
V I I  . TRANSITION DESIGN 

7.1 Basic  Cons idera t ions  

T r a n s i t i o n s  may be de f ined  a s  a change i n  e i t h e r  d i r e c t i o n ,  s lope  o r  

c r o s s  s e c t i o n  of  t h e  channel  t h a t  produces a change i n  t h e  s t a t e  of flow 

(Henderson, 1966). T r a n s i t i o n  design i s  a c r i t i c a l  s t e p  i n  design of open- 

channel  flow networks s i n c e  t h e  des ign  c a p a c i t y  of t h e  system can be s i g n i f i -  

c a n t l y  lowered i f  t h e  t r a n s i t i o n s  do not  perform proper ly .  Some of t h e  

p o s s i b l e  problems t h a t  can develop w i t h  poor ly  designed t r a n s i t i o n s  inc lude  

backwater e f f e c t s ,  l o c a l  scour  and wave formation. 

There a r e  s e v e r a l  c o n d i t i o n s  where t a n s i t i o n s  w i l l  be r equ i r ed  on s u r f a c e  

mine s i t e s .  Diversion channels  w i l l  seldom be i d e n t i c a l  i n  shape wi th  t h e  

n a t u r a l  waterway above and below. Economic cons ide ra t ions  usua l ly  d i c t a t e  

des igning  a smal le r ,  more h y d r a u l i c a l l y  e f f i c i e n t  d ive r s ion  channel t han  t h e  

n a t u r a l  waterway. Th i s  i s  p a r t i c u l a r l y  t r u e  when r i p r a p  i s  being used t o  s t a -  

b i l i z e  t h e  channel.  T r a n s i t i o n  s e c t i o n s  a r e  a l s o  r equ i r ed  a t  changes i n  

grade, such a s  t h e  i n l e t  and o u t l e t  t o  a s p o i l  f i l l  d ivers ion .  These t r an -  

s i t i o n s  t y p i c a l l y  r e p r e s e n t  a change from a mi ld  t o  a s t e e p  s l o p e  and from a 

s t e e p  t o  a mi ld  s lope ,  r e s p e c t i v e l y .  The recommended des ign  f o r  t h e  i n l e t  and 

o u t l e t  o f  a s t e e p  s l o p e  d i v e r s i o n  on a s p o i l  f i l l  was given i n  Sec t ion  5.4. 

However, o t h e r  changes i n  grade, such a s  t h e  t r a n s i t i o n  from a m i l d  s l o p e  t o  a 

mi lder  s lope ,  r e q u i r e  cons ide ra t ion .  In  t h i s  c a s e  a p o t e n t i a l  backwater con- 

d i t i o n  e x i s t s  t h a t  could  cause  overtopping of t h e  upstream channel. 

Conversely, i f  a m i l d  s l o p e  t r a n s i t i o n s  t o  s l i g h t l y  s t e e p e r  s lope ,  t h e  poten- 

t i a l  f o r  l o c a l  scour  e x i s t s .  

T r a n s i t i o n s  must b e  p rope r ly  designed t o  avoid t h e  p o t e n t i a l  adverse  

e f f e c t s  d i scussed  above. T r a n s i t i o n s  a r e  sometimes designed t o  conserve head, 

however, t h i s  cons ide ra t ion  i s  n o t  p a r t i c u l a r l y  r e l e v a n t  t o  d ive r s ion  channel 

design on s u r f a c e  mine ope ra t ions .  Addi t iona l ly ,  t r a n s i t i o n s  from one 

geometr ic  shape t o  another ,  such a s  t r a p e z o i d a l  t o  r ec t angu la r ,  a r e  r e l e v a n t  

i n  cana l  des ign ,  b u t  n o t  d i v e r s i o n  channel  des ign  on s u r f a c e  mine s i t e s .  

Riprap-l ined channels  on s u r f a c e  s i t e s  a r e  t y p i c a l l y  geometr ica l ly  simi- 

l a r  t r a p e z o i d a l  shapes. Therefore,  cons ide ra t ion  of t h e  more complicated 

curved o r  warped t r a n s i t i o n  s e c t i o n  i s  n o t  included i n  t h i s  manual. 

The f i n a l  s e c t i o n  of t h i s  chap te r  p r e s e n t s  gene ra l  gu ide l ines  r e l a t e d  t o  - 

channel  j unc t ions ,  such a s  a d i v e r s i o n  channel  d i scha rg ing  i n t o  a n a t u r a l  

stream. This  cond i t i on  can  be  considered a s  a s p e c i a l  type  of t r a n s i t i o n .  



7.2 General Design P r i n c i p l e s  

T r a n s i t i o n  des ign  i s  based on t h e  Bernou l l i  and c o n t i n u i t y  equat ions  

(Equat ions 4.9 and 4.10); however, exper ience  p l a y s  an  important  p a r t .  The 

S o i l  Conservat ion Se rv i ce  (1977) has  provided some gene ra l  r u l e s  t o  fol low i n  

des igning  t r a n s i t i o n s .  They a r e :  

1. The water s u r f a c e  should be smoothly t r a n s i t i o n e d  t o  meet end condi t ions .  

2. The water  s u r f a c e  edges should  n o t  a t  any s e c t i o n  converge a t  an  ang le  
g r e a t e r  t han  28O w i t h  t h e  c e n t e r  l i n e ,  nor  d iverge  a t  a n  ang le  g r e a t e r  
t han  250. 

3. I n  w e l l  designed t r a n s i t i o n s ,  l o s s e s  i n  a d d i t i o n  t o  f r i c t i o n  should n o t  
exceed 0.10 h f o r  convergence and 0.20 h f o r  divergence,  where h is  
t h e  v e l o c i t y  Kead. 

v v 

4. In  gene ra l  it i s  d e s i r a b l e  t o  have bottom grades  and s i d e  s lopes  meet end 
c o n d i t i o n s  t a n g e n t i a l l y .  

T r a n s i t i o n  design i s  based on a modified form of B e r n o u l l i ' s  equat ion,  

(Sec t ion  4.3)  de r ived  by grouping t h e  va r ious  head terms from Sec t ions  1 and 

For s u f f i c i e n t l y  f l a t  s l o p e s  ( ~ / y )  + Z equals  t h e  water-surface e l eva t ion ,  

and t a k i n g  t h e  f a l l  of t h e  water  s u r f a c e  i n  t h e  downstream d i r e c t i o n  a s  posi-  

t i v e ,  Equation 7.1 e q u a l s  

where AW.S. i s  t h e  change i n  t h e  water-surface e l e v a t i o n ,  Ah i s  t h e  v 
change i n  t h e  v e l o c i t y  heads and hL i s  t h e  head l o s s  term. In  a t r a n s i t i o n  

s e c t i o n ,  a d d i t i o n a l  head l o s s  i s  u s u a l l y  involved over  t h e  f r i c t i o n  head l o s s .  

The a d d i t i o n a l  l o s s e s ,  r e f e r r e d  t o  as conversion l o s s e s ,  can be def ined  simply 

a s  t hose  due t o  a change i n  d i r e c t i o n  of  t h e  s t ream l i n e s  r e s u l t i n g  i n  both 

converging and d ive rg ing  t r a n s i t i o n s .  In  r e l a t i v e l y  s h o r t  t r a n s i t i o n s ,  t h e  

conversion l o s s e s  a r e  u s u a l l y  s i g n i f i c a n t l y  g r e a t e r  t han  t h e  f r i c t i o n  l o s s e s  

and s o  t h e  f r i c t i o n  l o s s e s  can be  neglected.  The head l o s s  term hL is  then  

de f ined  as (Chow, 1959) 

i n l e t s  : 



o u t l e t s :  

where Ci and Co a r e  t h e  i n l e t  and o u t l e t  l o s s  c o e f f i c i e n t s ,  r e spec t ive ly .  

For  i n l e t  (converging)  s t r u c t u r e s ,  t h e  en t r ance  v e l o c i t y  i s  l e s s  than  t h e  e x i t  

v e l o c i t y  and it is necessary  t o  design t h e  t r a n s i t i o n  wi th  a drop i n  t h e  

water-surface s u f f i c i e n t  t o  provide t h e  r equ i r ed  i n c r e a s e  i n  v e l o c i t y  head and 

t o  overcow head l o s s e s .  For o u t l e t  (d ive rg ing )  s t r u c t u r e s  t h e  v e l o c i t y  i s  

reduced and t h e  water  s u r f a c e  t h e o r e t i c a l l y  r i s e s  a n  amount equal  t o  t h e  

reduct ion  i n  v e l o c i t y  head. The a c t u a l  r i s e ,  r e f e r r e d  t o  a s  t h e  recovery 

head, i s  less than  t h e o r e t i c a l  due t o  head l o s s e s .  These r e l a t i o n s h i p s  can be 

s t a t e d  mathematically by inco rpora t ing  Equation 7.3 i n t o  Equation 7.2, 

i n l e t s :  Aw.s .  = bhv + ci ~h~ (7.4a) 

o u t l e t s :  AW.S. = nhv - Co A hv 

These s imple r e l a t i o n s h i p s ,  p l u s  t h e  c o n t i n u i t y  equat ion ,  form t h e  b a s i s  f o r  

a l l  t r a n s i t i o n  design. . The o b j e c t i v e  i n  designing a t r a n s i t i o n  is  then  t o  

achieve  t h e  water-surface change s p e c i f i e d  by Equat ions 7.4. 

7.3 S impl i f i ed  Design Procedure 

Given two channel  c r o s s  s e c t i o n s ,  it i s  requ i r ed  t o  design t h e  t r an -  

s i t i o n .  A s i m p l i f i e d  t r a n s i t i o n  design procedure where conserva t ion  of head 

i s  no t  c r i t i c a l  i s  g iven  by t h e  S o i l  Conservation Se rv i ce  (1977).  The eleva-  

t i o n  of  t h e  water-surface and t h e  flow v e l o c i t y  a t  t h e  end p o i n t s  a r e  known 

from t h e  des ign  d ischarge  and channel  geometries.  However, i n  t h e  design pro- 

cedure no a t t empt  is made t o  t r a c e  o u t  t h e  water s u r f a c e  a t  in te rmedia te  

p o i n t s  i n  t h e  t r a n s i t i o n .  The design o b j e c t i v e  i s  only t o  i n s u r e  t h a t  t h e  

proper  o v e r a l l  change i n  water  s u r f a c e  e l e v a t i o n  e x i s t s .  

I n  t h e  absence of  more s p e c i f i c  knowledge t h e  l eng th  of t h e  t r a n s i t i o n  

should be such t h a t  a s t r a i g h t  l i n e  jo in ing  t h e  flow l i n e  a t  t h e  two ends of 

t h e  t r a n s i t i o n  w i l l  make a n  ang le  of about  12 1/2 degrees wi th  t h e  a x i s  of t h e  

s t r u c t u r e .  The recommended va lues  of t h e  c o e f f i c i e n t s  Ci and C a r e  taken 
i 

a s  0.15 and 0.25, r e s p e c t i v e l y ,  t h e r e f o r e  Equation 7.4 becomes 

i n l e t s :  A W .  S. = 1.15 A hv (7.5a)  

o u t l e t :  AW.S. = 0.75 Ahv (7.5b) 

With t h e  known v e l o c i t i e s  t h e  change i n  water  s u r f a c e  can then  be computed. 



For a n  i n l e t ,  t h e  drop i n  bed e l e v a t i o n  through t h e  t r a n s i t i o n  necessary 

t o  achieve  t h e  r equ i r ed  A W . S .  i s  

where dl and d2 a r e  t h e  flow depths  a t  t h e  en t r ance  and o u t l e t  of t h e  

t r a n s i t i o n ,  r e spec t ive ly .  For a n  o u t l e t  t h e  r equ i r ed  r i s e  i n  e l e v a t i o n  

through t h e  t r a n s i t i o n  i s  

Therefore,  fo l lowing  t h e  genera l  r u l e s  g iven  i n  Sec t ion  7.2 and t h e  computed 

l e n g t h  and e l e v a t i o n  change, t h e  t r a n s i t i o n  des ign  is complete. 

7.4 T r a n s i t i o n  P ro tec t ion  

The t r a n s i t i o n  design procedure presented  i n  t h e  previous  s e c t i o n  i s  a 

s i m p l i f i e d  method. Therefore,  t o  ensu re  t h a t  t r a n s i t i o n  s t a b i l i t y  i s  main- 

t a ined ,  it i s  recommended t h a t  r i p r a p  p r o t e c t i o n  be  provided i n  t r a n s i t i o n  

reaches.  Using t h e  va lues  f o r  flow v e l o c i t y  ( V )  and depth  of  flow (d ) ,  va lues  

o f  t h e  Froude number can be  determined (Sec t ion  4.2.5).  

I f  t h e  t r a n s i t i o n  is  accomplished on a mi ld  s l o p e  where t h e  Froude number 

does n o t  exceed 0.8, t r a n s i t i o n  p r o t e c t i o n  can be determined from t h e  mild 

s lope  r i p r a p  design procedure i n  Sec t ion  6.7. To account  f o r  t h e  turbulence  

i n  t h e  t r a n s i t i o n  s e c t i o n ,  t h e  va lue  f o r  v e l o c i t y  V used i n  t h e  parameter 
v ~ / R ~ * ~ ~  

should  be  inc reased  by t h e  fo l lowing  amounts: 

V = 1.05 t imes  channel  v e l o c i t y  f o r  converging channels  ( a c c e l e r a t i n g  
f low) 

V = 1.10 t i m e s  channel  v e l o c i t y  f o r  d ive rg ing  channels  ( d e c e l e r a t i n g  
f low) 

P r o t e c t i o n  should a l s o  be provided bo th  up  and downstream of  t h e  t r a n s i t i o n  

reach. &commended d i s t a n c e s  a r e  a t  l e a s t  t h r e e  f e e t  upstream of t h e  en t rance  

and a t  l e a s t  f i v e  f e e t  downstream o f  t r a n s i t i o n  e x i t .  

For  s t e e p  s lop ing  t r a n s i t i o n s  where Froude numbers exceed 0.8,  t r a n s i t i o n  

p r o t e c t i o n  should be eva lua ted  from t h e  s t e e p  s l o p e  r i p r a p  des ign  procedure 

given i n  Sec t ion  5.3. T r a n s i t i o n  s l o p e s  l e s s  t han  f i v e  pe rcen t  ( t h e  minimum 

s l o p e  va lue  i n  t h e  s t e e p  s lope  des ign  cu rves )  can be designed us ing  t h e  t e n  



pe rcen t  curves  consequently provid ing  conserva t ive  rock p ro t ec t ion .  

P r o t e c t i o n  should be provided a t  t h e  t r a n s i t i o n  en t r ance  and e x i t  according t o  

t h e  c r i t e r i a  i n  Sec t ion  5.4. 

7.5 Spec ia l  Considerat ions 

The s i m p l i f i e d  method d iscussed  i n  Sec t ion  7.3 i s  probably adequate f o r  

most t r a n s i t i o n  des igns  r equ i r ed  f o r  d ive r s ion  channels i n  a  s u r f a c e  mine 

s i t u a t i o n .  The method g ives  a  s a t i s f a c t o r y  design f o r  r e l a t i v e l y  low velo- 

c i t y ,  smal l  t r a n s i t i o n  s e c t i o n s .  Under h igher  v e l o c i t y  f lows involv ing  

s u p e r c r i t i c a l  flow and hydrau l i c  jump s i t u a t i o n s ,  more d e t a i l e d  design proce- 

dures  a r e  requi red .  Shock wave formation and o t h e r  complicat ing f a c t o r s  must 

b e  considered.  References f o r  t h e s e  design procedures  inc lude  Hinds (1928) 

and Henderson ( 1966) . 

7.6 Channel Junc t ions  

Where a  confluence between a  major d ive r s ion  channel  and a  n a t u r a l  stream 

channel  occurs ,  t h e  junc t ion  should be o r i e n t e d  t o  provide  a  good t r a n s i t i o n  

of  t h e  d i v e r s i o n  channel  flow i n t o  t h e  n a t u r a l  s t ream flow. I f  t h e  d ive r s ion  

channel  i s  brought  i n  perpendicular  t o  t h e  s t ream channel,  s i g n i f i c a n t  t u r -  

bulence and waves may be generated a t  t h e  junc t ion  p o i n t .  This  i n  t u r n  can 

r e s u l t  i n  scour  and problems of  channel i n s t a b i l i t y .  Or i en ta t ion  of t h e  

d i v e r s i o n  channel  e x i t  more i n  t h e  d i r e c t i o n  of t h e  n a t u r a l  s t ream flow he lps  

reduce v e l o c i t y  and momentum components (which cause waves normal t o  t h e  

d i r e c t i o n  of t h e  combined f low) ( S o i l  Conservation Serv ice ,  1977). 

The n a t u r a l  ang le  of  junc ture  between t r i b u t a r y  s t reams and main streams 

has  been observed t o  be i n  a  range of  45 t o  55 degrees.  A t  a  junct ion between 

a  d ive r s ion  channel and a  n a t u r a l  s t ream channel,  t h e  d i v e r s i o n  channel i s  

e s s e n t i a l l y  a  t r i b u t a r y .  Therefore,  o r i e n t a t i o n  of  major d ive r s ion  channel 

junc t ions  a t  ang le s  no l a r g e r  t han  45 t o  55 degrees should provide  f o r  reaso- 

nable  t r a n s i t i o n  and a s s i m i l a t i o n  of d i v e r t e d  f lows i n t o  s t ream channels.  

F igu re  7.1 shows t h e  recommended o r i e n t a t i o n .  

A major d ive r s ion  channel,  such a s  one c a r r y i n g  t h e  flow of  a  d i v e r t e d  

t r i b u t a r y  s t ream, should  be  cons t ruc t ed  s o  t h a t  t h e  d i v e r s i o n  e n t e r s  a t  t h e  

i n v e r t  l e v e l  of t h e  n a t u r a l  channel. Smaller d i v e r s i o n s  may be brought i n  a t  

some p o i n t  on t h e  channel  bank above t h e  s t ream bed l e v e l .  When t h i s  i s  t h e  

case ,  adequate  p r o t e c t i o n  of  t h e  channel  banks must be provided by placement 
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Figure 7.1. Recommended junction angle between a major 
diversion and a natural stream channel. 



o f  l o c a l i z e d  r i p r a p .  Over land f l o w s  e n t e r i n g  a d i v e r s i o n  c h a n n e l  s h o u l d  be  

c o n c e n t r a t e d  and  b r o u g h t  i n  a t  s e l e c t e d  l o c a t i o n s .  Where it i s  n o t  p r a c t i c a l  

t o  c o n c e n t r a t e  o v e r l a n d  f lows,  t h e  c h a n n e l  bank s h o u l d  b e  p r o t e c t e d  o r  

vege ta ted .  

7.7 Example of T r a n s i t i o n  Design 

The f o l l o w i n g  example i l l u s t r a t e s  t h e  t r a n s i t i o n  d e s i g n  procedure .  It is 

r e q u i r e d  t o  d e s i g n  a t r a n s i t i o n  between two t r a p e z o i d a l  c h a n n e l s  w i t h  d i f -  

f e r e n t  c r o s s  s e c t i o n s .  The c h a r a c t e r i s t i c s  of e a c h  c h a n n e l  are: 

Upstream Channel 
S e c t i o n  

n a t u r a l  smooth 
e a r t h  c h a n n e l  
n  = 0.0 25 
S = 0.003 
Base w i d t h  b  = 10 f t  

Downstream Channel 
S e c t i o n  

Riprap  l i n e d  
D50 = 0.5 f t  
S = 0.01 
Base w i d t h  b  = 6 f t  

f low r a t e  Q = 150 c f s  

S o l u t i o n  

1 )  E v a l u a t e  upst ream channe l  s e c t i o n  p r o p e r t i e s  from d a t a  f o r  upst ream chan- 

n e l :  compute Qn 

From t h e  c h a r t s  i n  Appendix C 

Vn 
Vn = 0.1 12 V = - = 4.5 f p s  

n  

2 )  E v a l u a t e  f low p r o p e r t i e s  i n  downstream channe l  s e c t i o n  

E s t i m a t e  n  = 0.0395 D ( E q u a t i o n 4 . 1 8 )  5 0  

From t h e  c h a r t s  i n  Appendix C 

Vn = 0.20; v = - Vn = 5.7 f p s  n 



d = 2.5 f t  

3 )  Compute change i n  water s u r f a c e  p r o f i l e  (Equat ion 7.5a) 

4 Compute necessary  change i n  e l e v a t i o n  ( A  Z) between t r a n s i t i o n  en t r ance  

and e x i t  (Equat ion 7.6a) 

5 )  Compute l e n g t h  of  t r a n s i t i o n  u s i n g  maximum angle  of convergence equa l  t o  

25O between t h e  water  sur face .  

(9.6-8.0) 
t a n  (12.5)  = -- 

L 

L = 7.2 f t  

F igure  7.2 i l l u s t r a t e s  t h e  design.  



Figure 7 .2 .  Converging transition design example. 
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