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INTRODUCTION

Wate r  is a p r e c i o u s  com modi ty  w h i c h  p l a y s  a g r e a t e r  p a r t  

t h a n  a n y t h i n g  e lse  in p r o m o t i n g  a n i m a l  a n d  p l a n t  l i f e  on e a r t h .  The 

human c i v i l i z a t i o n  owes i ts  e x i s t e n c e  to the  b e n e f i t s  d e r i v e d  f rom  the 

e x p l o i t a t i o n  o f  w a t e r  f o r  p o w e r ,  i r r i g a t i o n ,  i n d u s t r i e s  a n d  domest ic 

p u r p o s e s .  The s t e a d y  i n c r e a s i n g  p o p u l a t i o n ,  e x p a n d i n g  i n d u s t r i e s  a n d  

r e h a b i l i t a t i o n  p ro b le m  common to man y  p a r t s  o f  th e  w o r l d  a r e  p l a c i n g  

inc rea s e d  demand on w a t e r .  As a r e s u l t  o f  t h i s ,  in c e r t a i n  c o u n t r i e s  

s c a r c i t y  o f  w a t e r  is a l r e a d y  b e i n g  f e l t  k e e n l y .  I n d i a  as a w h o l e ,  is 

f o r t u n a t e  in h a v i n g  a b u n d a n t  w a t e r  r e s o u r c e s .  E v e n t h o u g h  these 

r eso ur ce s  a r e  b e i n g  u t i l i s e d  f o r  v a r i o u s  p u r p o s e s ,  b y  f a r  th e  la r g e s t  

use is b e i n g  made f o r  i r r i g a t i n g  m i l l i o n s  o f  acre s  o f  l a n d  t h r o u g h  a 

n e t w o rk  o f  c a n a l s .

P r o d u c t i v i t y  is th e  i ndex  f o r  t h e  dev e lo pm ent  o f  a n y  n a t i o n .  

S c i e n t i f i c  w a t e r  managemen t  is an  i n t e r - d i s c i p l  i n a r y  a re a  o f  re s e a r c h  

i n v o l v i n g  a g r o n o m i s t ,  econ om is ts ,  e n g i n e e r s ,  p l a h t  s c i e n t i s t s  a n d  s o i l  

s c i e n t i s t s .  L a n d  a n d  w a t e r  b e i n g  l i m i t e d ,  t h e i r  e f f i c i e n t  use Is b a s i c  

to the  s u r v i v a l  o f  an e v e r  i n c r e a s i n g  p o p u l a t i o n .  S c i e n t i f i c  

management  o f  i r r i g a t i o n  w a t e r  is the  o n l y  w ay in w h i c h  we can  make 

o u r  a g r i c u l t u r e  c o m p e t i t i v e  a n d  p r o f i t a b l e .  Hence b y  s c i e n t i f i c  

a g ron om ic  o p e r a t i o n s ,  e f f i c i e n t  w a t e r  managemen t  a n d  m o d e r n i s a t i o n  of  

i r r i g a t i o n  s y s te m ,  a d d i t i o n a l  a re a  c a n  be b r o u g h t  in t o  the  command.  

I n t e g r a t e d  deve lo pm ent  o f  w a t e r  r e s o u r c e s ,  e f f i c i e n t  methods o f  

c o n v e y a n c e  a n d  d i s t r i b u t i o n  o f  w a t e r  on th e  f a r m ,  j u d i c i o u s  methods



o f  w a t e r  a p p l i c a t i o n ,  p r o p e r  s o i l  man agement  p r a c t i c e s  a n d  c r o p p i n g  

p a t t e r n s  f o r  h i g h  w a t e r  use e f f i c i e n c y  a r e  th e  im p o r t a n t  aspec ts  o f  a 

c o m p re h e n s iv e  i r r i g a t i o n  dev e lo pme nt  p ro g r a m m e s .  The m a j o r  p ro b le m  

e n c o un te re d  in e n s u r i n g  r a t i o n a l i s e d  i r r i g a t i o n  s u p p l y  is the  was t ag e  

o f  w a t e r  at  o u t l e t  p o i n t  o w i n g  to the  lack o f  b o r r o w p i t  c r o s s i n g  o r  

absence o f  a p p r o p r i a t e  r e g u l a t i o n  o f  w a t e r  to  the remote  a re a s  t h r o u g h  

f i e l d  c h a n n e l s  w h e r e v e r  needed.

At  p re s e n t  in a lmost  a l l  the  r i v e r  v a l l e y  p r o j e c t s ,  w a t e r  is 

co nv e y ed  f r om  the c a n a l  o u t l e t s  to i n d i v i d u a l  f i e l d  t h r o u g h  m a k e s h i f t  

a r r a n g e m e n t s .  L a r g e  q u a n t i t i e s  of  w a t e r  a re  lost b y  seepage u n d e r  

such a sys t em .  In  case whe re  th e  f i e l d s  a r e  f a r  f r o m  th e  o u t l e t

p o i n t ,  w a t e r  do re a c h  them. In  t h i s  c o n t e x t ,  the  Government  o f  I n d i a  

i n t r o d u c e d  the  command a re a  dev e lo pm ent  p r o g r a m m e  vyhlc h c o n s i s t e d  of  

deve lopment  o f  i r r i g a t i o n  t h r o u g h  c o n s t r u c t i o n  o f  f i e l d  c h a n n e l s .

In  many i r r i g a t i o n  p r o j e c t s ,  a n e t w o rk  o f  c a n a l s  deman d a

s i z e a b l e  s h a r e  o f  f i n a n c i a l  o u t l a y .  P r o p e r  d e s ig n  o f  c a n a | s  t h us

g a i n s  i m p o r ta n c e  in g o v e r n i n g  economics  a n d  e f f i c i e n c y  o f  th e  p r o j e c t .  

C ha nn e l s  a re  d e s i g n e d  to get  max i mum  p e r m i s s i b l e  v e l o c i t y .  N a t u r a l  

s lope o f  the  l a n d  is the  p r i m a r y  d e c i d i n g  f a c t o r  in d e t e r m i n i n g  the 

c h a n n e l  bed  s lop e .  The v a r i o u s  s t a t e s  in I n d i a  ado p t  K e n n e d y ' s ,  

L a c e y ' s ,  M a n n i n g ' s  a n d  C h e z y ' s  e q u a t i o n  f o r  the  d e s ig n  o f  c h a n n e l  

sec t i on s  a n c  p r a c t i c e s  v a r y  f rom  s ta te  to s t a t e .  Among these 

e q u a t i o n s  M a n n i n g  a n d  C h e z y ' s  e q u a t i o n s  a r e  the  most w i d e l y  used

fo rm u la e  f o r  the d e s ig n  o f  c h a n n e l s .  A l l  these e q u a t i o n s  were



d e v e l o p e d  f o r  l a r g e  c a n a l s  a n d  s t r e a m s  a n d  t h e  v a l i d i t y  o f  th e se  

e q u a t i o n s  w e r e  n e v e r  t e s t e d  f o r  s m a l l  c h a n n e l s .  I n  t h e  a r e a  o f  

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

t r a n s p o r t i n g  w a t e r  b e t w e e n  tWo p o i n t s  in  a s a f e ,  c o s t  e f f e c t i v e  m a n n e r  

is a c r i t i c a l  t o p i c .  So a n  a t t e m p t  w a s  m a a e  to d e v e l o p  a n  e m p i r i c a l  

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

d i s c h a r g e s  less t h a n  10 l / s  T h i s  is v e r y  h e l e v a n t  in d e s i g n i n g  

s m a l l  f i e l d  c h a n n e l s  in c o m m a n d  a r e a  d e v e l o p m e n t  p r o j e c t s .

T h e  o b j e c t i v e s  o f  t h e  s t u d y  a r e  (1 )  to d e v e l o p  a n  e m p u  i c a l  

e q u a t i o n  f o r  u n i f o r m  f l o w  in o p e n  c h a n n e l s  f o r  d i s c h a r g e s  less t h a n  

10 I / s  in c e m e n t  l i n e d  a n d  e a r t h e n  c h a n n e l s  ( 2 )  c o m p a r e  th e s e  

e q u a t i o n s  w i t h  t h e  w e l l  k n o w n  u n i f o r m  f l o w  f o r m u l a e ,  a n d  c h e c k  t h e i r  

v a l i d i t y  in s m a l l  c h a n n e l s  ( 3 )  to f i n d  o u t  t h e  t e x t u r a l  c l a s s i f i c a t i o n  

o f  t h e  s o i l  in  w h i c h  e x p e r i m e n t s  w e r e  c o n d u c t e d  in t h i s  S t u d y .



Review  ojj Jhte.ta.tule.



REVIEW OF LITERATURE

The impor tance  of  I r r i g a t i o n  in the w o r l d  as we l l  s ta te d  b\, 

G u lha t i  (1958) as an o ld  a r t  -  as o ld  as c i v i l i z a t i o n  b u t  f o r  the 

who le  w o r l d  i t was a modern sc ience -  the  science of  s u r v i v a l .  The 

scope o f  i r r i g a t i o n  science ex tende d f rom the  w at e rs he d  to the fa rm  

a nd  on to the d r a i n a g e  c h a n n e l .  I r r i g a t e d  a g r i c u l t u r e  is b y  f a r  the 

b ig g e s t  consumer of  w a t e r ,  one of  the most in e f f i c i e n t

Daksh i n a m u r t h  i (1973),  C h a t u rv e d i  (1978) and  Ser iapathy (1981)

suggested  t h a t  as o u r  w a t e r  resources  were l im i t e d ,  e f f o r t s  ha ve  to be 

c o n t i n u o u s l y  made to o p t i m is e  the use o f  a v a i l a b l e  wa t e r  resources  by 

b r i n g i n g  improvements  in d e s ig n ,  p l a n n i n g  and  o p e r a t i o n .  Whi le

a n a l y s i n g  the fa c to rs  t h a t  c o n t r i b u t e d  to und e r  u t i l i z a t i o n  o f  

i r r i g a t i o n  w a t e r  S a t p a t h y  (1984) ob se rved  the de f i c ien c ies  such as 

i na dequa te  m ai n t en an c e  and  poor  d i s t r i b u t i o n  system were the mam 

reasons.

1. Necessity of f ie ld  channels

Poor d i s t r i b u t i o n  sys tem c h a r a c t e r i s e d  b y  the absence of  f i e l d  

ch a n n e ls  c o n s t i t u t e d  a m a jo r  cause of  u n d e r - u t  1 1 izat  i o n . A c c o r d in g  to 

I n d a p u r k a r  (1968) p r o p e r  layout  o f  f i e l d  c h an ne ls  was ope of  the most 

impor ta nt  f e a t u r e  in d ev e lo p in g  successfu l  i r r i g a t i o n .  Madan et_ aj^ 

(1968) p o i n t e d  out  t h a t  the f i e l d  c h a n n e ls  he lped to promote  genera l  

e f f i c i e n c y  of  i r r i g a t i o n ,  p r e v e n t i o n  of  w a t e r l o g g i n g  and  to ensure  

u n i f o r m i t y  of  w a t e r  a p p l i c a t i o n .  The f a i l u r e  of  fa rm e rs  to c o ns t r uc t



f i e l d  c h a n n e l s  w i t h i n  t h e  i r r i g a t i o n  c o m m a n d s  w a s  f o u n d  to be  th e  

m a j o r  r e a s o n  f o r  u n d e r - u t i l i z a t i o n  o f  w a t e r  f r o m  i r r i g a t i o n  p r o j e c t s  

( E a s t e r ,  1975, K u m a r ,  1977) .  S e n a p a t h y ,  A h m e d  (1981)  a n d  S h a r m a  

(1983) p o i n t e d  o u t  t h a t  in th e  a b s e n c e  o f  a p y  c o n v e y a n c e  c h a n n e l  

f r o m  t h e  o u t l e t  p o i n f  to t h e  i n t e r i o r ,  t h e r e  w a s  f i e l d  to f i e l d  

i n u n d a t i o n  l e a d i n g  to u n d u e  w a s t e  a n d  r e l a t i v e l y  p r o l o n g e d  p e r i o d  for 

t h e  w a t e r  to  r e a c h  t h e  r e m o t e  a r e a s .

A c c o r d i n g  to S i n g h  et_ aj_ (1968)  a d e q u a t e  c a p a c i t y ,  m i n i m u m  

l a n d  a r e a  los t  in c h a n n e l s ,  r e d u c i n g  s e e p a g e  losses qncl  e r o s i o n  

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

c h a n n e l s .  C o n s i d e r i n g  t h e  s i t e  c o n d i t i o n s ,  l a n d  t o p o g r a p h y ,  s u p p l y  

le ve l  a n d  e a s y  o p e r a t i o n  o f  f a r m e r s ,  t r a n s m i s s i o n  o f  w a t e r  b y  ope n  

c h a n n e l  w a s  p r e f e r r e d  ( S e n a p a t h y  et_ a_l_., 1981) .  A c c o r d i n g  to

T h a t t e  (1983)  t h e  e f f i c i e n c y  o f  th e  c a n a l  s y s t e m  in I n d i a  h a s  be en  

a s s u m e d  a t  a b o u t  30 p e r  c e n t  b u t  i t  c o u l d  be r a i s e d  b y  c n o o s i n g  the  

most e c o n o m i c a l  s e c t i o n  o f  c a n a l  S a n k a r a  I y e r  (1983)  a f t e r  a c a s e  

s t u d y  on P a n a m  p r o j e c t  c o n c l u d e d  t h a t  i t  w a s  n e c e s s a r y  to e n s u r e  t h a t  

t h e  i r r i g a t i o n  p o t e n t i a l  a l r e a d y  c r e a t e d  a n d  to be  c r e a t e d  in f u t u r e  

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

each f a r m e r  in t h e  c o m m a n d  a r e a  o f  t h e  p r o j e c t  g o t  a s s u r e d  d e l i v e r i e s  

o f  w a t e r  a c c o r d i n g  to p r e - d e t e r m i n e d  s c h e d u l e .

2.  De s ig n  of  c h a n n e l s

T h e  d e s i g n  o f  s m a l l  c h a n n e l s  c a p a b l e  o f  t r a n s p o r t i n g  w a t e i  

b e tw e e n  tw o  p o i n t s  in a s a f e ,  cos t  e f f e c t i v e  m a n n ° r  w as  a c r i t i c a l  

t o p i c  in t h e  a r e a  o f  op en  c h a n n e l  h y d r a u l i c s  (Moha mrr led ,  1978) Bu t



a c c o r d in g  to St reeter  (1945) and  Houk (1956),  the des igner  s im p ly  

computed the d imens ions  on the b a s i s  of h y d r a u l i c  e f f i c i e n c y ,  p r a c t i 

c a b i l i t y  and  economy. The o th e r  fa c to rs  to be c o ns ide red  in the 

des ign  were k i n d  of  m a t e r i a l  fo rm in g  the body and  the maximum 

p e r m i s s i b l e  v e l o c i t y .  R i c h a r d  (1989) suggested  th a t  th e  c h anne l  cross 

sec t ions were v e r y  im p or ta n t  p a r t  o f  h y d r o l o g i c  a n a l y s i s  a n d  d e s ig n .

A. Shape of the channel

E a r th e n  c h a n n e ls  were g e n e r a l l y  t r a p e z o i d a l  w i t h  s ide  slope 

det ermined b y  the s t a b i l i t y  of the b a n k  m a t e r ia l  ( L i n s l e y ,  1964). In 

a r t i f i c i a l  c a n a l s ,  the t r a p e z o i d a l  sec t ion  b e in g  o f ten  p r e f e r r e d  in the 

in t eres t  of  economy a n d  b a n k  s t a b i l i t y  a c c o r d i n g  to ASCE r e p o r ts .  

A c c o rd ing  to Houk (1956),  Chow (1959) a nd  Ned ( (979) t r a p e z o i d a l  

sec t ions  were most commonly used f o r  l a r g e r  c a n a l s .  Kurse  et_ a_l_ 

(1980) o bs e rv e d  t h a t  the size of  the c a p a l  depended upon the wa te r  

a v a i l a b l e ,  so i l  t o p o g r a p h y ,  method of  i r r i g a t i o n  a n d  fa rm  management 

p r a c t i c e s .

B. Side slope

Side s lope depends p r i m a r i l y  upon the s t a b i l i t y  o f  the s o i l .  

F o r  l ine d c a n a l ,  s lopes s h ou ld  be such th a t  no ear th  p r e s s u r e  was 

e xer ted  o v e r  the b a c k  of  the l i n i n g .  Side s lope in u n l r n e d  c a n a ls  

th r o u g h  e a r t h  f o rm a t i on  s h ou ld  be f l a t t e r  ttqan a h g le  of  repose of  

s a t u r a t e d  b a n k  m a t e r i a l s ,  so th a t  p o r t i o n s  w ou |d  not s lo ugh  Into the 

c a na l  sec t ions  Kurse et_ aj_. (1956) recommended 1 ^ 1  to 2 1 s ide 

slope f o r  e a r th e n  sec t ions .  Chow (1959) recommended the s ide  slope



f o r  e a r t h  w i t h  co nc re te  l i n i n g  as \  1 to 1 1, for storle l l n i n q  1 I

a nd  f o r  sm a l l  e a r t h e n  d i t c h e s  as 1 ^ 1 .  A c c o r d i n g  to IS 10430 ( 1982) 

f o r  s a n d y  s o i l  recommended v a l u e  o f  s i de  s lope  was 1 1  to 2 1 In 

c u t t  m g .

C. F ree  b o ard

A c c o r d i n g  to Chow (1959) a n d  Ned (1979) the  h e i g h t  o f  f ree  

b o a r d  m ig h t  v a r y  f rom 5 to 30 p e r  cent  o f  th e  d e s i g n e d  Water d ep th  

d e p e n d in g  on the  c h a n n e l  d es ign  a n d  p u r p o s e s .  Fo r  s m a l l  d i t c h e s  

K u r s e  et a l .  (1980) recommended a min im um  v a l u e  fo 10 cm f o r  e a r t h e n  

d i t c h e s  a n d  7 .5  cm fo r  l i n e d  d i t c h e s .  IS 10430 (1982) recommended a 

f ree  b o a r d  o f  0.1 to 0 .15  m fo r  w a t e r  co urs es  h a v i n g  d ischarge*-  leso 

t h a n  0 . 6  cummecs

D. Bed slope

The bed s lop e  was f i x e d  p r i m a r l j y  a c c o r d i n g  to count i  y s lope 

c o n s i s t e n t  w i t h  economy.  V e l o c i t y  o f  f l o w  is i n f l u e n c e d  b y  the  c a n a l  

s lop e.  In g e n e r a l  the s lop e r e q u i r e d  to o b t a i n  max im um  p e r m i s s i b l e  

v e l o c i t y  w o u l d  make c o n s t r u c t i o n  to be e c on om ic a l .  The  s lope to 

a do p te d  s h o u l d  be w i t h i n  the  max im um  a n d  m in im um  p e r m i s s i b l e  

v e l o c i t i e s .  F o r  u n i f o r m  f l o w  the e n e r g y  g r a d i e n t  was ta k e n  as the 

s lope o f  the c a n a l .  In K e r a l a ,  F r a m j i  (1972) a n d  Pu hu s h o t t am  (1980) 

recommended a slope of  1/2000 fo 1/5000 f o r  c a n a l s  d e p e n d i n g  upon  the 

soi l  c o n d i t i o n .  K u rs e  e^ a_L (1980) recommended a p-?|nirnum s lope of

0.0004 f o r  an u n l i n e d  f a r m  d i t c h .



L .  P e rm is s i b le '  v e l o c i t y

The max i mum  p e r m i s s i b l e  v e l o c i t y  o r  th e  n o n - e r o d i b l e  v e l o c i t y  

is the g r e a t e s t  mean v e l o c i t y  t h a t  w i l l  not cause  erd s io n  o f  the 

c h a n n e l  b od y  Max im um  p ep fn is s lb le  v e l o c i t y  v a r i e s  w i t h  so | l  t e x t u r e  

F o r  most f a r m  d i t c h e s ,  the  v a l u e  o f  p e r m i s s i b l e  vplQ< i t y  was 0 5-1 m / s .  

A c c o r d i n g  to Chow (1959) the m in i mum  p e r m i s s i b l e  v e l o c i t y  or 

n o n s i l t i n g  v e l o c i t y  was the lowest v e l o c i t y  111 at w o u l d  not s ta i  t 

s e d i m e n t a t i o n  a n d  i nduce  the  g r o w t h  o f  a q u a t i c  p l a n t  and  moss 

Hence a mean v e l o c i t y  o f  0 . 6 - 0  9 m/s  may be used s a f e l y  when the 

p e r c e n ta g e  o f  s i l t  p re s e n t  was sm a l l  A c c o r d i n g  to IS 3873 (1978)

l i m i t i n g  v e l o c i t y  f o r  cement  co ncr e te  l i n i n g  was 2 7 m / s .  Max i mum  

p e r m i s s i b l e  v e l o c i t y  f o r  d i f f e r e n t  ty p e s  o f  ^ o i l s  In b a r e  c h a n n e l s  are

as fo I lows

S i l t  a n d  s a nd  0 .4 5  m/s

Loam,  s a nd y  loam, s i l t  loam 0 .6  m/s

C la y  loam 0,65 m/s

C lay  0 7 m/s

3 . Measurem ent of d isch arg e  in open channels

Godbole et_ aj_. (1983) f rom t h e i r  case s t u d y  in c h a m b a [  c a n a l  

system showed the nec e s s i t y  o f  f i e l d  measurements  f o r  assess ing  the 

p e r f o r m a n c e  of  a c a n a l  system a n d  f o r  e s t i m a t i n g  the losses Many 

f low measurement  de v i ce s  a n d  methods a re  in use t h r o u g h o u t  the w o r l d  

(Thomas,  1960) We i r  is p r o b a b l y  the most compion d e v i c e  u v  cl for



w a t e r  m e a s u r e m e r t  in s m a l l  c a n a l s  A c c o r d i n g  to  P a r s h a l l  ( 1950) ,  

US B u r .  Rec l am  (1953)  a n d  US D e p t .  A g n c .  (1962 ) ,  w | t h  p r o p e r  

i n s t a l l a t i o n  a n d  m a i n t e n a n c e ,  w e i r s  g a v e  d c c d r a t e  r e s u l t s .  W h i l e  

u s i n g  a  w e i r ,  t h e  b l a d e  s h o u l d  be f a i r l y  s h a r p  op th e  u p s t r e a m  edg e .  

P e r m i s s i b l e  e r r o r s  in d i s c h a r g e  m e a s u rem e n t  were  10-15 p e r  c e n t .  The 

e r r o r s  in d i s c n a r g e  m ea s urem e n t  were  d ue  to i n a c c u r a t e  m e a s u rem e n t  

o f  the h e a d  o v e r  th e  w e i r ,  d e p o s i t i o n  in t h e  u p s t r e a m  poo l  e tc  

( T h o m a s ,  1959) A c c o r d i n g  to Bos (1976)  t h e  p p s s i b l e  s o u r c e  o f  e r r o r s  

were  i n s t r u m e n t a l  e r r o r s ,  e r r o r s  in z e ro  s e t t i n g  a p d  In r e a d i n g  a n d  

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

C re a g e s  (1 9 5 0 ) ,  R ob in s o n  et_ aj_. (1 9 6 7 ) ;  Ros (1976)  a n d  

Ned et aj_ (1976)  rec om mend ed t r i a n g u l a r  ( V - n o t c h )  we l l  s for

a c c u r a t e  m e a s u r e m e n t  f o r  a w i d e  r a n g e  o t  yvater  e l e v a t i o n .  F o r  

V - n o t c h ,  th e  h e a d  f o r  e x t r e m e l y  s m a l l  d i s c h a r g e s  w as p r o p o r t  l ona I ly 

g r e a t e r  due  to th e  r e d u c t i o n  o f  c r e s t  l e n g t h  near t h e  a p e x .  A c c o r d i n g  

to K i n g  (1948)  th e  c r o s s  s e c t i o n a l  a r e a  o f  t h e  n a p p e  w a s  u s u a l l y  much 

s m a l l e r  t h a n  t h a t  o f  th e  c h a n n e l  a p p r o a c h .  T h e  v e l o c i t y  o f  a p p r o a c h  

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

u s u a l l y  i n a p p r e c i a b l e .  S h a r p n e s s  o f  c r e s t  edg e  was  v e r y  I m p o r t a n t  

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

i n c r e a s e  in f l o w .  A c c o r d i n g  to Thomas (1959) h e a ds  were  m e a s u r e d  in 

a s l i d i n g  w e l l  b y  means o f  a hook g a u g e .  In  o r d e r  to a v o i d  e r r o r s  

due to d r a w  i u w n  a t  th e  n a p p e ,  K i n g  et_ u L  (1963) a n a  Bos (1976)  

reco mm end  t h a t  th e  h e a d  s h o u l d  be m e a s u r e d  at  lea s t  3 to 4 t i m e s  the  

hea d  u p s t r e a m  f r om  V - n o t c h  w e i r s .  The b a s i c  h e a d  d i s c h a r g e  e q u a t i o n



b i g  n n  \ ~ n o t < h  h h a r p - a  c s l c d  u c i r

I i r  I n l a r g e d  ? icu) o f  V - n o t c h



f o r  a V - n o t c h  s h a r p  c r e s t e d  w e i r  ( K i n d s v a t e r  et_ aj_. (1957) in f u l l y  

a n d  p a r t i a l l y  c o n t r a c t e d  c o n d i t i o n  was

Q = Cd [ 2g ta n  © / 2  H5/"2
15

w h e r e ,

2
Q = d i s c h a r g e ,  m / s  

H = the  e f f e c t i v e  h e a d ,  m

0 = a n g l e  i n c l u d e d  between the  s id es  o f  V - n o t c h ,  degree 

Cd -  c o e f f i c i e n t  o f  d i s c h a r g e

A c c o r d i n g  to Bos (1976) commonly used  s i?e o f  V - n o t c h  f o r

f u l l y  c o n t a c t e d  t h i n  p l a t e  w e i r  was 90° in w h i c h  the  d im en s ion s  across

the top was t w i c e  the v e r t i c a l  d e p t h .  D i s c h a r g e s  f o r  V - n o t c h  s h a r p

c r e s t e d  w e i r s  f o r  d i f f e r e n t  heads a re  g i v e n  in A p p e n d i x  I BY

U . S . B . R .  the  d i s c h a r g e  e q u a t i o n  o f  s t a n d a r d  90° V - n o t c h  w e i r  was

2 48g i v e n  as Q = 2.49  H ' . Thomson (1861) f r om  h is  e x p e r i m e n t s

i n d i c a t e d  t h a t  th e  v a l u e  o f  c o e f f i c i e n t  o f  d i s c h a r g e  in cr ea se d  

v e r y  s l i g h t l y  as th e  hea d  d i m i n i s h e s .  W i th  a r i g h t  a n g l e d  notch  t h i s  

v a r i a t i o n  was less t h a n  one p e r  c e n t .  He e s t i m a t e d  th e  mean v a l u e  of  

c o e f f i c j e n t  o f  d i s c h a r g e  f o r  a r i g h t  a n g l e d  notch  as 0 .593,  th us  g i v i n g  

a d i s c h a r g e  Q = 2.536 H ^ 2 c f s .  A c c o r d i n g  to I s r a e l s o n  et_ a]_. (1962) 

the c o e f f i c i e n t  o f  d i s c h a r g e  must  be v a r i e d  s l i g h t l y  to ta k e  c a r e  of  

c h a n g i n g  c o n t r a t i o n s  a n d  losses when b o u n d a r i e s  were c h a n g e d .

A. Uniform  flow in open channels

In  open c h a n n e l s ,  f l o w  is s a i d  to be u n i f o r m  i f  the d e p th  of  

f lo w  is the  same at  e v e r y  sec t ion  o f  the  c h a n n e l  (Chow, 1959,



Ned et a l . ,  1976). A t u r b u l e n t  u n i f o r m  f l o w  was most commonly

e n c o u n te re d  in e n g i n e e r i n g  p ro b l e m s .  Und er  u s u a l  f i e l d  c o n d i t i o n s  

f low is n o n - u n i f o r m  a n d  u n s t e a d y  (Chow,  1959). But f o r  e as ie r  

m a t h e m a t i c a l  h a n d l i n g ,  s i m p le  c o n d i t i o n s  o f  s te a d y  u n i f o r m  is

s u b s t i t u t e d .  In g e n e r a l  u n i f o r m  f l o w  can o c c u r  o n l y  in v e r y  long

s t r a i g h t  p r i s m a t i c  c h a n n e l s .  In t u r b u l e n t  f l o w ,  the w a t e r  p a r t i c l e s

move in i r r e g u l a r  p a t h s  w h i c h  a re  n e i t h e r  smooth nor  f i x e d  b u t  w h ic h  

in the  a g g r e g a t e  s t i l l  r e p re s e n t  the f o r w a r d  mot ion o f  the e n t i r e  

str earn.

5 . U niform  flow form ulae

Most p r a c t i c a l  u n i f o r m  f l o w  f o r m u la  ca n  be e x p r e s s e d  in the 

g e n e r a l  fo rm

V = CR* Sy

w h e r e ,

V = mean v e l o c i t y ,  m/s

R = h y d r a u l i c  r a d i u s ,  m

S = l o n g i t u d i n a l  s lop e

C = ro u g h n e s s  f a c t o r

A good u n i f o r m  f l o w  f o r m u l a  w i t h  t u r b u l e n t  f l o w  s h o u ld  t a k e  into  

a c c o u n t  the v a r i a b l e s  such  as v e l o c i t y ,  p e r i m e t e r ,  h y d r a u l i c  r a d i u s ,  

max imum dep th  o f  w a t e r  a r e a ,  s l ope  o f  w a t e r  s u r f a c e ,  t e m p e r a t u r e  of  

w a t e r  etc A n t o in e  Chezy (1769) dev e lo pe d  the f i r s t  u n i f o r m  f low 

f o r m u la  w h i c h  is o f  the  fo rm



V = C / RS

w h e r e ,

V = mean v e l o c i t y ,  m /s  

R = h y d r a u l i c  r a d i u s ,  m

S = s lo p e  o f  th e  e n e r g y  l i n e

C = C h e z y ' s  c o n s t a n t

T h i s  f o r m u l a  was d e r i v e d  m a t h e m a t i c a l l y  f r om  two  a s s u m p t i o n s  F i r s t  

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

the s t r e a m b e d  was p r o p o r t i o n a l  to th e  s q u a r e  o f  th e  v e l o c i t y .  The  

s u r f a c e  o f  c o n t a c t  o f  th e  f l o w  w i t h  th e  s t r e a m b e d  was  e q u a l  to the  

p r o d u c t  o f  w e t t e d  p e r i m e t e r  a n d  th e  l e n g t h  o f  th e  c h a n n e l  r e a c h .  

Second a s s u m p t i o n  e x p l a i n e d  t h a t  the  e f f e c t i v e  compon en t  o f  g r a v i t y  

fo rc e  c a u s i n g  th e  f l o w  must  be e q u a l  to th e  t o t a l  f o r c e  o f  r e s i s t a n c e  

( Chow ,  1959) .

b a n g e n i l l e t  a n d  K u t t e r  (1869) p u b l i s h e d  a f o r m u l a  e x p r e s s i n g  the  

v a l u e  o f  ’ C ' f rom  f l o w  m ea s u rem e n t  d a t a  in v a r i o u s  t y p e s  o f  c h a n n e l s  

(Ch ow ,  1959) .

Ma ny  a t t e m p t s  were  made to d e t e r m i n e  the  v a l u e  o f  C

23 + 0 .00155 + _1 
S n

C

w h e r e ,

n = c o e f f i c i e n t  o f  r o u g h n e s s  ( K u t t e r ' s  n )



B a z in  (1897) p ro p o s e d  a fo r m u l a  a c c o r d in g  to w h ic h  C h e z y 's  C was 

c o n s id e r e d  as a f u n c t i o n  of  R (Chow, 1959).

C = 157 6
1.81 + m / | R

Where ' m 1 is a c o e f f i c i e n t  o f  ro u g h n e s s  whose v a l u e s  p ro p o s e d  by

B a z in  a re  g i v e n  in A p p e n d ix  I I  B a z in  f o r m u la  was d e v e lo p e d  

p r i m a r i f y  f ro m  the d a ta  c o l le c te d  f ro m  s m a l l  e x p e r im e n t a l  c h a n n e ls .  

The M iam i  C o n s e rv a n c e  D i s t r i c t  (1918) co m p a re d  the v a r i a t i o n s  in 

C h e z y 's  C. B a z i n ' s  'm '  a n d  K u t t e r ' s  ' n '  f o r  B a z i n ' s  e x p e r i m e m a l  

a a ta  o b t a in e d  from s e v e r a l  n a t u r a l  s t re am s a n d  t h e i r  r e s u l t s  a re

g i v e n  in A p p e n d ix  I I I .  The v a lu e s  of  a v e r a g e  v a r i a t i o n  i n d i c a t e d

th a t  B a z i n ' s  f o r m u la  was not as good as K u t t e r ' s  even fo r  h is  own 

m easurem ents  Powel (1950) s u g g e s te d  a Jog a r th m ic  fo r m u la  fo r  

ro u g h n e s s  of  a r t i f i c i a l  c h a n n e ls  a n d  is g i v e n  as

C = 42 log f C + £  \
\  4R R /

w h e r e ,

£  = a m easure  o f  the c h a n n e l  ro u g h n e s s

The p r a c t i c a l  a p p l i c a t i o n  o f  t h i s  was l im i t e d  G a r b re c h t  (1961) l i s t e d  

s e v e ra l  e m p i r i c a l  a n d  s a l i e n t  fo r m u la e  f rom t u r b u l e n c e  th e o r y  fo r  

Chezv s c o e f f i c i e n t .  K a r m a n - P r a n d t  I e q u a t i o n  was one among them 

w h ic h  g i v e

C = 7 8g [2  lo g ( 2 R /K s ) +1 74]

w h e r e ,

Ks -  e q u i v a l e n t  ro u g h n e s s  m a g n i t u d e



I r i s h  e n g in e e r  Rober t  M a n n i n g  (1889) p re s e n t e d  a f o rm u la  

w h i c h  was l a t e r  m o d i f i e d  to i t ' s  p re s e n t  form

V  i  R 2 / 3  s ' / 2

Where ' n '  is the  c o e f f i c i e n t  o f  r o u gh ne s s  k n ow n  as M a n n i n g ' s  n 

T h is  f o r m u l a  d ev e lo pe d  f rom seven d i f f e r e n t  fo r m u la e  b as e d  on B a z i n ' s  

e x p e r i m e n t a l  d a t a ,  a n d  f u r t h e r  v e r i f i e d  b y  170 o b s e r v a t i o n s .  T h i s  is 

the most w i d e l y  used u n i f o r m  f l o w  f o r m u l a  in open c h a n n e ls  

M a n n i n g  s n was d ev e lo pe d  e m p i r i c a l l y  as a c o e f f i c i e n t  w h ic h  

re m a in e d  a c o n s t r a i n t  f o r  a g i v e n  b o u n d a r y  c o n d i t i o n ,  r e g a r d l e s s  of  

s lope of  the  c h a n n e l  a n d  s i ze  of  c h a n n e l .  As a m a t t e r  o f  fa c t  

h ow ev e r ,  each o f  these f a c t o r s  ca use s  n to v a r y  to some e x te n t  

Fo r  p r a c t i c a l  p u r p o s e s  M a n n i n g ' s  n a n d  K u t t e r ' s  n were 

c o n s i d e r e d  i d e n t i c a l  a n d  a re  g i v e n  in A p p e n d i x  IV .  The exp one nt  ot 

h y d r a u l i c  r a d i u s  in M a n n i n g ' s  f o r m u la  was a c t u a l l y  not a c o n s ta n t  

b u t  v a r i e d  in a r a n g e  d e p e n d in g  m a i n l y  on the c h a n n e l  shape a n d  

r o u g h n e s s .

Fo r  t h i s  reason some h y d r a u  I ic i ans p r e f e r r e d  to use the 

fo r m u la  w i t h  a v a r i a b l e  e x p o n e n t .  For  e x am p le  P a v l o v s k i  ( 1925) 

p ro po se d  the u n i f o r m  f lo w  f o r m u la  w i d e l y  used in USSR is g i v e n  as

c  = 1 r V
n

y = 2 .5  f n  -  0 .1 3 -0 . 7 5  7 r  (Yn -  0 10) 

C “  C h e z y ' s  r e s i s te n c e  f a c t o r

n

whene



T l i t  e x p o n e n t  ' y '  dep ended  on the  r o u g h n e s s  c o e f f i c i e n t  a n d  h y d r a u l i c  

r a d i u s .  M a n n i n g ' s  n was h i g h l y  v a r i a b l e  a n d  dep ended  on a 

number  o f  f a c t o r s .  At  t h e  U n i v e r s i t y  o f  I l l i n o i s  (1931) an 

i n v e s t i g a t i o n  was made to de te rm in e  the e f fec t  o f  v e g e t a t i o n  on the 

c o e f f i c i e n t  o f  ro u g h n e s s  a n d  f o u n d  t h a t  i t in c r e a s e d  the c o e f f i c i e n t  ofj  

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

f l o w .  Cha nn e l  i r r e g u l a r i t y  d e f i n i t e l y  i n t r o d u c e d  r o u gh ne s s  in a d d i t i o n  

to t h a t  ca us e d  b y  o t h e r  f a c t o r s .  The v a l u e  o f  n dec re ase d  due to| 

s i l t i n g  a n d  in c r e a s e d  due to s c o u r i n g .  R e c o g n iz in g  s e v e r a l  p r i m a r y  

f a c t o r s  a f f e c t i n g  ro u g h n e s s  c o e f f i c i e n t ,  Cowan (1956) dev e lo pe d  a 

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

, i 5n = ( n Q + n j  + n 2 + n 3 + m

w h e r e ,

nQ -  the   ̂ b a s i c  n v a l u e  f o r  a s t r a i g h t  u n i f o r m ,  smooth 

c h a n n e l  in n a t u r a l  m a t e r i a l s  i n v o l v e d

n^ -  a v a l u e  a d d e d  to nQ to c o r r e c t  f o r  th e  e f f ec t  of  s u r f a c e  

i r r e g u l a r i t  les

n 2 -  a v a l u e  f o r  v a r i a t i o n  in s h a p e  a n d  s i ze  o f  the c h a n n e l  

c ross  sec t ion

Pq -  a v a l u e  fo r  o b s t r u c t i o n

n, -  a v a i u e  fo r  v e g e t a t i o n  a n d  f low c o n d i t i o n s  
A

m -  a c o r r e l a t i o n  f a c t o r  f o r  m e a n d u r i n g  o f  c h a n n e l  
5



The v a l u e  o f  n_ to n.  a n d  mc f o r  d i f f e r e n t  c o n d i t i o n s  a re  
0 4 5

g i v e n  in A p p e n d i x  V.

Johnston  a n d  Goodr ich  (1911) p ro po s ed  an e x p o n e n t i a l  f o r m u la  

o f  the  fo rm  V = CRP S01 a n d  g a v e  v a lu e s  o f  C a n d  p m a k i n g  q 

u n i f o r m l y  e q u a l  to 0 . 5  f o r  s i m p l i c i t y  ( E l l i s ,  1916).  Othe r  open

c h a n n e l  e q u a t i o n s  t h a t  o f t en  used a r e  g i v e n  be low ( G a r b r e c h t  et_ a l . ,  

1961 a n d  B h o w m ik ,  1965).

1. Weisbach (1845) a n d  D a r c y  (1854)

w h e r e ,

8g RS 
f  “  2

f  = f r i c t i o n  f a c t o r

T h is  e q u a t i o n  was a p p l i c a b l e  to u n i f o r m  a n d  n e a r l y  u n i f o r m  f l o ws  in 

open c h a n n e l s .  S t an to n  D i a g n a m  (1914) g a v e  a r e l a t i o n  between 

R e y n o l d ' s  n um be r  a n d  f r i c t i o n  f a c t o r  o f  the  D a r c y - W e is b a c h  e q u a t i o n

2 Hazen W i l l i a m  f o r m u l a  (1933)

V = 1.318 C 1 R0,63 S0,54

Where w o u l d  dep en d  upon r o u g h n e s s  o n l y .  I t  has been used

e x c l u s i v e l y  f o r  d e s ig n  o f  w a t e r  s u p p l y  •system in U.S.



3 . G H . K e u le g a n  (1938)

C -  8

f 1/ 2

w h e r e ,

C = C h e z y ' s  c o e f f i c i e n t  

f  = D a r c y - W e is b a c h  c o e f f i c i e n t

4 A . E .  B r e t t i n g  (1948)

= 2 log ( K s /  14.83R)

w h e r e ,

f  = D a r c y - W e is b a c h  c o e f f i c i e n t  

Ks = e q u i v a l e n t  s a n d  g r a i n  d ia m e te r

5 J . H .  T h i j s e e  (1949)

f  log 12.2R
2.03 0.282 £  + Ks J

f  1 /2  

w h e r e ,

E  = t h i c k n e s s  o f  l a m i n a r  s u b l a y e r  

Ks = a measure  of  r o u g h n e s s

6.  A.D A l f s h u l  (1952)

. Re
 1.8 log Re( A / D)+7



w h e r e ,

Re -  R e y n o l d ' s  n u m b e r

A  -  a l i n e a r  m e a s u r e  o f  r o u g h n e s s  h e i g h t  

D -  d e p t h  o f  f l o w

7 P .  A c k e r s  (1958)

1/2C = (32 g)  log ( )
Ks 

w h e r e ,

Ks = a m e a s u re  o f  a m p l i t u d e  o f  r o u g h n e s s

8. W.W. S a y r e  a n d  M . L .  A l b e r t s o n  (1961)

C
 ;—  = 6 .0 6  log ( Dn + 2 . 6 )

1/2  —

9 x

w h e r e ,

Dn = n o r m a l  d e p t h  

x  = a g e n e r a l  r o u g h n e s s  p a r a m e t e r

9.  H .J .  K o lo s e u s  a n d  D a v i d i a n  (1961)

0

( 0-56 R 'J
^  K =; S

f  1 /2

w h e r e ,

0 . 9
i i 0.56  ^  R

—  ‘  2 109 '  Ks

A  -  a m e a s u re  o f  c o n c e n t r a t i o n  o f  r o u g h n e s s  e le m e n ts  

Ks -  a m e a s u r e  o f  th e  a m p l i t u d e  o f  t h e  r o u g h n e s s  

e lements



d i s t r i b u t i o n  in the  c r oss  sec t ion  has  a p p r e c i a b l e  i n f l u e n c e  o n l y  i f the 

f rou de  n u m b e r  o f  th e  f l o w  is c o n s i d e r a b l y  g r e a t e r  t h a n  one.  For  a 

c h a n n e l  o f  g i v e n  c ro ss  s e c t i o n a l  a r e a ,  R v a r i e d  w i t h  the  fo rm o f  i ts 

s e c t i o n ,  w h i l e  the  r e s i s t a n c e  to f l o w  inc rea s e d  as R d i m i n i s h e d  

(G ibs o n ,  1951).  Mea surements  c a r r i e d  out  b y  M a r t c i n e c  (1958) 

c o n f i r m e d  the u n s u i t a b i l i t y  o f  mean v e l o c i t y  e q u a t i o n s  w i t h  a c o n s t a n t  

exp o ne n t  o f  h y d r a u l i c  r a d i u s  fo r  more a c c u r a t e  c o m p u t a t i o n s  T h i s  

s h o r tc o m in g  was e l i m i n a t e d  b y  e q u a t i o n  o f  P a v l o v s k i  o r  A g n o s k i n

w h i c h  was a m o d i f i c a t i o n  of  P r a n d t  l - K a r m a n  e q u a t i o n .  M a r t c i n e c  

g i v e  th e  e q u a t i o n  as

V = (18 log R / d  + 13) / R S

w he re ,

S = s lope  f rom 0.0004 -  0.0039 

d = d ia m e t e r  of  p a r t i c l e  f rom 0 .004 -0 .2 5  m 

R = h y d r a u l i c  r a d i u s  f r om  0 . 1 5 - 2 . 5  m

S h ih  et_ aJL (1967) co nd uc te d  a s t u d y  w h i c h  was conc e rn ed  

w i t h  the v a l i d i t y  o f  a p p l y i n g  the h y d r a u l i c  r a d i u s  as a so le  geome t r ic  

q u a n t i t y  f o r  v a r i o u s  c h a n n e l  shap es  in the co m p u ta t i o n  o f  t u r b u l e n t  

u n i f o r m  f l o w .  The conce pt  o f  h y d r a u l i c  r' a d i u s  was b a s e d  on the

a s s um pt i o n  t h a t  the  d i s t r i b u t i o n  o f  s h e a r i n g  s t re ss  a r o u n d  the  wet ted  

p e r im e t e r  o f  a c h a n n e l  c ross  sec t ion  was u n i f o r m  In open c h a n n e l

f l o w s  in a c h a n n e l  o f  any  s h ap e ,  the  d i s t r i b u t i o n  of  s h e a r i n g  s t ress  

was k n o w n  to be u n i f o r m .  The e f fec t  o f  c h a n n e l  sh ape  a n d  h y d r a u l i c

K e u le g a n  (1938) a n d  R ouse (1950) s t a t e d  t h a t  v e l o c i t y



r a d i u s  r e l a t i o n s h i p  was in th e  r e c i p r o c a l  o r d e r .  When the  sh ape  

e f fe c t  was more i n f l u e n c i a l ,  the  h y d r a u l i c  r a d i u s  become less v a l i d  as 

a so le  geo m e t r ic  q u a n t i t y .

L i u  et_ a_l_. (1959) s u g g e s te d  t h a t  s t a b l e  c o n d i t i o n  f o r  a

c h a n n e l  in an a l l u v i a l  m a t e r i a l  were  a c h i e v e d  t h r o u g h  th e  a d j u s t m e n t  

of  c h a n n e l  w i d t h ,  dep th  a n d  c h a n n e l  s lop e.  R es is ta nce  to the  f low 

was a f u n c t i o n  o f  g r a i n  r o u gh ne s s  a n d  the fo rm ro u g h n e s s  ca us e d  by 

bed co nf  i g e ra t  ion a n d  b a n k  i r r e g u l a r i t i e s .  S u r y a v a n s h i  (1971) p o i n t e d  

out  t h a t  f o r  d e s i g n i n g  c a n a l  se c t i on  b y  M a n n i n g ' s  e q u a t i o n  f o r  a 

g i v e n  v e l o c i t y ,  d i s c h a r g e  a n d  s i d e  s lop e,  th e re  was a l i m i t i n g  

min im um  s lop e  be low w h i c h  the se c t io n  c o u l d  not be d e s ig n e d .

6 . T e x tu ra l c la s s ific a tio n  o f so il

S o l id  f r a c t i o n  o f  the  s o i l  was m a i n l y  composed o f  m i n e r a l  

p a r t i c l e s  w h i c h  d i f f e r  in s i z e s .  The p a r t i c l e  s ize  d i s t r i b u t i o n  d i f f e r e d  

c o n s i d e r a b l y  in d i f f e r e n t  s o i l  t y p e s .  So i l  t e x t u r e ,  q u a n t i t a t i v e l y  

r e f e r r e d  to the  r e l a t i v e  p r o p o r t i o n  o f  v a r i o u s  s izes  o f  so i l  p a r t i c l e s  in 

a g i v e n  s o i l .  The d i f f e r e n t  p a r t i c l e  s izes  a r e  u s u a l l y  d i v i d e d  in to  

th ree  t e x t u r a l  f r a c t i o n s  o r  s e p a r a t e s  such  as s a n d ,  s i l t  a n d  c l a y  

The c l a s s i f i c a t i o n  o f  s o i l  s e p a r a t e s  was done on the  b a s i s  o f  p a r t i c l e  

d ia m e t e r  r a n g e s .  The U . S . D . A . ,  I n t e r n a t i o n a l  Soi l  Science Soc iety  

(ISSS) a n d  I n d i a n  S t a n d a r d  ( IS )  c l a s s i f i c a t i o n  w h i c h  a re  the  most 

commonly  used a re  as f o l l o w s .  -



Soi l  s e p a r a t e s U .S . D . A . 1.S.S.S. 1 .S.

Grave I >2 mm >2 mm >4.75 mm

Ve ry  c o a rs e  s a n d 1-2 mm — —

Coarse  s a n d 0 .5-1  mm 0 . 2 - 2  mm 0 .6 25- 4 .75 mm

Medium s a n d 0 . 2 5 - 0 . 5  mm — 0 .425- 0 .625 mm

F i n e  sa nd 0 . 1 - 0 . 2 5  mm 0 . 0 2 - 0 . 2  mm 0.075- 0 .425 mm

Ve ry  f i n e  s a n d 0 .0 5 -0 .1  mm — —

S i l t 0 .00 2 -0 .0 5  mm 0.002 -0 .0 2  mm 0.00 2- 0 .075 mm

Clay <0.002 m <0.002 mm <0.002 mm

Soi l  t e x t u r e  was d e s i g n a t e d  on the  b a s i s  o f  the  p r o p o r t i o n  o f  

the above m en t io ned  s o i l  s e p a r a t e s .  The f i e l d  s o i l  sa mp le  was

a n a l y s e d  to f i n d  out  the  r e l a t i v e  p r o p o r t i o n s  o f  these p a r t i c l e s  a n d

i ts  t e x t u r e  was d e s i g n a t e d  u s in g  the  t e x t u r e  t r i a n g l e  shown in F i g . 2

( S i n ^ a ,  1977 a n d  Me Cuen,  1989). A c c o r d i n g  to them so i l  t e x t u r e  was

an i m p o r t a n t  f a c t o r  in d e t e r m i n i n g  the  w a t e r  h o l d i n g  c h a r a c t e r i s t i c s  o f  

the s o i l .  L i n s l e y  _et  ̂ a I . (1964) p o i n t e d  o ut  t h a t  t h e  r a t e  o f  seepage

f rom un l i n e d  c a n a l s  was i n f l u e n c e d  c h i e f l y  b y  the  c h a r a c t e r  o f  the

so i l  a n d  the  lo c a t i on  o f  the  g r o u n d  w a t e r  l e v e l .  Seepage r a t e  fo r

d i f f e r e n t  t y p e  of  m a t e r i a l s  in cu f t / s q  f t / d a y  were g i v e n  as fo l l o w s

Clay  loam 0 . 2 5 - 0 . 7 5 ,  s a n d y  loam 1 -1 .5 ,  loose s a n d y  s o i l s  1 . 5 - 2 . 0  a n d

g r a v e l l y  s o i l  3 . 0 - 6 . 0 .  A c c o r d i n g  to L an d o n  (1984) m e c h a n ic a l  a n a l y s i s  

was used to dfetormine the promot ion o f  d i f f e r e n t  s i z e d  p a r t i c l e s  in a 

s o i l .  The m e c h a n i c a l  a n a l y s i s  was p e r f o r m e d  in two s t a g e s ,  v i z . ,  

Sieve  a n a l y s i s  a n d  Se d im e n ta t i o n  a n a l y s i s .  F i r s t  s t a g e  was meant  f o r  

coars e  g r a i n e d  s o i l s  o n l y  a n d  f o r  s i l t  a n d  c l a y  s i ze  f r a c t i o n s  

s e d i m e n t a t i o n  t e c h n i q u e s  were used ( P u n m ia ,  1988).
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7 . N ecessity  o f l in in g  i n  c h a n n e ls

C a p a c i t y  o f  t h e  c a n a l  s y s t e m  w a s  f i x e d  on  t h e  b a s i s  o f  

c u l t u r a b l e  c o m m a n d  a r e a ,  w a t e r  a l l o w a n c e  a n d  t r a n s m i s s i o n  losses  

( P u r u s h o t t d m ,  1980) .  In  t h e  c a s e  o f  e a r t h e n  c h a n n e l s  t h e  c o n v e y a n c e  

losses m a y  r a n g e  f r o m  25-40 p e r  c e n t  w h i c h  w e r e  m a i n l y  d u e  to 

s e e p a g e  S e n a p a t h y  et_ a h  (1981)  f r o m  t h e i r  s e e p a g e  loss s t u d y  in 

e a r t h e n  c h a n n e l s  in d i f f e r e n t  t y p e s  o f  s o i l s  r e v e a l e d  t h a t  loss was  th e  

h i g h e s t  in  s a n d y  loam s o i l .  F u r t h e r  losses p e r  u n i t  t i m e  w e r e  m u c u 

more in  s m a l l  f i e l d  c h a n n e l s  t h a n  in  c o n t i n u o u s l y  f l o w i n g  c h a n n e l s  

H a q u e  (1978)  f o u n d  t h a t  a p l a n e  e r o d i b l e  b e d  w a s  i n h e r e n t l y  u n s t a b l e  

u n d e r  t h e  a c t i o n  o f  a f l o w i n g  f l u i d .  I t  d e f o r m e d  I n t o  v a r i o u s  t y p e s  

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

f e a t u r e s  s u c h  as r i p p l e s  a n d  d u n e s  p l a y e d  a s i g n i f i c a n t  r o l e  in th e  

m a k e  u p  o f  h y d r a u l i c  r e s i s t a n c e  to f l o w  m a l l u v i a l  c h a n n e l s  

Act oi d i n g  to V o r a  (1977)  a n d  Ned (1979)  f r om  c o n j u c t i v e  use  a s p e c t ,  

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

a n d  r e c o m m e n d e d  i t  f o r  e c o n o m ic  use o f  s c a r c e  w a t e r  r e s o u r c e s .

A . A d v a n ta g e s  a n d  re q u ire m e n ts  o f l in in g

A c c o r d i n g  to S a i n  (1957)  f o r  w a t e r  c o n s e r v a t i o n  a n d  c o n t r o l  

o f  w a t e r  l o g g i n g  a n d  s e e p a g e  in e a r t h e n  c a n a l s ,  i r r i g a t i o n  e n g i n e e r s  

w e re  c o n s t r u c t i n g  l i n e d  c a n a l s  w h e r e v e r  f e a s i b l e .  S a i n ,  1957 a n d  

N ed ,  1976 e n u m e r a t e d  t h e  a d v a n t a g e s  o f  c a n a l  l i n i n g  as ( 1 )  t h e  

c o e f f i c i e n t  o f  r u g o s i t y  in a l i n e d  c a n a l  w as  m uc h  less t h a n  in an

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



(2)  f o r  h i g h e r  v e l o c i t y ,  a r e a  c a n  be r e d u c e d  f o r  a g i v e n  d i s c h a r g e

r e s u l t i n g  a r e d u c t i o n  in c o n s t r u c t i o n  c o s t ,  (3 )  s e ep ag e  loss were  

r e d u c e d  to l / 4 t h  to 1 / 5 th  a n d  p r e v e n t e d  w a t e r  l o g g i n g ,  (4 )  m a i n 

te n a n c e  a n d  o p e r a t i o n  c h a r g e s  wer e  r e d u c e d ,  (5 )  a l i n e d  c a n a l  c a n  

w i t h s t a n d  e r o s io n  b e t t e r  t h a n  e a r t h e n  c a n a l s .  A c c o r d i n g  to 

P u r u s h o t t a m  (1980)  l i n e d  c a n a l s  w e r e  e x p e n s i v e  a n d  cost  3 to 4 t im es 

more t h a n  th e  u n l i n e d  ones o f  e q u a l  c a p a c i t y .  T h e r e f o r e  l i n i n g  o f

c a n a l s  a n d  o p t i m u m  le n g t h  f o r  l i n i n g  was b a s e d  one economic  a n a l y s i s  

o f  b e n e f i t s  a n d  c a p i t a l  cost  ( K h e p a r ,  1979, S h a r m a ,  1981) The 

e s s e n t i a l  r e q u i r e m e n t s  o f  a s a t i s f a c t o r y  l i n i n g  w ere  low co s t ,  

i m p e r m ia b i  l i t y , h y d r a u l i c  e f f i c i e n c y ,  d u r a b i l i t y  a n d  s t r u c t u r a l  

s t a b i l i t y .  T he  s e le c t i o n  h as  to be made a f t e r  c o n s i d e r i n g  c l i m a t i c

c o n d i t i o n s ,  p o s i t i o n  o f  w a t e r  t a b l e ,  a v a i l a b i l i t y  o f  m a t e r i a l ,  s i z e  o f  

th e  c a n a l  e tc .

B. M a te r ia ls  used fo r  lin in g

D i f f e r e n t  t y p e s  o f  m a t e r i a l s  c o mm on ly  us ed  f o r  l i n i n g  a r e  as 

f o l l o w s .  (1)  c o n c r e t e  c a s t  in s i t u  (2 )  p r e c a s t  c o n c r e t e  (3)  b r i c k  

m a s o n r y  (4)  s t o ne  m a s o n r y  (5)  b i t u m i n o u s  m a t e r i a l  (6 )  e a r t h  

m a t e r i a l  (7)  f i l m s  o f  p l a s t i c  a n d  s y n t h e t i c  m a t e r i a l .

S e n a p a t h y  et a l .  (1981) o b s e r v e d  t h a t  t h e  b r i c k  l i n e d  c h a n n e l  w i t h  

c o n c r e t e  b a s e  g a v e  l o n g e r  s e r v i c e  w i t h  m in i m u m  r e p a i r  a n a  

f r i a m t f n ^ n c e  cost  a n d  a p p e a re d  to be t h e  most e f f e c t i v e .
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MATERIALS AND METHODS

The mean v e l o c i t y  of  a t u r b u l e n t  u n i f o r m  f l o w  in open c h a n n e ls  

is u s u a l l y  e x p r e s s e d  in the g e n e r a l  fo rm

V = CRX Sy 

whe re ,

V = mean v e l o c i t y  o f  f l o w ,  m/s

R = e n e r g y s l o p e  o r  l o n g i t u d i n a l  s lope 

x & y  = e x p o ne n t s

C = a f a c t o r  o f  f l o w  r e s i s t a n c e  w h i c h  v a r i e s  w i t h  mean v e l o c i t y

h y d r a u l i c  r a d i u s ,  c h a n n e l  r o u g h n e s s ,  v i s c o s i t y  a n d  many

o t h e r  f a c t o r s

In the  p re s e n t  s t u d y ,  e x p e r i m e n t s  were c o n d u c t e d  to f i n d  out  

the f o l l o w i n g  c o n s t a n t s  in the u n i f o r m  f l o w  f o r m u la  f o r  d i s c h a r a q e s  

less t h a n  10 l / s  in cement  l i n e d  a n d  e a r t h e n  c h a n n e l s .

1. E x p on ent  ' x '  of  h y d r a u l i c  r a d i u s ,  R

2 Ex o on e n t  ' y 1 of  e n e rg y  s lop e,  S

3 F a c t o r  o f  f l o w  r e s i s t a n c e ,  C

E x p e r i m e n t s  were c o n d u c te d  f o r  d i f f e r e n t  d i s c h a r g e s  v a r y i n g  

f rom 1 l / s  to 9 l / s  a n d  f o r  s lopes  of  1/2000, 1/3000, 1/4000 and

1/5000. O b s e r v a t i o n s  were t a k e n  f o r  the  abo ve  s lop es  a n d  d i s c h a r g e s



in l i n e d  a n d  e a r t h e n  c h a n n e l s .  T h e  v a l u e s  o b t a i n e d  w e r e  c o m p a r e d  

w i t h  M a n n i n g ' s  a n d  C h e z y ' s  e q u a t i o n  f o r  c h e c k i n g  t h e  e x t e n t  o f  t h e i r  

v a l i d i t y  f o r  d i s c h a r g e s  less t h a n  10 l / s  in  s m a l l  c a n a l s .

1. L o c a t ion

T h e  e x p e r i m e n t a l  s i t e  s e l e c t e d  w a s  in t h e  I n s t r u c t  l o n a  I F a r m  

o f  K e l a p p a j i  C o l l e g e  o f  A g r i c u l t u r a l  E n g i n e e r i n g  a n d  T e c h n o l o g y  at  

T a v a n u r .  T h e  s i z e  o f  t h e  p l o t  w a s  45 x  6 m.

2 .  C le a r in g  th e  s i t e

T h e  s i t e  s e l e c t e d  w as  c l e a r e d  a n d  l e v e l l e d  a p p r o x i m a t e l y .

3 .  C a n a ls

a .  L i n e d  c a n a l

A t r a p e z o i d a l  c a n a l  w a s  d e s i g n e d  f o r  a d i s c h a r g e  o f  m a x i m u m  

10 l / s .  T h e  c r o s s  s e c t i o n  o f  t h e  c a n a l  w a s  as f o l l o w s .

B o t tom w i d t h -  15 cm

S id e  s lope = 1 1

D e p t h o f  c a n a l = 18 cm

L e n g t h o f  c a n a l = 40 m

L o n g i t u d i n a l  Slopes o f  1 /2000 ,  1 /3000 ,  1 /4000 a n d  1/5000 w e r e  u s e d  f o r  

c o n d u c t i n g  t h e  e x p e r i m e n t s  in t h e  l i n e d  c h a n n e l .  Cement  w a s  u s e d  as 

th e  l i n i n g  m a t e r i a l .



Fig 3 EXPERIMENTAL SITE (on isometric view)



b . E a r t h e n  c h a n n e l

A t r a p e z o i d a l  c a n a l  was d e s ig n e d  f o r  a d i s c h a r g e  o f  max imum  

10 I / s .  The d im en s ion s  o f  th e  se c t io n  were

Bottom w id t h = 15 cm

S i de s lope = 1.5 1

Depth of  c a n a l = 18 cm

L e n g th of  c a n a l = 40 m

L o n g i t u d i n a l  s lopes  of  1/2000, 1/3000, 1/4000 a n d  1/5000 were used f o r  

c o n d u c t i n g  the  e x p e r i m e n t  in the  e a r t h e n  c h a n n e l .

c Upst ream t a n k

A t a n k  of  s ize  2 .6  x  1.1 x  0 . 6  m was made at  th e  u p s t r e a m ,  

common to b o t h  the  c h a n n e l s .  Water  e n te re d  the c h a n n e l  d i r e c t l y  f rom 

the  t a n k  when the  w a t e r  leve l  was ab ove  the  bot tom level  o f  the

c h a n n e l .

d. D ow ns t re am  t a n k

A t a n k  o f  s ize  5.1 x  1.1 x  0 .8  m was made at the

d o w n s t re a m ,  common to b o th  the  c h a n n e l s .  Wate r  f l o w i n g  t h r o u g h  the

c h a n n e l  f e l l  in t o  the  dow ns t re am  t a n k .  On the b r e a d t h w i s e  s id e  of

the  t a n k ,  a V - n o t c h  was i n s t a l l e d  to measure  the d i s c h a r g e  in the 

c h a n n e l .  The V - n o t c h  was i n s t a l l e d  a v e r t i c a l l y  such  t h a t  th e  apex of



the no tch  a b ov e  the f l o o r  leve l  o f  th e  t a n k  was at leas t  two t im es  the 

m ax im um  e x p e c te d  head o v e r  th e  no tc h  to fo rm the n a p p e .

4 .  M a t e r i a l s  use d  f o r  c o n s t r u c t i o n

1. B r i c k s

2. Cement

C o u n t r y  b u r n e d  b r i c k s  o f  22 x  11 x  7 cm were 

used  f o r  c a n a l  l i n i n g  a n d  t a n k  c o n s t r u c t i o n

P o r t l a n d  cement was used f o r  th e  w ho le  c o n s t r u c 

t ion w ork

3.  S a n d

4. A g g r e g a t e s

R i v e r  s a n d  was used f o r  th e  w ho le  c o n s t r u c t i o n  

w o rk

G ra v e l  o f  6 mm a n d  12 s iz e  were used fo r  

c o n c r e t i n g  the bot tom  o f  c h a n n e l  a n d  t a n k s  

respec t  i v e l y

5.  Metho d o f  c o n s t r u c t i o n

a.  C a n a ls

F o r  a l e n g th  o f  40 m, two c h a n n e l s  were e x c a v a t e d  s id e  by 

s i d e ,  t r a p e z o i d a  I ly to get  th e  r e q u i r e d  s iz e .  The s ize  of  e x c a v a t i o n  

used f o r  l i n e d  c h a n n e l  was su c h  t h a t  th e  r e q u i r e d  s iz e  was o b t a i n e d  

a f t e r  l i n i n g .  A m i x t u r e  of  1 4 8 w i t h  a w a t e r  cement  r a t i o  o f  1 6 was 

used f o r  c o n c r e t i n g  the bot tom  of  the c h a n n e l  to a t h i c k n e s s  of  20 mm 

B r i c k s  were  used f o r  l i n i n g  th e  s id e s  of  th e  c h a n n e l .  I n s i d e  a n d  

top c o v e r  were p l a s t e r e d  w i t h  1 5 m ix  a n d  t r o w e l  f i n i s h e d  to a



t h i c k n e s s  s u c h  t h a t  t h e  d i m e n s i o n s  o f  t h e  c h a n n e l  w e r e  p r e c i s e  T h e  

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

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

b U p s t r e a m  t a n k

T h e  t a n k  w a s  c o n s t r u c t e d  common to b o t h  t h e  c h a n n e l s  w i t h  a 

w a l l  t h i c k n e s s  o f  11 mm. T h e  b o t t o m  o f  t a n k  w a s  c o n c r e t e d  w i t h

1 4 8 m i x ,  50 mm t h i c k  a n d  p l a s t e r e d  c o m p l e t e l y  w i t h  c e m e n t  m o r t a r  

1 5.

c D o w n s t r e a m  t a n k

T h e  t a n k  w a s  c o n s t r u c t e d  common to b o t h  t h e  c h a n n e l s  w i t h  a 

w a l l  t h i c k n e s s  o f  25 cm A m i x t u r e  o f  1 4 8,  50 cm t h i c k  w a s  u s e d

f o r  c o n c r e t i n g  t h e  b o t t o m  a n d  c e m e n t  m o r t a r  1 5 w a s  u s e d  t o r  p l a s t 

e r i n g  t h e  t a n k  a n d  f i n i s h e d  w i t h  a n e a t  f l u s h i n g  c o a t .

d .  V - n o t c h

A V - n o t c h  w a s  u s e d  f o r  m e a s u r i n g  t h e  d i s c h a r g e  in t h e  

c h a n n e l .  I t  is o ne  o f  t h e  most  p r e c i s e  d i s c h a r g e  m e a s u r i n g  d e v i c e  

s u i t a b l e  f o r  a w i d e  r a n g e  o f  f l o w .

6 ,  Hook g a u g e

A l a r g e  hoo k  g a u g e  w i t h  v e r n i e r  a r r a n g e m e n t  w a s  u s e d  to 

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

T h e  h o o k  g a u g e  w a s  f i x e d  on a 6 mm t h i c k  MS f l a t  a n d  t h e  w h o l e



a r r a n g e m e n t  w a s  p l a c e d  a t  a d i s t a n c e  o f  5 t im e s  t h e  m a x i m u m  e x p e c t e d  

h e a d ,  i . e  75 cm f r o m  t h e  n o t c h  to ge t  a s t i l l  w a t e r  s u r f a c e  w h e r e  

v e l o c i t y  w a s  e s s e n t i a l l y  z e ro  w h i l e  m e a s u r i n g  t h e  h e a d  o v e r  t h e  n o t c h  

T h i s  w a s  m a d e  n e c e s s a r y  b y  t h e  d o w n w a r d  c u r v a t u r e  o f  t h e  w a t e r  

s u r f a c e  n e a r  t h e  c r e s t

7 . Stop w a tch

A s t o p  w a t c h  w as u s e d  to note  t h e  l i m e  t a k e n  f o r  f i l l i n g  th i  

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

8 .  S c a l e

A 15 c m ,  t h i n  b e v e l  e d g e d ,  t r a n s p a r e n t  a n d  n o n - f l e x  i b l e  

s c a l e  w a s  u s e d  to m e a s u r e  t h e  d e p t h  o f  w a t e r  in t h e  c h a n n e l  at 

d i f f e r e n t  s e c t i o n s

9 . Source o f w a te r

T h e  m a i n  w e l l  in t h e  I n s t r u c t i o n a l  F a r m  a n d  tw o  f i l t e r  p o i n t  

t u b e  w e l l s  n e a r  t h e  s i t e  w e r e  u s e d  as t h e  s o u r c e  o f  w a t e r  f o r  th e  

e x p e r  ime nt

10 A lu m in iu m  p ip e s

5 i n c e  t h e  s o u r c e  o f  w a t e r  w a s  a t  some d i s t a n c e  a w a y  f r o m  

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

s o u r c e  t o  t h e  s i t e .



11. P ipe  bends

90° a l u m i n i u m  p ip e  be nds  were conn ec te d  to the  end  o f  the 

las t  c o n v e y a n c e  p ip e s  a t  th e  u p s t r e a m  t a n k  in su ch  a w ay  t h a t  the 

mouth o f  the  b e n d s  were b e lo w  the w a t e r  s u r f a c e  to a v o i d  t u r b u l a n c e

on the w a t e r  s u r f a c e  d u r i n g  the  e x p e r i m e n t .

12. Pump

Pumps were used to d r a w  w a t e r  f rom the  w e l l s

13. Sieves

2 mm, 1 mm, 600, 425, 300, 212, 150 a n d  75 m ic ro ns  w i t h  l i d

a n d  r e c e i v e r ,  w e i g h i n g  b a l a n c e ,  s iev e  b u r s h ,  e v a p o r a t i n g  d i s h ,  meta l

t r a y s ,  d r y i n g  oven a n d  m e c h a n i c a l  s ie v e  s h a k e r  were used in d r y  

s ie ve  a n a l y s i s  f o r  d e t e r m i n i n g  the  p a r t i c l e  s ize  d i s t r i b u t i o n .

14. H y d r o m e te r

A d e n s i t y  h y d r o m e t e r ,  h y d r o m e t e r  j a r s ,  th er m om et re ,  s t i r r e r ,

d i s p e r s i n g  age n t  a n d  a stop w a t c h  were  used f o r  s e d i m e n t a t i o n

a n a l y s i s  to f i n d  o ut  th e  t e x t u r e  of  the  s o i l .

15S Baste hydrau lics

An open c h a n n e l  is a c o n d u i t  in w h i c h  w a t e r  f l o w s  w i t h  a

f r e e  s u r f a c e  When f l o w  o c c u rs  in an  open c h a n n e l ,  the  r e s i s t a n c e  is



e n c o u n te re d  b y  w a t e r  as i t f l o w s  d o w n s t re a m .  T h i s  r e s i s t a n c e  is 

g e n e r a l l y  c o u n t e r a c t e d  b y  the components  of g r a v i t y  fo rces  a c t i n g  on 

the b od y  o f  the w a t e r  in the d i r e c t i o n  o f  mot ion  A u n i f o r m  f l ow  w i l l  

be d e v e lo p e d  i f  the  r e s i s t a n c e  is b a l a n c e d  b y  the g r a v i t y  fo rces  The 

m a g n i t u d e  o f  the  r e s i s t a n c e ,  when o t h e r  p h y s i c a l  f a c t o r s  o f  the 

c h a n n e l  a r e  k e p t  u n c h a n g e d ,  dep ends on the  v e l o c i t y  o f  f l o w .  In 

u n i f o r m  f l o w ,  d e p t h ,  w a t e r  a r e a ,  v e l o c i t y  a n d  d i s c h a r g e  at  e v e r y  

sec t io n  o f  the  c h a n n e l  r ea ch  a r e  c o n s t a n t  a n d  the e n e r g y  l i n e ,  w a t e r  

s u r f a c e  a n d  c h a n n e l  bot tom are  p a r a l l e l .

1 Cha nn e l  geomet ry

A c h a n n e l  b u i l t  w i t h  u n v a r y i n g  c r o s s - s e c t i o n  a n d  c o n s t a n t

bot tom s lope is k n ow n  as p r i s m a t i c  c h a n n e l .  A c h a n n e l  se c t io n  r e f e r s  

to the c ross  s e c t i on  o f  a c h a n n e l  t a k e n  n or ma l  to the  d i r e c t i o n  of  

f l ow  Geometr ic  e lements  o f  a c h a n n e l  se c t i on  a r e  the  p r o p e r t i e s  of  a 

c h a n n e l  se c t io n  t h a t  ca n  be d e f i n e d  e n t i r e l y  by  the  geo me t ry  of  the 

se c t io n  a n d  the  d e p t h  o f  f l o w .  The d e f i n i t i o n s  o f  s e v e r a l  g eomet r ic  

e lements o f  b a s i c  im p o r t a n c e  a re  g i v e n  be low

a.  Bot tom w i d t h  (B)  is the w i d t h  o f  the bot tom  o f  the  c h a n n e l

sect ion

b .  Depth  o f  f l o w  (Y)  is th e  v e r t i c a l  d i s t a n c e  o f  the  lowest p o i n t  of

a c h a n n e l  se c t i on  f rom  the  f ree  w a t e r  s u r f a c e

c Top w i d t h  (T )  is th e  w i d t h  o f  the  c h a n n e l  sec t ion  at  th e  f ree

w a t e r  s u r f a c e

d Water  a re a  (A)  is th e  c ross  s e c t i o n a l  a r e a  o f  the  f l o w  r o r m a l  to 

the  d i r e c t i o n  ot  f l o w



e W e t t e d  p e r i m e t e r  ( P )  is t h e  l e n g  h o f  t h e  l i n t  o f  i n t e r s e c t i o n  o f

t h e  c h a n n e l  w e t t e d  s u r f a c e  w i t h  a c r o s s  s e c t i o n a l  p l a n e  n o r m a  I to 

t h e  d i r e c t i o n  o f  f l o w  

f  F r e e  b o a r d  in a c h a n n e l  is t h e  v e r t i c a l  d i s t a n c e  f r o m  t h e  w a t e r

s u r f a c e  to t h e  to p  o f  t h e  b a n k s  w h i l e  w a t e r  is b e i n g  c o n v e y e u  at

f u l l  c a p a c i t y

. o
g H y d r a u l i c  r a d i u s  (R)  is t h e  r a t i o  o f  t h e  w a t e r  a r e a  to  i t s  w e t t e d

p e r  i m e t e r .

A = ( B X m y ) Y

2
P = B + 2y J 1+m 

R -  A / P

w h e r e ,

A A 2A -  w a t e r  a r e a ,  m 

P -  w e t t e d  p e r i m e t e r ,  m 

R = h y d r a u l i c  r a d i u s ,  m 

B = b o t t o m  w i d t h ,  m 

Y = d e p t h  o f  f l o w ,  m 

m 1 = s i d e  s l o p e  o f  t h e  c h a n n e l

T h e  b a s i c  e q u a t i o n  f o r  a n y  f l o w  p a s t  a a c r o s s  s e c t i o n  is

g i y e n  b y

Q = A x  V

w h e r e ,

2
Q = d i s c h a r g e  a t  a c h a n n e l  s e c t i o n ,  m / s



A -  f l o w  c r o s s  s e c t i o n a l  a r e a  n o r m a l  to t h e  d i r e c t i o n  o f

2f l o w ,  m

V -  mean v e l o c i t y  o f  f l o w ,  m / s

2 V e l o c i t y  d i s t r i b u t i o n  in a c h a n n e l  s e c t i o n

O w i n g  to t h e  p r e s e n c e  o f  a f r e e  w a t e r  s u r f a c e  a n d  to t h e  

f r i c t i o n  a l o n g  t h e  c h a n n e l  w a l l ,  t h e  v e l o c i t i e s  in a c h a n n e l  a r e  not  

u n i f o r m l y  d i s t r i b u t e d  in t h e  c h a n n e l  s e c t i o n  T h e  m e a s u r e d  m a x i n u m

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

w a t e r  s u r f a c e  a t  a d i s t a n c e  o f  0 05 to 0 . 2 5  o f  t h e  d e p t h .  The  p a t t e r n  

o f  v e l o c i t y  d i s t r i b u t i o n  in t r a p e z o i d a l  c h a n n e l  s e c t i o n  is s h o w n  in 

F i g  A T h e  v e l o c i t y  d i s t r i b u t i o n  in a c h a n n e l  s e c t i o n  d e p e n d s  a l s o  on 

o t h e r  f a c t o r s ,  s u c h  as t h e  u n u s u a l  s h a p e  o f  t h e  s e c t i o n ,  t h e  r o u g h n e s s  

o t h e  c h a n n e l ,  a n d  t h e  p r e s e n c e  o f  b e n d s .  T h e  m a x i m u m  v e l o c i t y  

m a y  o f t e n  be  f o u n d  a t  t h e  f r e e  s u r f a c e .  T h e  r o u g h n e s s  o f  t h e  c h a n n e l  

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

i n c r e a s e  ( F i g  5 ) .  On a b e n d ,  t h e  v e l o c i t y  i n c r e a s e s  g r e a t l y  a t  t h e  

c o n v e x  s i d e ,  o w i n g  to t h e  c e n t r i f u g a l  a c t i o n  o f  t h e  f l o w .  S u r f a  e 

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

3 P r e s s u r e  d i s t r i b u t i o n  in c h a n n e l  s e c t i o n

T h e p r e s s u r e  a t  a n y  p o i n t  on t h e  c r o s s  s e c t i o n  o f  t h e  f l o w  in

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

c^ j m n  in a p i e z o m e t e r  i n s t a l l e d  a t  t h e  p o i n t  ( F i g  6 ) .  T h e  

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

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



F i g . 4 V e l o c i t y  d i s t r i b u t i o n

in t r a p e z o i d a l  ch an ne l

F i g . 5 Ef fec t  o f  roughne ss  on v e l o c i t y  

d i s t r i b u t i o n  in open c h a n n e l

r ~77rr7TT7-77r ~"/inrrir,— •

h = p ie zom et r ic  head 

hs h y d r o s t a t i c  head

~777~77T77

F ig 6 P re s s u re  d i s t r i b u t i o n  in s t r a i g h t  

c h a n n e l  of  smal l  s lope

F i g . 7 E s t a b l i s h m e n t  o f  u n i f o r m  f l ow  

in long c h an ne l



4 S t a t e  o f  f l o w

T he  s t a t e  o r  b e h a v i o u r  o f  open  c h a n n e l  f l o w  is g o v e r n e d  

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

i n e r t i a l  f o r c e s  o f  th e  f l o w  The  s u r f a c e  t e n s i o n  o f  w a t e r  may  a f f e c t  

th e  b e h a v i o u r  o f  f l o w  u n d e r  c e r t a i n  c i r c u m s t a n c e s  D e p e n d i n g  on th e  

e f f e c t  o f  v i s c o s i t y  r e l a t i v e  to  i n e r t i a ,  t h e  f l o w  may  be l a m i n t .  , 

t u r b u l e n t  o r  t r a n s i t i o n a l  T h e  f l o w  is l a m i n a r  i f  th e  v i s c o u s  fo rc e s  

a re  so s t r o n g  r e l a t i v e  to th e  i n e r t i a l  f o r c e s  t h a t  v i s c o s i t y  p l a y s  a 

g m f i c a n t  p a r t  in d e t e r m i n i n g  f l o w  b e h a v i o u r  In  t u r b u l e n t  f l o w ,  

the v i s c o u s  f o r c e s  a r e  w ea k  r e l a t i v e  to  th e  i n e r t i a l  f o r c e s .

T r a n s i t i o n a l  s t a t e  is in be tw e en  l a m i n a r  a n d  t u r b u l e n t  s t a t e s  The

e f f e c t  o f  v i s c o s i t y  r e l a t i v e  to i n e r t i a  c a n  be  r e p r e s e n t e d  b y  R e y n o l d ' s  

n u m b e r  a n d  is g i v e n  b y

Re -  V k

w h e r e ,

Re -  R e y n o l d ' s  n u m b e r

V = V e l o c i t y  o f  f l o w ,  m /s

L = C h a r a c t e r i s t i c  l e n g t h  i e h y d r a u l i c  r a d i u s  ror  

c h a n n e l ,  m

2J = K i n e m a t i c  v i s c o s i t y  o f  w a t e r ,  m / s

Open c h a n n e l  f l o w  c h a n g e s  f r o m  l a m i n a r  to t u r b u l e n t  in th e

r a n g e  o f  Re1 b e tw e e n  th e  c r i t i c a l  v a l u e  500 a n d  a v a l u e  t h a t  may  be

as h i g h  as 12500



5 .  E s t a b l i s h m e n t  o f  u n i f o r m  f l o w

A u n i f o r m  f l o w  w i l l  be d e v e lo p e d  i f  th e  r e s i s t a n c e  is 

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

A
when o t h e r  p h y s i c a l  f a c t o r s  o f  t h e  c h a n n e l  a r e  k e p t  u n c h a n g e d ,  

dep end  on the  v e l o c i t y  o f  f l o w .  I f  th e  w a t e r  e n t e rs  th e  c h a n n e l  

s l o w l y ,  the  v e l o c i t y  a n d  hence th e  r e s i s t a n c e  a re  s m a l l ,  a n d  the 

r e s i s t a n c e  is ou t  b a l a n c e d  b y  th e  g r a v i t y  f o rc e s ,  r e s u l t i n g  in an

a c c e l a r a t i n g  f l o w  in the  u p s t r e a m  r e a c h .  The  v e l o c i t y  a n d  the

r e s i s t a n c e  w i l l  g r a d u a l l y  i n c re a s e  u n t i l  a b a l a n c e  between r e s i s t a n c e  

a n d  g r a v i t y  f o rc e s  is r e a c h e d .  At  t h a t  moment a n d  a f t e r w a r d  the

f low  become u n i f o r m .  The u p s t r e a m  r e a c h  t h a t  is r e q u i r e d  f o r  the 

e s t a b l i s h m e n t  o f  u n i f o r m  f l o w  is k n o w n  as th e  t r a n s i t o r y  zone.  in

t h i s  zone the  f l o w  is a c c e l a r a t i n g  a n d  v a r i e d .  T o w a r d  t h ^  

d ow ns t re am  e nd  o f  the  c h a n n e l  the  r e s i s t a n c e  may a g a i n  be excee ce d  

b y  g r a v i t y  fo rc e s ,  a n d  th e  f l o w  may become v a r i e d  a g a i n .  E s t a b l i s h 

ment o f  u n i f o r m  f l o w  in a long c h a n n e l  is show n  in F i g . 7.  The w a t e r

s u r f a c e  in the  t r a n s i t o r y  zone a p p e a r s  u n d u l a t o r y .  The f l o w  is 

u n i f o r m  in th e  m i d d l e  r e a c h  o f  th e  c h a n n e l  b u t  v a r i e d  at  th e  two

end s.  The le n g t h  o f  t h i s  zone d ep en d  on the  d i s c h a r g e  a n d  on the  

p h y s i c a l  c o n d i t i o n s  o f  the  c h a n n e l ,  such  as e n t r a n c e  c o n d i t i o n ,  s h a p e ,  

s lo pe  a n d  r o u g h n e s s  From a h y d r o d y n a m i c  s t a n d p o i n t ,  th e  l e n g t h  o f  

the t r a n s i t o r y  zone s h o u l d  not  be less t h a n  the  l e n g t h  r e q u i r e d  f o r  

th e  f u l l  d e v e lo pm e n t  o f  th e  b o u n d a r y  l a y e r  u n d e r  th e  g i v e n  

c o n d i t  i o n s .



6 V e l o c i t y  o f  u n i f o r m  f l o w

Most p r a c t i c a l  u n i f o r m  f l o w  f o r m u l a  c a n  be e x p r e s s e d  in th e  

g e n e r a l  fo rm

w h e r e ,

V = CRX Sy

V = mean v e l o c i t y  o f  f l o w ,  m/s  

C = a f a c t o r  o f  f l o w  r e s i s t a n c e  

R = h y d r a u l i c  r a d i u s ,  m 

S = l o n g i t u d i n a l  s l o p e  on e n e r g y  s l o p e  

x  &  y = e x p o n e n t s

The  bes t  k n o w n  a n d  most w i d e l y  u s ed  u n i f o r m  f l o w  f o r m u l a e  

a r e  the  C h e z y ' s  a n d  M a n n i n g ' s .  C h e z y ' s  f o r m u l a  is q i v e n  b y

V = C f  RS

w h e r e ,

V = mean v e l o c i t y  o f  f l o w ,  m /s  

R = h y d r a u l i c  mean r a d i u s ,  m 

S = s l o p e  o f  t h e  e n e r g y  l i n e

C = t h e z y ' s  c o n s t a n t

C h e z y ' s  r e s i s t a n c e  f a c t o r  is d e t e r m i n e d  b y  G a n g u i l l e t  a n d  

K u t t e r ' s  f o r m u l a  a n d  B a z i n ' s  f o r m u l a .  G a n g u i l l e t  a n d  K u t t e r  

p u b l i s h e d  a f o r m u l a  e x p r e s s i n g  t h e  v a l u e  o f  C as



c  =

23 + 2  + 0-00155 
n S

1 + ^23+0.00155j  n

w h e r e ,

C = C h e z y ' s  c o n s t a n t  

S = s lope

R = h y d r a u l i c  mean r a d i u s ,  m 

n = ( K u t t e r ' s  c o n s t a n t )  c o e f f i c i e n t  of  ro u g h n e s s

U s in g  B a z i n ' s  f o r m u l a ,  C h e z y ' s  c o n s t a n t  'C '  is g i v e n  b y

c  =  1 5 7 -6
1.81 + m

w he re ,

C = C h e z y ' s  c o n s t a n t  

R = h y d r a u l i c  mean r a d i u s ,  m 

m = c o e f f i c i e n t  o f  ro u g h n e s s

M a n n i n g ' s  f o r m u l a  is in the  w e l l - k n o w n  form

v  ,  1  R2/ 2 s ' / 2
n

w h e re ,

V = mean v e l o c i t y  o f  f l o w ,  m /s  

R = h y d r a u l i c  r a d i u s ,  m

o
S = s lop e  o f  the  n e r g y  l i ne

n = c o e f f i c i e n t  o f  r o u g h n e s s  k n o w n  as M a n n i n g ' s  c o n s t a n t



16. L i n i n g  m a t e r i a l s

L i n i n g  c h a n n e l s  is a n  e f f e c t i v e  w a y  to  p r e v e n t  e r o s i o n ,

c o n t r o l  r o d e n t  d a m a g e  a n d  r e d u c e  s e e p a g e  a t  r e a s o n a b l e  c o s t .  L i n i n g

a l s o  r e d u c e s  m a i n t e n a n c e ,  c o n t r o l s  w e e d  g r o w t h  a n d  e n s u r e s  m ere

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

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

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

t h e  m a t e r i a l ,  i n s t a l l a t i o n  e q u i p m e n t ,  d i t c h  s i z e ,  c l i m a t e  e t c .  C o n c r e t e

is p r o b a b l y  t h e  m os t  p o p u l a r  l i n i n g  m a t e r i a l ,  b u t  a s p h a l t i c  m a t e r i a l s ,

b r i c k s ,  m e m b a r a n e s ,  a n d  i m p e r m e a b l e  e a r t h  m a t e r i a l s  a r e  a l s o  u s e d .  

0
I n  t h e  e x p e r i m e n t ,  c o n c r e t e  a n d  b r i c k s  w i t h  c e m e n t  m o r t a r  p l a s t e r i n g  

w a s  u s e d  as  t h e  l i n i n g  m a t e r i a l .

17 . E a r th e n  c h a n n e l

U n l i n e d  d i t c h e s  c a n  g e n e r a l l y  b e  u s e d  in  a n y  s o i l  t h a t  is

s u i t e d  to  c r o p  p r o d u c t i o n .  S p e c i a l  p r e c a u t i o n s  m a y  be  n e e d e d  in 

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

l o s s e s  m a y  b e  e x c e s s i v e  in  s a n d y  a n d  g r a v e l l y  s o i l s .  L o s s e s  c a n  be  

v e r y  h i g h  in  n o n - c o h e s i v e ,  c o a r s e  t e x t u r e d  s o i l s  a n d  low in  f i n e  

t e x t u r e d  c l a y  s o i l s .  L i g h t  a n d  m e d i u m  t e x t u r e d  s o i l s  w i t h  a  lo w  c l a y  

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

u s i n g  m a x i m u m  p e r m i s s i b l e  v e l o c i t y  c r i t e r i a  a c c o r d i n g  t o  s o i l  t e x t u r e .

18 . M e a s u re m e n t o f  d is c h a r g e  in  c a n a ls

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

n o t c h e s  e s p e c i a l l y  V - n o t c h .  D i s c h a r g e  t h r o u g h  a V - n o t c h  is g i v e n  b;,



Q = 8 / 1 5  Cd J  2g  t a n  0 / 2  H5/ 2

w here,

Q = d i s c h a r g e ,  m2/ s

Cd = c o e f f i c i e n t  o f  d i s c h a r g e

H -  h e a d  o f  w a t e r  o v e r  t h e  a p e x  o f  t h e  n o t c h ,  m

0  = a n g l e  i n c l u d e d  bet w e en  th e  s i d e s  o f  t h e  n o t c h ,  d e g re e

2
g = a c c e l a r a t i o n  due  to  g r a v i t y ,  m /s

19. E x p e r i m e n t a l  s e t - u p

As p e r  t h e  a b o v e  m e n t i o n e d  c o n s t r u c t i o n  p r o c e d u r e ,  l i n e d  a n d  

e a r t h e n  c h a n n e l s  w ere  c o n s t r u c t e d  f o r  a l e n g t h  p f  40 m w i t h  a s lo p e  

o f  1 /5000.  U p s t r e a m  a n d  d o w n s t r e a m  t a n k s  w ere  c o n s t r u c t e d  common to 

b o t h  t h e  c h a n n e l s .  A l u m i n i u m  p i p e s  w e r e  u s ed  f r o m  th e  s o u r c e  to th e  

u p s t r e a m  t a n k  f o r  t h e  c o n v e y a n c e  o f  w a t e r .  A 90° b e n d  w as c o n n e c t e d  

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

r i p p l e s  on t h e  w a t e r  s u r f a c e  d u r i n g  e x p e r i m e n t .  A hook  g a u g e  f i > e d  

on MS f l a t  w as  p l a c e d  on t h e  d o w n s t r e a m  t a n k  a t  a d i s t a n c e  o f  75 cm 

f rom  th e  V - n o t c h .

F o r  e x p e r i m e n t  on l i n e d  c h a n n e l ,  f i r s t  t h e  e n t r a n c e  f r o m  ih e  

t a n k  to t h e  e a r t h e n  c h a n h e l  w as c l o s e d .  M o t o r  w a s  s t a r t e d  a n d  w a t e r  

t h en  c o l l e c t e d  in th e  t a n k  u p t o  th e  b o t t o m  lev e l  o f  t h e  c h a n n e l  a n d  

th e n  e n t e r e d  th e  c h a n n e l .  The  w a t e r  f l o w i n g  t h r o u g h  th e  c h a n n e l  w as  

c o l l e c t e d  in t h e  d o w n s t r e a m  t a n k  u p t o  t h e  c r e s t  l ev e l  o r  a p e x  o f  the  

n o tc h  a n d  w h e n  t h e  w a t e r  r e a c h e d  a b o v e  t h i s  l e v e l ,  f l o w  t h r o u g h  the  

n o tc h  s t a r t e d .



P l a t e  I E x p e r i m e n t a l  s i t e
( V ie w  f r o m  u p s t r e a m  s i d e )





When the  w a t e r  s u r f a c e  was j u s t  a t  th e  leve l  o f  th e  a p e x  o f  

th e  n o t c h ,  th e  ze ro  r e a d i n g  o f  t h e  hook g a u g e  was  t a k e n .  W h i le  

t a k i n g  th e  hook g a u g e  r e a d i n g s ,  th e  top o f  the  hook was j u s t  at  the  

s t j l l  w a t e r  s u r f a c e .  A c y l i n d r i c a l  d r u m  o f  58.5  l i t r e s  c a p a c i t y  was 

used f o r  th e  c a l i b r a t i o n  o f  the  n o t c h .  F o r  d i f f e r e n t  h e a d s ,  th e  t ime 

t a k e n  to f i l l  th e  d r u m  was  ta k e n  u s i n g  a stop  w a t c h .  The a v e r a g e  

t ime t a k e n  to f i l l  th e  d r u m  f o r  d i f f e r e n t  he ads  were  f o u n d  o ut  a n d  the  

a c t u a l  r a t e  o f  f l o w  f o r  d i f f e r e n t  he ads  w ere  th en  c o m puted .  

C o e f f i c i e n t  o f  d i s c h a r g e  f o r  d i f f e r e n t  he ads  were  th en  c a l c u l a t e d .  A 

c u r v e  was  d r a w n  w i t h  he ad  o v e r  th e  no tch  as a b s c i s s a  a n d  c o e f f i c i e n t  

of  d i s c h a r g e  as o r d i n a t e .  From th e  c a l i b r a t i o n  c u r v e ,  th e  v a l u e s  of  

c o e f f i c i e n t  o f  d i s c h a r g e  f o r  m ax im um  a n d  m in im u m  e x p e c t e d  hea ds  in 

the  e x p e r i m e n t  were  t a k e n  a n d  t h e i r  a v e r a g e  v a l u e  was used 

t h r o u g h o u t  t h e  e x p e r i m e n t  f o r  c o m p u t a t i o n .

0
F o r  d i s c h a r g e  m ea s u rem e n t ,  d e p t h  o f  w a t e r  in th e  c h a n n e l  

was m e a s u r e d  f i r s t .  D ep th  o f  w a t e r  was m ea sur ed  a t  th e  m i d d l e  15 m 

to get a u n i f o r m  f l o w .  F o r  d e p th  mea sur em ent  t h e  f i r s t  10 m a n d  the 

la s t  15 m wer e  n e g le c t e d  f o r  a v o i d i n g  t u r b u l e n c e  a n d  a p p r o a c h  

v e l o c i t y  r e s p e c t i v e l y  in th e  c h a n n e l .  T he  hook g a u g e  r e a d i n g  ..'as 

t a k e n  a t  t h e  same t ime a t  w h i c h  d e p t h  o f  w a t e r  was m e a s u r e d .  Rate  

o f  f l o w  to th e  ups t r ea m *4 t a n k  was v a r i e d  b y  p u m p i n g  w a t e r  f rom  

d i f f e r e n t  so u rc es  a n d  in each ca se ,  d e p t h  in th e  c h a n n e l  a n d  he ad  

o v e r  t h e  n o tc h  were  m e a s u r e d .  Then s l o p e  was c h a n g e d  to 1/4000 b y  

a p p l y i n g  a cement  m o r t a r  p a s te  to the  p r e v i o u s  s lo pe  f r om  the 

u p s t r e a m  end  to get  th e  r e q u i r e d  leve l  d i f f e r e n c e  at  d i f f e r e n t  re a c h e s  

of  th e  c a n a l .  The same p r o c e d u r e  was  r e p e a t e d  f o r  s lop es  1/3000 a n d  

1/2000.



P l a t e  I I  W a t e r  e n t e r i n g  t h e  c h a n n e l  f r o m  u p s t r e a m  t a n k

( T u r b u l e n c e  e f f e c t  c a n  b e  s ee n a t  t h e  u p s t r e a m  r e a c h )

PI  a t e  I I
0

W a t e r  f l o w i n g  i n t o  t h e  d o w n s t r e a m  t a n k  
( E f f e c t  o f  a p p r o a c h  v e l o c i t y  c a n  be  seen a t  t h e

d o w n s t r e a m  r e a c h )





Pla te  IV Steady u n i f o r m  f low in the m id d le  r e a c h  o f  the ch anne I

P la t e  V V—notch a nd  hook gauge



f



For  e x p e r im e n ts  in e a r t h e n  c h a n n e l ,  the e n t r a n c e  f rom the 

u p s t r e a m  t a n k  to the  l i ne d  c h a n n e l  was c losed a n d  e n t r a n c e  to the

e a r t h e n  c h a n n e l  was opene d.  For  the  f i r s t  s lop e o f  1/5000, r e a d i n g s  

were ta ke n  f o r  d i f f e r e n t  d i s c h a r g e s .  The p ro c e d u r e  was rep ea ted fo r  

d i f f e r e n t  s lo pes ,  v i z . ,  1/4000, 1/3000 and  1/2000 b y  p r o v i d i n g  p ro p e r  

level  d i f f e r e n c e s  between the  ends o f  the c h a n n e l .

20. T e x tu ra l c la s s ific a tio n  of soil

Soi l  samples  co l l e c te d  f rom the  e a r t h e n  c h an ne l  s i t e  was 

d r i e d  in an o v e r  at  105°C a nd  pow de re d  i t  w i t h  f i n g e r s .  To

d es ig nat e  th e  t e x t u r e ,  p e rc en ta ge  o f  each p a r t i c l e  s ize  in the so i l  was 

fo u n d  out  b y  c o n d u c t i n g  s ie ve  a n a l y s i s  a n d  h y d r o m e t e r  a n a l y s i s .

S ieve were c lea ne d  w i t h  b r u s h .  A 1500 gm of  oven d r i e d  >oil 

was we i g he d  a c c u r a t e l y  a n d  s i ev e d  t h r o u g h  a nest  of  s ie ve s ,  v i z . ,

2 mm, 1 mm, 600, 300, 212, 150 and  75 microns  w i t h  l i d  and  r e c e iv e r

u s in g  a m ec han ic a l  s h a k e r  f o r  10 m in ut es .  The w e ig h t  o f  so i l  

r e t a i n e d  on each s iev e  a n d  on the pan  were t a k e n  a n d  the p e rc e n ta g e  

w e i g h t  r e t a i n e d  on each s i eve  was c a l c u l a t e d  on the  b a s i s  of  the  to ta l  

w e ig h t  of  so i l  samp le  t a k e n .  From the above r e s u l t s ,  p e rc en ta ge  

p a s s i n g  t h r o u g h  each s iev e  was c a l c u l a t e d .

Hydr om eter  a n a l y s i s  was done to de te rm in e  the g r a i n  s ize  

d i s t r i b u t i o n  o f  f i n e  g r a i n e d  so i l  f i n e r  t h a n  75 m ic rons .  I t  was a 

m echan ica l  a n a l y s i s  based on s t o k e ' s  l aw .  Procedure  of  the 

e xp e r i m en t  was as fo l l o w s .  Hy dr om ete r  was c a l i b r a t e d  and  the  c u rv e s  

A &  B were d ra w n  a n d  the c a l i b r a t i o n  c u r v e  g av e  the  dep th  f rom the



s u r f a c e  o f  suspens io n  to the c e n t r e  o f  vo lume o f  the h y d r o m e t e r  f o r  

any  h y d r o m e t e r  r e a d i n g .  Fo r  the o b s e r v a t i o n s  in the  f i r s t  two 

m in ut es  c u r v e  A was used a n d  then o n w a r d s  c u r v e  B was used.  A 

re p re s e n t a t  i ve sam ple  o f  50 gm of  soi l  p a s s i n g  t h r o u g h  75 m icrons  was 

t a k e n ,  p la c e d  i t in an e v a p o r a t i n g  d i s h ,  covered i t  up w i t h  100 cc of  

d i s t i l l e d  w a t e r ,  a nd  100 cc o f  d e f l o c u l a t i n g  ag ent  (sod ium hexa  meta 

p ho s ph a t e )  was added  a n d  a l l o w e d  the m a t e r i a l  to soak  f o r  5 m in u t es .  

The m i x t u r e  was washed into  the  d i s p e r s i o n  cup o f  the m ix e r  u s in g  

d i s t i l l e d  w a t e r  u n t i l  the  cup was abo ut  two t h i r d s  f u l l .  The 

suspens ion  was m ix e d  in the m ix e r  u n t i l  the  so i l  was b ro k e n  down into 

i ts i n d i v i d u a l  p a r t i c l e s . 4 M e a n w h i l e  a g r a d u a t e d  j a r  was f i l l e d  

w i t h  d i s t i l l e d  w a t e r  to  s to re  th e  h y d ro m e t e r  in between the  r e a d i r g s .  

A f t e r  m i x i n g ,  the  spec imen was washed into  a g r a d u a t e d  c y l i n d e r  and  

enough d i s t i l l e d  w a t e r  was add ed  to b r i n g  the  level  to 1000 cc m a r k .  

When the susp ens io n  was wel l  m ix ed,  a h y d r o m e t e r  was i nse r t ed  in the 

su spe ns i on  c a r e f u l l y  a nd  at  the  same t ime a t i m e r  was s t a r t e d .  

Hy dr om ete r  r e a d i n g s  were  taken  a t  t o t a l  e la pse d  t ime o f  1/4,  1/2,  1

a nd  2 m in ut es  w i t h o u t  rem ov in g  the h y d r o m e t e r .  The h y d rom et e r  

r e a d i n g  was a lso  taken  at to t a l  e la ps ed  t ime i n t e r v a l s  o f  2, 5,  15,

30, 60 a nd  120 m in ut es  e tc .  The h y d ro m e t e r  was removed f rom the

suspens ion  a n d  s to re d  in the g r a d u a t e d  j a r  o f  d i s t i l l e d  w a t e r  a f t e r  

each r e a d i n g .  The t e m p e r a t u r e  o f  the so i l  suspens ion  was noted  a f t e r  

each h y d r o m e t e r  r e a d i n g .  Pe rcent age  f i n e r ,  N was g i v e n  by

N = RS ~ RW x G 2.65-1 y
w x  G-1 2.65 100/o

w h e r e ,

G = s p . g r a v i t y  o f  so i l  s o l i d s



W = w e i g h t  o f  d r y  s o i l  used,  gm 

Rs = h y d rom et e r  r e a d i n g  in suspe ns io n  

Rw = h y d r o m e t e r  r e a d i n g  in w a t e r

E f f e c t i v e  d ia me te r  ' D ' was computed f rom

D = I x 7I Js -«w t

w he re ,

/J  = v i s c o s i t y  o f  w a t e r ,  poise

Vs = u n i t  w e i g h t  o f  s o i l  g r a i n s ,  g/crn^

Vw = u n i t  w e ig h t  o f  w a t e r ,  g / cm

z = d is t a n c e  f rom the suspens ion  to the  c ent re  of  vo lume of

o h y d ro m e t e r  ( f ro m  c a l i b r a t i o n  c u r v e ) ,  cm

t = t o t a l  e la ps ed  t ime,  m inutes

The g r a i n  s ize  d i s t r i b u t i o n  c u r v e  was p lo t t e d  w i t h  e f f e c t i v e  p a r t i c l e  

d ia m e te r  (D) in l o g a r i t h m i c  sca le  a g a in s t  p e r c e n t a g e  f i n e r  (N) in

n a t u r a l  s ca le  f o r  b o th  the  a n a l y s i s .  From the g r a p h s ,  p e r c e n ta g e ^  of

s a n d ,  s i l t  a n d  c l a y  were fo u n d  out  w h ic h  g a v e  the  t e x t u r a l  c la=s  o f

the so i l  a c c o r d i n g  to USDA t e x t u r a l  c l a s s i f i c a t i o n  ( t e x u r e  t r i a n g l e ) .
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RESULTS AND D ISC U SSIO N

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

p r e s e n t e d  a n d  d i s c u s s e d  in t h i s  c h a p t e r .

1. D e t e r m i n a t i o n  o f  c o n s t a n t s  in u n i f o r m  f l o w  f o r m u l a  f o r  s m a l l

d i s c h a r g e s  less t h a n  10 l / s

2.  C o m p a r i s o n  o f  t h e  a b o v e  c o n s t a n t s  w i t h  t h e  c o n s t a n t s  in u n i f o r m

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

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

1 — C h a n n e l g e o m e try

F o r  e a c h  set  o f  e x p e r i m e n t s ,  t h e  d e p t h  o f  w a t e r  in t h e  m i d d l e  

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

h y d r a u l i c  r a d i u s  w e re  f o u n d  o u t  f r o m  t h e  e q u a t i o n s

A = (B + m y ) y 4 .  1

4 . 2

R = A / P 4 . 3

w h e r e ,

A = w a t e r  a r e a ,  m
2

P = w e t t e d  p e r i m e t e r ,  m

R = h y d r a u l i c  r a d i u s ,  m

B = b e d  w i d t h  o f  t h e  c h a n n e l ,  m



y = d e p t h  o f  w a t e r  in t h e  c h a n n e l ,  m 

n r  1 = s i d e  s l o p e  o f  t h e  c h a n n e l

2 . D is c h a rg e

Head o f  th e  n o tc h  f o r  e a c h  set  o f  e x p e r i m e n t s  w as  m e a s u r e d
o

u s i n g  a hook  g u a g e .  The  d i s c h a r g e  in t h e  c h a n n e l  w as  c a l c u l a t e d  

u s i n g  t h e  e q u a t i o n

Q = 8 / 1 5  Cd f 2g t a n  B / 2  H5/ 2 4 . 4

w h e r e ,

Q = d i s c h a r g e ,  m / s  

H = h e a d  o v e r  t h e  n o t c h ,  m 

0  = a n g l e  o f  n o t c h ,  d eg re e  

g = a c c e l a r a t i o n  d u e  to  g r a v i t y ,  m / s  

Cd = c o e f f i c i e n t  o f  d i s c h a r g e

W h i l e  c a l i b r a t i n g  t h e  V - n o t c h ,  i t  w a s  o b s e r v e d  t h a t  th e  v a l u e  o f  

c o e f f i c i e n t  o f  d i s c h a r g e  d e c r e a s e d  w i t h  i n c r e a s e  in h e a d  ( T a b l e  1) .  

F ro m  t h e  c a l i b r a t i o n  c u r v e  o f  t h e  V - n o t c h ,  ( F i g . 3 ) ,  th e  m a x i m u m  a n d  

m in i m u m  v a l u e s  o f  c o e f f i c i e n t  o f  d i s c h a r g e  (Cd )  w e r e  o b t a i n e d  as 0.71 

a n d  0 .6 1 2  r e s p e c t  i v e l y . F o r  c a l c u l a t i o n  p u r p o s e s  t h e  a v e r a g e  o f  these  

tw o  v a l u e s  0 .661 w a s  u s e d  t h r o u g h o u t  t h e  e x p e r i m e n t .  T h i s  v a l u e  o f  

Cd w a s  g r e a t e r  t h a n  t h e  s t a n d a r d  v a l u e  o f  0 .5 9 3  f o r  90° V - n o t c h .  

Hence t h e  c a l c u l a t e d  d i s c h a r g e s  a g a i n s t  e a c h  h e a d  o v e r  t h e  n o t c h  were  

g r e a t e r  t h a n  th e  v a l u e s  g i v e n  in A p p e n d i x  I .



Table  1 C a l i b r a t i o n  o f  V notch

Capac i ty  of  the drum = 58.5 I

Reading of the apex of the notch = 288.5 mm

SI
No

Time taken 
to f i l l  the 
drum(s)  

t

Reading over 
the notch 

(mm)

Head over 
the botch 

(cm)
H

D isc hahge 
( I / s )

Q

C o 
o f

-eff lc lent 
d isch arg e

Cd

1 2 3 4 5 6

1 59.4 238.6 4.99 0.9848 0.750

2 23.1 214.5 7.40 2.5325 0.720

3 24.0 213.9 7.46 2.4380 0.679

4 8.7 174.1 1 1 .44 6,7239 0.643

5 7.4 164.0 12,45 7,9q54 0.612

6 5.1 143.4 14.51 11,4706 0.605



SC ALE  

A b s c i s s a  -  1 cm = 1 c m  
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3 . Velocity

From the know n  d i s c h a r g e  a n d  a re a ,  the v e l o c i t y  of 

f l o w i n g  t h r o u g h  the ch an ne l  was f o un d  out  f rom  the  e q u a t i o n

Q = A x V 

V = Q/A

4 .5

whe re ,

Q = d i s c h a r g e ,  m / s  

2
A = w a t e r  a r e a , 4 m 

V = v e l o c i t y  o f  f l o w ,  m/s

4.  U n i fo rm  f l o w  f o r m u la

Most p r a c t i c a l  u n i f o r m  f l o w  fo r m u la e  can be expr essed  

gen era l  form

V = CRX Sy 4 .6

where ,

V = v e l o c i t y  o f  f l o w ,  m/s 

R = h y d r a u l i c  r a d i u s ,  m 

S = e n e rg y  s lope 

C = a f a c t o r  of  f l o w  re s i s t a n c e

v/a er

i r  the

There  was no e x p i r i c a l  e q u a t io n  a v a i l a b l e  f o r  u n i f o r m  f l o w  in open 

c h a n n e ls  f o r  sm al l  d i s c h a r g e s  less t h a n  10 I / s .  Since the  g e n e r a l



u n i f o r m  f l o w  f o r m u l a e  v i z . ,  C h e z y ' s  e q u a t i o n  a n d  M a n n i n g ' s  e q u a t i o n  

w ere  d e r i v e d  on c e r t a i n  a s s u m p t io n s  w h i c h  were  m o s t l y  v a l i d  f o r  l a r g e  

c a n a l s ,  a v e r i f i c a t i o n  was  needed to assess  t h e i r  v a l i d i t y  f o r  

c h a n n e l s  o f  s m a l l  d i s c h a r g e s .

E x p e r i m e n t s  were  c o n d u c t e d  to d e t e rm i n e  th e  c o n s t a n t s  in the 

g e n e r a l  u n i f o r m  f l o w  f o r m u l a  in open c h a n n e l s  f o r  s m a l l  d i s c h a i  ges 

less t h a n  10 l / s .  Depth  o f  w a t e r  in the  c h a n n e l  a n d  he ad  o v e r  th e  

no tc h  f o r  d i f f e r e n t  r a t e  o f  f l o w  u n d e r  d i f f e r e n t  s lop es  were  t a k e n .  

The o b s e r v a t i o n s  a n d  c a l c u l a t e d  v a l u e s  in l i n e d  a n d  e a r t h e n  c h a n n e l s  

a r e  g i v e n  in T a b l e  2 a n d  3 r e s p e c t i v e l y .

5 . E m p ir ic a l e q u a tio n  fo r  un ifo rm  flow

The  r e l a t i o n s h i p  betw een th e  p a r a m e t e r s  v i z . ,  v e l o c i t y ,  

h y d r a u l i c  r a d i u s  a n d  l o n g i t u d i n a l  s lo pe  m a u n i f o r m  f l o w  were 

e s t i m a t e d  f o r  d i f f e r e n t  c o n d i t i o n s  f o r  d i f f e r e n t  s lo pes  in l i n e d  a n d  

e a r t h e n  c h a n n e l s  b y  f i t t i n g  a log l i n e a r  m u l t i p l e  r e g r e s s i o n  e q u a t i o n .  

W i th  th e  h e lp  o f  a c o m p u t e r ,  th e  abo ve  a n a l y s i s  was made f o r  

d i f f e r e n t  f l o w  c o n d i t i o n s  f o r  d i f f e r e n t  s lo pes  in two t y p e s  o f  c h a n n e l s .  

The best  f i t  e q u a t i o n  o b t a i n e d  in th e  tw o  case s  a re  as f o l l o w s .

In  l i n e d  c h a n n e l

V = 9 .199 R0,7591 4>?

In  e a r t h e n  c h a n n e l



T a b l e  2  O b s e r v a t  ons in ' ^ e a  c h a n n e 1

Read i g  at  t h e  a pe x  o f  th e  n o tc h  = 288 5 m rr , D i s c h a r g e  Q = 1.5615 H whe re  t+ in m5 / 2

i  i .

No.
R e a d i n g  
o v e r  the 
no tch  

( rr'-n)

Head over  Oischar -ge 
t he  notch  

(cm)
/ 3 ,( m / s !

H Q

D ep t h ot 
w a t e r  in 
c a n a l  

(cm)
Y

Wa te r  a r e a  

<m2 )

A

Wetted
p e r i 
meter

(m)
P

Hy d r a u  I ic 
r a d ' u s  

(m)  
( 6 / 7 )

R

V e l o c i t y
( m / s )

S-lop-e

1 2 3 4 5 6 7 8 9 10

1 220.7 6.78 1 .8690x1 O'"3 3 .9 7.371 Ox10-3 0.2603 0.0283 0.2536

2 201 .3 8.72 3.5062x10-3 5 7 0.0118 0.3112 0.0379 0.2971 0.0002

3 177 5 11 .10 6.4099x10-3 7 .9 0.0181 0.37Jt 0 .0485 0.3541

4 163.1 12.54 8.6953x10-3 8 .9 0.0213 0.4017 0.0530 0.4082

.  — .. -

1 217 2 7.13 2 .1 1 97x10-3 4 . 2 8 . 06 40 x 1 0 -3 0.2688 0.0300 0 .2 6 29

2 200.4 8.81 3.5973x10-3 5 .8 0.0121 0 . 3 140 0.0385 0 .2973 0-00025

3 187 6 10.09
-3

5.0498x10 ° 7 .0 0.0154 0.3480 0.0442 0  . 3279

4 175.2 11 .33 6.7471x10-3 8.1 0 0187 0.3791 0.0493 Q). 3608

1 220.2 6.83 1.9037x10~3 4 0 7 6000x10 " 3 0 263 1 0.0289 0 .2 505

2 200 0 8 85 3 6383x10~3 5 6 0 0115 0.3084 0.0373 0 3164 0.00033

3 187.6 10.09 5.0498x10_3 6 . 6 0 0143 0.3367 0 0425 O .3531

4 177 5 11 .10
_3

6.4099x10 7 6 0.0172 0 3650 0.0471 O 3727

i 213 0 7 55 2 4457x10 3 4 5 8 7750x1 0-3 0 2773 0.0316 01.2787

2 192 2 9 63 4 4937x10 " 3 6 2 0 0131 0.3254 0 0403 0 3430 0 0005

3 182 5 10 60
-35 7 1 2 2 x 10 6 8 0 0148 0.3423 0 0432 0 3860

4 i 74 5 1 1.40 6 .8518x 10~3 7 .6 0 0172 0.3650 0 0471 0.3984 cn

5V



i ab !e 3 O b s e r v a t i o n s  in e a r t h e n  c h a n n e l

Read ng at  t h e  apex of  the  no tc h  = 288.5  mrr , D s c h a r g e Q = 1.5615 H5/ 2 whe re  H in m.

S . Re a d in g  ove r Head o v e r D i s c h a r g e Dep th  o f Water  a re a Wetted H y d r a u  i i c Y eioc  *“ S loDe
No. the notch  

(mm)
the  notch  

(cm) ( n 3/ s )
w a t e r  in 
c a n a  1

, 2 ,(m ; p e r i 
meter

r a d i u s
(m) ( m / s /

( cm) 1 r r ) ( 6 / 7 )
SH Q Y A P R \,

——---------1 ““ ---——— — ------ --—— — — “ ———̂— —— ~
1 2 3 4 5 6 7 8 9 10

1 220 .3 6.82 1.8967x10~3 4 .5 9.7875x10“ ^ 0.3122 0.0314 0 1938

2 205.1 8 34 3 . 1366x10-3 5.6 0.0131 0.3519 0.0372 0.2394 0 0002

3 179.9 10.86 6 0690x10-3 8 .2 0.0224 0.4457 0 0503 0.2709

4 173.2 11.53 7 . 0488x10~3 8 . 3 0.0228 0.4493 0.0507 0.3092

1 233.1 5.54
-3

1.1280x10 3 .5 7 . 0 8 7 5 x 1 0 ' ^ 0.2762 0.0257 0.1592

2 218 6 6.99
_3

2.0171x10 5.1 0 0116 0 3339 0.0347 0 1739 0 00025

3 190.2 9.83 4 .7307 x1 0 -3 7.2 0.0186 0.4096 0 0454 0 .2 5 43

4 179.7 10.88 6 .0970 x10-3 8 2 0.0224 0.4457 0.0503 0.2722

1 207.8 8.07 2 8889x10 " 3 5 1 0.0116 0 3339 0.0347 0 2490

2 204.3 8 42 3 .2 1 2 3 x 1 0-3 5 .3 0.0122 0.3411 0.0358 0.2633 0 00033

3 200.0 8.85 3 .6383 x1 0 -3 5.8 0 0137 0 3591 0.0382 0.2656

4 164.5 12.40 8 .4 5 47 x1 0 -3 8 .7 0.0244 0 4637 0 0526 0.3465

1 219.5 6.90 1.9528x10 " 3 4 0 8.4000x 10“ 3 u 2942 0 0286 0 2325

2 205.6 8 29 3 0898x10-3 5 0 0.0113 0 3303 0.0342 0 2734
0 0005

3 185 4 10 31 5 3295x10~3 6 8 0 0171 0 3952 0.0433 0 3117



where,

V = mean v e l o c i t y  o f  f l o w ,  m/s  

R = h y d r a u l i c  r a d i u s ,  m 

S -  l o n g i t u d i n a l  s lo pe

F o r  th e  a bove  e q u a t i o n s ,  t h e  c o e f f i c i e n t s  o f  d e t e r m i n a t i o n

2
(R ) wer e  0 .9505 a n d  0 .8658 r e s p e c t i v e l y .  In  l i n e d  c h a n n e l ,  s i n c e  the 

c o e f f i c i e n t  o f  d e t e r m i n a t i o n  was n e a r  u n i t y ,  th e  e r r o r s  in the  

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

n e g l i g i b l e .  In  e a r t h e n  c h a n n e l s  s i n c e  t h e  c o e f f i c i e n t  o f  d e t e r m i n a  ion 

was o n l y  0 .8658,  th e  r e l i a b i l i t y  o f  th e  e q u a t i o n  was  not  as h i g h  as in 

the  case o f  th e  e q u a t i o n  o b t a i n e d  f o r  l i n e d  c h a n n e l  b u t  i t was s t i l l  

g o o d .  So i l  e ro s io n  s t a r t e d  m a r g i n a l l y  as the  r a t e  o f  f l o w  i nc rea s e d  

w h i c h  to some e x t e n t  a f f e c t e d  t h e  geo m e t r y  o f  th e  c h a n n e l  a n d  h is

c o u l d  be  th e  r ea so n  f o r  less r e l i a b i l i t y  o f  the  e q u a t i o n  f o r  e a r t h e n  

c h a n n e l s .

The  e q u a t i o n s  o b t a i n e d  were co m p a re d  w i t h  th e  w e l l  k n o w n  

M a n n i n g ' s  a n d  C h e z y ' s  e q u a t i o n s  a n d  c h ec k e d  t h e i r  v a l i d i t y  in s m a l l

c h a n n e l s .  The  M a n n i n g ' s  e q u a t i o n  is ,  g i v e n  b y

V = 1 R2/ 3 S1/ 2 4 .9

w he re ,

V = mean v e l o c i t y  o f  f l o w ,  m /s  

R = h y d r a u l i c  r a d i u s ,  m 

S = l o n g i t u d i n a l  s lop e 

n = r o u g h n e s s  c o e f f i c i e n t

n



The C h e z y ' s  e q u a t i o n  is g i v e n  b y
<5

V = CR1//2 S 1//2 4.10

w h e r e ,

V = mean v e l o c i t y  o f  f l o w ,  m /s

R = h y d r a u l i c  r a d i u s ,  m

S = l o n g i t u d i n a l  s lo p e

C = C h e z y ' s  c o n s t a n t

C h e z y ' s  c o n s t a n t  C was d e t e r m i n e d  u s i n g  B a z i n ' s  f o r m u l a  o r  G a n g u i l l e t  

a n d  K u t t e r ' s  f o r m u l a .

5 .  A . L in e d  c h a n n e l

1. C o m p a r i s o n  w i t h  M a n n i n g ' s  e q u a t i o n

F o r  cement  m o r t a r  l i n i n g ,  M a n n i n g  recommended  an  a v e r a g e  

v a l u e  of  n as 0.013 .

IS 10430 (1982) recommended th e v a l u e  o f  n as 0 .0 1 5 -0 .0 1 7  f o r  co n c re te  

b e d ,  t r o w e l  o r  f l o a t  f i n i s h  a n d  s lo pe s  m a s o n r y  p l a s t e r e d .  T a k i n g  th e  

mean v a l u e ,  “ M a n n i n g 1 s e q u a t i o n  f o r  l i n e d  c h a n n e l s  is

V r 2 / 3  s 1/2 4.11
0 .0 1 3

V R 2/ 3 S 1/ 2 4 . 1 2
0 .0 1 6



In  th e  best  f i t  e q u a t i o n  o b t a i n e d  in th e  s t u d y  f o r  l i n e d  

c h a n n e l s ,  th e  v a l u e  o f  n was  0 .1087.

V = 1 R ° - 7591 S ° - 1103 A . 7
0.1087

i . e .  V = 9 .199 R0 -7591 S ° ’ 1103

M a n n i n g ' s  e q u a t i o n  was d e v e lo p e d  f o r  l a r g e  c a n a l s  a n d  s t r e a m s .  The 

v a l u e  o f  the  c o e f f i c i e n t  o f  ^ r e s i s t a n c e  n u n d e r  d i f f e r e n t  c o n d i t i o n s  were 

a r r i v e d  a t  w i t h  th e  e x p o n e n t  o f  S a n d  0 . 5  a n d  th e  e x p o n e n t  o f  R as 

0 .6 7 .  But t h e  v a l i d i t y  o f  th e  e q u a t i o n  d ev e lo pe d  was n e v e r  te s te d  f o r  

s m a l l  c h a n n e l s .  The  v a l u e  o f  n o b t a i n e d  in th e  s t u d y  was 

a p p r o x i m a t e l y  e i g h t  t i m e s  g r e a t e r  t h a n  th e  rec ommended v a l u e  o f  n f o r  

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

bes t f i t  e q u a t i o n  w o u l d  r e d u c e  t h e  v a l u e  o f  C w h i c h  is i t s  i n v e r s e  b y  

the  same p r o p o r t i o n .

M a n n i n g  f o r  th e  d e r i v a t i o n  o f  the  e x p o n e n t  o f  R used  B a z i n ' s  

e x p e r i m e n t a l  d a t a  on a r t i f i c i a l  c h a n n e l s .  B a z i n ' s  d a t a  wer e  c o l l e c t e d  

f rom e x p e r i m e n t s  c o n d u c t e d  in s m a l l  c h a n n e l s  f o r  d i f f e r e n t  s h ap es  a n d  

r o u g h n e s s ,  t h e  a v e r a g e  v a l u e  o f  th e  e x p o n e n t  was  f o u n d  to v a r y  f rom  

0.6A99 to 0 .83 95 .  Hence he a d o p t e d  an a p p r o x i m a t e  v a l u e  o f  2 /3  as 

e x p o n e n t .  The  e x p o n e n t  o f  h y d r a u l i c  r a d i u s  R o b t a i n e d  in t h i s  s t u d y ,  

0.7591 was w i t h i n  these l i m i t s .

Chezy d e r i v e d  the  e x p o n e n t  t h e o r e t i c a l l y  on c e r t a i n  

a s s u m p t i o n s  a n d  f i x e d  i t  as 0 .5  w h i c h  M a n n i n g  a ls o  a c c ep te d  when he 

d e r i v e d  h i s  e q u a t i o n .  The v a l u e  o f  e x p o n e n t  o f  S o b t a i n e d  in the



best  f i t  e q u a t i o n  in the s tu d y  was 0.1103.  The lower v a lu e  o f  t h i s  

exponent  o f  S in the best  f i t  e q u a t i o n  w o u ld  c o r r e s p o n d i n g l y  increase 

the v a l u e  o f  the  f a c t o r  55 in the e q u a t i o n  w h i c h  w o u l d  g i v e  a h i g h e r  

v a lu e  f o r  computed v e l o c i t y .  However  t h i s  incr eas e to a l a r g e  e x te n t  

was compensated b y  the  h i g h e r  v a l u e  o f  n o b t a i n e d  in the best  f i t  

equat  io n .

An a t te mp t  was made to compare  the  a c t u a l  v e l o c i t y  w i t h  the 

v e l o c i t y  o b t a i n e d  u s in g  M a n n i n g ' s  e q u a t i o n .  The a c t u a l  v e l o c i t y  was 

r o u g h l y  2.13  t imes g r e a t e r  t h a n  the  M a n n i n g ' s  v e l o c i t y .  From ^e 

T ab le  4,  i t can  be seen t h a t  t h i s  r a t i o  v a r i e d  f rom 1.64 to 2 .68.  So 

M a n n i n g ' s  recommended v a lu e s  d e r i v e d  f o r  la r g e  c a n a l s  and  s t reams 

was f o un d  not a p p l i c a b l e  to s m al l  c h a n n e ls  h a v i n g  d i s c h a r g e s  less 

t h a n  10 I / s .  The r a t i o  o f  a c t u a l  a n d  computed v e l o c i t y  u s in g  the 

best f i t  e q u a t i o n  v a r i e d  f rom 1.055 to 0.950 a nd  the  a v e r a g e  v a lu e  

was 0.9998 w h ic h  was ne a r  u n i t y .  The computed v e lo c i t i e s  were 

coming v e r y  c lose  to the a c t u a l  v e l o c i t y .  The sum of  s q u a re s  of  

d e v i a t i o n s  of  computed v e l o c i t y  f rom the a c t u a l  v e l o c i t y  was o n ly  

0.00251 and  hence th e  r e l i a b i l i t y  o f  the e q u a t io n  was good.  So the 

e qu a t i o n  o b t a i n e d  was t h e  best  one f o r  these c o n d i t i o n s .

M a n n in g  f i x e d  the v a lu e  of  expone nt  of  S as 0 .5  on c e r t a i n  

as sum pt io ns  b ase d  on t h e o r y .  So i t  was dec ide d to f i x  the  v a l u e  of  

the expone nt  of  S as 0 .5  a n d  to f i n d  the v a lu e  o f  n a n d  the  exponent  

o f  R. The e q u a t i o n  o b t a i n e d  is o f  the fo rm

v  _ 1 r 0.7827 s0.5 4>13

"  0.00428
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Here t h e  e x p o n e n t  o f  R was  w i t h i n  t h e  l i m i t s .  The  v a l u e  o f  n in t h i s  

e q u a t i o n  w a s  t h r e e  t i m es less t h a n  t h e  re co mm en ded  v a l u e  o f  n .  The  

d e c r e a s e  in n v a l u e  r e s u l t i n g  in an  i n c r e a s e  in C v a l u e  was  

c o m p e n s a t e d  to some e x t e n t  b y  t h e  d e c r e a s e  in t h e  v a l u e  o f  h y d r a u l i c  

r a d i u s  f a c t o r  due  to  t h e  i n c r e a s e  in th e  v a l u e  o f  i t s  e x p o n e n t .  The  

r a t i o  o f  a c t u a l  a n d  c o m p u t e d  v e l o c i t i e s  v a r i e d  f r o m  1.250 to 0.811 b u t
3

the  a v e r a g e  r a t i o  o f  1.009 w as  n e a r  u n i t y .  T he  v a r i a t i o n  o f  c o m p u t e d  

v e l o c i t i e s  f r o m  t h e  a c t u a l  w as  i n c r e a s i n g  w i t h  i n c r e a s e  in s l o p e .  The  

sum o f  s q u a r e s  o f  d e v i a t i o n  o f  c o m p u t e d  v e l o c i t i e s  f r o m  t h e  a c t u a l  was 

o b t a i n e d  as 0 .0 3 5 1 .  T h o u g h  t h i s  w a s  g r e a t e r  t h a n  t h e  p r e v i o u s  ca s e  

b u t  was s t i l l  r e a s o n a b l y  r e l i a b l e  ( T a b l e  5 ) .

0
S i n c e  M a n n i n g ' s  e q u a t i o n  is a n  u n i v e r s a l l y  a c c e p t e d  f o r m  it  

w a s  d e c i d e d  to c o m p a r e  t h e  v a l u e  o f  n o b t a i n e d  in t h e  s t u d y  w i th  th e  

r ec omm en ded  v a l u e  o f  n b y  f i x i n g  th e  e x p o n e n t  o f  R a n d  S as 0 87 

a n d  0 . 5  r e s p e c t i v e l y .  T he  e q u a t i o n  o b t a i n e d  in t h i s  ca s e  is g i v e r  as

1 R ° ’ 67 S ° * 5 4 .1 4
0.00609

The v a l u e  o f  n in t h i s  ca s e  w as h a l f  t h e  re c o m m en d ed  v a l u e  o f  n .  

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

r a n g i n g  f r o m  1.259 to  0 .804 a n d  was  d e c r e a s i n g  w i t h  an  i n c r e a s e  in 

s l o p e  ( T a b l e  6 ) .  B u t  t h e  a v e r a g e  v a l u e  o b t a i n e d  w as 0 .9 9 9  w h i c h  was  

a p p r o x i m a t e l y  u n i t y .  S in c e  t h e  sum o f  s q u a r e s  o f  d e v i a t i o n  o f  

c o m p u t e d  v e l o c i t y  f r o m  th e  a c t u a l  w a s  o n l y  0 .0 3 7 5 ,  th e  e q u a t i o n  

o b t a i n e d  w a s  r e l i a b l e  a n d  goo d  w i t h i n  th e s e  r a n g e s .  But  th e  

r e l i a b i l i t y  o f  t h i s  e q u a t i o n  w a s  c o m p a r  i t  i v e l y  less t h a n  t h e  e a r l i e r



tw o  c a s e s .  T h e  c o m p u t e d  v e l o c i t i e s  w e r e  a p p r o x i m a t e l y  2 . 1 3  t im e s  

g r e a t e r  t h a n  t h e  M a n n i n g ' s  v e l o c i t y .

F r o m  t h e  a b o v e  t h r e e  c a s e s  i t  w a s  o b s e r v e d  t h a t  t h e  a c t u a l  

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

M a n n i n g ' s  v e l o c i t i e s .  S i n c e  t h e  s u m  o f  s q u a r e s  o f  d e v i a t i o n  o f  

c o m p u t e d  v e l o c i t y  f r o m  t h e  a c t u a l  h a s  t h e  l e a s t  v a l u e  in t h e  b e s t  f i t  

e q u a t i o n ,  t h i s  e q u a t i o n  g a v e  t h e  m ore  r e l i a b l e  r e s u l t s  He nce  t h i s  

b e s t  f i t  e q u a t i o n  o b t a i n e d  in t h e  s t u d y  is r e c o m m e n d e d  f o r  v e l o c i t y  

c o m p u t a t i o n  in s m a l l  c h a n n e l s  h a v i n g  d i s c h a r g e s  less t h a n  10 l / s .  

S i n c e  M a n n i n g ' s  e q u a t i o n  is a n  u n i v e r s a l l y  a c c e p t e d  f o r m ,  t h e  

e q u a t i o n  4 . 1 4  o b t a i n e d  in t h e  s t u d y  w h i c h  w a s  in t h e  M a n n i n g ' s  o r m  

b y  f i x i n g  t h e  v a l u e  o f  e x p o n e n t  o f  R a n d  S, is a l s o  r e c o m m e n d e d  

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

r u g o s i t y  c o e f f i c i e n t  o b t a i n e d  in t h e  s t u d y  is u s e d .  T h i s  r u g o s i t y

c o e f f i c i e n t  f o r  c e m e n t  m o r t a r  l i n i n g  in s m a l l  c h a n n e l s  c a r r y i n g  

d i s c h a r g e s  les s  t h a n  10 l / s  is 0 . 0 0 6 0 9 .

2 .  C o m p a r i s o n  w i t h  C h e z y 1 s e q u a t i o n

In  C h e z y ' s  e q u a t i o n ,  t h e  C h e z y ' s  c o n s t a n t  C is d e t e r m i n e d  

f r o m  G a n g u i l l e t  a n d  K u t t e r ' s  f o r m u l a  w h i c h  is o f  t h e  f o r m

23 + 0 .0 0 15 5  + _1 
S n



where

n = K u t t e r ' s  c o n s t a n t

S = l o n g i t u d i n a l  s lope

R = h y d r a u l i c  r a d i u s ,  m

C h e z y ' s  c o n s t a n t  is a ls o  c a l c u l a t e d  f r om  M a n n i n g ' s  e q u a t i o n

4.16
n

w he re ,

n = M a n n i n g ' s  c o n s t a n t

R = h y d r a u l i c  r a d i u s ,  m

The  v a l u e  o f  C u s i n g  the  recommended n v a l u e  o f  0 013 

d e t e r m i n e d  as 36 . 98 f r om  K u t t e r ' s  e q u a t i o n  a n d  44 96 f rom M a n n i n g ' s  

e q u a t i o n  ( A p p e n d i x  V I ) .  The e q u a t i o n s  a re  o f  the  form

The v a r i a t i o n  in these two recommended C v a l u e s  was  due to the  

c o n s i d e r a t i o n  o f  s l op e  in K u t t e r ' s  e q u a t i o n .

A c o m p a r i s o n  was  made between these  C v a l u e s  a n d  the  v a l u e  

o f  C o b t a i n e d  in th e  best  f i t  e q u a t i o n  b y  f i x i n g  th e  e x p o n e n t  o f  S a n d  

R as 0 . 5 .  The  e q u a t i o n  o b t a i n e d  is

V = 36.98 4 17

a n d

4.18

V = 94.91 4.19



T a b l e  7 C om pa r is on  o f  v e l o c i t i e s in l i n e d  c h a n n e l

V = 94 91 V"RS

V -  36 98 V~RS

V 44 96 f~ R S

4 19 (Best f i t  e q u a t i o n )
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4 18 (Chezy s e q u a t i o n  w i t h  C f rom M a n n i n g  s e q u a t i o n )
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computed 
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e q u a t i o n  4 17 

(m /s )

Ve loc i t y  
u s i n g  C f rom 
Mann m g '  s 
e q u a t  ion 4 .18  

( m / s )

Rat  io o f  a c t u a  I 
v e l o c i t y  u s i n g  
eq u a t  ion

2/6

v e l o c i t y  a n d  
C h e z y ' s

2 /7

1 2 3 4 5 6 7 8 9

0 2536 0 2258 1 123 7 7284x10 0. 0880 0 1069 2.88 2 37

0 0002
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-3
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0 2629 0.252Q 1 011 9 0000x 1 o-6 0 1013 0 1231 3 60 2 14

0 00025
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0 2505 0 2931 0 855 1 8148x10~3 0 1142 0 1388 2.19 1 80

0 00033
0 3164 0 3330 0 950 2 7556x10“ 4

6
0 1297 0 1577 2 44 2 01

0 3531 0 3554 0 993 5 2900x10 0 1385 0 1684 2 55 2 10

0 3727 0 3742 0 996 2 2500x10-6 0 1458 0 1772 2 56 2 10

0 27 67 0 3773 0 734 o 7220x10-3 0 1470 0 1787 1 90 1 60

0 0005
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3
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0 3860 0 4411 0 875 3 0360x10 0 1 18 0 2089 2 25 1 85
c

83 C0 3984 0 4606 0 865 3
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T h e  r a t i o s  o f  a c t u a l  a n d  c o m p u t e d  v e l o c i t i e s  u s i n g  e q u a t i o n  4 . 1 9  

v a r i e d  f r o m  1.321  to  0 . 7 3 4  b u t  t h e  a v e r a g e  v a l u e  0 . 9 9 9  w a s  n e a r  u n i t y  

( T a b l e  7 ) .  S i n c e  t h e  s u m  o f  s q u a r e s  o f  d e v i a t i o n  o f  c o m p u t e d  

v e - l o c i t i e s  f r o m  t h e  a c t u a l  w a s  o n l y  0 . 0 4 1 9  t h e  r e l i a b i l i t y  o f  t h e  

e q u a t i o n  w a s  n o t  b a d  a n d  t h e  e r r o r s  w e r e  w i t h i n  t h e  p e r m i s s i b l e  

l i m i t s .  F r o m  t h e  t a b l e  i t  w a s  o b s e r v e d  t h a t  t h e  a c t u a l  v e l o c i t y  w a s  

r o u g h l y  2 . 5 7  t i m e s  g r e a t e r  t h a n  t h e  v e l o c i t y  o b t a i n e d  u s i n g  t h e  

C v a l u e  f r o m  K u t t e r ' s  e q u a t i o n  a n d  2 .1 1  t i m e s  g r e a t e r  t h a n  t h e  v a l u e s  

o b t a i n e d  u s i n g  C f r o m  M a n n i n g ’ s e q u a t i o n .  S i n c e  t h e  e x p e r i m e n t  w a s  

c o n d u c t e d  in  s m a l l  c h a n n e l s ,  t h e  r o u g h n e s s  f a c t o r  C in  t h e  s t u d y  w a s  

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

f o r  l a r g e  c a n a l s  a n d  s t r e a m s .  H e n c e  t h e s e  r e c o m m e n d e d  v a l u e s  w e r e  

n o t  a p p l i c a b l e  t o  s m a l l  c h a n n e l s  c a r r y i n g  d i s c h a r g e s  le s s  t h a n  10 l / s .  

So i t  is  r e c o m m e n d e d  t o  u s e  C v a l u e  o f  95 f o r  c e m e n t  l i n e d  c h a n n e l s  

f o r  t h e  a b o v e  c o n d i t i o n s  in  C h e z y ' s  e q u a t i o n .

C h e z y ' s  c o n s t a n t  C w a s  a l s o  d e t e r m i n e d  f r o m  B a z i n ' s  f o r m i l a  

w h  i c h  is  g i v e n  as

C .  - L 57-6 _  4 . 20
1 . 8 1 + m /  /  R

w h e r e ,

R =̂> h y d r a u l i c  r a d i u s ,  m 

m = c o e f f i c i e n t  r o u g h n e s s

A n  a t t e m p t  w a s  m a d e  t o  c a l c u l a t e  t h e  v a l u e  o f  m in  t h e  B a z i n ' s  

f o r m u l a  f r o m  t h e  d a t a  o b t a i n e d  in  t h  s t u d y .  I n  m a n y  c a s e s ,  n e g a t i v e



v a l u e s  w e r e  o b t a i n e d  f o r  B a z i n ' s  r o u g h n e s s  c o e f f i c i e n t  e s p e c i a l l y  in

t h e  c a s e s  w h e r e  s l o p e s  w e r e  f l a t t e r  H o w e v e r  in c a s e s ,  t h i s  v a l u e  

c o u l d  b e  c a l c u l a t e d  a n d  t h e  c o m p u t e d  v a l u e s  a r e  g i v e n  in 

A p p e n d i x  V I I  T h e  mean v a l u e  o f  m o b t a i n e d  in t h i s  s t u a y  w a s  

0 . 0 3 8 6 .  B u t  B a z i n  r e c o m m e n d e d  t h e  v a l u e  o f  m as 0 11 f o r  t h e  r ame

b o u n d a r y  c o n d i t i o n s  w h i c h  w a s  a p p r o x i m a t e l y  2 . 8  t i m e s  g r e a t e r  t h a n

t h e  v a l u e  o b t a i n e d  in t h i s  s t u d y .

B. Earth en  channel

1 C o m p a r i s o n  w i t h  M a n n i n g ' s  e q u a t i o n

F o r  e x c a v a t e d  e a r t h e n  c h a n n e l s  s t r a i g h t  a n d  u n i f o r m  w i t h

c l e a n  a n d  r e c e n t l y  c o m p l e t e d  c o n d i t i o n ,  M a n n i n g  r e c o m m e n d e d  an  

a v e r a g e  v a l u e  o f  n as 0 . 0 1 8 .

v  = 1 R0 , 6 7  S0 , 5  4 .21
0 . 018

In  t h e  b e s t  f i t  e q u a t i o n  o b t a i n e d  in t h e  s t u d y  f o r  e a r t h e n  

c h a n n e l  t h e  v a l u e  o f  n w a s  0 . 0 2 1 2 .

v  .   1____  R0 - 844 S0 - 307 4 . 8
0.0212

i . e .  V = 4 7 .22 86  r 0 , 8 4 4  s 0 ,307

T h e  v a l u e  o f  n o b t a i n e d  w a s  a p p r o x i m a t e l y  1.2 t i m e s  g r e a t e r  t h a n  t h e  

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

s t a g e  a n d  d i s c h a r g e .  Here t h e  e x p o n e n t  o f  R w a s  w i t h i n  t h e  l i m i t s



T a b l e  8 C om pa r is on  o f  v e l o c i t i e s  in e a r t h e n  c h a n n e l

1
v  -  0 .0212 

1
V = 0.018

R0.844 g0 .307

r O-67 s ° - 5

4 8 (Best  f i t  e q u a t i o n )  

4.21 ( M a n n i n g ' s  e q u a t i o n )

A c t u a  I Computed R at io  o f Sq u a r e  of Ve loc i t y Rat io o f
S lope v e l o c i t y v e l o c i t y a c t u a l  & dev i at ion of us ing a c t u a I

(m /s ) u s in g  4 .8 computed comp ute d M a n n i n g  s a n d
( m / s ) v e l o c i t y ve loc i ty equ at ion M a n n i n g  s

2 /3 f rom a c t u a  1 4 21 
( m / s )

\  ° l o c i t y  
2 /6

1 2 3 4 5 6 7

0.1938 0.1862 1.041 5.7760x10 -5 0 0773 2 409

0.2394 0.2149 1 . 114 6.0 025 x1 0-4 0 0866 2 481
0.0002

0.2709 0.2772 0.977 3 9690x10-5 0 1060 2 615

0.3092 0.2790 1 . 108 9 1204x10-5 0 1066 2 617

0.1592 0.1684 0 945
—

8 4640x10 0 0756 2 227

0 00025
0.1739 0.2170 0.801 1 8576x10“ 3

A
0 0924 2.348

0.2543 0.2722 0.934 3 2041x10 0 1106 2 461

0.2772 0.2968 0.934 3 8416x10-4 0 1185 2 505

0°. 2490 0.2363 1.054 1. 6129x10-4 0 1062 2 225

0 00033
0.2633 0.2426 1 085 4 2849x1O"4 

s
0 .1084 2 238

0.2656 0.2562 1 037 8 8360x10 0 1132 2 263

0.3465 0.3357 1.032 1 . 1664x10“ 4 0 1403 2 393

0.2325 0.2280 1.020 2 0250x10“ 5 0.1148 1 986

0 0005
0.2734 0.2652 1.030 6 7240x10-5 

-41 4161x10

0.1294 2.049

0.3117 0.3236 0.963 C 1516 2 134

0.3637 0.372? 0.976 8 .10 00x10-5 0 1696 2 197

1.003 0 .0 0 45 4 2 322



T h e  v a l u e  o f  e x p o n e n t  o f  S w a s  o b t a i n e d  as 0 307.  T h e  l o w e r  v a l u e  

o f  t h e  e x p o n e n t  o f  S in t h e  b e s t  f i t  e q u a t i o n  w o u l d  c o r r e s p o n d i n g l y  

i n c r e a s e  t h e  v a l u e  o f  t h e  f a c t o r  S in t h e  e q u a t i o n  w h i c h  w o u l d  g i v e  a 

h i g h e r  v a l u e  f o r  c o m p u t e d  v e l o c i t y .  H o w e v e r  t h i s  i n c r e a s e  to  a l a r g e

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

e q u a t  ion .

A c o m p a r i s o n  w a s  m a d e  b e t w e e n  t h e  a c t u a l  v e l o c i t y  a n d  t n e

r e c o m m e n d e d  v e l o c i t y  u s i n g  M a n n i n g ' s  e q u a t i o n  T h e  a c t u a l  v e l o c i t y  

was a p p r o x i m a t e l y  2 . 3  t i m e s  g r e a t e r  t h a n  t h e  v e l o c i t y  u s i n g  

M a n n i n g ' s  e q u a t i o n  a n d  t h e i r  r a t i o  v a r i e d  f r o m  1 .882 to 2 764 30

M a n n i n g  s e q u a t i o n  w a s  not  a p p l i c a b l e  to s m a l l  e a r t h e n  c h a n n e l s  

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

e q u a t i o n  i t  w a s  o b s e r v e d  t h a t  t h e i r  r a t i o  v a r i e d  f r o m  1 114 to 0 801 

( T a b l e  8 ) .  T h i s  l a r g e  r a n g e  o f  v a r i a t i o n  c o m p a r e d  to l i n e d  c h a n n e l  

c o u l d  b e  d u e  to  s o i l  e r o s i o n  in t h e  c h a n n e l  w h i c h  m a r g i n a l l y  a f f e c t e d  

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

r a t i o ,  1 003 ca m e  n e a r  to  u n i t y .  T h e  su m  o f  s q u a r e s  o f  d e v i a t i o n  o f  

c o m p u t e d  v e l o c i t y  f r o m  t h e  a c t u a l  w a s  o n l y  0 00454 So t h e  e q u a t  i cn 

o b t a i n e d  w a s  r e l i a b l e  a n d  w a s  t h e  b e s t  o ne  f o r  t h e s e  c o n d i t i o n s

B a s e d  on t h e o r e t i c a l  a s s u m p t i o n s ,  i t  w a s  d e c i d e d  to f i x  t h e

v a l u e  o f  e x p o n e n t  o f  S as 0 5 a n d  to f i n d  t h e  v a l u e  o f  n a n d  t h e

e x p o n e n t  o f  R T h e  e q u a t i o n  o b t a i n e d  is o c t h e  f o r m

v  _ 1 R°  8696 S°  5 4 22
0 00408



T a b l e  9 Com pa r is on  o f  v e l o c i t i e s  in e a r t h e n  c h a n n e l

V = 1
0.00408

o 0 .8696 _0.5rs b 4.22  ( w i t h  e x p o n e n t  o f  S r e s t r i c  ed to 0 5)

V = 1
0.018

r O-67 s°  5 4.21 ( M a n n i n g ' s  e q u a t i o n )

S lope

A c t u a  1 
v e l o c i t y  

( m / s )

Computed „ 
v e l o c i t y  
u s in g  o f  4.22  

( m / s )

R a t io  o f  
a c t u a l  & 
com put ed  
v e l o c i t y  

2 /3

S q ua re  o f  
d ev  i at  ion 
o f  computed  
f r o m  a c t u a l  
v e l o c i t y

V e I o c 11 y 
us ing 
Mann i n g ' s 
e q u a t  ion 
4.21 

( m / s )

Rat io o f  
a c t u a l  a n d  
Mann in g '  s 
v e l o c i t y  

2 /6

1 2 3 4 5 6 7

0.0002

0.1938

0.2394

0.2709

0.3092

0.1709 

0.1981 

0 .2575 

0 .2593

1. 134 

1.208 

1.052 

1.192

—A
5.2441x10 

1 .7059x10-3 

1.7956x10~4 

2 4900x10-3

0.0773 

0 .0866 

0 .1060 

0.1066

2 211 

2 287 

2 429 

2 432

0.1592 0.1605 0.992 1 6900x10 " 5 0.0756 2 123

0.1739 0.2084 0.834 1.1903x10-3 0 0924 2 255
0 00025

0.2543 0.2633 0.966 8 . lOOOx10-5 0 . 1106 2.381

0.2772 0.2879 0.963 2.4649x10-4 0.  1185 2 429

0.2490 0.2395 1.040 9 0250x10~5 0 1062 2 255

0.2633 0.2461 1.070 2 9584x10-4 0 1084 2 270
0.00033

0.2656 0.2604 1.020 2 7040x10-5 0 1132 2 300

0.3465 0.3438 1.008 7 2900x10-6 0 1403 2 450

0.2325 0.2492 0.933 2 7889x10~4 0 1148 2 171

0.2734 0.29  11 0.939 3 . 1329x10~4 0.1294 2 250
0.0005

0 3117 0.3574 0.872 2 0 8 8 5 x l0 -3 0 1516 2 357

0.3637 0 4134 0 880 2 4701x10_3 0 1696 2 437

1 006 0 01199 2 32



T ab le  10 Compar ison o f  v e lo c i t i e s  in e a r th e n  c h a n n e l

V = 1
0.00778

R0 - 67 S ° - 5 4.23 ( w i t h  M a n n i n g ' s  exp one nt s)

v = 0,
1

.018

r 0.67 s 0.5
4.21 (Mann i n g ' s equat  i o n )

Ac t ua  I Computed Rat io  o f Square  of Veloc i t y Rat io  of

S |opG v e l o c i t y ve loc i ty a c t u a l  & d e v i a t i o n  of us ing a c t u a l  &
(m /s ) u s in g  4.23 computed computed Mann i n g 1 s Mann i n g ' s

(m /s ) v e l o c i t y f rom  a c t u a l eq uat  ion v e lo c i t y
2/3 v e lo c i t y 4.21 2/6

(m /s )

1 2 3 4 5 6

0.1938 0.1788 1.084 2 2500x10 " 4 0.0773 2 3 j

0.2394 0.2003 1.195 1.5288x10 "3 0.0866 2 313
0 0002

0.2709 0.2452 1.105 6.6049x10 0.1060 2 313

0.3092 0.2465 1.254 3.9313x10“ 3 0 1066 2.312

0.1592 0.1748 0.911 2.4336x10~4 0 0756 2 312

0.1739 0.2137 0.814
—3

1.5840x10 0 0924 2 313
0.00025 -60.2543 0.2559 0 994 2.5600x10 0.1106 2 314

0.2772 0.2741 1.011 9.6000x10 "6 0.1185 2 313

0.2490 0.2456 1.014 1.1560x1O-5 0 1062 2 313

0.2633 0.2508 1.050 1.5625x10~4 0 1084 2.314
0.00033 _G.

0.2656 0.2619 1.014 1.3690x10 0 1132 2 j | 4

0.3465 0.3245 0.068 4 8400x10~4 0 1403 2 313

0.2325 0.2655 0.876 1 0890x10"° 0 1148 2. 3 1 5

0.2734 0.2993 0.913 6 7081x10_4 0 1294 2 3 13
0.0005

0.3117 0.3506 0.889 1.5132x10 0 1516 2 3 3

0 3637 0.3923 0.927 8 1786x10~4 0 1696 2 313

1.007 0 0129 2 313



Here t h e  e x p o n e n t  o f  R w as  w i t h i n  th e  l i m i t s .  T he  v a l u e  o f  n was  

f o u r  t i m e s  less t h a n  t h e  re co mm en ded  v a l u e .  T he  d e c r e a s e  in n v a l u e  

w as  c o m p e n s a t e d  to some e x t e n t  b y  t h e  d i s c r e a s e  in th e  v a l u e  o f  

h y d r a u l i c  r a d i u s  f a c t o r  due  to  t h e  i n c r e a s e  in t h e  v a l u e  o f  i t s  

e x p o n e n t .  T h e  r a t i o  o f  a c t u a l  a n d  c o m p u t e d  v e l o c i t i e s  v a r i e d  f r o m

1 208 to 0 .8 3 4  a n d  t h i s  v a r i a t i o n  c o u l d  be due to s o i l  e r o s io n  a n d

o t h e r  m i n o r  e x p e r i m e n t a l  e r r o r s .  B u t  t h e  a v e r a g e  r a t i o  o b t a i n e d  was

1.006 w h i c h  w as n e a r  u n i t y .  T he  sum o f  s q u a r e s  o f  d e v i a t i o n  o f

c o m p u t e d  v e l o c i t y  f r o m  th e  a c t u a l  w as  0 .01199 w h i c h  was  h i g h e r  t h a n  

t h e  p r e v i o u s  c a s e ,  b u t  s t i l l  r e l i a b l e  ( T a b l e  9 ) .

S in c e  M a n n i n g ' s  e q u a t i o n  is an  u n i v e r s a l l y  a c c e p t e d  f o r m  th e  

v a l u e s  o f  e x p o n e n t  o f  R a n d  S w ere  f i x e d  as 0 . 6 7  a n d  0 . 5  r e s p e c t i v e l y  

a n d  c o m p a r e d  t h e  v a l u e  o f  n o b t a i n e d  w i t h  M a n n i n g ' s  n .  The  

e q u a t i o n  o b t a i n e d  is g i v e n  as

v  _ 1 R ° * 57 S0 - 5 4 .23
0.00778

Here  t h e  v a l u e  o f  n o b t a i n e d  w as  2 . 3  t i m es  less t h a n  t h e  r ec o m m en d ed  

v a l u e  o f  n b y  M a n n i n g .  The  r a t i o  o f  a c t u a l  a n d  c o m p u te d  v e l o c i t i e s  

v a r i e d  f r o m  1.254 to 0 .8 1 4  b u t  t h e  a v e r a g e ,  1.007 w as n e a r  u n i t y  

( T a b l e  10) .  T h e  sum o f  s q u a r e s  o f  d e v i a t i o n  o f  c o m p u t e d  v e l o c i t y  

f r o m  th e  a c t u a l  ( 0 .0 12 9 )  h as  t h e  h i g h e s t  v a l u e  in t h i s  c a s e ,  a n d  th e  

r e l i a b i l i t y  o f  t h e  e q u a t i o n  w as  less t h a n  t h e  o t h e r  tw o  cases

S in c e  t h e  a c t u a l  v e l o c i t i e s  w e re  a p p r o x i m a t e l y  two  t imes 

g r e a t e r  t h a n  t h e  r ec o mm en ded  v a l u e s ,  i t  w a s  c o n c l u d e d  t h a t  M a n n i n g ' s  

e q u a t i o n  d e r i v e d  f o r  l a r g e  c a n a l s  a n d  s t r e a m s  was  not  a p p l i c a b l e  to



s m a l l  c h a n n e l s .  T h e  be s t  f i t  e q u a t i o n  o b t a i n e d  in t h e  s t u d y  w a s  more  

r e l i a b l e  t h a n  t h e  o t h e r  t w o  c a s e s  b e c a u s e  t h e  sum o f  s q u a r e s  o f  

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

t h a t  c a s e .  Hence  t h i s  b e s t  f i t  e q u a t i o n  is r e c o m m e n d e d  f o r  s m a l l  

e a r t h e n  c h a n n e l s  c a r r y i n g  d i s c h a r g e s  less t h a n  10 I / s .  B u t  f o r  t h e  

a p p l i c a t i o n  o f  t h i s  e q u a t i o n  in t h e  u n i v e r s a l l y  a c c e p t e d  M a n n i n g ' s  

f o r m ,  t h i s  s t u d y  r e c o m m e n d s  a n  a v e r a g e  v a l u e  o f  n as 0 . 007 78  f o r  

e a r t h e n  c h a n n e l s  c a r r y i n g  d i s c h a r g e s  less t h a n  10 l / s

2 C o m p a r i s o n  w i t h  C h e z y ' s  e q u a t i o n

e q u a t i o n  w a s  23.91 a n d  f r o m  M a n n i n g ' s  e q u a t i o n  w a s  3 2 . 4 2  u s i n g  n 

v a l u e  o f  0 . 0 1 8  w h i c h  w a s  t h e  r e c o m m e n d e d  v a l u e  f o r  e a r t h e n  c h a n n e l s  

( A p p e n d i x  V I I I ) .  T h e n  t h e  v e l o c i t i e s  w e r e  c o m p u t e d  u s i n g  t h i s e  

e q u a t  ions

T h e d i f f e r e n c e  in t h e s e  t w o  r e c o m m e n d e d  C v a l u e s  w a s  d u e  to t h e  

cons  idera*- ion o f  s l o p e  f o r  d e t e r m i n a t i o n  o f  C in K u t t e r ' s  e q u a t i o n .  

U s i n g  t h e  v a l u e s  o b t a i n e d  in t h i s  e x p e r i m e n t ,  t h e  b e s t  f i t  e q u a t  un 

w a s  f o u n d  o u t  b y  f i x i n g  t h e  v a l u e  o f  e x p o n e n t  o f  R a n d  S as 0 5.

T h e  v a l u e  o f  C h e z y ' s  c o n s t a n t  C c a l c u l a t e d  f r o m  K u t t e r ' s

V = 23.91 4 . 2 4

V = 3 2 . 4 2  J  R5 4 . 2 5

6
The e q u a t i o n  o b t a i n e d  is g i v e n  b e l o w .

V = 74.771 J RS 4 . 2 6



)le 11 C om pa r is o n  o f  v e l o c i t i e s  in e a r t h e n  c h a n n e l

V 74 771 J~RS k 26 (Best  f i t  e q u a t i o n )

V -  23 91 / " r S  k 2k ( C h e z y ' s  e q u a t i o n  w i t h  C f rom  K u t t e r ' s  e q u a t i o n )

V 32.42 / " rI  4 25 ( C h e z y ' s  e q u a t i o n  w i t h  C f rom  M a n n i n g ' s  e q u a t i o n )

:>e
Ac t u a 1 
v e 1oci ty  

( m / s )

Computed 
v e l o c i t y  
u s i n g  4 26 

( m / s )

Rat  IO o f  
a c t u a l  & 
comp uted  
v e 1o c i t y  

_ .2/3 .

S q u a r e  of  
d e v i a t i o n  of  
co mputed  f rom 
a c t u a l  v e l o c i t y

V eIoc 11 y 
u s in g  C 
K u t t e r 1 s 
eq uat  ion

(_m/sl_

from 

4 I k

Ve loc i t y  
u s i n g  C f r om  
Mann i n g ' s  
e q u a t i o n  2 25 

. J m /s  ]_

Rat io o f  a c t u a  I 
v e l o c i t y  u s in g  
e q u a t  ion

v e l o c i t y  a n d  
C h e z y ' s

2 /6 2 j7
2 3 4 5 6 7 8 9

0 1938 0.1874 1 .034 4 0960x10-5 0 0599 0 0812 3 235 2 387

302
0 2394 0.2039 1.174 1 2600x10 " 3 0 0652 0.0884 3 671 2.708

0,.2709 0.2372 1 142 1 1350x10-3 0.0758 0.1028 3 574 2.635

0 3092 0.2381 1 299 5 0550x1 O '3 0 0761 0.1032 4 063 2 996

0 1592 0.1895 0.840 9.18 09 x1 0-4 0 0606 0 0822 2 627 1 937

0025
0

0

1739

2543

0 2202 

0 2519

0 790

1 009

2 1430x10-3 

5 7600x1 O '6

0 0704 

0 0805

0 0955 

0 1092

2 470

3 159

1 821 

2 329

0 2772 0 2651 1 046 1 4640x10-4 0 0848 0.1149 3 269 2 413

0 2490 0.2530 0 984 1 6000x10-5 0 0809 0 1097 3 078 2 270

0 2633 0 2570 1 024 3 9690x1O-5 0 0822 0 1 114 3 203 2 364

0033
0 2656 0 2655 1 000 1 0000x1o-8 0 0849 0 1151 3 128 2 308

0 3465 0 3115 1 112 1 2250x1 O '3 0 0996 0 1351 3 479 2 565

0 2325 0 2827 0 822 2 5200x10~3 C 0904 0 1226 2 572 1 896

1005
0 2734 0 3092 0 884

-3
1 2810x10 0 0989 0 1341 2 764 2 039

0 3117 0 3479 0 896 1 3100x10-3 0 1112 0 1508 2 803 2 067

r\O 3C37 n ngT O 96 —A
2 u10x iO > IZ lu 0 16*40 3 006 ^ 218

1 001 0 01731 3 131 2 31
OCKj

o



T h e  c o m p u t e d  v e l o c i t y  u s i n g  t h i s  e q u a t i o n  w e r e  c o m p a r e d  w i t h  th e  

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

c o m p u t e d  v e l o c i t i e s  w a s  1 .299 to 0 .8 22  a n d  t h i s  w a s  h i g h e r  t h a n  in

t h e  o t h e r  c a s e s ,  b u t  t h e  a v e r a g e  w a s  1 . 00 1 .  T h e  s u m  o f  s q u a r e s  o f

t h e i r  d e v i a t i o n s  0 .0 1 7 3  w a s  c o m p a r i t  i v e l y  h i g h e r .  T h e  a c t u a l  

v e l o c i t i e s  w e r e  3 . 1 3  t i m e s  g r e a t e r  t h a n  t h e  v e l o c i t y  o b t a i n e d  u s i n g  C 

f r o m  K u t t e r ' s  e q u a t i o n  a n d  2 .31  t i m e s  g r e a t e r  t h a n  t h e  v a l u e s

o b t a i n e d  u s i n g  C f r o m  M a n n i n g ' s  e q u a t i o n  ( T a b l e  11) .  Hence i t  w a s  

c o n c l u d e d  t h a t  t h e s e  v a l u e s  w e r e  n o t  a p p l i c a b l e  to s m a l l  e a r t h e n  

c h a n n e l s  c a r r y i n g  d i s c h a r g e s  less t h a n  10 l / s .  So t h i s  s t u d y

r e c o m m e n d s  a C v a l u e  o f  75 f o r  e a r t h e n  c h a n n e l s  in s a n d y  loam s o i l s  

f o r  t h e  a b o v e  c o n d i t i o n  in  C h e z y ' s  e q u a t i o n .

T h e  v a l u e  o f  B a z i n ' s  r o u g h n e s s  c o e f f i c i e n t  m c o m p u t e d  f t o m  

t h e  d a t a  o b t a i n e d  in  t h e  s t u d y  w a s  0 . 0 7 5  ( A p p e n d i x  I X ) .  In  m i s

c a s e  a l s o  some n e g a t i v e  v a l u e s  w e r e  o b t a i n e d .  T h i s  v a l u e  w a s  31 

t i m e s  s m a l l e r  t h a n  B a z i n ' s  r e c o m m e n d e d  v a l u e  o f  2 . 3 6  f o r  e a r t h e n  

c h a n n e l s  u n d e r  t h e  sa m e  c o n d i t i o n s .  B a z i n ' s  f o r m u l a  m a y  no t  g i v e  

g o o d  r e s u l t  a n d  h e n c e  i t s  a p p l i c a t i o n  f o r  d e t e r m i n a t i o n  o f  C h e z y ' s  

c o n s t a n t  C is no t  a d v i s e d  f o r  s m a l l  c h a n n e l s  w i t h  d i s c h a r g e s  less 

t h a n  10 l / s .

6 . E ffe c t  o f  t e x t u r a l  c la s s i f ic a t io n  o f s o il

S o i l  u s e d  in e a r t h e n  c h a n n e l  w a s  c l a s s i f i e d  b a s e d  on t e x t u r e

b y  c o n d u c t i n g  s i e v e  a n d  h y d r o m e t e r  a n a l y s i s  T h e i r  r e s u l t s  w e r e  

p r e s e n t e d  in t h e  f o r m  o f  g r a i n  s i z e  d i s t r i b u t i o n  c u r v e  b y  p l o t t i n g  i h e



T a b l e  12 R e s u l t s  o f  p a r t i c l e  s i ze  d i s t r i b u t i o n  S ie v e  A n a l y s i s  

T o t a l  w e i g h t  o f  s o i l  = 1500 gm

I S S ie v e  
( m m )

W e ig h t  r e t a i n e d  
(gm)

% w e i g h t  r e t a i n e d C u 1u 1 at i ve  % 
w e i g h t  r e t a i n e d

1 2 3 4

4 750 14.0 0 93 0 93

2 000 55.0 3 67 4 60

1 180 87 9 5 86 1( 46

1 000 36.7 2 51 12 97

0 600 135.9 9 06 22 03

0 425 232.5 15 50 37 53

0 212 525.5 35 03 72 56

0 150 210 0 14 00 86 56

0 075 131 .1 8 74 95 30

0 063 42 7 2 85 98 15

0 045 20 2 1 35 99 50

Pan 7 5 0 5 0 100 00



T a b l e  13 R e s u l t s  o f  p a r t i c l e  s i z e  d i s t r i b u t i o n  -  S e d i m e n t a t i o n  A n a l y s i s

W e i g h t  o f  d r y  s o i l  = 50 gm 

S p e c i f i c  g r a v i t y ,  Gs = 2 .65  

V i s c o s i t y  o f  w a t e r ,  = 10 m i l l i p o i s e

E l a p s e d  
t i m e ,  t 

( m i n )

1

Rs

2

Rw

3

R -R s w

4

N in % 

5

Z
(cm)

6

Z in cm 
t in min

7

D in 
mm

8

2 50 P M

1/4 42 2 44 88 11 10 6 663 0 091

1/2 40 -2 42 84 11 40 4 775 0 065

1 36 -2 38 76 12 00 3 464 0 047

2 32 -2 34 68 12 60 2 510 0 034

4 28 -2 30 60 12 10 1 739 0 024

8 26 -2 28 56 12 35 1 242 0 017

15 22 -2 24 48 12 95 0 929 0 013

30 20 - 2 22 44 13 20 0 663 0 009

45 19 - 2 21 42 13 35 0 545 0 007

60 18 - 2 20 40 13 50 0 474 0 006

1260 
11 50 A M

11 -2 13 26 14 55 0 107 0 0014

R —R G o c. c i m
N = _ !  w x  r  r  X - X 100% 2 x  (R -R )

W *  G -  1 2 65 s w

D = J M .  x  = i 8 x 1 0 x i O ' i x _ Z  = , 3 6 U  x  1q-3  Z ( m  c m j
Y s - Y w  t (2 65-1 ) 9 8 1 x 6 0 x t  ( t  in m m )
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 -------------- D i a m e t e r  o f  p a r t i c l e ,  D ( m m )

F i g . 9 GRAIN S IZ E  DISTRIBUTION CURVE ( S i e v e  A n a l y s i s )
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  D i a m e t e r  o f  p a r t i c l e ,  D ( m m )

Fig-  11 GRAIN SIZE DISTRIBUTION CURVE (Hydrometer  A n a ly s i s )
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p a r t i c l e  d i a m e t e r  D as  a b s c i s s a  to a l o g a r i t h m i c  s c a l e  a n d  t h e  

c o r r e s p o n d i n g  p e r c e n t a g e  f i n e r  N as o r d i n a t e  to  a n a t u r a l  s c a l e  ( r  i g . 9  

a n d  11) .  F ro m  t h e  a b o v e  t w o  a n a l y s i s  t h e  p e r c e n t a g e s  o f  s a n d ,  s i l t  

a n d  c l a y  w e r e  d e t e r m i n e d  as 6 2 . 6 ,  2 5 .5  a n d  11.9 r e s p e c t i v e l y .

A c c o r d i n g  to USDA t e x t u r a l  c l a s s i f i c a t i o n  b y  u s i n g  t r i a n g u l a r  c h a r t ,  

the  t y p e  o f  s o i l  w a s  s a n d y  loam .  L i g h t  a n d  m e d iu m  t e x t u r e d  s o i l s  

w i t h  a low c l a y  c o n t e n t  e r o d e d  e a s i l y  a n d  w a s  u n s t a b l e  in n e w l y  

c o n s t r u c t e d  s t r u c t u r e s .  S p e c i a l  p r e c a u t i o n s  w e r e  n e e d e d  in t h i s  t y p e  

o f  s o i l  to  p r e v e n t  d i t c h  w a s h o u t s .  So c a n a l s  s h o u l d  b e  d e s i g n e d  

u s i n g  m a x im u m  p e r m i s s i b l e  v e l o c i t y  c r i t e r i a  a c c o r d i n g  to s o i l  t e x t u r e  

to m i n i m i s e  s o i l  e r o s i o n  in e a r t h e n  c h a n n e l s .  S in c e  t h i s  e x p e r i n e n t  

w a s  c o n d u c t e d  o n l y  f o r  one t y p e  o f  s o i l ,  t h e  b e s t  f i t  e q u a t i o n  

o b t a i n e d  c a n  be re c o m m e n d e d  o n l y  f o r  s a n d y  loam s o i l .

7 .  M a n n i n g ' s  e q u a t i o n  w a s  d e v e l o p e d  f o r  l a r g e  c a n a l s  c id

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

c o n d i t i o n s  w e r e  a r r i v e d  a t  w i t h  t h e  e x p o n e n t  o f  S as  0 . 5  a n d  th e  

e x p o n e n t  o f  R as 0 . 6 7 .  B u t  t h e  v a l i d i t y  o f  t h e  e q u a t i o n s  d e v e l o p e d  

w a s  n e v e r  t e s t e d  f o r  s m a l l  c h a n n e l s .  T h e  M a n n i n g ' s  n w a s  d e v e l o p e d  

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

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

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

v a l u e  o f  n to  some e x t e n t .  A c c o r d i n g  to  M a n n i n g ,  m a j o r  f a c t o r s  

a f f e c t  in g  r o u g h n e s s  c o e f f  ic l e n t  w e re  s u r f a c e  r o u g h n e s s , v e g e t a t  i o n , 

c h a n n e l  i r r e g u  l a r  i t y , c h a n n e l  a l i g n m e n t ,  s i l t i n g  a n d  s c o u r i r g ,  

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



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

When w a t e r  was  s h a l l o w ,  t h e  i r r e g u l a r i t i e s  o f  th e  c h a n n e l  b o t to m  were  

e x p o s e d  a n d  t h e i r  e f f e c t s  became more p r o n o u n c e d .  Th e  b o u n d a r y

e f fe c t s  a n d  s u r f a c e  t e n s i o n  w o u l d  h a v e  more i n f l u e n c e  on th e  v a l u e  o f  

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

d i s c h a r g e s  th e  v a l u e  o f  n w o u l d  be h i g h e r .  The  l a r g e  v a l u e s  o f  n 

o b t a i n e d  in t h e  b es t  f i t  e q u a t i o n s  o b t a i n e d  in t h i s  s t u d y  c o u l d  ol  

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

8 .  T h i s  s t u d y  recommends th e  f o l l o w i n g  e q u a t i o n s  f o r  c o m p u t in g

v e l o c i t i e s  in cement  l i n e d  c h a n n e l s  a n d  e a r t h e n  c h a n n e l s  in s a n d y

loam s o i l  f o r  d i s c h a r g e s  less t h a n  10 l / s .

I n - c e m e n t  l i n e d  c h a n n e l

V =
1 r 0. 7591  s 0 . 1 1 0 3

0 . 1 0 8 7

n e a r t h e n  c h a n n e l

V =
1 r 0 . 8 4 4  s 0 .3 0 7

0 .0212

These e q u a t i o n s  w o u l d  g i v e  b e t t e r  r e s u l t s  u n d e r  the  c o n d i t i o r s  

ment  toned a b o v e .

Ho w e ver  M a n n i n g ' s  e q u a t i o n  b e i n g  an  u n i v e r s a l l y  a c c e p te d  

e q u a t i o n ,  i t  is s u g g e s t e d  t h a t  f o r  b e t t e r  r e s u l t s  th e  f o l l o w i n g  n 

v a l u e s  may be  u se d  in s m a l l  c h a n n e l s  when  M a n n i n g ' s  e q u a t i o n  is



_0.67 - 0 . 5  x . , , . -R S f o r  cement l i n e d  c h a n n e ls

^0 . 67  c0 .5 , + , , .R S f o r  e a r t h e n  c h a n n e ls t

C h e z y 's  e q u a t i o n  a lso  does not  g i v e  r e l i a b l e  r e s u l t s  in s m al l  c h a r n e l s  

when C v a lu e s  computed f rom  K u t t e r ' s  e q u a t i o n  and  M a n n i n g ' s
4

e q u a t io n  a re  used.  Be t te r  r e s u l t s  can be o b t a i n e d  by  u s in g  C v a l u e  

o b t a i n e d  in t h i s  s t u d y .  These v a lu e s  a re  95 f o r  cement l i ne d

c h a n n e ls  a n d  75 f o r  e a r t h e n  c h a n n e ls  in s a n d y  loam s o i l .

9.  The f o l l o w i n g  a re  some o f  the  s u gg es t i o ns  f o r  f u r t h e r

i n v e s t i g a t  ions.

1. Conduct  the  e x pe r i m en ts  in d i f f e r e n t  t y p e s  of  l i n i n g s  fo r

d i f f e r e n t  r a t e  o f  f lo ws  a n d  deve lop  e q u a t i o n s  f o r  these 

c o n d i t  ions

2. Conduct  e x p e r im e n ts  in d i f f e r e n t  ty p e s  o f  s o i l s  f o r  o b t a i n i n g

v a lu e s  o f  expo ne nt s  and  co n s ta n t s  v a l i d  f o r  d i f f e r e n t  t y p e c of  

s o i I s .

3. Compare a l l  the  e q u a t i o n s  a n d  deve lop  an e q u a t i o n  in the form

of  M a n n i n g ' s  e q u a t i o n  w i t h  d i f f e r e n t  v a lu e s  of  ro u gh ne s s  f a c t o r  

fo r  d i f f e r e n t  ty p e s  o f  l i n i n g s .

V = 1

V =

0.00609

1
0.00778





SUMMARY

Co n v e y a n c e  a n d  c o n t r o l  o f  i r r i g a t i o n  w a t e r  is an  im p o r t a n t

p h a s e  o f  a g r i c u l t u r a l  w a t e r  m a n ag em en t .  S c i e n t i f i c  managem ent  o f

i r r i g a t i o n  w a t e r  is the  o n l y  w a y  in w h i c h  we ca n  make  o u r

a g r i c u l t u r e  c o m p e t i t i v e  a n d  p r o f i t a b l e .  The  m a j o r  p r o b l e m  in

i r r i g a t i o n  schemes a re  t h e  w a s t a g e  o f  w a t e r  a t  o u t l e t  p o i n t  o w i n g  to

th e  abs enc e  o f  a p p r o p r i a t e  r e g u l a t i o n  o f  w a t e r  to th e  remote  a re a s
<)

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

im p o r t a n c e  in i m p r o v i n g  th e  economics a n d  e f f i c i e n c y  o f  th e  p r o j e c t .

T he  w e l l  k n o w n  a n d  w i d e l y  used  u n i f o r m  f l o w  f o r m u l a s  were 

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

c e r t a i n  t h e o r e t i c a l  a s s u m p t i o n s .  The v a l i d i t y  o f  these e q u a t i o n s  were 

n e v e r  te s te d  in s m a l l  c h a n n e l s .  T h e r e  was no e m p i r i c a l  e q u a t i o n  

a v a i l a b l e  f o r  th e  d e s i g n  o f  s m a l l  c h a n n e l s  h a v i n g  d i s c h a r g e s  less 

th a n  10 l / s .  So an  a t t e m p t  was made to f i n d  o u t  the  c o n s t a n t s  in the  

g e n e r a l  u n i f o r m  f l o w  f o r m u l a  f o r  d i s c h a r g e s  less t h a n  10 l / s  in 

cement  l i n e d  a n d  e a r t h e n  c h a n n e l s .

The  s i t e  se le c te d  f o r  th e  e x p e r i m e n t s  was th e  I n s t r u c t i o n a l  

F a r m  o f  K e l a p p a j i  Co l l eg e  o f  A g r i c u l t u r a l  E n g i n e e r i n g  a n d  T e c h n o lo g y  

at  T a v a n u r .  A cement  l i n e d  a n d  e a r t h e n  c h a n n e l  o f  40 m le n g t h  were 

c o n s t r u c t e d  s i d e  b y  s i d e .  The bot t om  w i d t h ,  d e p t h  a n d  s i d e  s lop e  of  

the  l i n e d  c h a n n e l  were  15 cm,  18 cm,  a n d  1 1 a n d  f o r  e a r t h e n  

c h a n n e l s  were  15 cm, 18 cm a n d  1.5 1 r e s p e c t i v e l y .  An u p s t r e a m  t a n k  

of  s ize  2 .6  x  1.1 x  0 . 6  m a n d  a d o w n s t re a m  t a n k  o f  5.1 x  1.1 x  0 .8  m



w er e  c o n s t r u c t e d  common to b o th  th e  c h a n n e l s .  A V - n o t c h  i n s t a l l e d  at 

one s i d e  o f  th e  d o w n s t re a m  t a n k  a n d  a hook g a u g e  w i t h  v e r n i e r  

a r r a n g e m e n t  wer e  used  f o r  d i s c h a r g e  mea sur em en ts  in c h a n n e l s .

The mean v e l o c i t y  o f  a t u r b u l e n t  u n i f o r m  f l o w  in c r en 

c h a n n e l s  is u s u a l l y  e x p r e s s e d  in the  g e n e r a l  fo rm

The s t u d y  was c o n d u c t e d  to f i n d  out  t h e  c o n s t a n t s  C, x  a n d  y in the  

u n i f o r m  f l o w  f o r m u l a  f o r  d i s c h a r g e s  less t h a n  10 l / s  in cement  l i n e d  

a n d  e a r t h e n  c h a n n e l s .  E x p e r i m e n t s  wer e  c o n d u c t e d  f o r  d i f f e r e n t  

d i s c h a r g e s  v a r y i n g  f r om  1 to 9 l / s  a n d  f o r  d i f f e r e n t  s lo pes  o f  1/2000, 

1/3000,  1/4000 a n d  1/5000 in cement  l i n e d  a n d  e a r t h e n  c h a n n e l s .  I he 

r e l a t i o n s h i p  between v e l o c i t y  V ,  h y d r a u l i c  r a d i u s  R a n d  s lo pe  S war e  

e s t i m a t e d  by° a c o m p u t e r  a n a l y s i s  b y  f i t t i n g  a log l i n e a r  m u l t i p l e  

r e g r e s s i o n  e q u a t i o n .  The best  f i t  e q u a t i o n s  o b t a i n e d  f o r  these two 

c h a n n e l s  a re

I n  cement  l i n e d  c h a n n e l

V = 9.199 R,0.7591 0.1103

i . e .  V
p0.7591 0.1103

0.1087

I n  e a r t h e n  c h a n n e l

V = 47.2286 R0.844 s0 .307

i .e .  V 0.0212
r 0.844 s 0.307



These e q u a t i o n s  were  com pared  w i t h  the w e l l  know n  C h e z y 's  a n d

M a n n n m g ' s  e q u a t i o n s  a n d  checked  t h e i r  v a l i d i t y  f o r  s m a l l  c h a n n e l s .

M a n n i n g ' s  recommended v a l u e  o f  ro u g h n e ss  c o e f f i c i e n t  n fo r  

cement  l i n e d  c h a n n e l s  was 0.013 a n d  f o r  e a r th e n  c h a n n e l s  was 0.018.  

The v a l u e  o f  n o b t a i n e d  in the  s t u d y  was a p p r o x i m a t e l y  e ig h t  t imes

g r e a t e r  t h a n  the  recommended v a l u e  f o r  cement  l i n e d  c h a n n e l s  and  

1.2 t imes g r e a t e r  t h a n  the  recommended v a l u e  f o r  e a r th e n  c h a n n e l s .  

The h i g h e r  v a l u e  o f  n o b t a i n e d  w o u ld  reduce  the v a l u e  of  C w h i c f  is 

i ts  in ve rse  b y  the  same p r o p o r t i o n .  The e x p o n e n t  of  R was w i t h i n  the
O

l i m i t s .  The lower v a l u e  o f  the  expo n en t  o f  S to a la rg e  ex te n t  was 

compensated  b y  the  d i f f e r e n c e s  in the  v a l u e  o f  n.

" An a t te m p t  was made to compare  the  a c t u a l  v e l o c i t y  w i t h  the

v e l o c i t y  o b t a i n e d  u s in g  M a n n i n g ' s  e q u a t i o n .  In b o th  the c h a n n e l s ,

a c t u a l  v e l o c i t y  was r o u g h l y  2 t imes g r e a t e r  t h a n  the  M a n n i n g ' s

v e l o c i t y .  So M a n n i n g ' s  recommended v a l u e s  d e r i v e d  f o r  l a r g e  c a n a l s  

a n d  s t re am s were  f o u n d  not a p p l i c a b l e  to s m a l l  c h a n n e l s  h a v i n g  

d i s c h a r g e s  less t h a n  10 l / s .  S ince the  a v e r a g e  r a t i o  a c tu a l  a n d

computed  v e l o c i t y  u s i n g  th e  best f i t  e q u a t i o n s  a n d  the  c o e f f i c i e n t  of  

d e t e r m i n a t io n s  in the  two cases were n e a r  u n i t y ,  these bes t  f i t

e q u a t i o n s  were  good a n d  g a v e  more a c c u r a t e  r e s u l t s .

M a n n i n g  f i x e d  the v a l u e  o f  expo n en t  o f  S as 0 .5  on c e r t a i n  

a s s u m p t io n s  b ase d  on t h e o r y .  So it  was d e c id e d  to f i x  the  v a l u e  of

e xponen t  of  S as 0 .5  a n d  f i n d  the  v a l u e  o f  n a n d  the  e xponen t  of  R.

The e q u a t i o n s  o b t a i n e d  in the  two c h a n n e l s  a re



I n  c e m e n t  l i n e d  c h a n n e l

i „ 0 . 7 8 2 7  c0 . 5
V = -------- !— —  K b

0.00428 

In e a r th e n  c h a n n e l

i -.0.8696 - 0 . 5
v  ■ ir r o o r -  R 5

The e x p o n e n t  o f  R was w i t h i n  the  l i m i t s  in b o th  cases .  The v a l u e  of  

n o b t a i n e d  °was th re e  t imes less th a n  the  recommended v a l u e  in 

cement l i n e d  c h a n n e l s  a n d  f o u r  t imes less t h a n  the  recommended v a ' u e  

in e a r th e n  c h a n n e l s .  T h is  decrease  in n v a lu e  was to some e x te n t  

compensated  b y  the  decrease  in the  v a l u e  o f  h y d r a u l i c  r a d i u s  f a c t o r  

due to the  in c re a se  in the  v a l u e  o f  i ts  e x p o n e n t .  These e q u a t io n s  

were  good w i t h i n  these c o n d i t i o n s ,  b u t  the  r e l i a b i l i t y  o f  the  e q u a t i o n s  

were  less t h a n  the  p r e v i o u s  case.

S ince  M a n n i n g ' s  e q u a t io n  is an u n i v e r s a l l y  accepted  fo rm ,  a 

co m p a r iso n  was made between the  recommended v a lu e s  of  n a n d  the  

v a lu e s  of  n o b t a i n e d  in the  s tu d y  b y  f i x i n g  the  v a l u e  of  e xpo n en t  o f  

R a n d  S as 0.67  a n d  0 .5  r e s p e c t i v e l y .  The e q u a t i o n s  o b t a i n e d  a re

In cement  l i n e d  c h a n n e l

w = _ J   r 0.67  - 0 . 5
0.00609

In e a r th e n  c h a n n e l

V = _ J   R ° - 67 S ° - 5
0.00778



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

r e c o m m e n d e d  v a l u e s .  T h e s e  e q u a t i o n s  g a v e  r e a s o n a b l y  g o o d  r e s u l t s ,  

t h o u g h  t h e i r  r e l i a b i l i t y  w e r e  c o m p a r  i t  i v e  l y  l es s  t h a n  t h e  e a r l i e r  t w o  

c a s e s .

S i n c e  M a n n i n g ' s  ^ q u a t  io n  w a s  n o t  a p p l i c a b l e  f o r  t h e  d e s i g n  

o f  s m a l l  c h a n n e l s ,  t h e  b e s t  f i t  e q u a t i o n s  o b t a i n e d  in  t h e  s t u d y  a r e  

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

d i s c h a r g e s  l e s s  t h a n  10 l / s .  S i n c e  M a n n i n g ' s  e q u a t i o n  is  a n  

u n i v e r s a l l y  a c c e p t e d  f o r m ,  t h i s  s t u d y  d e v e l o p e d  e q u a t i o n s  in  t h e  f o r m  

o f  M a n n i n g ' s  w i t h  d i f f e r e n t  v a l u e s  o f  n f o r  t w o  c o n d i t i o n s .  T h e s e  

r e c o m m e n d e d  v a l u e s  f o r  r u g o s i t y  c o e f f i c i e n t  a r e  0 0 06 0 9  f o r  c e m e n t  

l i n e d  c h a n n e l s  a n d  0 . 0 0 7 7 8  f o r  e a r t h e n  c h a n n e l s  i n  s a n d y  l o a m  s o i l c .

I n  C h e z y ' s  e q u a t i o n ,  C h e z y ' s  c o n s t a n t  C is  d e t e r m i n e d  b y

u s i n g  G a n g u i l l e t  a n d  K u t t e r ' s  f o r m u l a  a n d  M a n n i n g ' s  f o r m u l a .  I n

c e m e n t  l i n e d  c h a n n e l s  u s i n g  a  r e c o m m e n d e d  n v a l u e  o f  0 . 0 1 3 ,  C h e z y ' s  

c o n s t a n t  C w a s  c a l c u l a t e d  a s  3 6 . 9 8  f r o m  K u t t e r ' s  e q u a t i o n  a n d  4 4 . 9 6  

f r o m  M a n n i n g ' s  e q u a t i o n .  I n  e a r t h e n  c h a n n e l s ,  u s i n g  t h e

- ' e c o m m e n d e d  n v a l u e  o f  0 . 0 1 8 ,  t h e  v a l u e  o f  C o b t a i n e d  w a s  2 3 . 9 1  f r o m  

K u t t e r ' s  e q u a t i o n  a n d  3 2 . 4 2  f r o m  M a n n i n g ' s  e q u a t i o n .  T h e  C v a l u e s  

o b t a i n e d  in  t h e  s t u d y  b y  f i x i n g  t h e  v a l u e  o f  e x p o n e n t  o f  R a n d  S a s  

0 . 5  in  t h e  b e s t  f i t  e q u a t i o n  w e r e  9 4 . 9 1  in  c e m e n t  l i n e d  a n d  7 4 . 7 7 1  in  

e a r t h e n  c h a n n e l s .  V e l o c i t i e s  w e r e  c o m p a r e d  u s i n g  t h e  f o l l o w i n g

e q u a t  i o n .



I n  c e m e n t  l i n e d  c h a n n e l

V = 94.91 / RS

V = 36 .98 /"RS

V = 44.9 6  /  RS

( f r o m  b es t  f i t  e q u a t i o n )  

( f r o m  K u t t e r ' s  e q u a t i o n )  

( f r o m  M a n n i n g ' s  e q u a t i o n )

In e a r t h e n  c h a n n e l

V = 74.771 [ rS

V = 23.91 J  RS

V = 32. 4 2  / R S

( f r o m  b es t  f i t  e q u a t i o n )  

( f r o m  K u t t e r ' s  e q u a t i o n )  

( f r o m  M a n n i n g ' s  e q u a t i o n )

T he  a c t u a l  v e l o c i t i e s  in b o t h  t h e  c h a n n e l s  w e re  more t h a n  d o u b l e  t h e  

v e l o c i t i e s  o b t a i n e d  u s i n g  K u t t e r ' s  a n d  M a n n i n g ' s  e q u a t i o n .  Hence these  

C v a l u e s  c o m p u t e d  f r o m  K u t t e r ' s  a n d  M a n n i n g ' s  e q u a t i o n  w ere  not  

a p p l i c a b l e  to s m a l l  c h a n n e l s .  T he  v e l o c i t i e s  c o m p u t e d  u s i n g  th e  

e q u a t i o n s  d e v e l o p e d  in t h e  s t u d y  w ere  v e r y  c l o s e  to t h e  a c t u a l  

v e l o c i t i e s .  So t h i s  s t u d y  rec omm en ds  a C v a l u e  o f  95 f o r  cemen t  l i n e d  

c h a n n e l s  a n d  75 f o r  e a r t h e n  c h a n n e l s  c a r r y i n g  d i s c h a r g e s  less t h a n  

10 I / s  in C h e z y ' s  e q u a t i o n .

S i e v e  a n d  h y d r o m e t e r  a n a l y s i s  w ere  don e  to  d e s i g n a t e  t h e  

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

t y p e  o f  s o i l  was  s a n d y  loam.
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U n p l a n e d  woo d, c o n c r e t e ,  o r  b r i c k 0 21

A s h l a r ,  r u b b l e m a s o n r y ,  o r  p o o r  b r i c k w o r k 0 8 ■(

E a r t h  c h a n n e l s in p e r f e c t  c o n d i t i o n 1 54

E a r t h  c h a n n e l s in o r d i n a r y  c o n d i t i o n 2 3i

E a r t h  c h a n n e l s in r o u g h  c o n d i t i o n 3 H



A p p e n d i x  I I I

f  OMPABISON OF ARIATJONS IN Cl l£ zy  B C BaZIN B III 
AND KOTTER 5 n

M e a s u r e m e n t s
Aver age  vi*)uea

1

C

As erage  
a r l a t io ns  %

C m H 1 m n

Bazi n 6 Ser ies 0 0 186 0 0127 5 % 1 I
7 0 ICG 0 0120 3 4 1 0
8 0 142 0 0116 3 8 2 5
9 0 199 0  0130 10 6 1 2

10 0 144 0 0117 3 4 1 4
11 0 129 0 c m 3 7 3 8
12 0 J24 0 0151 1 6 1 0
Id 0 311 d til 48 2 7 1 2
1 -1 0 6 2 ] 0 0i5Q 4 4 1 8
15 0 715 0 0209 4 2 1 2
IG 0 7M 0 0212 5 7 1 6
17 0 7^1 0 0216 6 1 ? 3
32 0 424 0 0168 1 8 0 4
33 0 444 0 0171 3 1 1 2
44 0 65S 0 0195 18 0 8 8
40 0 704 0 0205 11 1 6 i

M i a n  i R n c r  a t  J n d i n o r  Ohio 1915 -19 1G b7 4 ’ 1 98 0 0316 4 08 10 0 4 9
Bo gue  P ha l ia  H i \ t r  Miss  1914 63 3* 4 09 0 0704 24 20 35 7 22 2
Ar ka nsa s  Dra i n- i g0 Ca na l s ,  Ar k 1915 65 9* 2 12 b 0324 3 18 4 B 1 f)
Mis* ssippi  R i \  er C a r r o l t o n  La 19J2 1 33 0 0320 1 30 5 4 3 0
Miss iss ippi  R i \  r C a r r o l to n ,  La  , 1913 1 40 0 0334 2 80 12 8 2 8
I r r a w a d d }  R i \ o r  B u r m a 1 35 0 0332 4 10 ?3 0 6 2
Volga  R i \ c c  a t  S a m a r a  Ru ss ia 1 58 0 0311 1 87 13 0 4 1
Volga R t \ i r  at  Z lu gu l j  R us s ia 1 76 d 0303 18 80 36 5 5 0

A\ e r age  \ ai s t i o n 7 54 9 67 3

* \  a lucs a s t r a g e d  b> t he  a u t h o r



A p p e n d i x  |V 
Vali  z i o r t u b  RoiaiiNthft Cci Fficirfn 11 

(Boldface figures are values gen< ally recommended in design)

T jpr  t f  channel  a nd  descript ion Mintrnuni ['formal M^xnpti in
Ciosed Ccsdiits  P lowing P artlt T ull
A 1 M< tal

a Brass s m o o t h 0 009 o Dio 0 013
b bled

1 Iax PI |ir a n d  welded 0 OK) 0 012 0 On
2 ]li\ elcd a n d  spiral 0 013 (1 01 fl 0 Ol?

c Cast  iron
1 Coated 0 010 o oid 0 014
2 Unc< i tod 0 01 1 0 014 o dip

d N\ rc Jgl t iron
1 Black 0 012 0 014 0 015
2 Galvanized 0 013 0 DIG 0 017

e Corrug Bed meta l
1 S u b d i a in 0 017 0 019 0 021
2 Stc rm dra in 0 021 0 024 0 03v

A 2 V>i metal
LuciU 0 008 0 t>09 0 010

6 Glass 0 009 0 010 0 013
c C eme nt

I B e a t ,  surface 0 010 o pu o on
2 Mo r t a r 0 011 o on 0 015

d. Gonerete
1 C u h c r t  s t r a igh t  a nd  free of dr hris 0 010 o on o on
2 C u l t e r t  wi th bends ,  c on i i c r t n ns 0 Oil 0 013 Q on

a n d  some debris
3 Finished 0 Oil 0 012 0 014
4 bewcr  wi th  manholes  iplcl etc 0 013 0 0(5 0 017

s t ra ig ht
6 Unftnislied steel foirn o on? 0 Ol t o on
6 Unfinished smo ot h  wood forrb 0 012 0 014 0 010
7 Unfinished rough wobd form) 0 015 0 0 ' 7 0 020

c \ \  oc d
1 e l u t e o qio 0 013 0 014
2 1 ai ipimteil  t r ea ted 0 0! > 0 017 0 020

i  Clav a
1 C( rninort dr  iui(ige tile 0 Oil 0 013 0 0)7
2 \  i trlln d s e u t r 0 Oil 0 014 0 017
3 \  i tri lu d sew i r w i lh rnapholes inlet 0 013 0 015 o olr

eli
4 \  itrific d suhdruin w i th open joint 0 01} P 016 p P18

y Brickwork
1 C lazed 0 Oil O 0)3 0 015
2 I med  wi th eeir i tnt  mor ta r 0 012 0 016 0 0(7

h San i ta r y bewcrs coated wi th s iwngi 0 012 0 013 Q 01G
slums wtUi hentla tvntl t o t i h p  tin $

» P a t t d  i ns e r t  sewer s mo ot h  bottc in 0 010 t| 0)9 0 020
]  Pu l  hie maw a r t  ecmet i t id 0 018 U 025 0 tHO

C opt d ,



A p p e n d i x  IV ( o o n t u . )

\  u u «  or  ti i t Hot t unfis  CoFFrmuNT n {cnnfunri)

l ' >pc  of ch inne l  e n d  de*icript 14. M m i i m n n Nr ru  al M avifi 1 in

13 L i s e d  o r  D o i l t  p  p C h a s s e l s

B- l  Me ta l
a S m o o t h  s teel  su r f ace

1 I n p a m t e d 0 Oi l 0 0 1 2 0 014
2 Pa^ri tcd 0 0)2 0 013 0 017

b C e r r u g i t e d 0 021 0 0 2a 0 03 0
B-2  '  otir ( t i l

a Cen ent
t S e a t  s ur f ace 0 0 10 0 01  1 0 013
2 M o r t a r 0 Oi l 0 01 3 0 015

b \ \  >od
1 l U n t d  u n t r e a t e d 0 0 0 0 O P 0 014
2 J’l n e d ,  crcosi  t ed 0 0 1 1 0 0 1 2 0 015
3 I 'npl i j nod 0 0 1 1 0 013 0 015
4 I Inn) j j lh  1 T t t r n s 0 0 1 2 0 015 0 018
5 1 ini d v. itli ic < f ing p ap er 0 0 1 0 0 014 0 017

r Co nc r e t e
1 T r o d  el f inish 0 Oi l 0 013 0 015
2 1 l o s t  fir Hh 0 013 0 Olo 0 0 1 0
3 F i p ' l i e d  w 1 tli g r a \ e l  cm b o t t o m 0 015 0 017 0 020
-1 I nf inished 0 014 0 017 0 020
5 ( r u l n t e  good  sect ion 0 016 0 019 0 023
6 f  ur I n  «  u j  Section 0 018 0 0 M 0 0 2 1
7 On good e x c a v a t e d  rock 0 017 0 020
8 C)u i r r eg u la r  e > c a \ a t ( d  ro k 0 022 0 0>7

d G e n er a te  b o t t o m  f e a t  l i i i i ' f i id w i th
« J i « of

1 Dr ess ed  s t o n e  in r n j r t a r 0 Q15 0 o r 0 020
2 I l a n d o m  s t on e  in n or tn r 0 017 0 0 ’0 0 02 J
3 ( c  meri t  r u b b l e  m rsonr\  pi r s t crcd 0 016 0 U’0 0 021
<1 C i m p l i l  •■ubble m as t  riry 0 020 0 025 0 030
5 Dry r u b b l e  or  r i p r ap 0 020 0 0 0 0 0 35

e C r a e e l  b o t t o m  wi th  s ides of
1 F o r m e d  tonfcrelc 0 017 0 0 ’0 0 025

I l a n d o m  a to ne  in m o r t a r 0 020 0 023 0 0>0
3 Dty f t lbb l e  pr  r i pr ap 0 023 0 033 0 0 50

j  I t r ick
1 Glazed 0 011 0 013 0 015
2 I n  c e m e n t  m o r t a r t) 012 0 016 0 018

g M a s o n r y
1 C e m e n t e d  r u b bl e 0 017 0 025 0 0 10
2 Dry t ill 1 le 0 0M 0 0i> 0  0  3 j

h D r r s  ed asl i lar 0 013 0 015 0 01
1 A s p h a l t

1 S m o o t h 0 01 i 0 01 1
2 Hough 0 016 0 010

2 ^ egetal  l ining 0 030 0 500

Con  t d



A p p e n d i x  IV ( c o n t d . )

\  A L U E 8  o r  T H E  R O O O H N E S S  C O E F F I C I E N T  rt  ( c o n l ] > ] U e d )

T > p e  of c h an n e l  a n d  desc r i pt ion M i n i m u m N q r m a l M a x i m u m

C L x u i a i i i ) o x  D h l u o e d

a L s r l h  s t r a i g h t  a n d  u n i f or m
1 Cl ean  recent l y c o m p l e t e d 0 016 0 018 0 020
2 Cl ea n  a f t e r  w e a t h e r l n g 0 018 0 022 0 025
3 G r a \ e l  u n i f o r m  aecticln c lean 0 022 0 025 0 o l o
4 W i t h  s h o r t  g ra ss  few w t e d a 0 022 0 027 0 033

b E a r t h  w Hiding a n d  s luggi sh
1 N o  \ ( . g e l a t i o n 0 023 0 025 0 030
2 G r a s s  s o m e  we ed s 0 0°o 0 0 50 0 033
3 D e n s e  w e e d s  o r  acjuat ie p l an t s  in 0 030 0 035 0 040

d e e p  c h a n n e l s
4 I a r t h  b o t t o m  a n d  r u bb l e  sides 0 028 0 030 0 035
5 S t o n y  b o t t o m  a n d  weed)  b a n k s 0 025 0 035 0 0 ) 0
0 Co bb l e  b o t t o m  a n d  clean sides 0 030 0 040 0 050

c D r a g h n e - e x c a \ a t e d  or  d r ed ged
1 N o  v e g e t a t i o n 0 0 - 5 Q 028 0 053
2 L i g h t  b r u s h  on  b a n k s 0 035 0 050 0  060

d  R o c k  c u ts
1 S m o o t h  a n d  u n i f o r m 0 025 0 035 0  010
2 J a g g e d  a n d  i r r egu l ar 0 035 0 040 0 0 r 0

e C h a n n e l s  n o t  m a i n t a i n e d  weeds  a nd
b r u s h  un  lit
1 D e n s e  w e ed s  h i gh  as  flow d e p t h 0 0 5 J n  080 0 I 'M
2 C l ea n  b o t t o m  b r u s h  on sides 0 040 0 050 0 050
3 <4i rne 1 iglit t s ' n g e  of flow 0 015 0 0 0 0 111)
4 De ns e  1 rush  h i gh  s t age 0 080 0 100 0 110

D  N a t i r a l  S t r e a m s

D  1 M i n o r  s t r e a m s  ( top  w i d t h  a t  flood s t age
< 1 0 0  f t )

a S t r e a m s  on plain
1 Cl ean  s t r a i g h t  full s t ag e  no ri f ts ( r 0 02 ) 0 030 0 033

d e ep  pools
2 S a m e  as  a b o i  p b u t  more  s t ones  ni d 0 010 0 035 0 040

\ e i d s
3 C l ea n  wi n d i n g  b o m t  pdols a i d o o n 0 040 0 04 5

6l o iIs
4 5 n n e  as  a b o v e  b u t  s ome  weeds Mid 0 0J5 0 045 0 0a0

s t ones
5 S a m e  as  a b o \  e lpw er s t ages  more 0 040 0 018 0 05o

inef fect ive  s lopes a n d  Bi l l ions
0 < u mi  as  4 b u t  m o r e  s t o u t s 11 045 0 050 U Old)
7 H u g g i s h  r e i c t  cs we ed y  d u p  pools 0 050 0 O'O 0 080
8 \ i r )  w e e d y  r eac hes  d i e p  pools or 0 075 0 100 0 150

f l oodways  wi t h  h c a s y  s t a n d  of t im
)jer a n d  u n d e r b r u s h

C o h t d .



A p p e n d i x  IV ( c o n t d , )
A L l . E S  OK T H E  h o U O H N E S S  C o E K f i O l E N T  H ( C d n f i n l i e c f )

T> pe of channel  and descript ion Minimum ' o r m al M a x i m u m

b  Mount ain  s t rean s no vegetat ion in
channel  banks usual l j  Steep, t rees
and brush along banks  submerged a t
1 igh i-yigis

1 HoUom gravels tobbles,  and h a 0 030 0 0^0 0 050
1 1 uldcrs

2  Bot tom cobbles w ilh large boulders 0 010 (1 050 0 070
U  2 1 lo d | 1 uiis

a l ' u ' t u r e  do brush
1 Shor t  gtass 0 025 q 030 0 035
2 High grass 0 Ô O 0 015 0 050

I  C ulliv U 1 a r ias
1 h o  crop 0 020 0 030 0 010
2 M i turi  row crops 0 025 0 035 0 015
1 Mature  field crops 0 030 0 0)0 0 050

r Hi nil
1 1 tti rt 1 bruah lit nv ) cl ccds 0 015 0 050 0 0"0
- 1 1 1 t t tush and In  i s iri w Inti r 0 (MS 0 050 0 000
t 1 i 1 t 1 rush and trees iri summer 0 010 0 000 0 0J»0
I Mi hum lu dense brush,  tu winter 0 045 0 070 0 110
5 M dmm to dense brush,  in s u m m t r 0 070 0 100 0 100

d  ' I r e i s
1 iJr use v. dlou s summer ,  s t ra ight 0 1)0 0 150 0 2 0 0

2 ( 1 i r td  land w i l h ttree s u mps  no 0 010 0 0-50 0 050
s, n  uts

3 h nr as above,  b u t  with heaVj 0 OoO 0 000 0 080
pro th of sprouts

■1 11 iv;  s tand of t imber  a few down 0 0S0 0 100 0 120
tr es liltle undcrgrciw th,  flood stage
1 low bra tuhes

5 ‘■unc as above but  wi lh flood stage 0 100 0 120 O 100
reaching branches

D d M a j t r  s t reams (top width a t  flood stage
> 100 ft) The  n value is h s s  than tha t

for nnnor  s t reams of similar dc«crij t ion
t m 1 ankv offer less eflrc.11\ e resistance
n lUpi l i i r  section with no boulders or 0 025 0 000

1 tush
1 I rr gulnr and r iu gh  s nt io i i tl H I'i 0 100



A p p e n d ix  V

\  ALLE8 FOB THE COMPUTATION OF T H E  R o t l G H N F S S  COEFFI CI ENT

Chuiiiiel  condi t ions Valuea

Ma ter i al  
irivols cd

E a r t h

71 d

0 020

Rock cut 0 025

f  1 ng gras e! 0 02-J

C oaree gras  el 0 028

Degree  of 
i r regular i ty

Smoot h

"1

0 000 

0 005Mi nor

Mo d er a t e 0 010

Severe 0 020

\  n r i i h  m i  o f 

( 1 a n t t i e r

6C ( t.O Il

Gr adua l

. .

G 000

\ l u r n  i t i ng  occa ' ion  ill> 0 005

M t i r n a t | n g  frequent l> 0 (J10-0 015

Re! i l i se  
e ffe c t  of 
ob- l ru r  l io n s

\  i g et ut ion

Negl igible

711

0 000

Minor 0 010 -0 015 

0 020 0  0 10\ pp r ec iub l e

Severe o otd-o ooo

Lem

71 4

0 0 0 5 -0  010

Mtdiucn 0 0 1 0 -0  025 

0 0 2 5 -0  050 

0 0 .0 -0  100

H ig h

Verj  high

Degree of
m ea nde r i ng

Minor

7 l i t

1 000

Appreciable 1 150

See ere 1 300



D e t e r m i n a t i o n  o f  C h e z y ' s  c o n s t a n t s  f r om  K u t t e r ' s  a n d  M a n n i n g ' s  e q u a t i o n  in 

I ned c h a n n e l

23 + 0.00155 + 1

A p p e n d i x  VI

s n
4.15 IIo

R 1/ 6c -  1 + ^23 +0 .00155 ’

' r w

4 16

whe re  n  = 0.013 where n = 0.013

Ve loc i t y  
(m / s )

Hy d r a u  I ic 
r a d i u s  

(m)

S lope n / jR V a l u e  o f  C 
f r om  K u t t e r 1 s 
equ a t  ion 4 15

V a l u e  o f  C 
f rom
Mann i n g ' s

V R S e q u a t  ion 
4 .16

1 2 3 4 5 6 7

0.2536 0.0283 0.0002 0.1682 0.0773 31 88 42 46

0.2971 0.0379 0.0002 0.1947 0.0668 35.25 44 58

0.3541 0.0485 0.0002 0.2202 0.0590 38 26 45 45

0.4082 0.0530 0.0002 0.2302 0 0565 39 33 47 15

0 2629 0.0300 0.00025 0 1732 0 0751 33 24 42 88

0.2973 0.0385 0.00025 0.1962 0.0663 36 15 A t . 70

0 3279 0.0442 0.00025 0.2102 0.0618 37 84 4o 74

0 3608 0.0493 0.00025 0.2220 0 0586 39 14 4b 58

0.2505 0.0289 0.00033 0.1700 0.0765 33 54 4 62

0.3164 0.0373 0.00033 0.1931 0.0673 36 53 44 46

0.3531 0.0425 0.00033 0.2062 0.0630 38 11 45.44

0.3727 0.0471 0.00033 0.2170 0.0599 39 34 46.23

0.2787 0.0316 0.0005 0.1778 0 0731 35 43 44.25

0 3430 0.0403 0.0005 0.2007 0.0648 38 28 45.04

0 3860 0.0432 0.0005 0.2078 0 0626 39 11 45.57

0.3984 0.0^71 0.0005 0.2170 0 0599 40 19 46.23

36.08 44 .96



A p p e n d  i x  V I I

D e t e r m i n a t i o n  o f  C h e z y ' s  c o n s t a n t  C a n d  B a z i n ' s  r o u g h n e s s  c o e f f i c i e n t  in 

l i n e d  c h a n n e l

C = 

m =

[ RS
4.10

( 1 5 7 . 6 - 1 . 8 1 )  7 R 
C

4.20

Ve loc i t y  
( m / s )

V

Hy d r a u  I ic 
r a d  i u s

(m)
R

S lope 

S

F V a lu e  o f  C 
u s i n g  4 .10

B a z i n ' s  roughne ss  
c o e f f i c i e n t  
u s i n g  4.20 

m

1 2 3 4 5 6

0.2536 0.0283 0.0002 0.1682 106.596 —

0.2971 0.0379 0.1947 107 912 -

■0.3541 0.0485 0.2202 113.695 —

0.4082 0.0530 0.2302 125.378 ---

0.2629 0.0300 0.00025 0.1732 95.998

0.2973 0.0385 0.1962 95 828 --

0.3279 0.0442 0.2102 98.642 -

0.3608 0.0493 0.2220 102 772 —

0.2505 0.0289 0.00033 0.1700 81.115 0 f 0226

0.3164 0.0373 0.1931 90.183 —

0.3531 0.0425 0.2062 94 286 - -

0.3727 0.0471 0.2170 94.535 —

0.2787 0.0316 0.0005 0.1778 70 .11 5 0 0778

0.3430 0.0403 0.2007 76.411 0 0507

0.3860 0.0432 0.2078 83 054 0 0 13 2

0.3984 0.0471 0.2170 82.096 0 02 38

94 91 0 .03 86



A p p e n d i x  V I I I

D e t e r m i n a t i o n  o f  C h e z y ' s  c o n s t a n t s  f r om  K u t t e r ' s  a n d  M a n n i n g ' s  e q u a t i o n  in 

e a r t h e n  c h a n n e l

23

r  =

+ 0 00155 + 
s

1
-- 0
n

4.15 C = J. R ^ 6 4.16
1 + (23+0.00155

) +Aj  R

n

w he re  n = 0.018 where  n 0 018

Ve loc i t y  
( m / s )

V

H y d r a u  I ic 
r a d i u s  

(m)

R

S lope 

S

n /7R V a l u e  o f  C 
f r om  K u t t e r 1 s 
e qu a t  ion 4 .15

V a l u e  of  C 
f rom

0.1938 0 0314 0.0002 0.1772 0.1016 20 93 31 20

0.2394 0 0372 0.1929 0 0933 22.31 ’ 2 09

a . 2709 0.0503 0.2243 0 0802 14 90 33 75

0.3092 0.0507 0.2252 0 0799 24.97 03.80

0.1592 0.0257 0.00025 0.1603 0.1123 25.85 30.18

0.1739 0.0347 0.1863 0.0966 22 18 31.73

0.2543 0.0454 0.2131 0.0845 24.44 33 18

0.2722 0.0503 0 .2243 0.0802 25 36 33 75

0.2490 0.0347 0.00033 0 1863 0 0966 22 65 3 73

0 2633 0.0358 0 1892 0.0951 22 91 31 89

0 2656 0 0382 0 1954 0 0921 23 45 32 24

0 3465 0.0526 0.2293 0 0785 26 23 34 00

0.2325 0.0286 0.0005 0.1691 0 1064 21 62 30 72

0.2734 0.0342 0.1849 0 0973 23.07 31 65

0.3117 0.0433 0.2081 0.0865 25.07 32 92

0.3637 0.0512 0 2263 0 0795 26 55 33 85

23 91 32 42



A p p e n d i x  IX

Computa t ion  of  C h e z y 's  cons ta nt  C and  the B a z i n ' s  rou gh ne ss  c o e f f i c i e n t  in 
ea r th e n  c h a n n e l

C  5L_ 4 .10
[P S

M = (157 .6 -1 . 81 )  [ r  4 
C

.20

V e lo c i ty
(m /s )

V

H y d r a u  I ic 
r a d i u s

(m)

R

S lope 

S

V a lu e  of  C 
f rom the data  
o b t a i n e d  
u s in g  4 10

Baz in  s 
roughne ss  
coef f i r  ent 
u s in g  4 20

m

1 2 3 4 5 6

0. 1938 a  0314 0.0002 0.1772 77 33 0 0404

0.2394 0.0372 0.0002 0.1929 87 76

0.2709 0.0503 0.0002 0.2243 85 41 0.0079

0.3092 0.0507 0.0002 0.2252 97.10

0.1592 0.0257 0.00025 0.1603 62.807 0.1121

0.1739 0.0347 0.00025 0.1863 59.04 0.1601

0 2543 0.0454 0.00025 0.2131 75.483 0.0592

0.2722 0.0503 0.00025 0.2243 76.76 0.0545

0.2490 0.0347 0.00033 0 1863 73 583 0.0618

0 2633 0.0358 0.00033 0.1892 76.60 0 0^ 68

0.2656 0.0382 0.00033 0.1954 74.806 0 068

0 3465 0.0526 0.00033 0.2293 83.167 0.0195

0.2325 0.0286 0.0005 0.1691 61.483 0 . 1 t I'M-

0.2734 0.0342 0.0005 0.1849 66 115 0 1061

0 3117 0.0433 0.0005 0.2081 66.99 0 1 129

0 3637 0.0512 0.0005 0.2263 71 88 0 0866

74.771 0.0^5
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ABSTRACT

I r r i g a t e d  a g r i c u l t u r e  is b y  f a r  t h e  b i g g e s t  c o n s u m e r  o f  w a t e r  

a n d  is o n e  o f  t h e  most  i n e f f i c i e n t .  As  o u r  w a t e r  r e s o u r c e s  a r e  

l i m i t e d ,  e f f o r t  h a v e  to  be  c o n t i n u o u s l y  m a d e  to  o p t i m i s e  t h e  u s e  o f  

a v a i l a b l e  w a t e r  r e s o u r c e s  b y  b r i n g i n g  i m p r o v e m e n t s  in  d e s i g n ,  

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

t h e  a b s e n c e  o f  f i e l d  c h a n n e l s  c o n s t i t u t e d  a m a j o r  c a u s e  o f  u n d e r  

u t i l i z a t i o n , .  So p r o p e r  d e s i g n  a n d  l a y o u t  o f  f i e l d  c h a n n e l s  is o ne  o f  

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

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

u n i f o r m  f l o w  f o r m u l a  f o r  s m a l l  d i s c h a r g e s  less t h a n  10 l / s  in  c e m e n t  

l i n e d  a n d  e a r t h e n  c h a n n e l s .  T h e s e  c o n s t a n t s  w e r e  c o m p a r e d  w i t h  t h e  

c o n s t a n t s  in t h e  w e l l  k n o w n  a n d  w i d e l y  u s e d  u n i f o r m  f l o w  f o r m u l a e  

s u c h  as M a n n i n g ' s  a n d  C h e z y ' s  e q u a t i o n  a n d  c h e c k e d  t h e i r  v a l i d i t y  

f o r  s m a l l  c h a n n e l s .  E x p e r i m e n t s  w e r e  c o n d u c t e d  f o r  d i f f e r e n t  

d i s c h a r g e s  v a r y i n g  f r o m  1 to 9 I / s  a n d  f o r  d i f f e r e n t  s l o p e s  o f  1 /2000 ,  

1 /3 0 00 ,  1 /4000 a n d  1 /5000 in c e m e n t  l i n e d  a n d  e a r t h e n  c h a n n e l s .  W i t h  

t h e  h e l p  o f  a c o m p u t e r ,  a n a l y s i s  w a s  m a d e  to  e s t a b l i s h  a r e l a t i o n s h i p  

b e t w e e n  v e l o c i t y  V ,  h y d r a u l i c  r a d i u s  R a n d  s l o p e  S. T h e  e x p i n c a l  

e q u a t i o n  o b t a i n e d  a r e

I n  c e m e n t  l i n e d  c h a n n e l

V = 9 . 1 9 9  R0 - 7591 S0 - 1103

i . e .  V =
1 r 0.7591  s 0 . 1103

0 .1 0 8 7



In  e a r t h e n  c h a n n e l

V = 47.2286 R ° - 8AA S0 ' 307

1 d 0.844 ,.0.307
i . e .  V = ----------- R S0.0212

From the compar i son  o f  a c t u a l  v e l o c i t y  w i t h  v e l o c i t y  o b t a i n e d  

b y  u s in g  M a n n i n g ' s  e q u a t i o n ,  i t  was  fo u n d  t h a t  M a n n i n g ' s  e qu a t i o n  

was not a p p l i c a b l e  to smal l  c h a n n e ls  h a v i n g  d i s c h a r g e s  less t h a n  

10 l / s .  In b o th  the  c h a n n e ls ,  a c t u a l  v e l o c i t y  was r o u g h l y  two t imes 

g r e a t e r  t h a n  the M a n n i n g r s v e l o c i t y .  The a v e r a g e  r a t i o  o f  a c t u a l  and 

computed v e l o c i t y  u s in g  th e  best f i t  e q u a t i o n s  a n d  the  c o e f f i c i e n t  of  

d e t e rm in a t i o n s  in the two cases were n e a r  u n i t y .  Hence th e  best  f i t  

e q u a t i o n s  o b t a i n e d  in the s t u d y  a r e  recommended f o r  the d es ig n  of  

smal l  c h a n n e ls .

M a n n i n g  f i x e d  the v a l u e  o f  exponent  o f  S as 0 .5  based on 

some t h e o r e t i c a l  assum pt i o ns .  So i t  was  de c i de d  to f i n d  the v a l u e  of  

n a nd  the exp o ne n t  o f  R in b o th  the  c h a n n e ls  b y  f i x i n g  the  v a l u e  of  

expone nt  o f  S as 0 . 5 .  The e q u a t io n s  o b t a i n e d  a re

In cement  l i n e d  c h an ne l

w _ 1 n0.7827 ,.0.5
0.00428 b

In e a r t h e n  c h a n n e l

V = _ J   R ° - 8696 S0 -5
0.00408

These e q u a t i o n s  were good b u t  t h e i r  r e l i a b i l i t y  were less t h a n  t h a t  of  

the p r e v io u s  e q u a t i o n s .



Since M a n n i n g ' s  e q u a t i o n  is an u n i v e r s a l l y  a c c ep te d  fo rm ,  

co m p a r i s o n  was  made between t h e  recommended n v a l u e s  a n d  the  n 

v a l u e s  o b t a i n e d  in the  s t u d y  b y  f i x i n g  the  v a l u e  o f  e x p o n e n t  o f  R a n d  

S as 0 .67  a n d  0 . 5  r e s p e c t i v e l y .  The  e q u a t i o n s  o b t a i n e d  a r e

In cement  l i n e d  c h a n n e l

V =  1  R0 -67 S0 - 5
0.00609

In e a r t h e n  c h a n n e l
o

-  1 r 0.67  0 .5
v "  0.00778 s

T h o u g h  th e  r e l i a b i l i t y  o f  these e q u a t i o n s  were c o m p a n t i v e l y  less ‘ h a n

th e  e a r l i e r  c a s es ,  i t g a v e  r e a s o n a b l y  good r e s u l t s .  So these

e q u a t i o n s  a r e  a ls o  recommended f o r  th e  d e s ig n  o f  s m a l l  c h a n n e l s  /vi th

d i f f e r e n t  n v a l u e s  f o r  cement  l i n e d  a n d  e a r t h e n  c h a n n e l s .
«

C h e z y ' s  c o n s t a n t  C was d e t e r m i n e d  f r om  the  best  f i t

e q u a t i o n s  b y  f i x i n g  the  v a l u e  o f  e x p o n e n t  o f  R a n d  S as 0 . 5 .  The 

e q u a t i o n s  o b t a i n e d  in two c h a n n e l s  a re

In  cement  l i n e d  c h a n n e l

V = 94.91 j T s  

In  e a r t h e n  c h a n n e l

V = 74.771 /  RS



T h e se  C v a l u e s  o b t a i n e d  a r e  r e c o m m e n d e d  f o r  t h e  d e s i g n  o f  s m a l l  

c h a n n e l s  in C h e z y ' s  e q u a t i o n  t h a n  t h e  C v a l u e s  o b t a i n e d  f r o m  

M a n n i n g ' s  a n d  K u t t e r ' s  e q u a t i o n s  u s i n g  M a n n i n g ' s  re c o m m e n d e d  n 

v a  l u e s .

So i l  in  w h i c h  e a r t h e n  c h a n n e l  was  c o n s t r u c t e d  was  c l a s s i f i e d  

b a s e d  on t e x t u r e .  S in c e  t h e  s o i l  w a s  s a n d y  lo a m ,  t h e  b e s t  f i t  

e q u a t i o n  o b t a i n e d  in e a r t h e n  c h a n n e l  is a p p l i c a b l e  o n l y  f o r  s a n d y  

loam s o i l .

By a d o p t i n g  t h e  b e s t  f i t  e q u a t i o n s  o b t a i n e d  in t h e  s t u d y  o r  

l i e  e q u a t i o n s  o b t a i n e d  in  th e  M a n n i n g ' s  f o r m  w i t h  d i f f e r e n t  n v a l u e s  

f o r  t h e  d e s i g n  o f  s m a l l  c h a n n e l s  in t h e  f i e l d ,  b e t t e r  a n d  mere 

r e a s o n a b l e  r e s u l t s  c a n  be o b t a i n e d .  T h e se  e q u a t i o n s  w i l l  be ve~y 

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

f i e l d  c h a n n e l s .


