
X . COMPREHENSIVE DESIGN MAMPLE 

10.1 General  D e s c r i p t i o n  

Permanent d i v e r s i o n  s t r u c t u r e s  must be  des igned  f o r  conveying w a t e r  

a round t h e  s p o i l  f i l l  and  a c r o s s  t h e  rec la imed  s t r i p  bench as shown i n  F i g u r e  

10.1 . Four d i v e r s i o n  c h a n n e l s  must be des igned.  Channels A and B c o l l e c t  

runof f  from above t h e  f i l l  and  convey it around t h e  p e r i m e t e r  of t h e  f i l l .  

The wate r shed  above t h e  f i l l  i s  a rec la imed  mountain t o p  removal and  t h e  

c o n t r i b u t i n g  d r a i n a g e  a r e a  t o  Channels A and B i s  40 a c r e s .  Channel C i s  a 

r e c o n s t r u c t e d  n a t u r a l  d r a i n a g e  e x t e n d i n g  from t h e  t o e  o f  f i l l  t o  t h e  j u n c t i o n  

w i t h  a n a t u r a l  c h a n n e l  d r a i n i n g  1 6  a c r e s .  Divers ion  Channel D is a 

r e c o n s t r u c t e d  channe l  p a s s i n g  o v e r  t h e  r e c l a i m e d  s t r i p  bench. A l l  t h e  chan- 

n e l s  are i n t e r m i t t e n t .  The mine s i t e  is  assumed t o  be l o c a t e d  i n  s o u t h e r n  

West V i r g i n i a .  

10.2 

The h y d r o l o g i c  d e s i g n  i n v o l v e s  e s t i m a t i n g  t h e  peak d i s c h a r g e  r a t e s  f o r  

t h e  two c o n t r i b u t i n g  a r e a s ,  subwatersheds  1 and  2. For permanent d i v e r s i o n s  

d r a i n i n g  i n t e r m i t t e n t  s t reams ,  Tab le  3.1 g i v e s  t h e  r e q u i r e d  d e s i g n  e v e n t  as 

t h e  100-year,  24-hour s torm.  S i n c e  t h e  d r a i n a g e s  invo lved  i n  t h i s  d e s i g n  a r e  

r e l a t i v e l y  h i g h  i n  t h e  watershed,  t h e r e  i s  no f l o o d p l a i n  a v a i l a b l e  t o  c a r r y  

p a r t  o f  t h e  d e s i g n  f lows .  There fore ,  t h e  channe l  must b e  c a p a b l e  of c a r r y i n g  

t h e  p r e d i c t e d  peak  d i s c h a r g e s .  Both t h e  R a t i o n a l  Formula and  t h e  SCS TP-149 

method w i l l  b e  used  and t h e  r e s u l t s  compared t o  de te rmine  t h e  d e s i g n  va lue .  

10.2.1 R a t i o n a l  Formula 

Subwatershed 1 

S t e p  1 :  One C v a l u e  i s  assumed a d e q u a t e  t o  r e p r e s e n t  t h e  40 a c r e s  

e x i s t i n g  w i t h i n  a r e c l a i m e d  mountain t o p  removal. From Table  3.3, t h e  esti- 

mated C is  0.42 f o r  a h i l l y  p a s t u r e  i n  a c l a y  and  s i l t  loam. 

S t e p  2: From t o p o g r a p h i c  maps t h e  maximum l e n g t h  of f low is  e s t i m a t e d  t o  

b e  2000 f t  o v e r  a n  average  s l o p e  o f  30 p e r c e n t .  Using t h e  formula  g i v e n  i n  

Tab le  3.2, 

tc = 4.3 min 



Figure 10.1. Topographic map of t h e  design example. 



S t e p  3: S i n c e  t i s  l e s s  t h a n  one hour,  t h e  100-year,  one-hour dura- 
C 

t i o n  s t o r m  g i v e s  3.0 i n c h e s  of r a i n  (Appendix A ) .  From F i g u r e  3.3 t h e  

r e q u i r e d  c o r r e c t i o n  f a c t o r  i s  0.26,  t h e r e f o r e  

1  60 min 
i p h  = 0.78 i n  x x = 10.9 i p h  

4.3 min hour  

S t e p  4: From Q = CiA (Equa t ion  3 - 1 1 ,  

= (0 .42)  (10.9)  ( 4 0 )  

Q = 183  c f s  

Subwatershed 2  

S t e p  1 :  Of t h e  16 c o n t r i b u t i n g  a c r e s ,  a b o u t  5.0 a c r e s  r e p r e s e n t  t h e  

r e c l a i m e d  s t r i p  bench. The remaining 11.0 a c r e s  e x i s t  as u n d i s t u r b e d  wood- 

l a n d .  For t h e  r e c l a i m e d  s t r i p  bench a  C of 0.42 is  a g a i n  used.  For t h e  

u n d i s t u r b e d  a r e a ,  a  C of 0.50 i s  used.  The composi te  C is  t h e n  g iven  by 

Equa t ion  3.2 as 

S t e p  2 :  From topograph ic  maps t h e  maximum l e n g t h  o f  f low i s  e s t i m a t e d  t o  

b e  1200 f e e t  f o r  t h e  average  30 p e r c e n t  s l o p e .  From t h e  formula  i n  Table  3.2, 

tc = 2.9 min 

S t e p  3: The 100-year,  one-hour d u r a t i o n  s to rm i s  a g a i n  3.0 i n c h e s .  From 

F i g u r e  3.3 t h e  r e q u i r e d  c o r r e c t i o n  f a c t o r  i s  0 .20,  t h e r e f o r e  

1  60 min 
i p h  = 0.60 x  x = 12.4 i p h  

2 . 9 m i n  hour  

S t e p  4: E'rom Q = C i A  (Equa t ion  3.1 ) , 

Q = (0 .48)  (12.4)  ( 1 6 )  

Q = 95 c f s  



10.2.2 SCS TP-149 Method 

Subwatershed 1 

S t e p  1 : From T a b l e  3.5 t h e  s o i l  group f o r  t h e  sandy-clay loam s o i l  i s  

C .  From Table  3.4 t h e  CN f o r  p a s t u r e  i n  f a i r  c o n d i t i o n  w i t h  no  mechanical  

t r e a t m e n t  i s  79. 

S t e p  2: From t h e  c h a r t s  i n  Appendix A,  t h e  100-year,  24-hour d u r a t i o n  

s t o r m  g i v e s  5.7 i n c h e s  o f  r a i n .  

S t e p  3: From c h a r t s  i n  Appendix B f o r  s t e e p  t e r r a i n  and  c u r v e  numbers 75 

and  80,  t h e  Q is,  r e s p e c t i v e l y ,  

Q = 140 c f s  and Q = 185 c f s  

Using l i n e a r  i n t e r p o l a t i o n ,  Q f o r  a CN = 79 is  

Q = 172 c f s  

Subwatershed 2 

S t e p  1 :  An a r e a  we igh ted  curve  number i s  r e q u i r e d  f o r  t h i s  d r a i n a g e ,  

s i m i l a r  t o  t h e  a r e a  weighted C f o r  t h e  R a t i o n a l  Formula. Using a CN of 79 

f o r  t h e  r e c l a i m e d  s t r i p  bench and  73 f o r  t h e  u n d i s t u r b e d  wate r shed  (woods i n  

f a i r  c o n d i t i o n ) ,  t h e  composi te  CN is  

S t e p  2: The 100-year,  24-hour e v e n t  is  a g a i n  5.7 i n c h e s .  

S t e p  3:  From c h a r t s  i n  Appendix B f o r  s t e e p  t e r r a i n  and c u r v e  number 75, 

t h e  Q is 62 c f s .  

10.2.3 Design Values  

Using a n  average  ( rounded t o  t h e  n e a r e s t  5 c f s )  o f  t h e  e s t i m a t e s  by t h e  

two methods, t h e  recommended d e s i g n  d i s c h a r g e s  a r e  g iven  i n  Table  10.1. 

10.3 Divers ion  Channel Designs 

10.3.1 Channel A 

The d e s i g n  f low f o r  Channels A and B t o g e t h e r  i s  180 c f s .  Assuming t h e  

f low i s  e q u a l l y  d i v i d e d  between each channel ,  t h e  d e s i g n  f low f o r  each channe l  

i s  90 c f s .  From t h e  t o p o g r a p h i c  map g iven  i n  F i g u r e  10.1 ,  t h e  l o n g i t u d i n a l  

p r o f i l e  of t h e  channe l  was e v a l u a t e d  ( F i g u r e  1 0 . 2 ) .  For s t a t i o n s  0+00 t o  7+80 



Table 10.1. Recommended Design Discharges. 

Method Subwatershed 1 Subwatershed 2 

Rational Formula 183 

SCS TP-149 172 

Design Value 180 



6+00 8'00 10+00 

STATION 

Figure  10.2.  Longi tudinal  p r o f i l e  o f  d i v e r s i o n  channel A. 



t h e  a v e r a g e  s l o p e  i s  0.032. A s  a n  i n i t i a l  assumption,  assume t h e  s l o p e  i s  

mild.  S i n c e  t h e  c h a n n e l  i s  i n t e r m i t t e n t ,  a  v e g e t a t i v e  l i n i n g  c o u l d  be u t i -  

l i z e d .  However, t h e  m a t e r i a l  t h e  channe l  w i l l  be  c o n s t r u c t e d  i n  cannot  be 

c o n s i d e r e d  e r o s i o n  r e s i s t a n t ,  and a low p e r m i s s i b l e  v e l o c i t y  would have t o  be 

u s e d  i n  d e s i g n  ( T a b l e  6 . 2 ) .  For  t h e  r e l a t i v e l y  l a r g e  d e s i g n  d i s c h a r g e  i n  t h i s  

channel ,  t h i s  would r e s u l t  i n  a  ve ry  wide, shal low c r o s s  s e c t i o n .  There fore ,  

it i s  more p r a c t i c a l  t o  u s e  rock  r i p r a p .  The m i l d  s l o p e  r i p r a p  d e s i g n  proce- 

d u r e s  can  be  u s e d  ( C h a p t e r  V I )  . 
F o r  s t a t i o n s  7+80 t o  15+80, t h e  s t e e p  s l o p e s  r e q u i r e  t h a t  o n l y  r i p r a p  be 

u s e d  f o r  s t a b i l i z a t i o n .  The s t e e p  s l o p e  r i p r a p  d e s i g n  p r o c e d u r e  g iven  i n  

Chap te r  V shou ld  be used.  

Channel Design S t a t i o n  0+00 t o  7+80 

1  . Assume K = 9 i n .  From Equat ion 4.18, 
m 

2. F r o m t h e  c h a r t s  i n A p p e n d i x  C f o r  Qn = 90 (0 .038)  = 3.4, a  s l o p e  0.032 

and  a  bottom wid th  o f  6 f t ,  

Vn = 0.27 f p s  V = Vn/n = 7.1 f p s  

d  = 1.5 f  t, and 

There fore ,  from Table  6.4 t h e  r e q u i r e d  r i p r a p  js Type L.  

4.  For Type L t h e  K s i z e  i s  9 i n . ,  t h e r e f o r e  t h e  i n i t i a l  assumption i s  
m 

OK. 

5. No i t e r a t i o n  i s  r e q u i r e d .  

S i n c e  t h e  Froude number i s  g r e a t e r  t h a n  0.8, t h e  m i l d  s l o p e  assumption 

f o r  a s i x - f o o t  bot tom w i d t h  channe l  was n o t  v a l i d .  Two o p t i o n s  a r e  now 

a v a i l a b l e .  The bottom wid th  can  be i n c r e a s e d  t o  r e d u c e  t h e  v e l o c i t y ,  and  

consequen t ly  t h e  Froude number, o r  t h e  s i x - f o o t  bottom wid th  can  be 



r e t a i n e d  and t h e  s t e e p  s l o p e  design procedure used. 

Try t h e  s t e e p  s l o p e  procedure f o r  a  s ix - foo t  bottom width. 

a .  The design flow remains 90 c f s .  

b. Bed s lope  = 0.0 32. 

c. A s  d i scussed  above, use  a  t r a p e z o i d a l  channel wi th  s ix - foo t  bottom 

width and 2:1 s i d e  s lopes .  

d. From Figure 5.4 u s ing  0  .O5 s lope ,  

D = 0.95  f t  
5  0  

u se  1.0 f t .  

Th i s  D va lue  compares favorably wi th  t h e  mi ld  s lope  design 
5 0  

r e s u l t  and s u b s t a n t i a t e s  t h e  u s e  of t h e  s t e e p  s lope  procedure f o r  

Froude numbers g r e a t e r  t han  0.8.  

e .  Gradation 

D = 1.25 D 
max 5 0  

Riprap th i ckness  = 1 .25  D50 = 1 .25  f t .  

7 .  F i l t e r  Evaluat ion 

a .  The assumed base  m a t e r i a l  g rada t ion  i s  

Da5 = 0.27  i n .  

D = 0.10 in .  
5  0  

D = 0.0 36 in .  
1 5  

The r i p r a p  c h a r a t e r i s t i c s  a r e  determined g raph ica l ly  by p l o t t i n g  t h e  

reco-nded g rada t ion  on semilog paper  (Figure 1 0 . 3 )  . 
D = 1 4  in .  

8 5  

D = 1 2  in .  
5  0  

5  
= 4 in .  

b. Using Army Corps of Engineers and U.S. Bureau of Reclamation f i l t e r  

des ign  c r i t e r i a  (Equat ions 5.2 and 5 . 3 ) :  





D ( r i p r a p )  
1 5  - 4  ---  - 111; 111 > 40 
D ( b a s e )  

1 5  
0.036 

T h e r e f o r e ,  a  f i l t e r  is necessa ry .  

c. P r o p e r t i e s  o f  t h e  f i l t e r  r e l a t i v e  t o  t h e  b a s e  material: 

D ( f i l t e r )  
5  0  < 40, S O D  ( f i l t e r )  < 40(0.10) = 4 . 0  i n .  
D ( b a s e )  

5  0  
50 

D ( f i l t e r )  
15 < 40 , s o  D15 ( f i l t e r )  < 40 (0.0 36) = 1.4 i n .  
D ( b a s e )  

1 5  

D ( f i l t e r )  
1 5  < 5 ,  s o  D15 ( f i l t e r )  < 4(O .27) = 1.1 i n .  
D85 ( b a s e )  

D15 ( f i l t e r )  

D ( b a s e )  > 5 ,  s o  D15 ( f i l t e r )  > 4(0.036)  = 0.14 i n .  
1 5  

T h e r e f o r e ,  w i t h  r e s p e c t  t o  t h e  b a s e  m a t e r i a l ,  t h e  f i l t e r  must 

s a t i s f y  

0.1 4  i n .  < D ( f i l t e r )  < 1.1 i n .  
I 

1 5  

D50 ( f i l t e r )  < 4.0 i n .  

C o n s i d e r i n g  t h e  r i p r a p  and  f i l t e r :  

D ( r i p r a p )  
5  0  12 < 40, s o  DS0 ( f i l t e r )  > - = 0.30 i n .  

DS0 ( f i l t e r )  40 

D15 ( r i p r a p )  

15 
0.10 i n .  < 40, s o  D ( f i l t e r )  > - =  

Dl ( f i l t e r )  40 

D ( r i p r a p )  
1 5  4  < 5 ,  s o  D ( f i l t e r )  > - = 0.8  i n .  

D85 ( f i l t e r )  8 5  5  

Dl ( r i p r a p )  

15 
0.8 i n .  > 5 ,  s o  D ( f i l t e r )  < - = 

D15 ( f i l t e r )  5  



There fore ,  w i t h  r e s p e c t  t o  t h e  r i p r a p  l a y e r ,  t h e  f i l t e r  must s a t i s f y  

0 -10 i n .  < Dl ( f i l t e r )  < 0.8  i n .  

D50 ( f i l t e r )  > 0.30 i n .  

D ( f i l t e r )  > 0.8 i n .  
8 5 

The l i m i t s  o f  t h e  f i l t e r  m a t e r i a l  w i t h  r e s p e c t  t o  b o t h  t h e  r i p r a p  

and  b a s e  m a t e r i a l  are shown on F i g u r e  10.3. The s e l e c t e d  s i z e  

d i s t r i b u t i o n  of t h e  f i l t e r  is i n d i c a t e d  by t h e  dashed l i n e .  The 

f i l t e r  t h i c k n e s s  s h o u l d  b e  e q u a l  t o  D ( f i l t e r )  b u t  n o t  less t h a n  
max 

6-9 i n .  There fore ,  use 9 in .  as t h i c k n e s s .  

8. Freeboard 

S i n c e  t h e  c h a n n e l  h a s  a r e l a t i v e l y  s h o r t  bend between S t a t i o n  4+00 and  

6+00, s u p e r e l e v a t i o n  must be  i n c l u d e d  i n  t h e  f r e e b o a r d  c a l c u l a t i o n .  From 

t h e  t o p o g r a p h i c  map, t h e  r a d i u s  o f  c u r v a t u r e  (r i s  e s t i m a t e d  as 80 '  and  
C 

r -r ( e q u a l  t o  t h e  t o p  w i d t h  of t h e  c h a n n e l )  i s  12.0 f t .  Froude number 
0 C 

"A= 90 
2 

= 10.5 f p s  
A 6(0.96)  + 3(0.96 ) 

The f r e e b o a r d  c o e f f i c i e n t  c from Table  4.4 is 1 . O .  
f b  

c ( d )  = l.O(O.96) = 0.96 f t  < 1.0 f t ;  u s e  1.0 f t  
f d  

The f i n a l  c h a n n e l  d imensions  a r e  b = 6 f t  and channe l  d e p t h  = 2.2 f t .  

F i g u r e  10.4 i l l u s t r a t e s  t h e  channe l  d imensions  and  e x c a v a t i o n  amounts 

r e q u i r e d  t o  accommodate t h e  r i p r a p  and  f i l t e r  l a y e r .  

Channel Design f o r  S t a t i o n  7+80 t o  15+80 

S t e e p  S lope  Riprap  Design 

1 .  The d e s i g n  f low,  as de te rmined  above, i s  90 c f s .  



Figure 10.4. Diversion channel A dimensions 
from station 0+00 to 7+80. 



2 .  The bed s lope  s e l e c t e d  f o r  design i s  based on a n  examination of Figure 

10 .2 .  The channel must c o l l e c t  runoff from each bench and the re fo re ,  

must fo l low s lope  of f i l l .  Using t h e  s t e e p e s t  s ec t ion ,  t h e  bed s lope  is  

determined t o  be 0.30.  

3 .  Channel s i z e  and shape. Try a t r apezo ida l  channel wi th  a 2: l  s i d e  s lope  

and 6 foo t  base width. 

4 .  From Figure  5 .4 ,  D = 2.1 f t ,  use  D = 2.25 f t .  
5 0 50 

d = 0.4 f t .  

5. Gradation of r i p r a p  i s  

= 2.8 f t .  

Riprap th i ckness  = 1.25  D = 2.8 f t .  
5 0 

6 .  Granular f i l t e r  design 

a .  The assumed base m a t e r i a l  g rada t ion  i s  

D85 = 0.27 i n .  

D = 0.10 in .  
5 0 

5 
= 0 .036  in .  

The r i p r a p  p r o p e r t i e s  a r e  determined by p l o t t i n g  t h e  recommended 

grada t ion  on semilog paper (F igure  10.5 ) . 
D = 3 3 i n .  
85 

D = 2 7 i n .  
5 0 

5 
= 1 2  in .  

b. Using t h e  Army Corps of Engineers and U.S.  Bureau of Reclamation 

f i l t e r  design c r i t e r i a ,  

D15 ( r i p r a p )  1 2  - -  - = 4 4 ;  4 4 > 5  
D (base)  

8 5  
0.27 





D15 ( r i p r a p )  12 = - -  
D15 ( b a s e )  0  .O 36 

- 333 ; 333 > 40 

There fore ,  a f i l t e r  l a y e r  i s  necessa ry .  

c. P r o p e r t i e s  o f  t h e  f i l t e r  r e l a t i v e  t o  t h e  b a s e  m a t e r i a l  a r e :  

DS0 ( f i l t e r )  

D ( b a s e )  
< 40, S O D  ( f i l t e r )  < 4 0 ( 0 . 1 )  = 4 . 0 ' i n .  

50  5  0  

D ( f i l t e r )  
1 5  < 40, s o  D15 ( f i l t e r )  < 40(0.036) = 1.4 i n .  
D15 ( b a s e )  

D15 ( f i l t e r )  

D ( b a s e )  
< 5 ,  s o  D15 ( f i l t e r )  < 5(0 .27)  = 1.3 i n .  

8 5  

D15 ( f i l t e r )  
> 5 ,  s o  D ( f i l t e r )  > S(0.036)  = 0.18 i n .  

D15 ( b a s e )  15 

With r e s p e c t  t o  t h e  b a s e  material, t h e  f i l t e r  must s a t i s f y  

0.18 i n .  < D15 ( f i l t e r )  < 1.3 i n .  

D5 0  
(f  i l t e r )  < 4.0 i n .  

Cons ider ing  t h e  r i p r a p  and  f i l t e r  material 

D50 ( r i p r a p )  
27 

D50 ( f i l t e r )  < 40, s o  DS0 ( f i l t e r )  > - = 0.6 i n .  
40 

D15 ( r i p r a p )  
12 

D15 ( f i l t e r )  
< 40, s o  D ( f i l t e r )  > - =  

15 40 0.30 i n .  

D15 ( r i p r a p )  
12 < 5 ,  s o  D85 ( f i l t e r )  > - = 2.4 i n .  Ds5 ( f i l t e r )  5  

D15 ( r i p r a p )  
12 > 5 ,  s o  D15 ( f i l t e r )  < - = 2.4 i n .  Dl ( f i l t e r )  5  

With r e s p e c t  t o  t h e  r i p r a p  l a y e r ,  t h e  f i l t e r  must s a t i s f y  

0.30 i n  < D ( f i l t e r )  < 2.4 i n .  
1 5  



D ( f i l t e r )  > 0 . 6 8  i n .  
5 0  

D ( f i l t e r )  > 2 . 4  in .  
8 5  

The limits of t h e  f i l t e r  m a t e r i a l  wi th  r e spec t  t o  both t h e  r i p r a p  

and base  m a t e r i a l  a r e  shown i n  F igure  1 0 . 5 .  The s e l e c t e d  s i z e  

d i s t r i b u t i o n  of t h e  f i l t e r  m a t e r i a l  i s  ind ica t ed  by t h e  dashed l i n e .  

Thickness of t h e  f i l t e r  ma te r i a l  i s  equa l  t o  t h e  maximum s i z e  of t h e  

f i l t e r  m a t e r i a l  i f  more than  n ine  inches.  In  t h i s  case ,  t h i ckness  

i s  equal  t o  e leven  inches.  

7 .  Freeboard 

The r i p r a p  s i z e  necessary f o r  s t a b i l i t y  i s  determined by cons ider ing  t h e  

s t e e p e s t  reach  of t h e  channel. However, i n  t h e  s t e e p e s t  channel reach  

t h e  flow depth w i l l  be  a minimum r e l a t i v e  t o  t h e  milder-sloped reaches.  

To ensure  adequate  f r eeboa rd  and o v e r a l l  channel  depth,  t h e  depth  of flow 

must be eva lua ted  f o r  t h e  mildest-s loped reach. For t h e  s t e e p  channel 

design between s t a t i o n s  7+80 and 15+80,  neg lec t ing  t h e  s h o r t  bench sec- 

t i o n s  of channel,  t h e  mi ldes t  s lope  i s  15%.  

From Figure  5 . 4  

d = 0 . 7  f t .  

c = 1 . 0  
f b  

(Table  4 . 4 )  

c ( d )  = l .O(O.7 )  = 0 . 7  < 1 . 0  ; use  1 . 0  f t .  
f b  

1 
F.B. = c ( d )  + - A Z =  1 .0  + 0  = 1 .0  f t .  

f b  2 (Equation 4 .20  ) 

The cons t ruc t ed  channel  s e c t i o n  dimensions a r e  t h e r e f o r e  b = 6  f t .  and 

t o t a l  channel depth = F.B. + d = 1 . 7  f t .  Figure 1 0 . 6  i l l u s t r a t e s  t h e  

f i n a l  channel  dimensions. 

1 0 . 3 . 2  Diversion Channel B 

A s  determined above, t h e  design flow f o r  Channel B is  90 c f s .  From t h e  

topographic map (F igu re  10 . I  ) , t h e  l o n g i t u d i n a l  p r o f i l e  was eva lua ted  and 

p l o t t e d  i n  Figure 1 0 . 7 .  For s t a t i o n s  0+00 t o  7+80 t h e  average s l o p e  i s  0 . 0 4 4  

and from 7+80 t o  15+60, t h e  maximum s l o p e  i s  33 percent .  Therefore,  based on 

t h e  r e s u l t s  of  Diversion Channel A ,  assume both s l o p e s  a r e  s t eep .  



Figure  10.6. Diversion channel A dimensions from 
s t a t i o n  7+80 t o  15+80. 



2+00 4 0 0  640 81.00 lot00 

STATION 

F i g u r e  10.7. L o n g i t u d i n a l  p r o f i l e  f o r  d i v e r s i o n  channe l  B. 



S t a t i o n  0+00 t o  7+80 

Since t h e  design d ischarge  is  t h e  same a s  Channel A and t h e  0 . 0 5  s lope  

l i n e  w i l l  aga in  be used on Figure  5 . 4 ,  t h e  r i p r a p  design w i l l  be i d e n t i c a l  t o  

Channel A s t a t i o n  0+00 t o  7+80.  Also due t o  t h e  s i m i l a r i t y  i n  alignment,  t h e  

f reeboard  i s  near ly  t h e  same. It is adequate t o  u se  t h e  same c r o s s  s e c t i o n  

f o r  Channel B ,  s t a t i o n  0+00 t o  7+80 a s  Channel A ,  s t a t i o n  0+00 t o  7+80 (F igure  

1 0 . 4 ) .  

Channel Design f o r  S t a t i o n  7+80 t o  15+60 

Steep Slope Riprap Design 

The des ign  flow i s  90 c f s .  

The bed s lope  s e l e c t e d  f o r  design i s  based on a n  examination of Figure 

1 0 . 7 .  Using t h e  s t e e p e s t  s ec t ion ,  t h e  bed s l o p e  is  determined t o  be 

0 . 3 3 .  

Channel s i z e  and s lope.  Try a t r a p e z o i d a l  channel  w i th  2 : l  s i d e  s l o p e  

and 6 f o o t  base width. 

From Figure 5 . 4 ,  D = 2 . 2  f t ;  use DS0 = 2 . 2 5  f t .  
50 

Gradation of r i p r a p  is  

Riprap th i ckness  = 1 . 2 5  DS0 = 2 . 8  ft ' .  

Granular f i l t e r  design. Since t h e  base  m a t e r i a l  and r i p r a p  are t h e  same 

f o r  t h e  s t e e p  s e c t i o n s  o f  both Channel A and Channel B, t h e  g ranu la r  

f i l t e r  remains t h e  same. The l i m i t s  of t h e  f i l t e r  m a t e r i a l  w i th  r e s p e c t  

t o  t h e  r i p r a p  and base m a t e r i a l  a r e  shown on Figure  1 0 . 5 .  The s e l e c t e d  

s i z e  d i s t r i b u t i o n  of t h e  f i l t e r  ma te r i a l  i s  i n d i c a t e d  by t h e  dashed l i n e .  

Thickness of t h e  f i l t e r  m a t e r i a l  is  eleven inches.  

Freeboard 

C f b  
= 1 .0  (Table 4 . 4 )  

C f b  
( d )  = l . O ( O . 3 )  = 0 . 3  < 1 .0  ; use  1 . 0  f t .  



1 
FOB. = Cfb(d)  + 5 AZ = 1 + 0 = 1.0 f t .  

The channel  design w i l l  be  b = 6 f t  and channel depth = 1.3 f t .  

Comparing t h i s  w i th  the  s t e e p  s lope  design of Channel A r e v e a l s  a d i f -  

f e r ence  of 0.10 f e e t  i n  design depth. This  smal l  d i f f e r e n c e  i n  depth 

does n o t  j u s t i f y  a new channel  design. Therefore u se  t h e  same channel a s  

prev ious ly  i l l u s t r a t e d  i n  Figure 10.6. 

10.3.3 Diversion Channel C 

Diversion Channel C c o l l e c t s  runoff from both Channels A and B and there-  

f o r e  must be  designed f o r  180 c f  s. From t h e  topographic map (Figure  10.1 ) t h e  

l o n g i t u d i n a l  p r o f i l e  was determined (F igure  10.8).  The s l o p e  cond i t i ons  

r e q u i r e  t h e  s t e e p  s lope  design procedure. 

The des ign  flow i s  180 cf  s, a s  determined above. 

The bed s l o p e  s e l e c t e d  f o r  design is  based on examination of Figure 10.8. 

The amount of excavat ion  r equ i r ed  t o  design a uniform s l o p e  channel  i s  

p r o h i b i t i v e .  Therefore,  f o r  e a s e  i n  cons t ruc t ion ,  a s i n g l e  channel  c r o s s  

s e c t i o n  w i l l  b e  designed t h a t  i s  adequate  f o r  each sec t ion .  Designing 

f o r  r i p r a p  s t a b i l i t y  u s ing  t h e  s t e e p e s t  s ec t ion ,  t h e  bed s l o p e  is  deter-  

mined t o  be 0.18, t h e r e f o r e  u s e  s t e e p  s lope  procedure. 

The bottom widths of  Channels A and B were equal  t o  6 f t .  Therefore,  t r y  

a bottom width of  10 f t  f o r  Channel C.  U s e  2 :1 s i d e  s lopes .  

FromFigure 5.5, D = 1.65 f t ,  u s e  1.75 f t .  
50 

Gradat ion of  t h e  r i p r a p  is 

r i p r a p  t h i c k n e s s  1.25 (Dmax) = 2.2 f t  

F i l t e r  g rada t ion  design. 

a.  The assumed base  m a t e r i a l  g rada t ion  is 

D = O . l O i n .  
5 0 

Dl = 0.0 36 in.  
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Figure  10.8. Longi tud ina l  profile of d i v e r s i o n  channel C. 



The r i p r a p  c h a r a c t e r i s t i c s  a r e  determined g raph ica l ly  by p l o t t i n g  

t h e  recommended g rada t ion  on semi-log paper  (F igure  10.9 ) . 
DE5 = 26.0 in .  

D = 2 1  in .  
5  0 

5 
= 8.5 i n .  

b. Using t h e  Army Corps of Engineers and U. S. Bureau of Reclamation 

f i l t e r  des ign  c r i t e r i a  (Equat ions 5.2 and 5.3) 

5  (riprap) 8.5 
= - = 3 1  ; 3 1 > 5  

DE5 (base)  0  - 27  

Therefore,  a  f i l t e r  i s  necessary. 

c. P r o p e r t i e s  of t h e  f i l t e r  r e l a t i v e  t o  t h e  base  m a t e r i a l  a r e :  

DS0 ( f  i l t e r )  
< 40 , s o  D ( f i l t e r )  < 40(0.1) = 4.0 in .  

D50(base) 5  0 

Dl ( f  i l t e r )  
< 40 , so D ( f i l t e r )  < 40(0.036) = 1.4 in .  

Dl (base)  15 

D ( f i l t e r )  
1 5  < 5 , s o  D 1 5 ( f i l t e r )  < 5t0.27)  = 1.3 in .  
Ds5 (base 

Dl ( f i l t e r )  
> 5 ,  so D15 ( f i l t e r )  < 5(0.030) = 0.18 i n .  

Dl 5 tbase)  

With r e s p e c t  t o  t h e  base  ma te r i a l ,  t h e  f i l t e r  must s a t i s f y  

0.18 < D ( f i l t e r )  < 1.3 in.  
1 5  

D ( f i l t e r )  < 4.0 in .  
50 

Considering t h e  r i g r a p  and f i l t e r  m a t e r i a l  

D 5 0 ( r i p r a ~ )  21 
< 40 , so D ( f i l t e r )  > - = 0.52 in .  

D5@(f i l t e r )  5  0 40 





D15 ( r i p r a p )  8.5 
15 40 

- 0.21 in .  < 40 , s o  D ( f i l t e r )  > - - 
Dl ( f  i l t e r )  

D ( r i p r a p )  
15 8.5 < 5  , s o  D ( f i l t e r )  > - = 1 . 7  i n .  

D85 ( f i l t e r )  8  5  5  

Dl ( r ip rap )  8.5  
< 5  , s o  D ( f i l t e r )  < - =  1 .7  i n .  

Dl (f  i l t e r )  15 5  

With r e s p e c t  t o  t h e  r i p r a p  l aye r ,  t h e  f i l t e r  must s a t i s f y  

0 .21  in .  < D ( f i l t e r )  < 1 . 7  i n .  15 

D ( f i l t e r )  > 0 . 5 2  i n .  
5  0  

Dg5 ( f  i l t e r )  > 1 . 7  i n .  

The limits of t h e  f i l t e r  m a t e r i a l  wi th  r e s p e c t  t o  both t h e  r i p r a p  

and base  m a t e r i a l  a r e  shown i n  Figure 1 0 . 9 .  The s e l e c t e d  s i z e  

d i s t r i b u t i o n  of t he  f i l t e r  m a t e r i a l  i s  i n d i c a t e d  by t h e  dashed l i n e .  

The th i ckness  of t h e  f i l t e r  m a t e r i a l  i s  equal  t o  t h e  maximum s i z e  of 

t h e  f i l t e r ,  i s  more than  n ine  inches.  In t h i s  case ,  t h i ckness  i s  

equal  t o  10 inches.  

7 .  Freeboard. 

The r i p r a p  s i z e  was determined i n  S tep  4 by cons ider ing  t h e  c r i t i c a l  flow 

cond i t i ons  occu r r ing  i n  t h e  s t e e p e s t  ( S  = 0 . 1 8 )  reach of Channel C. To 

eva lua t e  f reeboard  and t o t a l  channel depth requi red ,  t h e  mi lder  s lop ing  

reach  from S t a t i o n  0+00 to  1+00 with  a s l o p e  of 10 pe rcen t  is  considered. 

The 8  pe rcen t  channel  reach  s t a r t i n g  a t  S t a t i o n  3+00 i s  neglec ted  because 

it is only 25 f t  long. 

Using S = 0 .10  

Figure  5.5  i n d i c a t e s  

From Table 4 . 4  Cfb = 1.0 

Cfb(d) = l . O ( l . 1 )  = 1.1 > 1.0 f t .  ; u s e l . l  it. 



F.B. = 
1 

Cfb  ( d )  + AZ = 1.1 + 0 = 1.1 f t .  

The f i n a l  channel  dimensions a s  shown i n  Figure 10.10 a r e  b = 10 ft. , 
t o t a l  channel  depth = 2.2 f t .  

10.3.4 Diversion Channel D 

Diversion Channel D i s  a  recons t ruc ted  channel over  a  reclaimed s t r i p  

bench. From t h e  topographic map t h e  channel extends from S t a t i o n s  1+85 t o  

6+70. The p r o f i l e  of t h e  waterway i s  shown i n  F igure  10.1 1. The s lope  con- 

d i t i o n s  r e q u i r e  u t i l i z i n g  t h e  s t e e p  s l o p e  r i p r a p  design procedure. 

The design flow a s  determined i n  Sec t ion  10.2 i s  80 c f s .  

From Figure  10.1 1 t h e  bed s lope  i s  0.24. 

From cons ide ra t ion  of upstream and downstream n a t u r a l  waterways, a  chan- 

n e l  bottom width of 6 f t  i s  s e l e c t e d  wi th  a  2:l s i d e  s lope.  

From Figure  5 .l, D = 1.75 f t .  
50 

Gradation of r i p r a p  i s  

D = 1.25(1.75) = 2.2 f t  
max 

Riprap th i ckness  1.25 D5,, = 2.2 f t .  

F i l t e r  design. The r i p r a p  has t h e  same p a r t i c l e  s i z e  a s  Channel C.  The 

p a r t i c l e  s i z e  of t h e  base  m a t e r i a l  i s  a l s o  assumed n e a r l y  t h e  same. 

Therefore,  t h e  f i l t e r  requirement f o r  channel  D i s  i d e n t i c a l  t o  t h e  

f i l t e r  designed f o r  Channel C. 

Freeboard 

From Table 4.4 Cfi = 1.0 

Cfb(d)  = l.O(O.46) = 0.46 < 1.0 ; use  1.0 f t .  

The f i n a l  channel  d i m n s i o n s  a r e  given i n  F igure  10.1 2. 



Figure 10.10. Diversion channel C dimensions. 



Figure  10.11. Longitudinal  p r o f i l e  o f  d ive r s ion  channel D. 





10.4 T r a n s i t i o n  Design 

10.4.1 Channels A and  B 

I n  b o t h  Channels  A and B, t r a n s i t i o n  d e s i g n  is  r e q u i r e d  f o r  t h e  e n t r a n c e  

t o  and  e x i t  f rom t h e  s t e e p  s l o p e  channel.  The t r a n s i t i o n  l e n g t h  s h o u l d  be 

p r o t e c t e d  w i t h  t h e  same r i p r a p  s i z e  u s e d  on  t h e  s t e e p  s l o p e .  The t r a n s i t i o n  

l e n g t h  i s  computed from t h e  g u i d e l i n e s  g iven  i n  S e c t i o n  5.4. 

The downstream d e p t h  o f  f low, used t o  e v a l u a t e  t h e  l e n g t h  o f  p r o t e c t i o n  

needed a t  t h e  change i n  grade,  is  computed f o r  t h e  10 p e r c e n t  channe l  r e a c h  

between S t a t i o n s  0+00 and  1+00 i n  Channel C.  From F i g u r e  5.2 f o r  Q = 180 

c f s  and S = 0.10 

d G 1.1 f t .  

Length of p r o t e c t i o n  = 5d = 5.5 f t .  

S i n c e  5.5 f t  < 15 it, t h e  minimum p r o t e c t i o n  of 15 f e e t  i s  r e q u i r e d .  The 

r i p r a p  s i z e  c a l c u l a t e d  f o r  t h e  s t e e p  s l o p e  s e c t i o n s  o f  Channels  A and  B shou ld  

b e  extended f o r  a d i s t a n c e  o f  15 f t  i n  Channel C ( i . e . ,  from S t a t i o n  0+00 t o  

0+15) .  I n  t h i s  example t h e  r i p r a p  s i z e  i n  bo th  s t e e p  c h a n n e l s  s e c t i o n s  o f  

Channels A and B i s  i d e n t i c a l .  I f  t h e  r o c k  s i z e  was d i f f e r e n t ,  p r o t e c t i o n  

below t h e  c h a n e l  i n  g rade  s h o u l d  be  p rov ided  by u s i n g  t h e  l a r g e r  r i p r a p  qrada- 

t i o n .  P r o t e c t i o n  s h o u l d  a l s o  be  p rov ided  a t  t h e  e n t r a n c e  s e c t i o n s  from mi ld  

t o  s t e e p  s l o p e s  i n  Channels A and B. S t e e p  s l o p e  r i p r a p  p r o t e c t i o n  shou ld  be 

ex tended  15 f t  above t h e  s t e e p  s l o p e  s e c t i o n s .  There  w i l l  be  no o t h e r  s i g n i -  

f i c a n t  t r a n s i t i o n  problems s i n c e  t h e  c r o s s  s e c t i o n  geometry ( 6  f t  bottom wid th  

and  2:1 s i d e  s l o p e )  i s  t h e  same f o r  t h e  s t e e p  and  m i l d  channe l s .  

10.4.2 Channels C and D 

The e n t r a n c e  p r o t e c t i o n  f o r  Channel C h a s  a l r e a d y  been e s t a b l i s h e d  by t h e  

e x i t  p r o t e c t i o n  r e q u i r e d  f o r  Channels  A and  B.  The e x i t  o f  Channel C is  t o  

t h e  e x i s t i n g  n a t u r a l  waterway downstream o f  t h e  j u n c t i o n  of t h e  n a t u r a l  water-  

way c o n t a i n i n g  d i v e r s i o n  Channel D. It is  recommended t h a t  t h e  r i p r a p  of 

Channel C be ex tended  th rough  t h e  j u n c t i o n  t o  i n s u r e  t h e  s t a b i l i t y  of t h i s  

a r e a .  The e n t r a n c e  o f  t h e  n a t u r a l  waterway c o n t a i n i n g  d i v e r s i o n  Channel D 

s h o u l d  a l s o  be  r i p r a p p e d  i n  t h i s  r eg ion .  

The bottom wid th  o f  Channel D w a s  chosen t o  approximate  t h e  n a t u r a l  

waterway upst ream and  downstream. Although t h e  change i n  roughness  may c a u s e  

a g r e a t e r  d e p t h  i n  t h e  r i p r a p p e d  d i v e r s i o n  channe l  t h a n  i n  t h e  n a t u r a l  water- 



way, t h e  s t e e p  s l o p e  cond i t i ons  w i l l  minimize t h i s  e f f e c t .  Therefore,  con- 

s i d e r i n g  t h e s e  f a c t o r s ,  no t r a n s i t i o n  problems a r e  a n t i c i p a t e d  i n  Channel D. 
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