dote i r r i g a t i o n  u a t e r D ra in e d  v/ater D i f f e r e n c e

9 .1 0 .5 6 7 .5 9 7 .4 5 0 .1 4

1 6 .1 0 .5 6 7 .3 6 7 .5 2 0 .1 6

2 3 .1 0 .5 6 6 . GO 7.1-2 0 .3  2

3 0 .1 0 .5 6 6 .5 3 7 .01 0 .4G

6 .1 1 .3 6 6 .5 1 6 .9 5 0 .4 4

13 .1 1 .3 5 6 .0 5 6 .0 2 0 .0 3

2 0 .1 1 .3 6 6 .9 7 6 .9  2 0 .0 5

27.11 .56 C .66 6 .94 0 .2 8

5. 1 2 . 06 6 .3 4 5 .7 4 0 . 1 0

11 .12 .56 6.0-2 6 .7 1 0 .2 9

1 3 .x 2 .3 6 6 .51 7 .30 0 .4 9

2 5 .1 2 .0 5 7 .4 5 7 .  23 0 . 2 2

1 .1 .1 9 5 7 7 . 53 / a 0 4 0 .3 1

EC (rmihos/crn)

9 .1 0 .3 6 0 .7 4 3 . 4G 2 .74

1 6 .1 0 .8 6 0 .6 7 3 .32 2 .65

2 3 .10 .86 1 .17 2 .3 0 1 .6 3

3 0 .1 0 .5 6 1 .0 0 2 .94 1 .86

6 .1 1 .3 6 0 .6 3 2 .77 2 .0 9

1J »1 z . c' 6 0 .3 1 2 .5  5 2 .24
2r' . l l  .06 0 .5 5 3 .3 2 2 .77
27 .11 .06 1 .73 3 .53 1 .30
3 .1 2 .06 2 .0 0 3 .53 1 .4 5
11 .1 2 .0 6 2.31 3 .61 1 .3 0
 ̂ - i t .  6 1 .0 2 3 ,6 2 2 .6 0
"  .1 2 .06 0 .6 4 3 .49 2 .35
1 . i . i  90 7 0 .5 9 3 .8 0 3 .29

f o t a i  T z r m ----------------------------

A v e r a g e : 2 . 25mmhos/cm



Wec]cly  a v ^ r  Kios pH and EC o f  i r r i g a t i o n  w ĵ t .k.r . - uC-  ̂

D i 'o inuuc  Water arid s u b - ^ u r f a ^ u     ;

- ;  58

Tab]. i  -

lrrig.it ion 
watc r

( - • ) - -
( 2 )

9 . 1 0 . 0 6 7 .5 9
1 6 .1 0 .0 6 7 .36
2 3 .1 0 .0 6 6 .0 0
3 0 .1 0 .0 6 6 .5 3
6 . 1 1 . 0 6 6 .51
13 .11 J3G 6 .05
2 0 .1 1 .8 6 6 .9 7
2 7 .1 1 .8 6 C .66
4 .1 2 .8 6 6 .8 4
1 1 .1 2 .0 6 6 .4 2
1 0 .1 2 .0 6 6 .0 1
2 5 .1 2 .0 6 7 .4 5
1 . 1 . 1 9  J7 7 .5 3

a y ( 2 )

9 . 1 0 . 8 6 0 .7 4
1 6 .1 0 . 8 6 0 .6 7
23 . 1 0 .0 6 1 .1 7
3 0 . 1 0 . 0 6 1 .0 0
6 . 1 1 . 8 6 0 .6 S
13 .1 1 .8 6 0 .3 1
2 0 .1 1 .8 6 0 .5 5
2 7 .1 1 .0 6 1 .73
4 . 1 2 . 0 6 2 .0 0
1 1 .1 2 .8 6 2.31
18 . 1 2 . 8 6 1 .0 2
25 .1 2 .8 6 0 .6 4
1 . 1 . 0 7 0 .5 9

S u rr  ice ur<ain«rj-
v/ 't i . r  ( f r o m
r ] r . j i 11.:g(. c h a n n e l )

_  ( 3 )

5 .90
5 . 0 0  
6 .0 5  
5 .9 8
5 .9 5
5 .95 
6 .6 5
6 .08 
6 .2 5
5 .00  
0 . 4  2

6 ! 55

EC (m m hos/cm .) 

(3 )

0 .0 2  
0 . 7 0  
1 .1 0  
1 . 0 0  
0 .1 5
0 .4 5  
0 .2 1  
1.00  
1 .6 3
1 .9 3
0 . 7 4

0*7*7

S u b s u r f a c e  d r a in a g e  
w a t e r  ( f r o m  co l lc -c -  

t i o n  s u m p ) .

( 4 ) '  ~

7 . 4 5
7 .5 2
7 . 1 2
7 .0 1
6 . 9 5
6 . 0 2  
6 . 9 2
6 . 9 4
6 . 7 4  
6 . 7 1  
7 . 3 0  
7 .2 3
7 . 0 4

( 4 )

3 . 4 8  
3 . 3 2  
2 . 8 0
2 .9 4  
2 . 7 7  
2 .5 5  
3 .3 2 
3 .53 
3 .53
3 . 6 1
3 . 6 2
3 . 4 9



W a te r  sam ple  d a t a -taker, d a i l y  f r o m  thc__dr a in a  g c
Sumo. EC (ramhos/cm . )-  ̂   1 1 **1 " " 1 *"*

59 s”
T a b l e  -  3b ( i v  )

Date E .C. Date E .C. D a te E .C .

0 .1 0 .3 6 3 .3 0 3 .1 1 .8 6 3.13 9 .1 2 .8 6 3 .9 5

9 .10 .0 6 3 .65 9 . 1 1 . 8 6 3 .03 1 9 .1 2 .8 6 4 .7 0

1 0 .1 0 .0 6 3 .57 1 0 .1 1 .0 6 • m 1 1 .1 2 .0 6 3 . 9 0

11 .10 .36 3 .25 11 .1 1 .0 6 • to 12 .1 2 .0 6 3 . 3 6

1 2 .x 0 .0 S 3 .6 0 1 2 .1 1 .3 6 • • 13 .1 2 .3 6 3 .0 0

1 3 .1 0 .0 6 3 .55 1 3 .1 1 .3 6 • • 1 4 .1 2 .8 6 3 . 0 8

1 4 .1 0 .0 6 3 .65 1 4 .1 1 .0 6 • • 15 .1 2 .0 6 3 .85

1 5 .1 0 .0 6 3 .10 1 5 . 1 1 . _6 3 .3 0 1 6 .1 2 .8 6 3 .3 6

1 0 .1 0 .0 6 2 .55 1 6 .1 1 .0 6 3 .3 0 1 7 .1 2 .0 6 2 .69

1 7 .1 0 .0 6 3 .07 1 7 .1 1 .0 6 3 .35 1 8 .1 2 .0 6 3 .85

10.10.CG 2 .55 1 0 .1 1 .0 6 3 .55 1 9 .1 2 .0 6 3 .95

1 9 .1 0 .0 6 2 .02 1 9 .1 1 .0 6 3 .20 2 0 .1 2 .0 6 3 .5 5

20 .10 .06 3 .10 2 0 .1 1 .0 6 3 .43 2 1 .1 2 .0 6 3 .03

21 .1 0 .0 6 -. .00 21 .1 1 .0 6 3 .20 2 2 .1 2 .0 6 3 .7 5

22 .10 .86 • • 2 2 . l l . o G 3 .20 2 3 .1 2 .8 6 3 .7 8

23 .10 • '—G 1.17 23 .1 1 .0 6 3 .60 24 .12  .06 3 .1 3

2‘* ■ 10 • 6 ; . o o 24 .11 .06 3 .30 2 5 .1 2 .0 6 2 .63

2 5 .1 0 .0 6 3 .0 0 25 .11 .06 3 .7 5 2 6 .1 2 .0 6 3 .13

20 .10 .06 3 .50 2 5 .1 1 .0 6 3 .63 2 7 .1 2 .8 6 3 .8 0

27.1 0-336 2 .9 0 2 7 .1 1 .0 6 3 .00 2 0 .1 2 .0 6 3 .9 5

.1 0 .0 6 I ,6 2 2 ^ .1 1 .0 6 3 .53 2 9 .1 2 .0 6 3 . 7 0

2 9 ,10 .66 m m 2 9 .1 1 .0 6 3 .02 3 3 0 .1 2 .0 6 4 .5 0
3 0 .1 0 .0 6 i  .60 3 0 .1 1 .  :6 3 .2 0 3 1 .1 2 . 0 6 3 .9 5
3 1 .1 0.0G 2.65 1 .1 2 .8 6 3 .75 1 .1 .0 7 4 .1 0
J. , 11 . r 6 .75 2 . J. 2 .86 3 .2 0 2.1  .07 4 . 1 0
2 .11 .06 2 • J 7 < .1 2 .0 6 4 .18 3 . 1 . 0 7 3 .9 5
3.11 .06 2. 90 1 .1 2 .8 6 3 .0 0 4 . 1 . 0 7 4 .  20
4 . 1 1 . r 6 3 .30 5 . 1 2 .  !r 3 .1 5 5 . 1 . 0 7 4 .2 0
6 .11 .8 6 2.95 6 . L 2. 8 5 .3 .00 G . l .07 4 . 1 0
6.11 .06 2. ,5 7 . 12.06 2 .7 0 7 . 1 . 0 7 4 .3 0
7 . 1 1 . J6 2 .50 0 .1 2 .8 6 3 .8.5



•• 60 •$ • «• m

T t ' l '  ; i _
1 .. 0 .[ l i  £>-

VMti .r a. iinplc d a t a J 1Y .»
f  r ( 'in 6<

£H VpJ UL a

P a t e PH OatC .Oil D- I te

■- « J 0 . Li' t 7 . 3 0 7 .11  6 0 . 1 0 7 . 1 2 . 8 6

‘J . l U . i  6 / .6 0 8 „ J1 .0 6 6 .3 5 8 .x 2 , 8 6

i 0 . 1 0 . 0 6 7 .5 5 ( l . 1 i  .06 5 . 53 9 . 1  ̂. ^ 6

l i  . 10,. . .6 7 .  5U . 06 • • 1 0 . 1 2 . 8 6

1 2 . 1  j .  or. 7 . 6  3 1 1 .1 1 .0 6 • • 1 1 . 1 2 . 3 6

-  '• . i u . 0 6 " .05 J 7 . 1 1 . 0 6 • * 12  . 1 2 . 6 6

•-..I. '- 06 / .  60 I i . 1 1 . 0 6 • 9
1 3 . 1 2 . 6 6

- 6 .1 0 .0 6 7 .5 0 ,•1 . I j l  . 6 6 • • 1 4 . ] 2 . 6 6

l i  . 1 0 .CC 7 .78 15 . 1 1 . 0 6 6 .8 5 1 5 . 1 2 . 6 6

I / . 1 0 . 8 6 7 .65 1G. 1 1 .  06 7 .1 5 1 6 . 1 2 . 8 6

1 ' • . 1 0 . 8 6 7 .0 0 1 7 . 1 1 . UG G .  35 1 7 . 1 2 .  66

l i ' d U . C G 6 .95 18 .11  .86 1.1C 1 3 .1  2 ,0 6

20 . 1 0 . 1 6 . 1 5 1 9 .1 1 .0 6 6 .0 3 1 9 . 1 2 . 0 0

2 1 . 1 0 .8 0 6. -10 2C . l i . 06 7 .0 3 2 0 . 1 2 . 8 6

2 2 .1 0 .0 6 • • 2 1 .1 1 . :  6 C .7 0 2 1 . 1 2 . 0 6
n o  1 , 'C

o -L n ‘^O *7 •: 0 21.1 2 .26 6 . 9 5 2 2 . 1 2 . 8 6
2 - - .10 .05 6 .5 0 ^- .11  .06 7 .0 5 2 3 . 1 2 . 0 6
25 .1 0 .0 6 7 . 1 . 7-1 .1 1 .5 6 6 .6 0 2 4 . 1 2 . 0 6
2 6 . 1 0 .o 6 7 .73 2 5 .1 1 .2 6 7 .2 5 2 5 . 1 2 . 0 6
2 7 .1 0 .  6 7 .20 2 6 . 1 1 . 06 7 .0 5 2 6 . 1 2 . 8 6
2 0 .1 0 .0 6 7 r 15 2 7 .1 1 .2 6 6 .7 3 2 7 . 1 2 . 8 6
2 9 .1 0 .U 6 • ■ *■0 . 1 1 ,8 6 6 .5 3 2 0 . 1 2 . 0 6
3 0 ,1 0 .0 6 6 .  20 2 9 .1 1 .0 6 6 . 7 8 2 9 . 1 2 . 0 6
31 .1 0 .0 6 7 .6 5 3 0 .1 1 .0 6 6 .9 0 3 0 . 1 2 . 8 6
1 , 1 1 0 36 7 .6 3 1 .1 2 .0 6 7 . 3 c 3 1 . 1 2 . 8 6
2 .1 1 .0 6 7 .  25 2 .1 2 .0 6 6 .9 5 1 . 1 . 0 7
3 .1 1 .8 6 7 .9 0 3 . 1 2 . 0 6 6603 2 . 1 . 0 7
=1.11 .0 6  

5 .1 1 .3 6  

5 .1 1 .8 6

6 .5 3

6 .3 0

6 .4 0

4 .1 2 .0 6  

5 « 12 ,06

6 . 1 2 . 0 6

5 .7 3

6 .9 0

6 .43

- w #

3 . 1 . 8 7  

4 . 1 . 0 7

5 . 1 . 8 7
6 . 1 . 8 7
7 . 1 . 8 7

M l

0.1Q

5.7(j

C . 1 8

6.45

0.15

7 .53

6.73

7.28

7.05

7.93

7.30 
7.13
6.30 

0.05

7.98

7.15

7.60

6.98 

6.65 

6.58

7.95 

7.88 

0.13 

0.30

8.03 

C .0 0

8.15
7.60 

7.40

7.63
6.95
7.03



T a b l e  3 b ( v i )

Mean t a b l e  o f  s o i l  a n a l y s i s  d a t a

T r e a t
No.

T r e a tm e n t C l SO 4 Ca Mg.

1 . On th e  l i n e  15m s p a c in g 2 .13 7 9 4 .5 0 3 .05 1 0 .0 0

2. M id - s p a c in g  o f  15m. 2 .50 6 4 3 .0 0 1 .2 8 2 .7 8

3 . Or. th e  l i n e  30m s p a c i n g 2.31 5 0 3 .0 0 1 .0 7 2 .6 4
A

9
' a  • Mid s p a c i n g  o f  30m. 3 .7 9 563 .75 1 .67 3 .0 9

C

J  • Con t r o l 4 .1 6 6 6 5 .2 5 1 .7 5 4 .0 5

C .D . 0 .7 6 9 9 .0 2 1 .2 7 3 .09

T a b i c  3 b ( v i i )
•

D r a in e d  W a te r  sam ple  - Sam ples  t a k e n  f r o m t h e  t i l e  d r a i n s .

dh EC C03 HC03 C l -  S04 FG Ca
(mnhos/cm) ( m e / l i t )  ( m - c / l i t )  ( m c / l i t )  (ppm ) (ppm)

2E15 6 .4 0 3 .10 T 3 .44 1 9 .9 0 526 100 1 . 1 2

1E15 6 .20 3 .0 0 3 .4a T 24 .79 522 20 1 .5 6

iE lS 6 .15 3 .60 T 5 .16 67 .  3 4 465 79 2 .0 4

5E15 3 .x  5 4 .5 0 T 3 .44 4 2 .1 0 541 53 .24 3 .36

7E30 C .15 5 .7 0 T 13 .76 5 2 .5 4 503 T T

323 0 • • on
' J • L. J

r  r r  r , rJ m -J 1 .72 4 1 .4 4 556 203 T
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EC o f  w a t e r  s a m p le s f r o m  t i l e  d r a i n s
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we e k l y  com p ar ison  o f  pH b e tw e en I r r i g a t i o n  and d ra in ed  w a te r
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w eek ly  c o m p a r ison of pH b e tween irr igat ion . Surface drained
and S u b -su r fa c e  d ra in e d  w ater
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F i g u r e  -  3 b ( 7 )

EC o f  d a i l y  w a te r  samples c o l l e c t e d  from  d r a in age sump c u r in g  c u l t i v a t i o n
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F i g u r e  -  3 b ( G )
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j, i t y  o f  d i f f e r e n t  cn-“  

v l o p e  i:i i f r  i  •-! n u* ed  in d  it~> 

d c s i y i , c r  i t e r  i  - •

P i  c  t i  c  a 1 u1. j. 1 i  t y  ■

On. • t :  .. :t.* in f  rr; w h ich  i r . c r i . ■ r.r r. t h e  c o s t  per 

hc'~t ■ r e  o f  c ■1 _ ru b - i  u . i  y : o  t i d e  di-.:-innn._ s y s t e m  i s  th e  

. l v i o  r _■ r,. ■ t. _ i  J 1 ’ j - ■ - * j - The : t  uoy  ca r: t h  r ov; 1 i g h t  i n t o  

e f f e c t J v o n e r s  u f  LL - L i V ' J o p c  rn ~ t e r i n  I s  u s e d  and can  sug 

an econ  .-nic A i y  v i  ab le  • r v r . j o n .  m a t e r i a l .

Technical nropranuri.. :

The  f i l t e r  r r .a tc .c io l  w i l l  b e  s t a t i s t i c a l l y  t e s t e d  by  tS 

p.adcmiced B l o c k  e e s i y n  t e c h n i q u e .  Each  b l o c k  c o n s i s t s  o£ 

t r e a t rn  a  t s  ana t h e r e  ’- o i l  b e  t h r e e  r e p l i c a t i o n s .  The treas 

rents a r e :

Sea sand a l l  a round  t h e  d r a i n  

Sea  sand a rou n d  t h e  j o i n t s  o n l y  

R i v e r  sand a l l  around th e  d r a i n  

R i v e r  sand  a ro u n d  t h e  j o i n t s  o n l y .

Paddy  s t r a w  a rou n d  t h e  j o i n t s  o n l y  

C o i r  f i b r e  a rou n d  t h e  j o i n t s  o n l y  

No f i l t e r  m a t e r i a l s .

i i

i i i  

i v  

v  

v i  

v i i



The TJ.lt .cr m a t e r i a l s  w e re  s e l e c t e d  a c c o r d i n g  t o  t h e  

l o c a l  a v a i l  d a i l i - c y . Each t r e a t m e n t  i s  a t i l e  l i n e  o f  40 M 

len g th  and i s  spaced  a t  15m . The d r a i n a g e  f l o w  and t h e  sub­

s idence  o f  w a t e r  t a b i c  v / i l l  b e  s t u d i e d  f ro m  e a c h  t r e a t m e n t .

The y i e l d  d a t a  a l s o  w i l l  b e  c o l l e c t e d  f ro m  e a c h  t r e a t m e n t .

6 .  l b s e r  v a t 1 ons t o  b e r c c o r d c d  :

1 ,  r a t e r  t a b l e  e l e v a t i o n s .

2 o Dra i n s e e  l i e w  

3-. C ro p  y i e l d  d a e a

7 .  l a t e  o f  s t a r t  : J an u ary  1987

8, L a t e  o f  c o m p l e t i o n  : December 1990 .

1. pr o g r e s s  o f  •: .■rk :

The la y o u t  o f  etc e x p e r im e n t  i s  shown i n  f i g u r e  3 c ( l ) .  

Too e.:pc rim _nt a i area  i s  in  th e  ' K a v i l  Thekkumpuram p a d a -  

scr.hararn1 which i s  a t r u e  r e p r e s e n t a t i o n  o f  ' K a r i  s o i l s ' ,  

and i s  o f  about 1 .2  ha .  T h e re  a r e  a l t o g e t h e r  22 l i n e s  and 

each, l i r e  i s  o f  40ii l e n g t h  and i s  s p a c ed  a t  15m . The  ̂l i e  

o ra ir .s  e r e  baked c l a y  p ip e s ,  GOcn l o n g  w i t h  b e l l  mouth a t  

Oic end (12.; m.n o u t e r  ^ i a  and 100 mm i n n e r  d i a )  p r o v i d e d  

w ith  15 n o s . o f  Cmm h o l e s  i n  three- b a n d s  c f  5 h o l e s  e a c h ,  on 

the J./Jrd p e r ip h e r y  a r c , . .  T h e r e  w e re  l a i d  w i t h  t h e  t a i l  o f  

oao i n t o  tha hr 1.1 mouth o f  t h e  o t h e r ,  w i t h  th e  b e l l  mouth 

p o in t in g  few  ir k; the .’ own s t r e a m  e n d .  The t i l e  l i n e s  a r c  

j — -rr- r> ■' 0 »  - l o p a  i ew-jrdn t h e  down s team  end and d i s c h a r g e  

i n t o  c o l  l.e :s _l : 11 sumps undo o f  c o n c r e t e  r i n g s  o f  60 cm i n n e r

o.i r i . t c i  c The f i l t e r  m a t e r i a l s  u sed  Jn each  c a s e  was



L a y i n g  o f  f i l t e r  m a t e r i a l s :

a ) R i v e r  sand : -

T h e r e  a r e  tw o  t r o ^ tm r  r i t s  w i t h  r i v e r  sand. i n  one cubq 

t h e  r i v e r  sand i s  s p r e a d  a l l  a rou n d  t h e  d r a i n .  i n  t h i s  mod?; 

o f  a p p l i c a t i o n  t h e  r i v e r  sand i s  f i r s t  s p r e a d  i n  th<_ t r e n c h  

t o  a 10cm t h i c k n e s s  and th e n  t h e  t i l e s  a r e  l a i d  t o  t h e  

c o r r e c t  g r a d e .  Over  t h i s  u 10cm t h i c k n e s s  o f  r i v e r  sand  i s  

a g a i n  s p r e a d  and t h e  t r e n c h  i s  t h e n  b a c k f i l l e d .  i n  t h e  

o t h e r  case'/ th e  r i v e r  sand i s  a p p l i e d  a t  t h e  j o i n t s  o n l y  

w i t h  a 10cm t h i c k n e s s  a b o v e  and b e l o w  t h e  b e l l  mouth  o f  the  

d r a i n .  A b ou t  0 . 0  75/m "Vm o f  r i v e r  sand i s  r e q u i r e d  when

s p r e a d  a l l  a r o u n d  and 0.015m^v/hen s p r e a d  a r o u n d  t h e  j o i n t s  
o n l y .

b ) Sea s a nd ; -

In  t h i s  c a s e  a l s o  t h e r e  a r e  t w o  t r e a t m e n t s  and t h e  

mode o f  a p p l i c a t i o n  i s  e s s e n t i a l l y  th e  same as  a b o v e  e x c e p t  

f o r  t h e  m a t e r i a l  u s e d .

c )  c o i r  f i b r e

T h i s  i s  a m a t e r i a l  l o c a l l y  a v a i l a b l e  and i s  made a f t e r  

b e a t i n g  t h e  c o c o n u t  husk  and i s  a r a w  m a t e r i a l  f o r  m a k in g  

c o i r .  The  f i b r e  i s  wound around t h e  j o i n t s  o f  t h e  t i l e  

d r a i n s .  A b o u t  380 g m s . o f  c o i r  f i b r e  i s  r e q u i r e d  t o  com­

p l e t e l y  wound one  b e l l  mouth j o i n t .

d )  p a d d y  s t r a w

Paddy  s t r a w  i s  a l s o  t r i e d  s i n c e  i t  i s  c h e a p l y  and 

e a s i l y  a v a i l a b l e  l o c a l l y .  The  w r a p p in g  m eth od  i s  e s s e n t i a ­

l l y  t h e  same a s  t h a t  o f  t h e  c o i r  f i b r e -  e x c e p t  t h a t  t h e  

m a t e r i a l  r e q u i r e d  p e r  j o i n t  i s  o n l y  300 g m s .

The e x e c u t i o n  o f  t h e  a b o v e  w o rk  w as  o n l y  j u s t  c o m p le ­

t e d  and t h e  o b s e r v a t i o n s  can  b e  d on e  f r o m  t h e  n e x t  s e a s o n

o n w a r d s .

-  I



• f  - sand - r o u n d  the d r  U r
• S£nd ='rcund the j o i n t s  o  
‘  ! 1Vcr S£nd' - U  : round the c c -
• r . r v e r  sand a rou n d  t h e  j o i n t s  ,

- C o i r  n b r c  a ro u n d  t h e  j o i n t s  , 

. P a . d y  s t r a w  a ro u n d  t h e  j o i n t s  

" “ °  f i l t e r  n a t c r i i i l .
* B u f f e r  l i n e



Tho  m o n i t o r i n g  o f  q u . i l - '1 }  ° J i .  r  L 1 ° *1 n U I -'lr.agg

w a t e r  w e r e  o o i . t l n u e u .  ’ ' i f  v  r t t  '■«» < *  ni J’  r,J'■>' J-OCLI“ aed on 

t h e  a c i d  i v y  and s a l  1..J •• / - f  i r r i g a t i o n  « , . * »  d r  -■ J , .ayt, wati

T t e  EC v a lu e ' s  r a n g e d  L - t o  n t o  2 - ' -  Cor t h e  i

go', i o n  We.'c.i31' . The .‘ " ( . r a c e  ' ' I  'i-iifc'. uo t . - t  . - i - o  j o l l u w ^ d  the

outturn oil f.lvcuirat Lanu of  U.u j l r j q -1 i °i- r uqqest ing
*

ui'ie cc n t r . ib u c . ion  of. su r fa ce .  '.ir-jj n i n  : c-i . o v i  ny t h e  S u i t  fc 

t i i e  s o i l  i s  n o n l  j f j i h ]  e - ^ i ' t  oH 1J 'c ■'' o r  i j. i  g d . i o n  ■_!n<J

t e c e  dr  l in ed  v:ut- r  v ,;*c s l i g h t J . y  " C x r ' i c  uio r - jn q e d  b e tw een  

t o  6 . 5 .

As f i r  o.s tn>_ pound  w uttr  movt.-,';or;L ir» t h e  p r o j e c t  q  

v:ns concerned  \/j.t.i re up . r t  t o  the* o u t s i d e  vr it o r  b o d ie s #  a dej 

n i t o  p a t t e r n  cou ld  not h o rneed .  The ground' >■/j t o r  movement 

was g r e a t l y  a f f - 'c o c ' "  ley rho ir . l inage  puinoir.g .
‘

The  e::pc-L'ir,itnc on t l i c  1 D e v e l o p m e n t  o f  a s u i t a b l e  tec$ 

n o l o g y  f o r  t h e  s u b - s u r f  oco d r a i n a g e  s y s t e m  i n  t h e  K a r i  land 

j c i t t a n a d 1 h a s  r e v e - —.c .i_ Lhoru  i s  a c o n t i n u o u s  r e c h a r g e

t h e  o u t s i d e  v/a torbody  t o w a r d s  t h e  c r o p p i n g  a r e a  and  t h a t  t  

. I n t e n s i t y  o f  t h i s  r e c h a r g e  r e d u c e s  as  t h e  d i s t a n c e  i n c r e a s e *  

Th e  d r a i n ?  l o c a t e d  n e a r e r  t o  t h e s e  w a t e r b o d i e s  a l s o  g e t  a 

t a i n  amount o f  r e c h a r g e .  The  r e c h a r g e  b e c o m e s  n e g l i g i b l e  beJ 

a d i s t a n c e  o f  a p p r o x i m a t e l y  45m. Thus d r a i n s  n e a r e r  t o  the  

w a t e r b o d y  e x p e r i e n c e  m ore  o r  l e s s  a s t e a d y  s t a t e  c o n d i t i o n  *  

t h o s e  away e x p e r i e n c e  a n o n - s t e a d y  c o n d i t i o n

m e  m a t h e m a t i c a l  a n a l y s i s  o f  t h e  d a t a  c o l l e c t e d  f r ®  

d r a i n a g e  p im p in g  h a s  g i v e n  t h e  f o l l o w i n g  h y d r a u l i c  p a r a n t e o
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1 )  D ra in age  i n t e n s i t y  f a c t o r

2 )  Kd

3 )  -y ( e f f e c t i v e  p o r o s i t y )

4 )  d ( e q u i v a l e n t  d e p t h )

5 )  K ( h y d r a u l i c  c o n d u c t i v i t y )

0 .1 4  d a y s ' 1 

0 . 40m2/ d a y  

2.96%

2 . l m .

0 .1 9  nv/day.

The g e n e r a l i z e d  e q u a t i o n  q  = 2 n Kdh/L2 h o l d s  g o o d  f o r

th e  d r a in s  w h ich  a r e  away f r o m  t h e  e f f e c t  o f  r e c h a r g e  phenom e­

non. S in c e  t h e  d e s i g n  h a s  t o  a c co m o d a te  f o r  th e  w o r s t  c o n d i ­

t i o n s /  t h e  h y d r a u l i c  p a r a m e t e r s  com puted  c a n  b e  s u c c e s s f u l l y  

used f o r  f i n d i n g  t h e  d i s c h a r g e  f o r  any h y d r a u l i c  h e a d .  Th e  

paddy c r o p  r a i s e d  i n  t h e  e x p e r i m e n t a l  p l o t  was v i s u a l l y  v e r y  

h e a l th y  when com p ared  w i t h  th e  c r o p  r a i s e d  o u t s i d e  t h e  e x p e r i ­

mental a r e a  d u r i n g  th e  g r o w i n g  s e a s o n .  However/  t h e  c r o p  was 

s e v e r e l y  a t t a c k e d  b y  t h e  BPH t o w a r d s  t h e  l a t e r  s t a g e s  f o r  t h e  

want o f  t i m e l y  p r o p h y l a c t i c  m e a s u r e s .  The BPH a t t a c k  i n  t h e  

c o n t r o l  p l o t  was n o t  a s  s e v e r e  a s  t h a t  o f  t h e  e x p e r i m e n t a l  p l o t .  

However/ t h e  t r e n d  shows t h a t  t h e r e  i s  an a v e r a g e  i n c r e a s e  o f  

560 kg  o f  a d d i t i o n a l  g r a i n  y i e l d / h a  due t o  th e  i n t r o d u c t i o n  o f  

s u b s u r fa c e  d r a i n a g e .  The 100 g r a i n  w e i g h t  a n a l y s e d  f ro m  t h e  

e x p e r im e n t  was fou n d  s i g n i f i c a n t l y  s u p e r i o r  aaocr t o  t h e  100 

g r a in  w e i g h t  o f  the c o n t r o l  p l o t .

W i th  a v i e w  a v o i d  a l l  th e  c o n t r o l l a b l e  s e t b a c k s  t h e  

s t a t i o n  i s  p l a n n in g  t o  p r o v i d e  t h e  f a r m e r s  w i t h  i n p u t s  l i k e  

seeds/ f e r t i l i z e r s  and p l a n t  p r o t e c t i o n  m a t e r i a l s  f o r  t h e  n e x t  

c r o p p in g  s e a s o n .  T h e s e  i n p u t s  w i l l  b e  made a v a i l a b l e  t o  t h e  

fa rm ers  in  t h e  e x p e r i m e n t a l  a r e a  and w i l l  b e  a p p l i e d  u n d e r  

p ro p e r  s u p e r v i s i o n  f rom  t h e  s t a t i o n  s c i e n t i s t s  so  t h a t  a u n i ­

form p a c k a g e  o f  p r a c t i c e  can  be g i v e n  t o  th e  e x p e r i m e n t a l  a r e a  

and the  c o n t r o l  p l o t .



The a n a l y s i s  o f  s u b - s u r f a c e  d r a i n e d  wut, i nnuw.u l n . c 

t h e  s o i l s  w h ich  wi_re c l o s e r  Lo th e  o u t r i d e ,  r iatur -1 y 

w a t e r  d r a i n e d  lv_ss s a l t s  th an  th e  o n e s  w h ich  w«_ia f o r t h - i .

T h i s  c o u l d  be  b e c a u s e  u f  the h ig h c  i w a t c r  l e v e i  o u t - d  .ie th<_ 

f a r m i n g  a rea  c r e a t i n g  a n a t u r a l  i n t e r n a l  d r  aii i ' jgi. .  -in I t o  ^ome 

e x t e n t  w a s h in g  th e  s o i l .  The sarx  o b s e r v a t i o n  n o t e d  in

th e  l a s t  n  i x a r t in g  y o u  a l s o .  T h i s  o b s e r v a t i o n  s u b s t a n t i a t e s  

c o m p a r a t i v e l y  h ig h i - r  y l ;  I d s  a t  j d r . c e s  w h e r e  t r i e r e  i s  n nearby  

w a t e r w a y  o r  d r a i n a g e  channe l as r< p a r t e d  lay t h i s  : t  u t i o n  in  thg; 

e a r l i e r  r e p o r t s .  The r e l a t i v e  d i f f c  r e n c o  w h ic l i  was  o b s e r v e d  

t h e  c a s i  o f  EC o f  t h e  d r a i n e d  w.jt _r f rom  d i f f e r e n t  d r a i n s  was 

n o t  s e e n  in  th e  c a s e  o f  pH v a l u e s  and t h e y  r e m a in e d  i d e n t i c a l  

and s l i g h t l y  a c i d i c .  The h i g h e r  pH l e v e l s  a r e  b e c a u s e  o f  the  

su b m erged  c o n d i t i o n  o f  th e  s o i l  d u r i n g  c r o p p i n g  s e a s o n  which
|

p r e v e n t  e n t r y  o f  a i r  i n t o  th e  s o i l  s y s t e m  p r o h i b i t i n g  ox idat ion ; '

and f o r m a t i o n  o f  a c i d i t y .

The c o m p a r i s o n  o f  EC v a l u e s  o f  i r r i g a t i o n  w a t e r  and the 

s u b - s u r f a c e  d r a i n e d  w a t e r  i r d i c a t c d  t h a t  a s u b s t a n t i a l  amount 

o f  s a l t s  can  b e  l e a c h e d  th ro u g h  t h e  s u b - s u r f a c c  d r a i n a g e  system 

On an a v e r a g e /  t h e  d i f f e r e n c e  b e t w e e n  th e  EC o f  s u b - s u r f a c c  

d r a i n e d  w a t e r  and i r r i g a t i o n  w a t e r  was 2 . 25mmhos/cm w h ich  was 

q u a n t i t a t i v e l y  e q u i v a l e n t  t o  l i e  k g  o f  s a l t / h a / c m  o f  d r a i n e d  

w a t e r .  The  EC v a l u e s  o f  s u r f a c e  d r a i n a g e  w a t e r  and i r r i g a t i o n  

w a t e r  r e m a in e d  same t h r o u g h o u t  t h e  s e a s o n  i n d i c a t i n g  t h a t  th e  

s u r f a c e  d r a i n a g e  d o e s  n o t  c o n t r i b u t e  a n y t h i n g  t o  t h e  r e m o v a l  o f  

s a l t  f r o m  t h e  s o i l .  The s u r f a c e  d r a i n s  g e t  i t s  v o lu m e  o f  water  

f r o m  t h e  f l o o d i n g  w a t e r  n o r m a l l y  u sed  f o r  i r r i g a t i o n  p u rp o s e  

and w a s h in g  t h e  t o p  s o i l .  T h e  t o p  5-10cm o f  s o i l  i s  a l r e a d y

i n  t h e  washed  c o n d i t i o n  due t o  t h e  r e g u l a r  p r a c t i c e  o f  th e  f a H

m ers  o f  f l o o d i n g  and d e w a t o r i n g  th e  f i e l d s .  M o r e o v e r ,  t h e  

f l o o d i n g  w a t e r  d o e s  n o t  g e t  a n y  o p p o r t u n i t y  t i n e  t o  p e r c o l a t e  

down and h e n c e  t o  p i c k  up t h e  s a l t s ,  m e  h i g h  w a t e r  t a b i c
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c o n d i t i o n  a l s o  c o n t r i b u t e  f o r  n o t  a l l o w i n g  t h e  f l o o d i n g  w a t e r  

t o  move d o w n . The above  m e n t io n e d  r e a s o n s  d i s q u a l i f y  t h e  

e f f e c t i v e  u s e  o f  s u r f a c e  d r a i n s  as an a l t e r n a t i v e  s o l u t i o n  t o  

the  s u b - s u r f a c e  d r a i n s .  However/  t h e  s u r f a c e  d r a i n s  can  b e  

e c o n o m i c a l l y  used  as c o l l e c t o r  d r a i n s  f o r  t h e  s u b - s u r f a c e  

d r a i n s ,  p r o v i d e d  t h e y  a re  d e e p e n e d  and w id e n e d .

A c l o s e  s t u d y  o f  t h e  w e e k l y  v a l u e s  o f  pH o f  i r r i g a t i o n  

w a t e r ,  s u b - s u r f a c e  d r a i n a g e  v/ater and t h e  s u r f a c e  d r a i n a g e  

w a te r  l e a d s  t o  t h e  f o l l o w i n g  i n f e r e n c e s .  The pH v a l u e s  o f  su b ­

s u r f a c e  d r a i n a g e  w a t e r  and i r r i g a t i o n  w a t e r  r e m a in e d  i d e n t i c a l  

and th e  v a l u e s  r a n g e d  b e tw e e n  6 t o  7 . 5 .  The s u r f a c e  d r a i n e d  

w a te r  r e m a in e d  s l i g h t l y  a c i d i c  and th e  v a l u e s  r a n g e d  b e tw e e n

5 .75  t o  6 . 5 .  The s o i l  on d r y i n g  d u r in g  the i n t e r m i t t e n t  f l o o d ­

in g  and d r y i n g  p r a c t i c e d  b y  t h e  f a r m e r s  g e t s  a c i d i f i e d  on a e r a ­

t i o n  and t h i s  a c i d i t y  i s  washed and dumped i n t o  th e  s u r f a c e  

d r a in s  and h en ce  i t  i s  s l i g h t l y  a c i d i c .  The  main p r o b le m  i s  

thus fou n d  t o  be c o n t r o l l i n g  t h e  s a l t  than a c i d i t y .  The a c i d i t y  

p rob lem  g e t s  a u t o m a t i c a l l y  c o n t r o l l e d  w i t h  r i c e  c u l t i v a t i o n  

d u r in g  w h ic h  t h e r e  i s  a lw a y s  subm erged  w a t e r .

From th e  d a t a  so fa r  c o l l e c t e d  b y  t h e  s t a t i o n ,  i t  i s  

found t h a t  t h e  s u b - s u r f a c e  d r a i n a g e  s y s tem  can b e  e f f e c t i v e l y  

and s u c c e s s f u l l y  u sed  I n  th e  K a r l  l a n d s  o f  K u t ta n a d  p r o v i d e d  

th a t  th e  c o s t  f a c t o r s  a r e  r e a s o n a b l e .  S t u d i e s  f o r  m i n i m i z i n g  

th e  c o s t  h ave  a l r e a d y  been  to k en  up  i n  t h i s  d i r e c t i o n .  One o f  

the  m ain  f a c t o r s  w h ic h  i n c r e a s e s  th e  c o s t  o f  th e  s y s tem  i s  t h e  

use o f  f i l t e r  m a t e r i a l s  around t h e  d r a i n s .  An e x p e r i m e n t  has  

a l r e a d y  been  l a i d  o u t  f o r  f i n d i n g  the  e c o n o m ic : a l l y  v i a b l e  and 

l o c a l l y  a v a i l a b l e  f i l t e r  m a t e r i a l .

- :  77
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SECTION "  F 

T c ch r i i c u d  p r o g r a mme 1 9 8 7 - 8 8 .

1 .  M o n i t o r i n g  o f  p e r i o d i c a l  c h a n g e s  in  t h e  q u a l i t y  o f  s u r f a c e  

and s u b - s u r f a c e  w a t e r  i n  t h e  p r o j c c t  a r e a .

2 .  m o n i t o r i n g  o f  s e a s o n a l  f l u c t u - i t i o n s  o f  g r o u n d  w a t e r  t a b l e  

w i t h  r e f e r e n c e  t o  s u r f a c e  water  l e v e l .

3 .  A s s e s s m e n t  o f  h y d r a u l i c  p r o p e r t i e s  o f  t h e  t i l e  d r a i n a g e  

s y s t e m .

4 .  E f f e c t i v e n e s s  o f  t i l e  d r a i n a g e  s y s t e m  i n  th e  p e r f o r m a n c e  Df 

paddy  c r o p  i n  th e  K a r i  l a n d .

5 .  E v a l u a t i o n  o f  d i f f e r e n t  f i l t e r  m a t e r i a l s  t o  f i n d  i t s  e c o n o ­

m ic  s u i t a b i l i t y  i n c l u d i n g  i t s  d e s i g n  c r i t e r i a  f o r  t h e  sub­

s u r f a c e  d r a i n a g e  s y s t e m .

6 .  s t u d i e s  on t h e  changer ,  o f  s o i l  c h e m i c a l  p r o p e r t i e s  w i t h  

r e s p e c t  t o  t im e  on s u b - s u r f a c e  d r a i n a g e .

i



D is c h a r g e a t  20 hour i n t e r v  a l i n  mm/day f o r

<-»• «
d i f f e r e n t t i l e  d r  Eii ns

Time

"

2e 1 5* 3e 15* 4e i  5* 5e 13* 7e 30@ 8e 3CX

20 9 .70 8 .60 6 .1 0 6 .50 2 .3 0 3 .3 0

40 9 .1 0 7 .40 3 .10 5 . 20 1 .75 2 .35

60 8 .7 0 6 .90 4 .60 4 .50 1 .50 1 .9 5

80 8 .50 S .60 4 .20 4 .1 0 1 .3 0 1 .70

100 8 .3 0 6 .40 4 .00 3 .90 1 .15 1 .50

120 £ .1 0 6 .30 3 .90 3 .70 1 .0 5 1 .35

140 7 .9 0 5 .10 3 .80 3 .50 0 .9 0 1 .20

160 7 .3 0 6 .0 0 3 .70 3 .4 0 0 .8 0 1 .05

180 7 .7 0 5. SO 3 .60 3 .20 '>.70 0 .9 5

200 ^ .50 5 .70 3 .50 3 .10 0 .6 5 0 . 8 0

220 7 .40 5 .60 3 .40 2 .9 0 0 .5 5 0 .7 5

240 7 .3  0 5 .50 3 .30 2 .8 0 0 .5 0 0 .7 0

260 7 . 1 0 5 .30 3 .20 2 .70 0 .4  5 0 .6 0

280 7 .00 3 .10 3 .1 0 2 .30 0 . 4 0 0 .5 5

300 6 .80 5 .00 2 .9 0 2. 30 0 .3 5 0 .5 0
320 6 . 60 i .80 2 .80 2. 20 0 . 3 0 0 . 4 0
340 6 .40 4 .70 2 .60 2 .00 0 .2 5 0 .3 5
360 6 . 3 ) : . 30 2 .50 1 .9 0 0 .2 0 0 .2 5
380 6 . L 0 4 . 3 0 2. iO 1 .00 0 .2 0 0 .  20
400 5.9Q 4 . 10 2. 20 1 .GO 0 .1 5 0 .1 5
420 5 .70 3 .90 . .10 1 . 40 0 . J U 0 .1 0
440 5 . 60 3 .80 2 . 'JO 1 . 30 0 .0 5 0 .0 5

* .15m :;p • ic 1 11'J*
1 ' 30m Ip' lC j I I' 1 •
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A v e r a g e head  a t 20 hour i n t e r v a l i n  m 1 or d.l f f  < re nl

t i l e  d r a i n s

T im e 2e 15~ 3 El  5* 4El 5* 5E15* 7 E 3 0d> BE3Q®

0 0.69 0.67 0 .65 0 .6 7 0 . 6 6 0 .6 5

20 0.59 0.56 0 .56 0 . 6  2 0 . 6  2 0 .6 0

40 0.51 0.48 U . 50 0 . 5 7 0 .56 0 .54

GO 0 .48 0.43 0 .45 0 .52 0 . 5  2 0 .5 0

130 0.45 0 .40 0 .4 2 0 .4  7 0.4 b 0 .4 6

1 0 0 0.43 0.37 0 .39 0.44 0 .44 0 .4 2

1 2 0 0.4  2 0.36 0.37 0 . 4 0 0 .41 0 .3 c
1-10 0.41 0.34 0 .35 0 .37 0 .3 8 0 .3 5

160 0 . 4 0 0.33 0.33 0 .3  5 0 . 3  5 0 .3 2

ISO 0.39 0 .32 0 .32 0*33 0 .3  2 0 .2 9

2 0 0 0.30 0.31 0 .30 0.31 0 . 2 9 0 .2 6

2 20 0.37 0 .30 0.29 0 . 29 0 . 2 7 0 .2 4

240 0.37 0. 29 0 . 28 G. 28 0 .  74 0 .2 1
260 0.36 0 . 28 0.  27 0 . 26 0 . 2 2 0 .1 9
280 0.35 0.  27 0.26 0.  25 .19 0 .1 6
300 0.34 0.26 0 .25 0 .2  3 0 . 1 7 0 .1 4
3 20 0.34 0.26 0.  24 0 . 2 2 0.1 5 0 .1 1
3 40 0.33 0.  25 0. 23 0 . 20 0 . 1 2 0 .0 9
360 0.32 0.24 0 . 2 2 0 .19 0 . 1 0 0 .0 7
380 0.31 0.  23 0 . 2 1 0.17 0 . 0
400 0.31 0 . 2 2 0 .2 0 0.16 -

4 20 C .30 0 . 21 - — —

440 0 .2 9 0 . 2 1
• •

*  15m s p a c i n g .  

(f> 30m s p a c i n g .
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~n - gj, a t  20 hour  i n t e r v a l  i n  m e t e r s  

f o r  d i f f e r e n t  o b s e r v a t i o n  w e l l s

Heed (m)
Tin’s ______ __________________________ _____________________________________

CRW 111 03vr 112 03W 113 03W 114 OBW 115

0 0.65 0 .64 0.62 0.67 0 . 6 8

20 0.34 0 .54 0.44 0 .35 0 .35

40 0.26 0.47 0 .3 9 0.31 0 .26

60 0.23 C . 43 0 .38 0.28 0 . 2 0

30 0 . 2 1 0.40 0.37 U.27 0.16

100 0 . 20 0 .38 0.36 0.27 0 .14

120 0 . 2 0 0.37 0.36 0 .26 0.13

140 n • 2 3 0 .36 0 .3  5 0.  25 0 . 1 2

160 0.19 0 .36 0 .35 0. 25 0 . 1 2

180 U . l  9 0 .3  5 0 .3  5 0 .  25 0 . 1 1

200 0.19 0.3 5 0.34 0. 24 0 . 1 1

220 0.19 0 .35 0.34 0.24 0 . 1 1

240 0 .13 0 .3  4 0 .3  3 0.24 0 . 1 1

260 0 . 1 0 0.34 0.3 3 0.  23 0 . 1 0

280 0.18 0.3 3 0.3 3 0.23 0 . 1 0

300 0 . 1 7 0 .3 2 G . 3 2 0  . 23 0 . 1 0

3 20 0.17 0.31 0.3 2 0 . 2 2 0 . 1 0

340 0.17 0  . 31 0.31 0 . 21 0.09

360 0.17 0 .3 0 U. 30 0 . 21 0.09

3 CO 0.17 0.29 0 .30 0 . 20 0 .09

400 0 . 1 0 0.29 0.  2 9 0 . 20 0 .0 9

420 o . i r. o .  20 0 . 2  i 0 . 20 0.08

440 < i . i g 0 . 2 8 U . 28 0 .19 0 . 0 0

450 | ) G 0.27 0 . 27 m • 0 . 0 0

Thf . nb c r j | ' L s  rtf obst ' iv. i i  i on  w e l l s  deno te  tlie f o l l o w i n g  s
1 . pin ,!. d j , i i_ inn i o 'i,r ; iho obse  >'v at  ion  w e l l  l i n e  number
2 . 'v , .. , , ; ■I j .nl -  j rid t c i e  fine . Ir i i n  l i n e  number

- Th i rd  l j . j i •. i n d i c a t e  Mm f »os i t  ion  o f  t h e  o b s e r v a t io n  
-.rr, i i | ,i, ni-,r.. Ci., .r, the dr tin l i n e  t o w a r d s  the n o r th .
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T im e
ODW .121

Head (in)

OBW 122 ORW 113 08W 124 OBW 12

0 0 .6 0 0 .  C 1 0 .6 2 0 .6 1 0 .5 4

20 0 .  25 0 .3 8 0 . 5 0 0 .4 0 0 .3 1

40 0 .1 8 0 .31 0 .4 2 0 . 2 8 0 .2 1

60 0 .1 3 0 .  27 0 . 3 9 0 .  24 0 . 1 6

00 0 .1 1 0 .2 5 0 .3  G 0 .  21 0 .1 3

100 0 . 1 0 0 .23 0 .3  3 0 .1 9 0 .1 1
120 0 .1 0 0 .  23 0 .3 2 0 .1 8 0 .1 0

140 0 .1 0 0 . 2 2 0 .3 1 0 .1 8 0 . 1 0
160 0 . 1 0 0 .  21 0 .3 0 0 .1 7 0 .0 9

180 0 .0 9 0 .21 0 . 3 0 0 .1 7 0 . 0 9

200 0 .0 9 0 .  20 0 .3 0 0 .1 6 0 . 0 9

220 0 .0 9 0 .  2U 0 .  29 0 . 1 6 0 .0 8

240 0 .0 9 0 .1 9 0 .  28 0 .1 6 0 . 0 8
260 0 .0 9 0 .1 9 0 .  27 0 .1 6 0 . 0 8
280 0 .0 9 0 . 1 9 0 .  27 0 . 1 5 0 . 0 8
300 0 .0 9 0 .1 9 0 .  26 0 .1 5 0 .0 7
3 20 0 .0 8 0 .1 8 0 .  25 0 . 1 5 0 .0 7
340 0 .0 8 0 .1 8 0 .2 5 0 .1 4 0 .0 7
360 0 .0 8 0 .1 8 0 .2 4 0 .1 4 0 .0 7
380 0 .0 8 0 .1 7 0 .  23 0 . 1 4 0 . 0 7
400 0 .0 7 0 .1 7 0 .  23 0 .1 3 0 . 0 6
420 0 .0 7 0 .1 6 0 .2 3 0 .1 3 0 . 0 6
440 0 .0 7 0 .1 6 0 .2 2 0 .1 3 0 . 0 6
460 0 .0 7 0 .1 5 0 .2 2 0 . 1 2 0 . 0 6
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Head (rn)
f i r e  ~ ------------------------------------------------ --------------------------------------------

OBW 131 OBW 132 OBW 133 OB V/ 134 OBW 135

0 0 .6 0

20 0 .1 1

40 0 .0 6

60 0 .0 5

60 0 .0 4

100 0 . 0 4

120 0 .0 4

140 0 .0 4

160 0 .0 4

180 0 . 0 4

200 0 . 0 4

220 0 .0 4

240 0 .0 3

260 0 . 03

280 0.  °  3

300 0.03

320 0.03

340 0.03

360 0 . 0 2

380 0 . 0  2

400 0 . 0  2

420 0 . 0 2

440 0 . 0 2

460 0 . 0 2

0 .6 0 0 .5 8

0 .3 2 0 .4 7

0 .2 4 0 .3  9

0 .2 1 0 .3 4

0 .  20 0 .3 1

0 .1 9 0 .2 9

C .1 9 0 .2 8

0 .1 3 0 .2 7

0 . 1 3 0 .2 6

0 .1 7 0 .2 5

0 .1 7 0 . 2 5

0 .1 6 0 .2 4

0 .1 6 0 .2 4

0 .1 5 0 .23

0 .1 5 0 .23

0 .1 4 0 .2 2

0 .1 4 0 .2 2

0 .1 3 0 .  21

0 .1 3 0 .  21

0 .1 3 0 .2 0

0 .1 2 0 .1 9

0 .1 2 0 .1 9

0 .1 2 0 . 1 G

O . i  i • •

0 .5 6 0 .6 1

0 .4 0 0 .2 3

0 . 3 2 0 .1 9

0 .2 7 0 .1 8

0 .2 4 0 .1 7

0 .2 2 0 .1 7

0 .2 1 0 .1 7

0 .  20 0 .1 6

0 .1 9 0 . 1 6

0 . 1 9 0 .1 6

0 .1 3 O . l b

0 .1 3 0 .1 5

0 .1 8 0 .1 5

o . i e 0 .1 5

0 .1 7 0 .1 4

0 .1 7 0 .1 4

0 .1 7 0 .1 4

0 .17 0 .1 3

0 .1 6 0 .1 3

0 .1 6 0 .1 2

0 .1 5 0 .1 2

0 .1 5 0 .11

0 .1 5 0 .1 1

0 .1 4 0 .1 0
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T j'.-k Hr-ad (m)

OB W 141 OBW 142 CBW 143 03 W 144 OBW 145

0 0 .6  0 0 .6 4 0 .5 5 0 . 5 5 0 .65

20 0 .1 6 0 . 4 8 0 . 4  5 0 .3 1 0 .25
40 0 .11 0 .4 0 0 .  JG 0 .  25 0 .1 8

GU 0 .0 9 0 .3  9 0 .7  5 0 . 2 2 0 .15
8u 0 .0 9  ’ 0 .3 0 0 .  J 4 0 .  2 2 0 .13

iuO u. 08 0 .  2 8 0 .3  3 0 . 2 0 0 .13
120 0 .0 8 0 .  26 0 .3  2 0 . 2 0 0 .1 3
140 3.08 0 .  25 0 .3  2 0 .  Zu 0 .1 3
160 0 .0 8 0 .  24 0 .  3u 0 . 1 9 0 .1 2
180 0 .0 7 0 .  .3 0 . 3 0 0 .1 9 0 .1 2
200 0 .0 7 0 .23 0 .  29 0 ,1  9 0 .1 2
2 20 0 .0 7 U . 2 2 0 .  28 u .18 0 .1 2
240 0 .0 7 0 .2 1 0 .  27 0 . 1 8 0 .11
260 0 .0 7 0 .2 1 0 .  27 0 . 1 8 0 .1 1
260 0 .0 7 0 .  20 U. 26 0 .1 7 0 .1 1
300 0 .0 6 0 .  20 0 .2 5 0 .1 7 0 .1 1
3 20 0 .0 6 0 .1 9 0 .  24 0 . 1 6 0 .1 0
340 0 .0 6 0 .1 8 0 .2 3 0 . 1 5 0 .1 0
3 60 0 .0 6 0 .1 8 0 .2 2 0 . 1 5 0 .1 0
3 60 0 .0 6 0 .1 3 0 .  21 0 . 1 4 0 . 1 0
400 0 .0 6 0 .1 7 0 .2 0 0 .1 4 0 .0 9
420 0 .0 5 0 .1 7 0 . 2 0 0 .1 3 0 .0 9
440 0 .0 5 0 .16 o - i o- > • J_ 0 .1 3 0 .0 9
460 0 .0 5 0 .1 6 • • 0 .1 3 0 .0 9



Time
OBW 151 03W 152

Head (rn)

03 W 153 OBW 154 OBW 155

nw 0 .6 5 0 .6 5 C .6 8 0 .5 8 0 .5 9
20 0 .1 6 0 .3 8 0 .6 3 0 .5 1 0 .43
40 0 .0 5 j .  28 C . 56 0 . 4 4 0 .3 4
61 :  . o s 0 .  23 0 .5 0 0 .3  9 0 .3 0
SC 0.C5 •j .20 0 .4 6 0 .3 5 0 .2 7

IOC 0 .0 5 0 .2 0 0 .4 3 0 .3 3 0 .2 5
12C 0 .55 ' .1 9 u . 40 0 .3 0 0 . 2 4
140 - ■ J w 0 .1 8 '0.38 0 .  28 0 . 2  2
16. I • C 5 .18 0-.37 0 .2 8 0 .2 1
18C  ̂D .17 0 .3  5 0 .2 7 0 .2 1
20 C _ • j Z 0 .17 0 .3  •- 0 .  25 w • 4^
225 * .17 0 .33 0 .  25 0 .1 9
2‘i f ■ _  _ . .17 0 .3  2 0 .  24 0 .1 8
250 • < —- 0 . 1 6 0 .31 O' .  23 0 .1 8
23 0 —- • -j : .  16 .3 j 0 .0  2 0 .1 7
300 • - .15 . ■  /-  3 .  21 0 .1  6
32: _ •  - W .  15 . 2 7 0 .2 0 0 .1 5
3 4j • - 0 .15 : .  26 0 .  20 0 .1 5
361 '  • V .  .1*. -•.25 .19 0 .1 4
300 • • : 0.12 j .  24 .'). l  e 0 .1 3

4. C i im J ■''.23 0 .17 0 .1 2
42u _ • y • . 1 2 0 .  21 ■0.15 0 .1 1
44 0 • y ‘ -■ .  L i .  2 J .15 0 .1 1

460 • .  . . .  11 • • .'.1.4 0 .1 0



Tiin

20

40

GO

CO

100
1 20
140

160

130

200
220

240

260

280

300

320

340-

360

380

400

420

440

460

86 s-

OBW 161 OBW 16?

0 .60 0.53

0 .4  4 i '. 40
0.3 6 0.4 3

0 .30 0 .40

0 . 28 0.37

0 .25  ' 0.35

0.23 0.33

0 . 2 2 0 .3  2

0 . 21 0 .30

0 . 20 0 . 2  9

0 . 20 0.28

0.19 0.  27

0.19 0 .  27

0 . 1 8 0 .25

0 .18 0.  25

0.17 0.  24

0 .16 0.  23

0 .16 0 . 2 2

0.1-5 0 . 2 1

0.15 0 . 2 0

0 .14 0 . 1 8

0.13 0 .17

0 . 1 2 0.16
0 . 1 1 0.15

Head (rn)

03W 163 OBW 164

0.61 0 .6 0

0 .59 0 .46

0 .5 4 0 .37

0 . 5 0 0.3  2

0.47 0 .27

0 .4  3 0 .2 5

0 .40 0 . 22

0.36 0 . 2 0

0.35 0 .19

0.31 0 .17

0 .28 0 .16

0 . 26 0 .15

0 .  24 0 .13

0 . 21 0 . 1 2

0.19 0 . 1 1

0.17 0 . 1 0

0 .17 0 .0 9
0 .17 0 . 0 7

0.13 0 .06

0 . 1 1 0 .04
0 .09 0 .03
0 .07 0 . 0 2
0.06 • •
0 .04



UJJi:

0

20

40

60

80

100

120
140

160

180

200
220
240

260

280

300

320

340

360

380

400

420

440

460

______________ Head (rr0______________

OBW 17 2 03W 17 3 OBW 174OBW 171

0 .3  3 

0 .  28 

0 .1 7  

0 .1 5  

0 .1 4  

0 . 1 2  
0 . 1  2 
0 .1 1  

0.11 
0 .1 1  

0 .1 0  

0 . 1 0  

0 .09  

0 .0 9  

0.09 

0 .0 8  

0 .0 8  

0.07 

0.07 
0.06 
0.05 
0.04 
0.0 4

0 .60  

0.39  

0.31  

0.27  

0.24  

0.22 
0.21 
0.1 9 

0.18  

0.17  

0.17  

0.16  

0.15  

0.14  

0.13  

0 . 1 2  

O . l i  

0 .09  

0 .08  

0 .07  

0.05  

0  .04 

0 .0 3 

f '. 0 '

0 . 6 0  

0 .53  

0 .4 3  

0 .3 7  

0 .3 3  

0 .3 0  

0 .2 7  

0 .  24 

0 .  22 

0 .2 0  

0.18 
0.16 
0.14 
0 .1 2  

0 .1 0  

0 . 0  6 
0 .06 
0.04 
0.03 
0 .0 0 5

• •

0 .5 5  

0 .4 1  

0 .3 3  

0 .2 8  

0 .  23 

0 . 2 1  
0.19  

0.17  

0.15  

0.13  

0 .11  

0.09  

0.07  

0.05  

0.04  

0.03



He'id (i.i)
T±mc-

OBW 101 OBW 18 2
COt—iiro

1

OBW 184 OBW 18

0 0.54 (J. 5 b 0.  53 0 . 5 0 0.51

20 0.15 0 .3  2 0. 49 0 .46 0.41

40 0.15 0 . 26 0 .45 0.4 2 0.43

60 0 .11 0. 23 0.41 0 .30 0 .27

80 0.08 0 . 21 0.38 0 .34 0 .23

100 0.06 0 . 20 0 .35  ■ 0 .3  2 0 .19

1 20 0.05 0 . 1 8 0.3  2 0.  29 0 .16

140 0.03 0.17 0 .30 0 . 2 8 0.13

160 0 . 0 2 0 .1 6 0.27 0 .25 o . i a

180 0 . 0 2 0 .1 4 0 .25 C. 23 0 .10

2 00 0 . 0 2 0 . 1 2 0 . 2 2 0 . 21 0 .0 8

220 •  • 0 . 1 0 0 . 2 0 0 .1 9 0.Q7

240 •  • 0 .0 9 0 .18 0 .17 0 .0

250 a a 0.07 0 .16 0 .1 5 0 .0

280 •  • 0 .0 6 0.13 0 .1 3 0 .0

300 •  a 0 .0 5 0 . 1 1 0 . 1 1 0 .0
320 a a 0 .0 3 0 *0 9 0 . 0 9 • •

3 40 a a 0 . 0 2 0 .0 7 0 . 0 7 a  •

3 60 a a a a 0 .0 5 0 . 0 6 a a

380 a • a « 0 .0 3 0 .0 3 a  a

400 •  a a a 0 . 0 1 a a a •

420 •  a a a a a
a  a a  •

440 a a a a a a a a a a

460 a a a a a a
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Tirrie ---------------------------------- _
OBW 211 0 3 W 212

0 0 . 7 0 0 .6 3
20 0.  23 0.52
40 0 . 20 0.49
50 0.19 0.40
80 0.18 0.39

100 0.18 0 .30
120 0.18 0.37

140 0.18 0 .36
160 0 . 1 0 0.36
180 0  .13 0.35
200 0.17 0.35
220 0.17 0.35
240 0 .17 0.3 4
250 0.17 0.34
280 0.15 0 .34
300 0.16 0.3 3
3 20 0 .15 0  .33
340 0  .15 0 .32
350 0.15 0.3 2
380 0 . 1 5 0 .3 ]
400 0 . I 4 0.31
420 0 . i 4 0 . 3 0
440 0 . J. 4 0.30
4 GO • m 0. 30

Head (m)

03 W 213 OB V/ 214 OBW 215

0 .7 0
•

• • 1 .0 6

0 .6 0 0 .73 0 .7 0

0 .4 8 0 .6 6 0 .6 0

0 .4 6 0 .6 3 0 .5 7

0 .4 4 0 . 6 2 0 .5 6

0.44 0 .6 1 0 .5 6

0 .43 0 .6 0 0 .5 5

0 .4 2 0.60 0 .5 5

0.42 0 .6 0 0 .5 5

0 .4 1 0 .6 0 0 .5 5

0 .4 1 0.59 0 .5 5
o.* ,o 0 .59 0 .5 5

0 .40 0 .59 0 .5 4
0.39 0 .5 8 0 .5 4

0.38 0 .5 8 0 .5 4
0 .38 0 .5 7 0 .5 4
0 .37 C . 56 0 .5 4

0.36 0 .5 6 0 .5 3
0.35 0 .5 5 0 .5 3

0. 3 5 0 .55 0 .53
0.3 4 0 .5 4 0 .5 3
0 .3 4 0. 54 0 .5 3
0.  <3 0 .5 3 0 . 5 2

■ ■ m m



- ; 9 0  :•

TiniP
OBW 221 OBW 22?

Hewn (m) 

OBW -25 OBW 224 OBW 225

0 0 . 0 2 0 . 8  J 0.67 0 .81 0 .7 4

20 0 . 2 1 0.61 0.5*. 0 . 6 ? 0 .35

40 0.19 0.4 4 0 . -4 0 .5 ? 0 .3 0

60 0.18 0 . -11 0 .3 5 0 . . 8 0 .2 8

30 0.18 0 . 0 0.36 0 .4 C 0 .27

1 0 0 0  .1 8 0.4 0 0.35 0.  4 4 0 .2 6

1 2 0 U . 18 0.39 0.35 0 .  4 3 0 .  25

140 0.13 0.39 0 .3 4 0 .43 0 .2 5

150 0 . 1 9 0 .39 0.34 0 .4  2 0 .2 5

130 U . 19 n.3 9 0 . 3 3 0 .4  2 0 .24

200 0 .1 9 0.38 0.33 0 .4 1 0 .2 4

2 20 0 .1 9 0 .3 3 0 .3 2 0 .4 1 0 .24

240 0 .1 9 0 .3 8 C.31 0 . 4 0 0 .2 4

280 0 .1 9 0 .3  7 0 .3 1 0 .4 0 0 .23

300 0 .1 9 0 .37 0 .3 0 0 .4 0 0 .23

3 20 0 .1 9 0 .3 6 0 . 3 0 0 .3 9 0 .2 3

340 0 .1 9 0 . 36 0 . i. 9 0 .3  9 0 .2 3

3 60 0 .1 8 0. 36 0 .  28 3 .3 8 0 .2 2

380 0 . 1 8 0 .3  5 0 .28 0 . 3 8 0 .2 2*

400 0 . 1 8 0 .3 5 0 .27 o.3e 0 .2 2

4 20 0 .1 8 0 .35 0 .  27 0 .3 7 0 .2 1

440 0 . 1 8 0 .3 4 0 .2 6 0 . 3 7 0 .2 1



Time Head (m)
OBW 231 OBW 232 OBW 233 OBW 234 OBW 235

0 0 .6 5 0 .6 5 0 .6 9 0 .6 2 0 .6 3
20 L .06 0.47 0 .4 9 0 .3 8 0 . 22
40 J . 06 0 .3  4 0 .4 2 0 . 28 0 .1 7
60 0 .0 6 0 . 28 ■0.40 0 .2 4 0 .1 5
80 0 .0 6 G . 24 0 .3  8 0 . 22 0 . 1 4

100 0 . 06 0 .2 1 0 .3 7 0 . 2 1 0 .1 4
12C 0 .0 6 0 .1 9 0 .3 6 0 . 20 0 .1 3
140 0 . 0 6 0 .1 8 0 .3 6 0 . 2 0 0 .1 3
160 0 .06 0 .1 7 0 .3  5 0 .1 9 0 .1 3
180 0 . j6 0 .1 6 0 .3 5 0 .1 9 U.13
200 0 . ^ 6 •j  . 15 0 .34 0  .19 0 .1 3
220 .0 6 0 .1 5 0 .3 4 J .19 0 .1 3
240 0  .0 6 0 .15 0 .3 3 18 0 .1 3
260 0 . 0 6 u.14 0 .3  2 J . 1 8 0 . 1 2
280 j .06 0 .1 4 0 .3  2 0 .1 8 0 . 1 2
300 ) . 26 0 .1 4 0 .3 1 0 .18 0 .1 1
3 20 0 . 06 0 .13 >. 31 0 .18 0 .11
3 40 .06 0 .13 0 .3  0 0 .17 0 .1 1
360 ' ' . 0 6 M 2 ( ' . 3 0 0 .1 7 0 . 1 0
380 J . >6 0 .1 2 1. 29 0 .1 6 0 . 1 0
400 0 .06 .12 -j. 2 9 0 .1 6 0 . 1 0
4 20 ■ ) .06 0 . 1 2 ( . 29 O'. 1 5 0 .0 9
440 3'.06 .1 L ■ '. 28 0 . 15 0 .0 9



T i i 'V

) 1

.  v

6 ) 

J  
1- •

1 2- J

l O

16 :j

1 uo

20 J
22J

2«:j
260

280

3q ;

320

3-.0

360

380

400

420

440

460

Oil’.: --J

1. t .u
. ,L<
. 3 G

ii ? r-<

OBW 2-.2

U. 23 

0 . 1 9  

.17

.13 

0 .12  

0 .12  

G . 1 2 

o . l l

J . 1 x 

0.11  

0 .1  ) 

0 . 1 0  

J • 1>. ’ 

2).  10 

0 .0 9  

G .09  

0 .0 8  

0 • 08

i j  Li
i o  J

.30 

< .33 

: i. 29 

.  ^5 

.23

. 2 2 
n

.  /u

J.19 

. , .18  

C .17 

' .17  

0.16  

0 .1 5  

0.14  

0 .1 4  

0.13  

C .12  

0.12  

0.11

Ho-id ( n )

onw 2-. 1

< .06  

« .04 

. 0 2

0.59

.50 

n . 5 0 

.5-. 

.53 

l .51 

; >. 5'j 

( '.-:3 
.48 

.46

.45

G.45
4‘J • *. *1

• ■.3 

0.-12 

0.41  

0 . 40 

4 .39  

9.38  

0.37

OBW 244

• •

• •

• •

OBW 24*

0.69
0.29

0.19

0.15

0.13
0.13
0.13
0.13

•0.12

0.12

0.12
0.12

0.12

0 .12

0 .1 1

0 .1 1

O . lx

0 .1 1

0 .1 1

0 .1 1

Q .1 0

0.10
0.10
0.40



93 ; —

r l i n e ------------------------------
OBW 251 OBW 252

AU 0 .6 7 C . 6 8

2G 0 .06 0 .5 0

40 0 .0 6 ., .35

60 ' 6 . 28

80 0 .  06 0. 23
14u 0 .0 6 0. 20

120 0 . 06 J . l  9
140 0 .0 6 0 .1 7

160 0 .06 0 .1 6

180 J . J6 0 .1 6

roo 0 .0 6 0 .1 5

220 0 .06 0 .1 5

240 0 .0 6 0 .1 4

260 0 . 06 0 .1  ‘ c

280 0 . 06 0 .1 3

300 0 . 06 0 .1 2

320 0 .06 0 .1  2

340 0 .0 0 0 .11

360 0 .0 5 O.J ’

380 0 .0 5 0.1 u

■100 0 .0 5 0 .1 0

420 0 . 0  5 0 .0 0

4'rO 0 .0 5 ■ •

Head (m)

OBW 253 OBW 254 OBW 255

0.67 0.66 0.66

0.63 0.59 0.35

j .57 0.52 0.28

0.51 0.45 0.25

0.46 0.40 0.23

O.'-rD 0.36 0 .22

U • 3 6 0.33 0. 21

0 J l 0.31 0 .21

0. 20 0.30 ' 0 .20
0.25 0.  28 C. 20

0.23 0.27 0.19

0.21 0. 26 0.19

0.19 0.25 0.18
0.17 0. 24 0.18
0.15 0. 24 0.18
0.14 0. 23 0.17
0.12 0.22 0.17
0.10 0. 21 0.16
0.09 0. 20 0.16
0.07 0.19 0.15
0.06 0.18 0.15
0.05 0 . 1 7 0.14

• • O. J 7 0.13



—. « • 94 •-

> —- •

' --- - — - — -
He.jd ( m )

— --------- ------ --------------- .

Tune -  ̂__ _

— _ - _ OBW 261 02W 262 OBW 263 obv/ 2C‘x OBV/ 265

Li 0 .66 0 .  50 0 .65 0 . 7 0 0.68
20 0.- i5 0 .  43 U . O'x U.G5 0.45
*0 0 .3 7 0 .3 6 0 .6  2 0 . 5 7 0.33

60 0 .3 2 0 .3  L O.CC 0 . 5 0 0.26
CO 0 .2 8 0 .  28 0 .5 8 0 .  5 0.22
100 C. 25 0 .  26 0 .5  5 0 . 4 0 0.19
1 20 0 .2 3 0 .1 4 0 . 5  2 0 .3 6 0.17
1 -0 0 .  22 0 . 2 3 0 .  ■irj 0 .3 4 0.16
160 0 .  2j 0 .2 3 o .  -n 0 .3 2 0.14
180 0 .  20 0 . 2 2 0 . *x -x 0 .3  0 0.13
200 0 .  20 0 .  21 0 .  •. 1 0 .  28 0.13
220 0 .1 9 0 .2 0 0 .3 0 0 .  25 0.12
240 0 .1 9 0 .1  9 0 ,3 5 0 .  23 0 J 2
260 0 . 1 3 0 .1 8 0 .3 2 0 .  21 0.11
280 0 . 1 8 0 .1  7 0 .  23 0 .1 9 0.10
300 0 .1 7 0 .1 6 O. 26 0 .1 7 0.09
3 20 0 .1 7 0 .1 6 0.24 0 . 1 5 0.09
3-10 0.16 0.15 0.21 0 . 1 3 0.08
3 60 0.16 0.15 o . i e 0.11 0.07
330 0.15 0.1 'X 0.15 0.09 0.07
400 0.15 0.13 C. 13 0 .0 7 0.06
•2 20 0 .1 4 0.12 0.10 0 . 0 5 0.05
•--40 0.13 0.12 0.08 0.06 n n i
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Head (m)
Time

OBW 271 OBW 272 OBW 273 OBW 27 4 OBW 275

0 • • 0 .6 9 0 .6 4 0 .6 5 0 .63

20 • • 0 .6 5 0 .5 6 0 .5 0 0 .4 1

40 •  • 0 .5 8 0 .4 8 0 .41 0 .3 1

60 0 .2 0 .5 2 0 .4  2 0 .3 5 0 .2 5

80 .22 0 .5 2 0 .3 9 0 .3 0 0 .  21

100 0 .2 1 0 .4 2 0 .3 5 0 .2 3 0 . 2 0

120 0 . 21 0 .3 3 0 .3 2 0 .2 6 0 .18

1 10. 0 .2  0 0 .  35 0 .3 0 0 .  23 0 .  16

160 0 .1 9 0 .3  2 0 .27 0 . 2  2 0 .1 5

180 ■ j . l  8 , 0 . 3 0 0 .  25 0 .  20 0 .1 3

2CG 0 .17 0, 27 0 .2 2 0 .1 8 0 .1 1

220 0 . i 6 0 .  I'-- 0 .  20 0 .1 6 0 .1 0

240 '1. i  6 n '> ̂ . 0 .17 0 .1 4 0 .0 8

260 C ' ~ > m -I —‘ ■ J . 20 0 .1 5 0 .1 2 0 .0 7

280 i i_ i' >  ̂ .J ') . 1 .3 0 .1 2 0 .1 0 0 .0 6

300 0 • i ' r 0.1  G 4-. 1.0 0 .0 9 0 .0 5

320 O . L 3 o .  < ; 0 .0 7 0 .0 7 0 .0 3

340 0 .1 2 0.1 1 0 .0 5 0 . 0 5 0 .0 2

3 GO < >. 1 i O .  1' i U.04 0 .0 3 0 .0 2

3 CO G . i 0 < ; . o  o • • 0 .0 2 ■ •

400 .  J U 0 .0 6 • • •  • •  •

42 , 1 ) .  09 0 . 0  , • • •  ■ •  •

440 0 .Ob ( i .  0 2 • • •  ■ •  •



: y 6 :

T im e

0

20

-.0
6U

GO

lu u

120

IGu 

ISO  

200 
2 20 

240 

260 

230 

300, 

32 J 

3 40 

3 60 

380 

400 

420 

440

OBW 28i

0 .6 3  

o . :  j 

0 . 3 0  

0 . 2b 

0 .  2u 

0 .1 8  

0 .1 6  

0 .1 5  

•J. 1 4 

0 .1 2  

u .12  

0 .11  

0 . 1 0  

0 .0 8  

0 .0 8  

0 .0 6  

0 .0 5  

0 .0 4  

L .03 

0.02

O-lW 28 2

0 .6 5  

' .5  2 

(9.4 2 

0 .3 6  

0 .3 3  

0.30 

0.2C 

0 .2 5  

o. 2-;
U.  22 

0 .  20 

u . 19 

0.  J 7 

0.16  

0 .1-,  

0.13  

0 .1 1  

0 .1 0  

0.08

0.06 

0.05 

0 .  ~6

Head (in) 

OBW 283

0.72

0 .70

0 .63

■J.65

0.G1

u .57 

0 .5 3  

U . 4 5 

0 .  a - j

0 .4 0  

0 .3 5  

0 .3  2 

0 . 28 

0 .2 4  

0 .2 1  

0 .1 8  

J.14 

'. ] 2 

0 . 1 0  

0 .C 7  

0 .0 5  

0 .03  

0 .01

OBW 284

0 .6 3  

0 .  CO 

0 .5 4  

0 .4  5 

0 .4  4 

0 . 4 0  

0 . 3  6 

0 .3 3

J  .31 

0 .2 8  

0 .  26 

0 . 2 5  

0 .2 3  

0 .  20 

0 . 1 9  

0 .1 7  

0 .4 5  

0 .1 4  

0 .1 3  

0 .1 1  

0.10  

0 . 0 8  

0 . 0 7

0 .64

0.49
0.39
0.28

0.25

0.23
0 .2 0
0.18

0.16

0.15
0.13

0 .11

0.10
0.08
0.07

0.05
0.03
0 .0 2
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Head (m)
T i m e ____________________________ _____________________________________________________

OBW 311 OBW 312 OBW 313 OBW 314 OBW 315

0 0 . 7 5 0 . 7 6 u . 7 7 0 . 7 6 0 . 7 6

20 0 . 4  8 0 . 6 7 0 . 7 4 0 . 6 0 0 . 5 2

4 0 0 . 3 8 0 . 6 1 0 . 6 9 0 . 4 8 0 . 4 2

6 0 0  o3 2 ? .  56 0 . 5 5 0 . 4 0 0 . 3 3

8 0 0 . 3  3 0 . 5 2 0 . 6 1 0 . 3 6 0 . 2 6

1 0 3 0 . 2 7 0 . 5 0 3 . 5 8 0 . 3 3 0 . 2 3

1 2 0 . 26 0 . 4 8 0 . 5 6 0 . 3 2 0 . 1 9

1 4 0 0 . 2 5 (3 . 4  C 0 . 5 4 ( 3 . 3 0 C . 1 6

1 6 0 0 . . ' , 6 ( ( . 5 3 ( 3 . 3 0 0 . 1 5

1 0 0 3 . 2 3 0 . 4 5 0 . 5 1 0 .  29 0 . 1 5

2 0 0 9 9 _» • •— > . 4 4 0 . 5 0 0 . 2 9 0 . 1 4

2 2 0 0 .  z.2 n  M  - • - - 0 . 4  9 0 . 2 G 0 . 1 3

2 4 0 0 . 2 2 . ' £ 3 i J . 4 9 0 . 2 0 0 . 1 3

2 6 0 ' ' . 2 1 0 . 4  2 . r 8 0 .  27 0 . 1 2

2 8 0 ■ j  . 21 U .  41 0 . 4 7 0 .  27 0 . 1 2

3 0 0 , .  2 J 0 • *i 4 • i .  , c 3 .  26 i . l l

3 20 . 2 J J . '«! .» ’ J • • x O 0 .  25 0 . 1 1

3 4 0 , . 1 9 'j r, • > J 1 ] i  5 0 . 2 5 u .  1 0

3 6 0 0 . 1 9 0 . 3 1: 1 ' .  44 ' .  25 U . 1 G

3 8 0 ■. J. 0 . 0/ ■ . *4 . 2 - i 0 . 1 0

40'./ )  m l ' J u . 3  6 1 .43 o .  23 0 . 1 0

4 2  J 1 .17 . ; 5 12 0 .  2 2 0 . 0 9

4 v j . i . .L C . 3 4 ' 1 . r .1 0 . 2  2 0 . 0 9



T im e

0
9

t) J 

UJ 

1 <-5 

i  2 j  

l ‘,0

is :.

1 8 j

200  

220 

2*1- 7

26'J 

280 

300 

320 

3 40

3 60 

380

4 00 

42 0
X*. '

4- 60

OBW 3 21

u .7 5  

0 .53  

J. 39 

0 • 3 U 

0.24  

0 .1 9  

0 .1 5  

0.12

0 . 1 c

1. ■-  9 

' . 0 0  

0 .  o7

0 . 0  6

■ J . 06

0 .0 5  

O .Q - i  

-J • O'* •

0 .03  

0 .0 3  

0 .03  

0 .0 2  
0 .0  2 

0 .u 2

0 .0 2

OBW 322

Heed (m)

OBW 323 OBW 3 2'j

• J.7-. 

.. .CO 

0 . 61

.55

0 .51

u .47

'sj. *x3

.30 

.37 

0 .3 5  

0.33 

J. 3 2 

' .31 

.30 

0 .2 8  

0 . 27 

0 .2 6

O. 25

0 .  24 

0 .  23 

0 . 2 2  
O. 2 2

U. 21 
0 . 21

.7-. 

.72  

. 07 

.6 2

.58

5-1

-■.51

).48

J .4 7

4 5

0 .  3 

.4 2

J • * x < ̂

0 . 3 9
r-U

0 .3 6  

0 . 3  <i

0 .3 3  

0 .3  2

L-.3 0 

■ .29  

C. 28 

_ . 26

^ .37

j . 74 

-.62

. 33 

. 28

25

o o. ■i- s. 

j .  2 0 

--.10 

0 .1 7  

5.16

.15

15
0 .1 4  

. .13  

•5.13 

0 . 1 2  
0 .1 1  

C . 10 
0 .1 C  

0 .0 9  

0 . 0 9  

0 . 0 8

OBW 32

0.72 

0.5Q 

0.33 

0.23 

0.17 

0.13 

0.10 
0.08 

0.07 

0.06 

0.06 

0.05 

0.05 

0.05 

0.04 

0.04 

0.04 

0.03 

0.03 

0.02 

0.02 
0.02 

0.01 

O'. 01
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Tim e
OBW 331

* * 0 — • « _ 
OBW 332

•

Head (m) 

OBW 333 OBW 334 OBW 331

0 0 .7 2 0 .7 3 0 .71 0 .7 3 0 . 7 2
20 0 .4 1 0 .5 8 0 .6 5 0 .6 6 0 .4 1
40 0 . 2  5 0 .4 3 0 .5 7 0 .5 5 0 .2 6
60 C .16 0.3  3 0 .4 9 0 .4 6 0 . 1 7
80 0 . 1  0 O'. 26 G . 4 2 0 .3  8 0 .1 5

i j u 0 .  7 0 .  22 2 .37 0 .3 6 0 . 0 9
12 , . j 5 j . 18 0 .33 0 .  23 0 .0 7

i  •: o . * • 0 * * 0 . 1 6 'j • 3u 0 .  24 0 . 0 6

10' ) j . Vj 3 0 .1 4 0. 28 0 .2 1 0 .0 5

18 j ' J 3 0 . 1 2 0. 2 6 • .1 9 0 .0 5

2.. . .02 . . 1 1 u • 2*x 0 .1 6 0 .0 4

2 2./ J .02 0 .1 ̂ 0 .  22 0 .  15 L .0 4

2’. / . j 2 ( i . o9 . 2o 0 .13 1J .03

26 j .02 0 .1 8 u .1 9 0 .1  2 0 .0 3

26 _/ j  .02 C . v/ 8 . .17 2.11 0 .03

3 j . ,il ... 7 ' ' .15 .1 3.02

32 J -.01 0 .: )6 3.14 0 .0 9 0 .0 2

34 . L . )5 0 .1  2 ' ) .  0 7 0 .0  2

35 . il . 5 ■ .1 i o . 0 6 0. 0 2

38 * • ). ' 1 i. )0 ' 1. 05 0 .0 1

‘ C » m • .1 3 i .07 0 . 0 4 >1.01

x 2' A ft .M2 ' . 0 5 0.(03 0 . 0 1

. 2 ( i.r i4 3.02 0 . 0 1
* ' *.



j
—r '— w —

- : 100

• • 
m m

Time
He ad ( m)

OBW 341 
• OBW 34 2 OBW 343 OBW 3 >14 OBW 34!

0 0 .7 8 0 .7 4 0 . 7 2 0 . 7 5 0.72
20 0 .2 6 0 . 6 0 0 .6 9 0 .6 3 0.57

40 o . l l 0 .4 5 j . 6 2 0 . 51 0.46
GO u .06 i'i.3 6 0 .  55 0 .4  2 0 .36
8u 0 .0 4 0 .2 9 (4. 4 0 0 .3 5 ' . .2 9

100 0 .0 3 0 .2  4 0 .  42 . 29 0 .  24
120 0 .0 3 j .  2 2 0 .3 7 0 .  26 0.20
1 .0 0 .0 3 0 .19 o . 3 2 /L 0.17
160 0 . (  j3 0 .1 7 0 .  29 0 .2 0 0.15
180 J .03 0 J 5 .26 0 .1 8 0.14
2 JO 0 .0 2 0 .1 3 . .23 C .1 7 0.13
2 20 0 . u 2 0 .12 0 .2 1 0 .1 5 0.11
240 _ .02 0 .1 1 0 .1 9 0 .1 4 0.10
260 0 .0 2 0 .1  J .. .17 0 .1 3 0.09
280 0 .02 0 .0 9 j  .15 0 .1 1 0 .08

300 0 .0 2 0.00 0 .13 U .1 0 0.07
32 0 0 . 0 2 0 .0 7 J.12 0.09 0.07
3 40 0 .0 2 O.Q6 0 . 1 0 o • o 00 ■ 0.06
360 0 .0 2 0 .0 5 0 .1 0 0 .0 7 0.05
380 0 .01 0.05 0 .0 8 0.06 0.05
400 ‘ 0 .0 1 0 .0 3 0 .0 6 0 . r 5 0.04
4 20 0 .01 0 .03 0 . 05 0 . 0 4 0.04
440 \

•  • 0 .0 2 •  • . 0 .0 3 0.03



■b> OcS

Time
03 W 351

•— * 101

Head (m)
OBW 352 OBW 353 OBW 354

*

* * ^ 1
M r I

OBW 355

0 . .7 3 3 .7 4 0 .7 5 0 .0 8 0 .7 7
2', 0 .5 8 3 .6 7 3 .7 2 0 .21 0 .6 5
40 o  . 4'.- 0 .5 8 0 .6 7 ■0. 28 0 .5 6
61 j . 3 5 0 .5 0 J. 61 0 .2 9 0 . 4 7
03 1. 28 0 .42 9 .5 5 0 .2 9 9 .40

l V j o .  23 •9.36 0 .4 9 0 .29 0 .3 5
120 0 .1 9 o . 3 l ' .44 o. 28 0 .30
i » n 0 .1 5 0 .27 '  .40 0 .2 6 0 .  2 6
16,: 0 .13 o . 24 ) .  36 9 .  25 9 .  23
183 .11 "'.21 0 .3 2 0 .23 0 .20
2. .1-0 0 .1 9 . .2 9 o .2 2 0 .1 9
220 , .  i : " .17 C.27 • .21 0 .1 7
24 '0.09 0 .1  5 o . 24 0 .2 0 0 .1 6
26C . .  j -3 .13 0 .21 "'.10 0 .1 4
230 j . 1J7 J .1 2 3.18 3 .1 7 0 .1 3
303 3.07 O . i  ; j .  16 J.15 0 . 1 2
32 j i ., )6 : .  jD 0 .13 0 .13 O'. 11
340 . :6 j. i u . l l O i l J . '  19
360 .05 . >6 J. 08 0 .0 9 • L>3
380 ra -> . e >.06 9 .0 8 0 .0 7
4 GO «J •  ' r , 'J• J J i . 04 J .  36 i ) .0 6
420 . j3 . 2 . ■ J 2 o .9 5 ) .  35
44 j .. - 3 .  1 ■ • ». '3 9 .0 4



-  : 1 0 2  s -

I

T in e  —     i M  (ml -
ORW 3 6 1 0 8 W 3 6 2 OBW 3 6 3 OBW 3 6 4 OBW 365

0 • • 0 . 7 7 O'. 7  6 . 7 3 0 . 7 1

2*. • • < .72 . 7 5 0 . 6 3 0.35
4 0 • • ■ i .  6 C . 7 2 . 5 2 0 . 2 3

6 0 • • . 6 ' . ’ . 6 0
# t 7 . I Q

0 0 t • U . 5 4 - . 6 4 . 3 8 0 . 1 4

1 0 0 ft • . 4 9 ■ . . 6 0 j .  33 0 . 1 3

1 2j • • o . 4 5 . 5 7 ' : . 3 J . 1 2

1 4 0 • • : . 4 i 0 . 5 3 j .  26 0 . 1 1

1 6 : • • J. 37 . - . 5 7 .  25 0 . 1 0

1 0  ‘ 0 . 1 7 • J 4 . . 4 7 . 2 3 0.09
2 j : . .  I S . 3 1 .--■3 ‘ . 2 0 0.09
2 2 0 0 . 1  4 :.  28 . 4 0 ; . 1 9 0.08

2 4 0 j. 1 3
** /- • . u . 3 7 0 . 1 7 3 . '  -7

2 6 0 " . 1 3 0 . 2 6 . 3 3 0 . 1 5 0.07

2 0 0 0 . 1 2 .23 " . 3  0 0 . 1 4 0.07

3 0 0 M l M G ' . 2 7 0.. 1 2 0.06

3 2 0 o . i : 0 . 1 5 n . 24 0 . 1 0 .05
3 4 0 0 . 1 0 0 . 1 3 0 . 2 0 n . 0 9 0.04
3 6 0 0.09 0 . 1 0 0 . 1 7 0 . 0 7 0.04
3 0 0 0.08 0.00 0 . 1 5 "  . 0 6 0 . 03
4 0 0 0 . 0 7 > . 0 6 0.11 n . 0 4 • «
4 2 0 0 . 0 6 0 . 0 5 0.08 0 . 0 2 m ft
4 4 0 ■0 .0 6 • • > . 0 5 0  . 0 2 ft «
4 60 • • • • 0 . 0 2 • • • •
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Head (m)
rune ——  ----------------------------------------------------------------

OBW 371 qbv; 37 2 0QW 3?3  OBW 374 OBW 375

2? " . 0 6  0 .53

40 1-05 ...40

60 ^ . 05 n .3 3

120 J .05  . ' . 2 0  ' . 3 0

MO 0 .~ 5  .1 8  . 3 5

n  , ' ,46  : , « 72  0 .6 9  0 ,7 0  o

0 .6 6  0 .2 7  0

0 . 6 0  0 .2 3  0

0 .5 4  0 . 2 2  0

'■•20 030 -05 ' . 2 7  " ' .48

100 . 5  .23 n .43  0 .1 8

0 .16  

" . 15

l fi':  - 1 7  ' . 3 2  0 .14

POO j - 04 .1 5  0 .2 8  ...12

20J 0* \r .1^  0. 26 .11

2 ^  - . 0 4  . 1 2  .23 .1

2*0 ' .0 4  .11  n .21  . o9

263 0 m>j3 C . l .  .1C . 8

.  J3 j .  j 9 1.16 o7

 ̂ - o  .03  . j 7  .13 C • >6

33 J ; .03  O.CG ' .11  ..05

3 j . 03 . -5 • ). '9 .o4

• 'j 2 ■ .03 .■ ’ 7 i i . 1 >3

,. 02 . ■ 12. . <5 1 .0,2

• •

' ,02

o, <1

0

43

08

05

03

02

01
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T im e
OBW 3 01 OBW 102

Head (m) 

OBW 303 OBW 3 0

•.65 1.60 • 7 '■ J .67

2 J < » . ‘a .1.26 .67 .46

•. J 3 . 22 . 6 j O . ' . l
GO J . 2 j .Co , .3 0
00 ' . _'2 . . 1 0 .5 6 .35

1 • .17 .53 i .33
1 2 ; : . v j2 -.15 ..,9 4 .3  3

l i ; . 2 .15 .'.•i6 ' .31

160 . 2 .13 .•-3 . 20

10 . - 1 .1 2 0 .4 .2 6

2 " 0 . 51 .11 .37 . -4
2 2 ' " .  1 .1 .34 . .23
0/1  ̂ x _ ■ • . 1 0 " . 3 1 . 20
260 • • ~ .0 8 . 20 .1 0
200 • ■ •. .7 .25 r  .1 6
3 o • • • n 6 0 .  23 O'. 14
32 • • ■ '  .55 •. 20 0 . 1 2
34 J • • 0

• C‘i 0 . 1 0 . 1 J
360 • • J . J3 O'. 15 j . 08
300 • • 0 .0 3 0 .13 j .  07
400 • • . . 0 2 3.11 0 . 0 5
4 20 • • 0 . 0 2 0 .0 9 0 • 03
440 • • 0.01 j . u7 0  . 01

460 • • • • • • ' .5 1

OBW 3 05

i.67 

'J. 5 j  

V C  

j . 3 0  

. ' .24 

" . 1 9  

0 .1 5  

0 .1 2  

' . 1 0  

' " . 0 8  

" . 0 6  

0 .05 

0 . 0 4  

0 . ~ 3  

0 . 0 3  

0 .0 2  

0 . .

« •
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u P E IT D I  X -  2,

T h e o r e t i c a l  a p p r o a c h t o  n o n - s t e a d y  s t a t e  c o n d i t i o n

The a c t f e r e n u i a l  c r u e t i o n  f o r  n o n - s t e a d y  s t a t e  f l o w ,  

as d e r i v e d  on  r n c  o f  t h e  t u p u i t  -  F o r c h h e im e r  a s s u m p t io n

is
KD <L~___

2 -  R o;: ( a )

when t h e  r e a r  u r o -  •: [. _ L_ _

KD

R r -au a ls  z e r o

w h ere (b)

KB =

P. -  
*•
n = 

—
ft »

h =

tu a n s r r i j. . thr a q u i f e r  (rn 'Vday )  

i v c h e i y -  lm i - f i  u n i t  s u r f  a c e  a r e a  ( i r / d a y )  

h y d r a u l i c  - a f u n c t i o n  o f  :: and t  (m)
h f r i z  a; c f l  <fi.:; ■ j ae f r o m  t h e  c e n t r e  o f  d r a i n  

fume ( '  ■ r'- )
// i J- n a ■»I i r .■ ,.jcc (0.1 i.icnsion less)

The  : ' jI  i t ! • i

i s  g i v e n  wr low •

Where •r • rr r‘,/» i j

2
L th

fane : '.on (b) is found by clover which

3 , 5 , 1
n

-• 2 -y~ t
e  Gin :i *  x  . . . ( c )

~1factor, days ) where

i (

For t h e  w a t e r  t  > L c ■

t im e  t ,  x  = L w.d h e
2

A p p a r e n t l y  th e  d u e  ■-’> 

w i th  i n c r e a s j t / j  n .  I'-

bo rompar  a tuvc  1; snna 1 1 

(d )  reducr-.f., i-o

h t  -- 4 iit*
r:

i L. 1 v/-• v betwenn the-: drains at any
! ir

n = T ,  --3,5 1 e " n
)/

m o '  e q u a t i o n  ( d )  d e c r e a s e s  

th e  s e c o n d  and n e x t  t e r m  w i l l  

:■ n e g l e c t e d .  Thu55 e q u a t i o n

<o)



; 10'J

' I »' »

a ' t  t i m e

t . i  a n d  t  =  1 2

h t i
-  ^ 1  

A

I  i o

h t  i . I 

• *

/

i e  t 2

h t ; 1

• — (""j ■ t ‘ l

!  1
• •

t .

? r  o n 1 i
* - c y 1 .

' . a . ’ ,  u c  c  i f J  i i n o

q t  i
-i -A.

»  •

c *
: r - J .

q t ' •  ̂

c

• . ^ ^  • —

■ A

H o i : C i j  .
p i  0 ( .

t

r  ^  t  o r  h t  o n  a

n e a r  o c a '  

l i n e  o i l j

- w i l l  

d i \ r L

- o : u i t  i i i  a  s t r a i  

■ i a  f a e t o r

_ 0

— i

( f  )

(g )

° g  - o a l e  and t im e  ( t )

Whore

.  ( h )

VQ
h-/<'r«-uiJc conduct iv ity  K, plot qt

  * “ "  ’ 10n™ Jp y l o l 'J£ a d r a u g h t  l in e  when most o f

, °  t h , ;  ‘J raJn3  e ‘r o u ^  t h e  s o i l  b e l o w  th e  dra:Jl ». v C J -

T h c r ^ z  - . --I = r. T 2

h 2 ~ = ---------------------- U '

Once .. _ Kd Vr. iue  ir. known, the -*v 
r-^rr* ■’ ^  i '  t h e  e f f e c t i v e

'  y Cin b - - ' ,,no - r °rn equation (h ) .

The r<j-. a le r t  dcnth rf Can hr
, “ can  b£  found o u t  f r o m  th e

e r o n  d = £,

„  h -; jw h ere
1  -  + 1

-J2 I n  / d
T  r. u '

J  — A

r r  n T / v  ~h "  b C l r ‘S t h e  r B d i u s  o f  t h e  d r a i n .
I '  D > I / *  Then t, i s  t a h e n  as i y 2 .



The  h y d r a u l i c  c o n d u c t i v i t y  k  i s  th e n  f o u n d  o u t  b y  
d i v i d i n g  uhe Kd v a l u e  b y  d .

From t h e  g r a p h  o f  q  v e r s u s  h ,  t h e  s t r a i g h t  p o r t i o n  i s

b e ca u se  when m o s t  o f  t h e  w a t e r  f l o w s  t o  t h e  d r a i n s  t h r o u g h  t h e

s o i l  b e l o w  t h e  d r a i n  l e v e l .

T h e r e f o r e  Kd = 3  L 2 w h e re  q  = 0 , 0 0 2 1 2 5  ( f r o m  g r a p h )
h 2 7\ h

= 0 .0 0 2 1 2 5  x  3 0 2 = 0 .3 0 4 4  m2/ d a y

2 x 7 :

From t h e  g r a p h  I n  h v e r s u s  t  and I n  q  v e r s u s  t.,  t h e  oC v a l u e s  

( s l o p e  o f  t h e  l i n e )  a r e  o b t a i n e d  as 0 .0 0 5 1 9  h o u r -1' and 0 .0 0 6 2 5  

which a r e  n u m e r i c a l l y  e q u a l  t o  0 .1245 6  d a y s - '1' and 0 .1 5  d a y s  ^ .

2
B u t  oC = A Kd

■V L 2

T h e r e f o r e  -  * — Kd _  q bq268 and 0 .02 2 3  r c s p e c -

oC l

t i v e l y • The  a v e r a g e  e f f e c t i v e  p o r o s i t y  i s  th u s  c a l c u l a t e d  as

0 .0 2 5 .
The  e q u i v a l e n t  d e p t h  d i s  c a l c u l a t e d  f r o m  t h e  e x p r e s ­

s io n  ( j )  w h ic h  y i e l d s .

d = 2 .1 0  m.
T h e r e f o r e  K = 0 .3 0 4 4 / 2 .1  = 0 .1 4 5  rr/day .

S i m i l a r l y ,  t h e  v a l u e s  o f  8 e30  a r e  as g i v e n  b e l o w

q/h  = 0 .0 0 3 3 7 5

Kd = 0 . 4834m2/ day

-̂/ = 0 .0 3 7

d = 2 .10 m .

^  = 0 . 2 3 0  rr/day.

Th u s  t h e  f o l l o w i n g  a v e r a g e  v a l u e s  o f  d i f f e r e n t  h y d r a u ­

l i c  p a r a m e t e r s  o r e  a r r i v e d  a t  f o r  t h e  e x p e r i m e n t a l  a r e a .

-  : 107 : -



1 .  D r a in a g e  i n t e n s i t y  f a c t o r

2 .  Kd v a l u e

- y  ( e f f e c t i v e  j D o r o s i t y )  

d ( e q u i v a l e n t  d e p t h )

K ( h y d r a u l i c  c o n d u c t i v i t y )

- :  100 :~

3

4

5

-1= 0 .1 4  d a y s  

= 0 .40m 2/ d a y  

= 2 .96%

= 2.1m 

= O . lS n r/day .



■ *MPR
A P P E N D I X  -  3.

Mean t a b l e  o f  P l a n t  G row th  and Y i e l d  A t t r i b u t i n g  C h a r a c t e r s  ( 1 5 m ) .

rn. ~. —_ c-

Treatment
Mo.of Hr. at 

p l a n t s /  m a t u r i  
m“ . t v  cm.

No .of
p a n i -0
:les/m“

Grain Straw 
y ie ld  y ie ld  
MT/ha MT/ha

Panic le  n o .o f  100 gra in  
length Grains/ weight

(cm) panic le  (gms)

2.5m i r o n  d r a i n  
l i n e  t o  c i c h o r  
s i d e  .

126.67 90 .00  321.67 3.91 5 .1 2  22 .58  9 8 .4 7  2 .76

2 . 5rr, co 5m or. 
0 i t h c r  s i  is . 136.67 90.23 223.33 3 .99 1 .47 1 . 4 0  8 4 .7 6  2 .81

5n to 7.5m on 
e i t h e r  s i d e . 125.00 89 .3b  315.00 3.77 4 .1 8  22 .78  9 8 .0 0  2 .89

) 133 *33 8 6 -58 3 .00 3 .60 -,.55 20 .55  8 2 .7 2  2 .60

. D . ( 0 . 0 5 ) -:*s * N.S. M.S. M.S. M.S. N .S .  13 .32  0 .13



I t e m  : n o . o f

T r .  I  I I  I I I

T ] 100 90 120

T 2 120 120 160

T 3 150 90 100

T 4 60 110 90

( C o n t r o l )  __________________  _ _____

T o t a l  s 430 410 470

G r o s s  2 9 8 0 .0 0

DF SS MS

B lo c k  5 

Tr c  a t  3

E r r o r  15

9683 .33 

2483 .33 

8816 .67

1936 .67

8 2 7 .7 8

5 8 7 .7 8

T o t a l  23 20963 .33

— : 110 : — 

p lants/m *"  -  15m s p a c i n g .

IV  v V I  Mean

140 150 160 1 2 6 .6 7

100 160 160 1 3 6 .6 7

90 160 160 1 2 5 .0 0

130 110 150 1 0 8 . - 3

460 5SO 630

V a r 1 anco _T ab 1 c

F r a t i o  F t a b i c  El n a rk s

3 .2 9  2 .9 0  S i g n i f i c a n t .

1 .11  2 .2 9  N o n - s i c r i f l e a n t



—- % —.

98 . 2

-J5.d 

t _ 3 9 .  ,
A

( C c r x r o l )

T o t a l  : 3 7 5 . -.-0

I I

95 .-x

92 .-:- 

9 5 .2

O b

i n

30 .3

o _  ̂j

9 . I  

9-1. 2

377 .60  373 .30

G L O -

 ̂ W'̂   ̂ 9 -1 . -

IV V V I Mean

S 5 .0 9 0 .3 86 .5 9 0 .0 0

s-: .7 8 1 .6 87 .3 9Q.23

77 . 2 83 .4 87 .4 8 9 .3 5

9 1 .0 69 .7 8 6 .6 86 .58

3 3 7 .9 0 3 2 5 .0 0 3 4 7 .8 0

37 .00

V a r i a n c e  T a b l e

9 l o c k

Tra t  

“ r r o r  15 

T o t a l  23

55

52-x . .7 

50 .86 

370 .20  

00 5 .5 -i

OS

120- .39 

16 .95
CO.00

F r a t i o

5 .06 

0.69

F t a b l e

2.9C 

3 .29

Remarks

S i g n i f l e a n t . 

H o n - s i g n i f i c a n t



112

n
I t e m  : N o .  o f  pa n i c l e  s/m"- 15m s p a c i n g

T r  .

T 3

T a

( c o n t r o l ) 

T o t  a l

240

330

200

360

1130

I I

260

290

300 

3 90

1240

I I I

310

3 90

3 60 

310

13 70

IV

370

5 *0

2/0
390

270

v

340 

3 20

350

300

1310

41C 

400

410 

3 50

V I « * J

— c.1 .67

“  ~ C  "3 Z  O— ̂ t J j

2 1 5 .0 0

j 5'j . 0 0

15 7C1

Grot'S j 7090.00

ir ier.ca t a b l e

DF

n lock  5 

v i a  a t  3 

E r r o r  15 

T o t n 1 23

C S

27''87 ,50  

,33 

/0 7 9 . .1 ?

7H66 . t)0

OS 

5 :n  . 5 o

I  JO1 . Q,

'I'  't: '.o 1 . - ;

r r  t  i  o

1 . 75

c . v :

F t a b

2 90
3 ~ o

J_v_ M.jvH

r i q n i f i z

v-T ~o 1011 j. I 1C , mi



T r  . I I j I I I IV V V I Mo an

T 1 2 1 .9 7 2-1 .85 2 2 .8 8 21 .50 2 0 .1 0 23 .18 2 2 .5 8

ToZ. 23 .12 21 .65 1 9 .6 6 20 .0 3 21 .35 22 .56 21 .40

r 3 23 .20 2 2 .3 9 21 .7 2 2 2 .7 0 2 2 .1 0 23 .78 2 2 .7 8

T-i 1 7 .2 3 2 2 .0 0 1 9 .8 3 2 2 .3 0 2 0 .7 0 2 1 .2 5 2 0 .5 5

(C on t ro l )

T o t a l  : 3 6 .5  2 9 1 .3 9 8 2 .0 9 8 6 .5 3 8 4 .5 5 9 0 .7 7

Gross = 5 2 3 .8 5

Variance tab le

DF SS MS F r a t i o F tabic Remarks

3  l o c k 5 11 .96 2 .39 1 .19 2 .9 0 N on -s i g n i f i c a
T r e a t 3 19 .75 6 .5 8 3 . 28 3 .29 Non -s ign if ica
E r r o r 15 30 .07 2 .00

T o t  a l 23 61 .78



-  : 114 : -

I t e m  : N o . o f  g r a i n s / p a n i c l e -  15m s p a c i n g .

T r . I I I I I I IV V V I Mean

i1iifI

i—i
11

103 .60 1 2 6 .4 0 101 .11 8 8 .1 0 7 6 .9 0 9 4 .7 9 6 .4 7

T 2 97 .33 85 .10 83 .22 6 9 .1 0 7 9 .6 0 94 .2 8 4 .7 6

T 3 1 0 0 .6 0 9 8 .8 0 9 5 .3 0 9 4 .7 0 9 2 .1 0 106 .5 9 6 .0 0

T4 6 7 .7 0 9 0 .0 0 75 .88 91 .  22 8 7 .5 0 8 4 .0 8 2 .7 2
( C o n t r o l ) •

T o t a l  : 3 6 9 .2 3 4 0 0 .3 0 355 .51 343 .12 336 .10 3 7 9 .4 0

G r o s s 2183 .66

v a r i a n c e  t a b l e

DF

B l o c k  5 

T r e a t  3 

E r r o r  15 

T o t a l  23

SS

7 1 7 .1 6

1 2 7 4 .0 8

1 7 5 9 .4 5

3 7 5 0 .7 0

MS

143 .43 

4 2 4 .6 9  

117 .30

F r a t i o

1 . 2 2  

3 .62

F t a b l e Remark:

2 .9 0  N o n - s i g n i f i c a n t

s i g n i f i c a n t3 .29

CD = 13.32 grains/panicle



G r a in  y i e l d

Ti 4 .6 24 3 .8 1 5 3 .1 1 5
i j 4-.355 3 .7 4 9 3 . 4S6

t 3 4 .  231 3 .399 5 '*> ° 1 o • — _ ’•

(C o n r r  o l )
4 .712 3 .093 3 .-.21

T o r a l 13 .43 14- .06 13 .25

G r o s s  - 91 .82

DF SS F.S

B lo c k 5 5 .23 1 .0 6

T r e  at 3 0 .5 8 0 .1 9

E r r o r 15 0 .8 9 0 .0 6

T o t a l 23 6 .7 5

MT/ha — 15m sp a c ln c f

IV V V I Mean

3 .3 99 4 .367 4 .3  40 3 .94

• c» C
D 3 .8 15 4 .4  27 3 .99

3 .4 21 4 .0 7 7 4 .2 5 2 3 .7 7

3 .1 3 7 3 .399 3 .837 3 .6 0

1 3 .5 0  1 5 .6 6  1 6 .8 6

V a r i a n c e  T a b l e

F r a t i o  F t a b l e  Remarks

1 7 .6 9  2 .9 0  S i g n i f i c a n t

3 .2 3  3 .2 9  N o n - s i g n i f i c a n t



Stray ;  y i e l d  MT/ha

T r .  I  I I  I I I

T]_ 3 .5  3 . 6  3 . 9

T 2 5 .7 3 .5  3 .6

T3 4 . 0  3 .6 5 . 2

T/j. 4 .4 5  3 .5  3 .1 5
( C o n t r o l )

T o t a l  1 7 .6 5  1 4 .2 0  1 5 .8 5

G r o s s  = 1 1 1 .75

' DF SS MS

B lo c k  5 2 6 .7 2  5 .3 4

T r e a t  3 1 .7 2  0 .57

E r r o r s  15 1 4 .4 7  0 .9 6

T o t a l  23 42 .91

IV

4 . 8

2 .9  

3 .2 

4 .5

1 5 .4 0

F r a t i o

5 .54

0 . 6 0

1 5m s p a c i n g

v  v i  Mean

6 .3  8 .6  5 .1 2

5 .9 5 .2  4 .4 7

4 .7  6 . 2  4 .4 8

6 .1 5  5 .6  4 .5 6

2 3 .0 5  25 .60

F t a b l e  Remarks

2 .90  S i g n i f i c a n t .

3 . 2 9  N o n - s i c r i f  i c a r a



100 g r a i n  w e i g h t  (g m s )  -

- j  117 ,

Tr • I I I I I I IV

1. 2 .672 2.761 2 .7 9 2 2 .595
-I— a 2.765 2 .788 2 .825 2 .74 9

3 . 2 .835 2 .989 3 .035 2 .65 8

4 . c o n t r o l 2 .646 2 .498 2 .566 2.733

Total 2 .730  2 .759  2 .805  2 .684

G ro s s  = 65 .39

Variance table

• »r SS MS F ra t io

B lo c k  5 0 .0 6  0 .01  1 .0 6

T r e a t  3 C .28 0 .0 9  8 .2 2

E r r o r  15 0 .17  0 .01

T o t a l  23 0 .5 0

CD = 0 .1 3  cjms/100 g r a i n .

15m s p a c i n g

V V I Mean

2.843 2 .9 1 9 2 .760

2 .905 2 .8 3 0 2 .810

2 .925 2 .914 2 .890

2.471 2 .677 2 .600

2 .7 e 6 2 .835

F tab le  Remarks

2 .9 0  Non-s ign if icant
3 .2 9  s ig n i f ic a n t .



Mean t a b l e  o f  p l a n t  g r o w t h  and y i e l d  a t t r i b u t i ng c h a r a c t e r s  ( 3 0 m ) .

- :  118

T r e  a t . 
N o .

N o . o f  H t . a t  N o . o f  G r a in  s t r a w  p a n i c l e  N o . o f  lO O g r a in
T r e a t m e n t  p l a n t s /  m a t u r i -  p a n i c -  y i e l d  y i e l d  l e n g t h  g r a i n s /  w e i g h t

m t y  cm. lc/m ^  MT/ha MT/ha (cm )  p a n i c l e  ( g m s )

1 .  2.5m f r o m  d r a i n
l i n e  t o  e i t h e r  
s i d e .

1 3 8 .3 3  9 3 .1 8  3 9 1 .6 7  4 .4 4  6 .6 3  21 .74  8 6 .0 8  2 .78

2 .  2.5m t o  5m on
e i t h e r  s i d e . 1 6 0 .0 0  8 6 .7 0  3 7 0 .0 0  4 .3 5  5 .9 0  2 2 .7 2  1 04 .3 3  2 .8 6

3 .  5 t o  7.5m on
e i t h e r  s i d e -

1 3 3 .3 3  8 9 .4 8  373 .33  4 .5 2  6 .5 3  2 2 .5 9  9 5 .7 4  2 . 8 0

4 .  7 .5  t o  10m on
e i t h e r  s i d e

133 .33  9 2 .3 2 3 2 5 .0 0  4 .5 2  5 .6 2  21 .7 7 S 3 .1 6  2 .8 6

5 .  10 t o  12.5m on
e i t h e r  s i d e . 1 4 8 .3 3  S 6 .4 2  3 4 3 .3 3  4 .3 6  5 .5 4  2 2 .1 2  S 9 .8 0  2 .8 6

6 .  1 2 .5  t o  15m on
e i t h e r  s i d e . 1 2 5 .0 0  8 9 .8 7  3 6 3 .3 3  4 .3 4  6 .1 5  2 2 .9 9  1 0 0 .4 5  2 .7 9

7 .  C o n t r o l
(No d r a in  a g e ) . 1 0 8 .3 3  8 6 .5 8  3 5 0 .0 0  3 . 6 0  4 .5 6  2 0 .5 5  8 2 .7 2  2 .6 0

C.D. N .S .  N .S .  N .S  0 .3 8  N .S .  1 .41  N. S. 0 .1 6



- 1

-  A

T5

- o
i /- y

( C o n t r o l )

150

I cO

160

120

170

200
ou

- j  1 1 9

I t e m  : M o . o f  pl a n t s / m 2 -

I I

100 

170 

I  oO 

100

160

150
t ! a

I I I

1-10

100

110

110

2 2u
ICO

20

a "O

IV

160

160

160

150

120

120

120

VO CO

l  J. . .1 L , w'-i.L

Block 5
7r a ' l  6

E r r o r  30 
T o ta l  41

5076 .19 
9/60.25 

30392.43 
45 247 -.62

1 r101
J. —

1 0 1 " ~o

1 - J.

1 .0 °
1 .51

• •

j —

30m sp a c in g

V V I  Mean

140 140 138.33

150 140 ICO.00

90 130 133.33

130 120 133.33

130 90 148.33

o0 100 125.00

U 0  150 105.33

620 G7G

L c-J L)j_ c. Remarks

1. 534 Mou-s.ignj f i c a n t  
2.421 Mon-signif icfi nt



I t e m  : H e i g h t  a t  M a t u r i t y  ( i n  c m . )  -  30  n s a p c i n g

120

Tr - I I I I I I r/ V V I  Mean

T ] 90 .3 9 9 .2 9 0 .0 8 6 .5 97 .3 1 ~ 0 .8  9 3 .1 3

T2 8 1 .6 8 9 .6 9 1 ,  4 87 .3 91 .  4 76.9  8 6 .7 0

t 3 33 .4 3 9 .8 y  i • /•
*W V. • *w a ;  .4 3 0 .  _ o B

t 4 8 6 .0 9 2 .5 93 .6 9 2 .2 95 .  2 94 .4  92 .32

T 5 8 8 .8 3 0 .1 8 5 .0 S 7 .8 8 5 .0 9 1 .  c 6 6 .4 2

t 6 87 .9 Q7.0 93 .9 87 .7 9 0 .6 92 .1  8 9 .8 7

T7
( C o n t r o l )

8 9 .4 8 8 .6 94 .  2 9 1 .0 6 9 .7 8 6 .6  8 6 .5 8

T o t a l 6 0 7 .4 626 .8 636 .7 619 .9 6 1 4 .6 6 4 1 .9

G ross : 3747 .3

V a r i  a.ncc t a b l e

DF
•

SS MS F1 r a t i o F t a b l e Rem arks

B lock 5 1 24 .07 24. 81 0 .9 0 2 .53  4 N c n - s i g n i f l e a n t
T r e a t o 281 .68 4 6 . 95 i .  n -i i  -j 

r ' ; r n - s i a n i f  _ c : n l
O r r o i  30 8 2 1 .8 9  27 .33

T o t a l  41 1231,63



T a b l e  ~ 2 .  
o

M o .o f  p a n i c l e s / n r  -  30 m s p a c in g

- a  121 i -

T r . I I I I I I IV V V I Mean

T l 340 510 3 50 410 380 360 391.67

t 2 3 20 400 380 400 310 410 3 70 .00
m
-3 3 50 3 SO 360 410 340 400 373 .33

T a-5 3 20 3 20 360 320 290 340 3 2 5 .0 0

T5 330 250 450 310 3 90 3 20 343 .33

T6 470 3 90 230 3 CO 420 3 70 363 .33

t 7 360 3 90 310 390 300 350 350 .0 0
( C o n t r o l ) --- - — - — - - -■--- -------- - — ------  • - - - - - -

To  t a l  : 2490 2650 2440 2540 2430 2550

G ross : 15100

v a r i a n c e  t a b l e

DF

B lo c k  5 

T r e  a t  6 

E r r o r  30 

T o t a l  41

SS

4 7 9 0 .4 8

17357 .14

98242 .85

1 2 0 3 9 0 .4 8

MS

958 ^10 

2892.66 

3 2 7 4 .7 6

F r a t i o

0 .2 9

0.88

F t a b l e

2.534

2.421

Remarks

Non-s ign ificant  

Non-s ign if icant



I t e m : L e n g th  o f  t h e

T r  . R I I I I I I

T i
20 .1 0 21 .45 21 .15

T2 21 .35 23 .66 23 . 22

T 3 2 2 .40 23 .00 20 .17

T4 21 .40 21 .21 19 .  27

T 5 20 .71 19 .01 23 .67

T6 21 .85 23 .65 2 2 .20

t 7
( C o n t r o l  )

17 .23 2 2 .0 0 19 . 3 2

T o t  a 1 1 4 5 .0 4 1 5 3 .9 8 1- 9 .51

Groiis : 9 26 .79

DF 83 PS

B lo c k 5 30 .1 6 .0 3

T ree  t G 2-. .3b . .05

E r r o r 30 4 2 .9 2 1 .43

T o t a l 41 9 7 .3  9

Cp = 1. 41

r m i r ' l  r. ( . in  c m . )  -  30m s p r i n g

122

TV V V I .peon

23 . I S 21.75 22.79 21.74

22.56 22.18 23 .3 5 22.72

23 .78 23.75 22.41 2 2.59

23 . 6 6 23 .63 21.41 21.77

23.79 23 .34 22.19 2 2 . 1 2

25 .54 24 .30 2 2 .30 _ 2 . 9 r

2 2.30 20.70 23 . 23 20.55

16 2.63 1 5 9 . C5 153.6c

V o r i j n c *  t a b l e

r  ' t i e t  j .e ia Ren oiT O

x  .21
:  .03

- .be'-

el • 1 ~ t \ Sic. n n  i c :  i 4-c



_i. -L ■ I I I I T V V V I Mean

T 1 73 .90 50 GO 10 9-1 .7 0 82 .60 9 5 .4 0 6 8 . oe

t 2 79 .60 113 . 8 c U  4 .
r • r | 
‘ / 94 .20 91 .30 122 .20 104.33

t 3 91 .10 100 . » 1 71 5u 106 .50 112 . 60 9 1 .3 0 95 .74

?4 75 .90 C • 0 7 ..77 102 .50 113 .80 77 .10 83 .16

t 5 73 .90 c . 3 . » 107 . 50 99 .2 0 100 .50 97 .10 89 .80

T-— ■—ssJ
—o r* — ->. o J 101 . - u 0 J •90 t 110 .20 117 .CO 96 .10 100 .45

t 7 (C o r . t r ' ' - )  C 7 .70 90. CO "V ̂  » w •7’ ° 91 .22 S7 .50 84 .0 0 8 2 .7 2

T o t a l • — t .70 531 •? o > s i t * Z’ ~ 698 .52 706 .30 664 .20

Gr c  3 3 a• • i O ": : o o  . S3

■/a r i m e e t a b l .e

D? So MG F r a t  i o F t a b l e Remarks

B lo c k 5 2415 .20 4 83 .04 ? * « .54 2. 534 S i g n i f i c a n t .

T r e a t 6 2531 .10 421 .85 2 .31 2. 421 Non- s i g n i f  i c a n t

E r r o r 30 5479 .37 1 8 2 .5 5 -

T o t a l 41 10.425 .57



G r a in  y i e l d  MT/ha -  30m s p a c i n g

124 : -

T r e a t m e n t I I I I I I IV V V I Mean

T l 4 .4 2 8 4 .49 3 4 .296 4 .275 4 .5 5 9 4 .559 4 . 4 4

t 2 3 .9 6 8 4 .2 9 7 4 .6 2 5 4 .2 7 5 4 .4 0 6 4 .5 3 7 4 .3 5

T 3 4 .0 1 2 4 .581 4 .7 3 4 4 .3 1 9 4 .6 4 7 4 .8 4 4 4 .5 2

T 4 4 .0 7 8 4 .1 2 2 4 .7 3 4 4 .7 2 5 4 .9 9 7 4 .9 0 9 4 .5 2

t 5 4 .099 4 .0 3 4 4 .4 9 3 3 .9 6 8 4 .6 24 4 .9  53 4 .3 6

t 6 4 .4 7 1 3 .7 4 9 4 .712 4 .165 4 .362 4 .603 4 .3 4

T7
( C o n t r o l )

4 .71 2 3 .093 3 .4 22 3 .137 3 .399 3 .83 7 3 .6 0

T o t a l  : 29 .77 28.37 3 1 .0 2 28.41 3 0 .9 9 3 2 .24

G r o s s  : 1 8 0 .8 0
v a r i a n c e  t a b l e

DF SS MS t F r a t i o F t a b l e Remar)

B lo c k  5 1 .74 0 .3 5 3 .3 4 2 .534 S i g n l f i c a r
T r e a t  6 3 .6 8 0 .6 1 5 .9 0 2.421 S i g n  i f  i c  ar
E r r o r  30 3 .12 0 .1 0

T o t a l  41 8 .5 5

C .D . : 0 . 3 8



S t ra w  y i e l d  3Om

T re  atment I

T 1
6 . 3 0

T  2 5 . 9 0

T 3 4 . 7 0

T  i
“ X

4 . 5 0

T5 3 . 9 0

5 . 7 0

t 7 ( C o n t r o l )  - . . 4 5

T o ta l  :

DF

B lo c k  5

I I I I I

7 . 2 0 7 . 0 0

5 . 7 0 4 . 6 0

7 . 1 5 5 .  1-0

5 . 0 0 5 . 9 0

•x . 0 0 S . 3 0

5 . . . 0 3 . 5 0

3 . 5 0 3 . 1 5

3 7 . 9 5  3 8 . 6 5

V a r  i

SS MS

.I-!- 1 .8 3

T r e a t  6 1 9 .9 7  3 .3 3

E r r o r  30 5 7 .5 1  1 .9 2

T o t a l  41 1 0 1 .5 2

sp a c in g '  ( MT/ha.

: 125

IV V V I Mean

3 .6 0 4. 20 7 .70 6 .83

5 .20 6 .70 7.30 5 .9 0

G. 20 6 .30 8.40 6 .53

4 .9 0 7 .00 6.30 5 .62

3 .45 6 .80 6.80 5 .54

4 .7 0 10 .0 0• 7 .6 0 6 .15

4 .5 0 6 .1 5 5 .60 4 .56

37 .55 47 .15 4 9 .7 0

once t a b l e

F r a t i o  F t a b l e  Remarks

2 .5 0  2 .534  N o n - s i g n i f i c a n t

1 .74 2 .4  21 N o n - s i g n i f i c a n t



100 gram w e i g h t  -  30m s p a c i n g

126

T r e a t m e n t I I I I I IV V V I Mean

T l 2 .843 2 .53 4 2 .6 7 8 2 .9 1 9 2 .763 2 .9 1 4 2 .78

T 2
2 .6 4 2 2 .876 2 .9 7 4 2 .8 3 0 3 .0 3 7 2 .7 8 9 2 . 8 6

t 3 2 .925 2 .846 2 .7 4 6 2 .865 2 .6 7 4 2 .77 2 2 .8 0

T 4 2 .89 2 2 .84 4 2 .803 2 .99 5 2 .963 2 .6 4 8 2 . 8 6

t 5 2 .952 3 .080 2 .617 2 .7 9 9 2 .831 2 .895 2 .6 6

t 6 2 .789 2 .733 2 .989 2 .834 2.71 7 2 .694 2 .79

t 7
( c o n t r o l )

2 .6 4 8 2 .49 8 2 .566 2.733 2.471 2 .677 2 .6 0

T o t a l  s 1 9 .6 9 19 .4 1 1 9 .3 7 1 9 .9 7 1 9 .4 6 1 9 .3 9

G ro s s  : 1 1 7 .2 8

V a r i a n c e  t a b l e

DF

B lo c k  5 

T r e a t  6 

E r r o r  30 

T o t a l  41

SS

0 .0 4

0 .3 1

0 . 5 2

0 .8 7

MS

0„01

0 .0 5

0 . 0 2

F r a t i o

0 .4 5

2 .9 5

F t a b i c Remarks

2 .534  N o n - s i g n i f i c a n t  

2 .421 s i g n i f i c a n t

CD 0 .1 6



SOIL  ANALYSIS DATA.

I t em  : Chlorides ( m . e / 1 i t )
« m • • •

A P P E N D I X -  4 .

T r . I I I I I I  IV T o t a l Mea n

T l 2 ,5 9 2 .22 2 .59  1 .11 8 .51 2 .13

t 2 2 .96 2.59 2 .2 2  2 .22 9 .9 9 2 .5 0

T3 2 .5 9 2. 22 2 .2 2  2 .22 9 .2 5 2 .31

t 4 4 .0 7 3 .33 4 .4 4  3 .33 1 5 .1 7 3 .7 9

t 5
( C o n t r o l )

4 .81 2.96 5 .1 8  3 .70 1 6 .6 5 4 .1 6

T o t a l 17 .0 2 13 .32 16 .6 5  1 2 .5 8

G ross  = 59 .57

DF ss r:s F r a t i o  F t a b l e Remarks

B l o c k 3 3 .09 1 133 4 .2 5  3 .4 9 S i g n i f i c a n t

T r e a t 4 13 .85 3 .4 6 1 4 .3 2  3 .2 6 S i g n i f i c a  nt

E r r o r 12 2 .90 0 .2 4

T o t a l 19 19 .84

CD = 0 . '76

T l = On the  l i n o o f 15m s p a c i n g .

T2 = Min -n  a c i r ig o f 15m .

T l = On the 1 ! no o f 30rn s p a c in g  .

T4 = Mid - n p i c  ing o f 30m .

r p

r 5 = C o n t r o l .



: 128 :

Su1pha t c  ( SQ4 ) ( ppm)

T r . I I I I I I IV Total Me - j ri

1 . 770 770 792 846 3178 794 .50

2. 6 25 659 667 621 257 2 6 4 3 .0 0

3 . 537 579 610 606 2332 5 0 3 .0 0

4 . 404 537 777 537 2255 563 .75

5 613 632 716 700 2661 665 .25

no t a l 2949 3177 3562 3310

G r o s s  = 12998 .

DF SS MS F r a t i o  F t a b i c  Remarks

CD = 99 .02

B l o c k  3 3 9 3 7 4 .6  131 24 .87  3 .1 8  3 .4 9  p o n - s i g n i f i
c a n t .

T r e a t  4 13 2359 .3  33089 .03  8 .01  3 .26 s i g n i f i c a n t

E r r o r  12 4 9 5 5 9 .9  4 1 2 9 .9 9

T o t a l  19 221293.8



I I I IV TV?tal **oan
• »  —

1Jl • 3 .28 2 .5c 4 .12 J1 • —  *1 1 2 .2 3 .0 5

1 .12 1 .48 :  .3 2 1 .20 5 .1 2 1 .28

*w* • 1 .08 0 .86 1 .16 1 .16 » ->0 *i • -O 1 .0 7

“5 • 0 .64 1 .04 % • W k. 0 .68 6 .6 5 1 .6 7

5 • 0 .92 1 . iC 1 .96 2 .72 7 .00 1 .75

T o t a l 6 .0-1 7 .36  

Oro^s  =

.1 2 .86  

3 C. 28

9 .0 0

* »

DF SS IV «c 
I i U F r a t i o F t a b i c RemorKm

Bloc k 3

T r c a t  1 

E r r o r  12 

T o t a l  19

5. 29

9.91

8 . 1  2

2 2.91

1 .76
M

2 . 3 0
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