
VI. DIVERSION AND CONVEYANCE SYSTEMS 

6.1 General 

Diversions a r e  used on sloping s i t e s  where it is necessary o r  desirable 

t o  iZhtbrcept  runoff and d iver t  it from the  s i t e  i n  a manner t h a t  the  

se t t l eab le  sol ids  concentration is minimized. Two general types of diversions 

a r e  t reated i n  t h i s  chapter. The f i r s t  type is used t o  d i rec t  storm water 

away from the s i t e  t o  prevent undesirable erosion o r  interference with revege- 

tatiorr. The second type includes terraces and berms. The basic concept of 

terracing i n  t h i s  application is t o  break up the  slope length by providing 

channels a t  predetermined intervals t h a t  a r e  approximately perpendicular t o  

the  overland flow direction. The terraces intercept the  runoff , slowing the 
t flow velocity and allowing a percentage of the  settleabqe gpdiment s izes  t o  

deposit. In most applications, t h e  terraces a r e  made w i t h  'a re la t ively small 

longitudinal slope so  t h a t  a mininalquantity of sediment is carried from the 

s i te .  One effect ive variation of t he  terrace is the toe berm.which is essen- 

t i a l l y  a terrace having zero slope. 'Pae berms can be very effective on small 

s i t e s  a s  detention structures (see Chapter VII) . 
The conveyance channel is a s tabi l ized drainageway used t o  co l lec t  water 

from the diversions and overland flow a n a s  and deliver it from t h e  s i t e  t o  

the  established disposal a&a. It is designed t o  pass the discharge from the 

specified storm without additional scour from the conveyance channel bed and 

banks. 

Figures 6.1 and 6.2 show a diversion and conveyance system a t  typical  

s i t e s  using these concepts a s  pa r t  of the  sediment control system. 

6.2 Procedural Guide 

The procedure f o r  designing diversion structures and s table  conveyance 

channels is nearly the  same since the  sediment transport process i n  response 

t o  a par t icular  flow is the  same. The performance objectives f o r  each a re  

different,  however. 

Diversions a r e  intended t o  break up slope lengths, thereby reducing the 

sediment delivery from the  overland flow areas. They may also be designed t o  

t r ap  the sediment from the overland areas i n  the  diversion i t s e l f .  Conveyance 
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Section A-A 

Figure 6.1. Typical mine site. 



Section A- A 

Figure 6.2. Typical reclaimed mine site. 



channels a r e  designed t o  provide an  adequate c ross  sect ion l i ned  w i t h  n o n e r e  

s i v e  mater ia l  t o  de l iver  t he  design flow without addi t ional  erosion from t h e  

channel bed and banks. 

Design Steps f o r  Diversion and Conveyance Channels 

The s p e c i f i c  s teps  t o  be followed i n  designing e i t h e r  of t he  channel 

types a r e  a s  f o l l w s :  

Determine t h e  water and sediment delivery t o  t h e  channel. 

Estimate t h e  required channel s lope (S).  

Choose an appropriate c ross  sec t ion  and c o q u t e  t h e  veloci ty  (V), 
flow depth (d l  and topwidth (TI f o r  each tima increment of t he  
runoff hydrograph. 

Determine t h e  sediment t ransport ing capacity f o r  each sediment s i z e  
range and tima increment. 

Determine t h e  t o t a l  sediment y i e l d  from t h e  channel and t h e  average 
s e t t l e a b l e  s o l i d s  concentration. 

Compute t h e  deposit ion depth (dd) of sediment i n  t h e  channel. 

Size  t h e  channel based on t h e  flow depth a t  peak flow p lus  t h e  depo- 
s i t i o n  depth (when appropriate)  p l u s  a minimum of 0.5 f e e t  f teeboard. 

Step 1: Determine Water and Sediment Delivery t o  Channel 

The inflow hydrograph f o r  t h e  design storm is required input  f o r  t h i s  

design procedure. h e  inflow hydrograph is  determined using the  procedural 

guide i n  sec t ion  4.2. For e i t h e r  channel type, t h e  watershed a rea  i s  t h e  

a c t u a l  overland a r e a  contr ibut ing t o  t h e  channel. Although t h e  discharge 

va r i e s  along t h e  chanrul, t h e  maximum discharge i s  used f o r  design. 

The sdim8nt del ivery t o  t h e  divers ions  is t h e  sediment y i e l d  from t h e  

overland ffaw a reas  determined using t h e  procedural guide i n  sect ion 4.2. The 

sediment y h l d  from t h e  divers ions  i s  t h e  sediment supply t o  t h e  conveyance 

channel. 

Step 2: Estimate Required Channel Slope 

Diversions. The estimated s lope  is based upon knowledge of t he  s i t e ,  

flow r a t e  and s o i l  type. A s lope  i n  t h e  range of 0.5 percent t o  1 percent is 

normally a good " f i r s t  a p p r o x i m a t i ~ n . ~  



Conveyance Channel. The slope f o r  the  conveyanca channel is  usually 

fixed within a limited range by the topographic constraints of the  particular. 

s i t e  and can best  be determined from a topographic map or  s i t e  survey. 

Step 3: Choose an Appropriate Cross Section and Cornpute the Velocity 
(V) , depth (dl  and topwidth (TI 

The majority of the channels used i n  the  diversion and conveyance systems 

f o r  small areas can be approximated by a tr iangular cross-sectional shape. 

Figures 6.3 and 6.4 are nomographs f o r  determining the required flow 

parameters. 

Procedures f o r  solving Manning's equation fo r  other channel shapes a r e  

readily available. For example, Chow (1959) presents detailed information on 

open channel flow including tables,  charts and procedures fo r  most channel 

shapes. Brater and King ( 1976) a l so  provide complete tables and char ts  t o  a id  

i n  solving the  open channel f l w  problems. 

In using any of the  above methods, a c r i t i c a l  factor is the determination 

of a proper Manning roughness coefficient. Table 6.1 presents a list-g of 

representative roughness values f o r  the  range of conditions encountered on 

small m$ne s i tes .  Figure 6.5 presents roughness values f o r  various manufac- 

tured channel l inings fo r  dif ferent  flow depths. 

For vegetative l ined channels, the  roughness values can vary signif  i- 

cantly depending on the type of grass, ~ 0 n d i t i 0 ~  of the grass cover, s o i l  tex- 

ture, channel slope and s i z e  and shape of the channel. The SCS has presented 

a method f o r  determining the  value of the  roughness coefficient based on 

experimental measurements. This method is presented i n  the  "Handbook of 

ChairJnel Design f o r  Soi l  and Water Conservation" (SCS, 1957). The procedure 

presgnted i n  t h i s  nqqua,l is based primarily on t h i s  method and is a s  follows: 
1 '  

1. Estimate the value of n for  the  intended type of grass l in ing  
using Table 6.1 . 

2.  Determine the  retardance class i f icat ion fo r  the  grass l in ing  from 
Table 6-2. 

3. Determine the velocity and depth fo r  the  design discharge and slope. 

4. Compute the value of VR noting t h a t  R a 0.5 d f o r  a tr iangular 
channel. 



EQUATION: 0 = 0.46(%)s'/~ dV3 

n is rouqhners coefficient in Manning .I0 
formula appropriate to rnater~al in 
bottom of channel 

z is reciprocal of c rou  slope E :: 
EXAMPLE (see dash4 lines) 1 .06 

Given: S = 0.03 I00 - .05 

,- 30  - .04 
d = 0.22 - 20 

Find: q-1.7 cts 
,,--------- -- - -- ---- - ---- 

INSTRUCTIONS = .05 - 
1. Connect d n  ratio with slope (S) and : .03 O - ,008 

C O f m C t  diachorpe (0) with depth (6). - .02 
,007 Thew two lines must intersect at 

turning line for complete solution. - DI 8 1 ,006 

2. For shallow rshapod channel as shown, u w  
nomograph with a t = T/d. 

Figure 6.3. Nomograph for flow in triangular 
channels (from Sirnons, Li & 

Associates, Inc., 1982). 



where: A = z ~ '  

p = 2 d m  . 
T = 2 d z  

Figure 6.4. Dimension of triangular channels 
(from Chow, 1959). 
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Table 6.1 . Manning Roughness Coefficients,  n. 

Manning n range 

I.  LinM Open Channels: 
A. Gravel bottom, s ides  a s  indicated: 

1. Formadconcrete . . . . . . . . . . . . . . . .  
2. Ftandom stone i n  mortar . . . . . . . . . . . . .  
3 D r y r u b b l e ( r i p r a p )  . . . . . . . . . . . . . .  

If. Unlined Open Channels: 
A. Earth, uniform section: 

1. Clean, recently conpleted . . . . . . . . . . .  
2. Clean, a f t e r  weathering . . . . . . . . . . . .  
3. With sho r t  grass,  few w e e d s  . . . . . . . . . .  
4. In gravely, s o i l ,  uniform sect ion,  c lean . . . .  

B. Earth, f a i r l y  uniform section: 
1. No vegetation . . . . . . . . . . . . . . . . .  
2. Grass, some wee& . . . . . . . . . . . . . . .  
3.  Dense weeds o r  aquatic p l an t s  i n  deep channels . 
4. Sides, clean, gravel  bottom . . . . . . . . . .  
5. Sides, clean, cobble bottom . . . . . . . . . .  

C .  Dragline excavated o r  dredge& 
1. NO vegetation . . . . . . . . . . . . . . . . .  
2. Light brush on banks . . . . . . . . . . . . . .  

D e  Rock: 
1. Baaed on design sec t ion  . . . . . . . . . . . .  
2. Based on a c t u a l  mean section: 

a. Smooth and uniform . . . . . . . . . . . . .  
b. Jagged and i r r egu la r  . . . . . . . . . . . .  

E. Channels no t  maintained, weede and brush uncut: 
1. Donse weed., high as flow depth . . . . . . . .  
2. Clean bottom, brush on s ides  . . . . . . . . . .  
3 .  Clean bottom brush on s ides ,  h ighest  s t age  of 

f l o w . . . . . . . . . . . . . . . . . . . . . .  
4. Dame brush, high stag. . . . . . . . . . . .  + 

111. Channols and Swalea with maintained vegetation 
( values s h a m  arm f o r  velocities of 2 and 6 f pa) : 
A. h p t h  of f 1- UP t o  0. f f 00t: 

1. B-& grass ,  Kentucky b 1 u e - a ~ ~ ~  buffalo  
grum 
8 .  nclod t o  2 inches (E Retardance) . . . . . .  
b. k n g t h  4 t o  6 inches ( D  Retardance) . . . .  
.Good 8-4 any grass: 
a. k n g t h  about 12 inches (C Retardance) . . .  
b. Longth about 24 inches (A Retardance) . . .  

3. Fa i r  stand, any grass: 
a .  Length a b a r t  12 inches ( D  Retardance) . . .  
b. Length about 24 inches (B Retardance) . . .  

B. Depth of flow 0.7-1.5 feet :  
1 . Bermuda grass ,  Kentucky bluegrass, buff a10 

grass: 
a. Mowed t o  2 inches . . . . . . . . . . . . .  
b. Length 4 t o  6 inches . . . . . . . . . . . .  
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Table 6.1 . (continued) 

Manning n Range 

2.  Good stand, any grass: 
a.  Length about 12 inches . . . . . . . . . . .  0.12-0.07 
b. Length about 24 inches . . . . . . . . . . .  0.20-0.1 0 

3 Fair stand, any grass: 
a .  Length about 12 inches . . . . . . . . . . .  0.10-0.06 . . . . . . . . . . .  b. Length about 24 inches 0.17-0.09 



.2 .3 .4 .S .6 .7 .8 .9 1.0 2.0 

HY ORAULIC RADIUS, R (feet ) 

Figure 6 . 5 .  Manning's roughness c o e f f i c i e n t  versus 
hydraulic radius for manufactured 
channel l in ings  (from Simons, Li & 

Associates,  Inc . ,  1982). 



Table 6.2. Class i f ica t ion  of Vegetal Covers a s  t o  ihgree 
of Ratardance (SCS, 1957). 

(Note: Covers c l a s s i f i e d  have been tes ted  i n  experimental 
channels. Covers were green and generally uniform.) 

Re  tardance Cover Condition 

Weeping lovegrass Excellent stand, t a l l  (average 
30 inches) 

A Y e l l -  bluestem Ischae- Excellent stand, t a l l  (average 
mum 36 inches) 

Kudzu 
Bermuda grass  

Native grass  mixture 
( l i t t l e  bluestem, blue 
gram,  and other  long 
and sho r t  midwest 
grasses) 

Weeping lavagrass 

Le spedeza s e r i e s  

Alfalfa  

Weeping lovegrass 

Kudzu 
Blue Grama 

Very dense g r w t h ,  uncut. 
Good stand, t a l l  (average 12 
inches).  
Good stand, unmowed. 

Good stand, t a l l  (average 24 
inches). 
Good stand, not  woody, t a u  
19 inches) . 
Good stand, uncut (average 1 1 
inches) .  
Good stand, mowed (average 13 
inches) . 
Dense g r w t h ,  uncut 
Good stand, uncut (average 13 
inches). 

Cr abgrasa Fair  stand, uncut ( 1 0  t o  48 
inches) . 

B a r n u d a  grass  Good stand, mowed (average 6 
inches).  

Co-n lespedeza Good stand, uncut (average 11 
inches) . 

Gram-legume mixture- Good stand, uncut (6  t o  8 
C a- (orchard grass,  inches).  

redtop , I t a l i a n  ryegrass 
and common lespedeza) 

Centipedegrass Very dense cover (average 6 
inches) . 

.Kentucky bluegrass Good stand, headed (6 t o  12 
inches) . 



Table  6.2. (Continued) 

R e  tardance Cover Condition 

Benrmda g r a s s  

Common lespedeza 

Buffalo g r a s s  

Grass- legume mixture- - 
f a l l ,  s p r i n g  (orchard  
g rass ,  redtop,  I t a l i a n  
ryegrass,  and common 
1 espedeza 

Lespedeza sericea 

Good stand, c u t  t o  2.5-inch 
height .  
Ekcel lent  s tand,  uncut (average 
4.5 inches)  
Good stand, uncut ( 3  t o  6 
inches. 
Good stand, uncut (4  t o  5 
inches) .  

Af ter  c u t t i n g  t o  ?-inch height .  
Very good s tand  before  cu t t ing .  

Bermuda g r a s s  
E 

Bermuda g r a s s  

Good stand, c u t  to 1.5 inches  
he igh t  - 
Burned s tubb le  



5. Read =he n va lue  from Figure  6.6 f o r  t h e  a p r o p r i a t e  V 2  and 
r e t a rdance  c l a s s i f i c a t i o n .  

6. Conpare t h e  new n wi th  t h e  o r i g i n a l  assm;t ioc.  I f  it i s  no t  t h e  
same, r e p e a t  s t e p s  2 through 5 u s i n g  t h e  new n u n t i l  t h e  two 
va lues  a r e  reasonably c lose .  

The h y e a u l i c  parameters  f o r  t h e  des ign  s torm a r e  c a l c u l a t e d  by r e p e a t i n g  

t h o  a b m e  procedure  f o r  each t ime increment of  t h e  s torm hydrograph. 

Worksheet 6.1 is  provided  t o  f a c i l i t a t e  t h e s e  c a l c u l a t i o n s .  

S t  e? 4 : De termLne Sediment T ranspor t  Capac i ty  

F igu res  6.7 through 6.10 and Worksheet 6.2 a r e  ~ r o v i d e d  f o r  conputing t h e  

sediment t r a n s p o r t  f o r  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  of  t h e  m a t e r i a l  

c o r p r i s i n g  t h e  channel  bed. The procedure i s  a s  fo l lows:  

1. Using t h e  v e l o c i t y  (V) and h y d r a u l i c  d e a t h  (dh )  from c o l m s  5 and 7 
o f  Worksheet 6.1, r e a d  t h e  sediment  t r a n s p o r t  c a p a c i t y  p e r  u n i t  
wid th  of  channel  ( gt) f o r  each  p a r t i c l e  s i z e  from F igu res  6.7 
through 6.10. 

2 .  Determine t h e  sediment trans-port f o r  each  s i z e  and t i m e  s t e p  by t h e  
f  o l l w i n g  equat ior .  

where: Gt = sediment t r a n s p a r t  c a p a c i t y ,  t o n s  

9t 
= sediment t r a n s p o r t  r a t e ,  t ons / foo t /hour  

T = topwidth 
A t  = incrementa l  t ime i n  hour s  
p = decimal ae rcen tage  of  a  p a r t i c u l a r  p a r t i c l e  s i z e  

S t e g  5: Deterx ine  Sediment Y ie ld  

Actua l  sediment  y i e l d  w i l l  b e  c o n t r o l l e d  by e i t h e r  t h e  supply of sediment 

a v a i l a b l e  o r  by t h e  t r a n s p o r t  c a p a c i t y  of che f low.  I f  t h e  a v a i l a b l e  supply 

of sediment exceeds t h e  t r a n s 2 o r t  c a p a c i t y  of  t h e  f low f o r  a  p a r t i c l e  s i z e ,  

t h e n  t h e  t r a n s p o r t  c a p a c i t y  w i l l  c o n t r o l  t h e  sediment  y i e l d  and d e p o s i t i o n  -. 
',A. 

w i l l  o ccu r  i n  t h e  channel .  I f  t h e  t r a n s p o r t  c a p a c i t y  exceeds t h e  a v a i l a b l e  

supply of  sediment  t o  t h e  channel ,  t h e n  t h e  supply  of  sediment  w i l l  c o n t r o l  

t h e  s e d i n e n t  y i e l d  and  s c o u r  may occur  i n  t h e  channel.  Diversio?l and  con- 

ve jance  s t r u c t u r e s  shou ld  b e  designed s o  t h a t  t r a n s p o r t  c a p a c i t y  c o n t r o l s  t h e  

y i e l d  of  sediment.  



FOR CLASSIFICATION OF VEGETAL COVER I------ I 1- AS TO DEGREE OF RETARDANCE SEE TABLE 6.1- 

VR, PRODUCT OF VELOCITY AND HYDRAULIC RADIUS 

E'igurc 6 . 6 .  M $ ~ n n i n g ' s  n  for: ~c~j~till-J.ilrct1 clianrlels (from hclndbook of r:llnnncl d e s i g n  
Tor soil  and w ~ i t e r  cmiservation SCS-TP-61 revised June 1 9 G 4 ) .  



Worksheet 6.1. Step Three worksheet. 



HYORAULlC DEPTH, dh(fest) 

SEOIMENT TRANSPORT RATE, 9, (tons/foot/hour ) 

Figure 6.7. Sediment transport capacity tor silt (0.002 mm - 0.05 mm) 
I 

(fro111 Gimons, Li & Associates, Inc., 1982). 



Figure 6 . 8 .  Sediment transport capaci ty  for  very f i n e  sand 
(0.05 mm - 0 . 1  mm) (from Simons, L i  & Assoc iates ,  
Inc., 1982). 

HYDRAULIC DEPTH, dh(fWl) 
.05 .I 



HYDRAULIC DEPTH, dh(f@@t) 

Figure 6 .9 .  sediment transport  capacity for  fine, medium and coarse sand 
(0 .1  mm - 1.0 mm)(from Simons, Li & Assoc iates ,  I n c . ,  1982) .  



HYDRAULIC DEPTH. dh(feel) 

Figure 6.10. Sediment transport capacity for very coarse sand 
(1.0 ma - 2.0 mm) (from Simons, Li 6 Associates, 

Inc., 1982). 



Time 
Interval  

( tons )  =, 

Worksheet 6 .2 .  Step Pour worksheet. 



The sediment y i e ld  f o r  each time s t e p  i s  given by making the  following 

determinations: 

and 

where 
Gt 

= sedimrrnt t ransport  capacity f o r  a given time s tep ,  tons 

G = sediment supply from overland flow t o  t h e  channel, tons s 
G = sedtment y i e l d  f tom t h e  channel, tons. 

Y 
Worksheet 6.3 is given f o r  s t e p  f i v e  t o  a i d  i n  determining t h e  sediment 

- . 

yield. Equation 6.3 ind ica tes  t h e  sedimant w i l l  deposit  i n  t h e  channel. For 

a l l  sand s i z e s  s e t t l i n g  w i l l  occur quickly i n  t h e  channel. For t h e  s i l t  s i z e  

s e t t l i n g  is slower, and even t h a g h  deposition is indicated by Equation 6.3 

so- of t h e  sedimsnt supply may leave t h e  channel before it can s e t t l e .  

NOTE: The a c t u a l  s e d i m n t  y i e l d  f o r  t h e  s i l t  s i z e  =st account f o r  t h i s  

short -c i rcui t ing a f fec t .  The a c t u a l  sedimant y i e l d  f o r  s i l t  is based on t h e  

f ol loviag equation: 

where 
ps 

= t h e  r a t i o  of sediment s e t t l i n g  t o  t h e  volume of sediment 

ava i lab le  t o  settle. 

Values of p a  a r e  given i n  Figure 6.11 a s  a function of a s e t t l i n g  para- 

meter C # a s  given by t h e  follawfng equation, 
W 

whare: Ed = otructure  length, f e e t  

V = flow veloci ty ,  f t / s ec  

% = hydraulic depth, f e e t  

The information i n  t h e  Step Five worksheet is devaloped by repeated cow 

parison between t h e  sediment supply values from overland f lav and t h e  

t ranspor t  capacity of t h e  channel flow f o r  each p a r t i c l e  s i z e  and t i m e  step.  

When t ranspor t  controls  t h e  sediment y ie ld ,  then t h e  y i e l d  of s i l t  s i z e s  

should be based on Equation 6.4. 



Total  Yield 

p, (see Figure 6.11) 

(Equation 6 .5 )  

Worksheet 6 . 3 .  Step Five worksheet. 



Note: When C,c I then p, = C, 
SETTLING PARhUETER, C, 

Figure 6.11.1 S e t t l i n g  r a t i o  versus  s e t t l i n g  parameter 
(from Simons, L i  & + s o c i a t e s ,  I n c .  , 
1982) .  



The average suspended sediment concentration (CS)  i n  p p  is computed from 

t h e  following equation 

where: G = 
Y 

t o t a l  sediment yie ld ,  f o r  a l l  s i ze s ,  tons 

r a i n f a l l  excess a t  t h e  end of t h e  storm i n  inches 

( s e e  Worksheet Three i n  Chapter I V  procedure guide) 

catchment area,  ac res  

Step 6: Compute t h e  Deposition Depth 

The volume of deposition can be determined by t h e  re la t ion:  

where: % = 

where: dd = 

Ld = 
z = 

deposited volume, cubic f e e t  

sedhnent supply from overland flow t o  t h e  channel i n  tons  

ac tua l  sediment y i e l d  from t h e  channel i n  tons  

deposition depth 

channel length, f met 

side s lope of t h e  channel 

For o ther  channel shapes, t h e  deposit ion depth (dd) is found by dividing the  

volumo TT by t h e  channel length t o  f i n d  t h e  croas-sectional a rea  of t he  
S 

deposit ion and using t h e  r e l a t i on  between t h e  a rea  and depth f o r  t h a t  p a r  

t i a l a r  channel t o  f i n d  dd. 

Step 7:  Size  t h e  Channel 

The design depth of t h e  channel c ross  sec t ion  is  computed by: 

where: d = design depth, f e e t  
C 

d = m a x i m u m  flow depth during t h e  s form, f e e t  

dd 
= deposit ion depth, f e e t  

0.5 = freeboard, f e e t  



Stable  Channel Design 

The object ive i n  designing a s t ab l e  channel i s  t o  provide hydraulic con- 

d i t i ons  and/or channel l i n i n g  such t h a t  t he  bed and banks of the  channel a r e  

no t  eroded. In many cases, it is not possible t o  reduce t h e  erosive power of 

t h e  flow through adjusments  i n  the  slope,  roughness, etc.  t o  prevent erosion 

of the  na tura l  bed material. In t h i s  case, a s t ab l e  channel l i n ing  must be 

provided. 

Figure 5.12 shows the  r e l a t i on  between the  c r i t i c a l  p a r t i c l e  s i z e  ( D  1 
C 

( i . e . ,  t he  smal les t  p a r t i c l e  s i z e  t h a t  cannot be transported by the  flow) , the  

flow veloci ty ,  (V )  and depth (d l .  Using t h i s  f igure ,  the  foLlowFng s teps  a r e  

followed i n  designing a coarse gravel l i n i n g  f o r  a s t ab l e  conveyance channel. 

Choose an appropriate channel cross  sect ion and compute the  veloci ty  
and depth a s  discussed i n  Step 3 f o r  t he  maximum discharge. 

From Figure 6.11 determine t h e  c r i t i c a l  p a e i c l e  s i z e  ( D c ) .  

Select  a coarse, w e l l  graded gravel mixture such a s  the  American 
Association of S t a t e  Highway Organizations (AASHTO) M147, Class 2 o r  
M43, No. 3 o r  4 gradation ( s e e  Table 6.3 1 .  Determine t h e  percentage 
of material  i n  t h e  se lec ted  mixture t h a t  is  f i n e r  than Dc. If  t h e  
percent f i n e r  i s  l e s a  than 50 percent, the  se lec ted  d i s t r i bu t ion  
should be acceptable. 

Determine t h e  required thickness of t he  l i n i n g  t o  develop a protec- 
t i v e  layer  using t h e  re la t ion:  

where: 
'a 

= thickness of the  l i n i n g  
D, = c r i t i c a l  p a r t i c l e  s i ze ,  mm 
pf = percentage of mater ia l  f i n e r  than t h e  c r i t i c a l  s i z e  

: The l i n i n g  thickness ( t  1 should be a minimu of 6" t o  allow 
far i r r e g u l a r i t i e s  i n  and material. 

If t h e  value of t is unreasonably la rge  (g rea t e r  than approxima- 
t e l y  1.0 t o  2.0 f t ? ,  t he  f r ac t ion  of f i n e  mater ia l  i n  t h e  selected 
size gradation is too  high. In t h i s  case, a coarser gradation 
should be selected. 

This procedure f o r  designing a s t a b l e  channel l i n ing  can be applied t o  

f l w  conditions where t he  p a r t i c l e  s i z e  a t  inc ip ien t  motion does not exceed 

approximately 2.0 inches. This corresponds t o  design flows of 20 cubic f e e t  



DEPTH, d (fwl) 
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CRITICAL PARTICLE SIZE, Dc (inches) 

Figure 6.12. Critical particle size versus velocity and depth 
(from Simons, Li & Associates, Inc., 1982). 



Table 6.3.  Coarse Aggregate Gradation Table. 

Percentage Passing Designated Sieves 
AASHTO MI 47 AASHTO M43 

Sieve  Class 2 No. 3 N o .  4 
S i z e  3" t o  2" 2" t o  1 "  1-1/2" t o  3/4" 

*AASHTO spec i f i ca t ions  a l l w  3 t o  15 percent f iner  
than No. 200 s i e v e .  For channel l in ings ,  the 
percent f i n e r  than the No. 4 s i e v e  s h a l l  not 
exceed 5 percent. 



per second o r  less on s lopes  not exceeding 5 percent,  and channels having s ide  

s lopes  no s teeper  than 4 V  t o  1H. In p rac t i ca l  terms, it appl ies  t o  broad swa- 

l e a  draining small s i t e s .  In t he  event t h a t  ex is t ing  conditions a r e  more 

severe than indicated above, a more de ta i led  r ip rap  design is required. 

Detailed information f o r  design of r i p rap  channels f o r  a wide range of con- 

d i t i ons  may be faund i n  t h e  "Design Manual f o r  Water Diversions on Surface 

Mine Operations," (OSM, 1981). 

6.3 Planning and Design Information 

For e i t h e r  channel t*, i f  t he  conputed sediment t ransport  f o r  any par- 

t i c l e  s i z e  exceed8 the  supply, degradation w i l l  occur within t h e  channel. In 

t h i s  case, measures must be taken t o  reduce the  t ransport ing capacity. 

For diversions,  t he  e f f ec t ive  s lope can be reduced by adjust ing e i t h a r  

t h e  ac tua l  channel s l o p  o r  by using s m a l l  checks i n  the  channel. The e f f ec t  

of an adjustment is evaluated by repeat ing Steps 4 through 6 using t h e  

appropriate slope. These s t e p s  a r e  repeated u n t i l  t h e  collputed sediment y ie ld  

from t h e  channel does not  exceed t h e  supply. When t e r rac ing  is used and an 

acceptable sediment y i e l d  cannot be obtained by adjust ing the  e f f ec t ive  slope,  

addi t iona l  t e r r aces  may be  necessary. The e n t i r e  procedure must be repeated 

using t h e  water and sediment inflow from the  reduced a rea  when t h i s  condition 

exists. 

For t h e  conveyance channel, i f  t he  sediment transport  exceeds t h e  supply 

f o r  t he  assuned conditions, severa l  options a r e  available.  These include: 

1. U n i n g  t h e  channel with aggregate su f f i c i en t ly  la rge  t o  prevent e r w  
s ion  from t h e  channel bed and banks. 

2. U s e  of ch8ck dama t o  reduce t h e  e f f ec t ive  s lope of t h e  c h a ~ e l .  

3.  t n g t h 8 n i n g  t h e  channel t o  reduce the  slope i f  p rac t ica l .  

The proco&re for designing a s t a b l e  channel l i n ing  is presented i n  paragraph 

6.2. Design of small chedr dam8 is discussed i n  paragraph 6.3. 

Diversions 

The general  concept f o r  t h e  design of diversions f o r  sediment control  o n  

small mine sites is t o  provide channels which run nearly perpendicular t o  the  

overland flow direct ion.  Diversions a r e  generally small wide channels having 



a r e l a t i ve ly  f l a t  slope. Depending upon t h e i r  slope, roughness and the 

qua l i t y  of sediment delivered t o  them, the diversion channels may provide a 

means of trapping the  sediment eroded from the  overland areas. m s i t e s  where 

t h e  overland area has been t rea ted  with other  erosion control  measures, the  

sediment delivered t o  t he  diversions w i l l  be re la t ive ly  small. In t h i s  case, 

t he  te r race  should simply convey the  excess runoff from the  s i t e  without 

adding addi t ional  sediment t o  t he  flcks. A varia t ion of t h e  diversions i s  the 

t o e  berm which is a t e r r ace  channel having zero slope. The berm a c t s  a s  a 

sediment t rap.  Benus can be very e f f ec t ive  on small s i t e s  with s o i l s  having 

la rge  i n f i l t r a t i o n  capaci t ies .  

The channel shape f o r  diversions i s  dependent on the  types of c o n s t r u e  

t i o n  equipment avai lable  a t  t he  s i t e  and t h e  method of constructing the  chan- 

nel. Triangular shaped channels a r e  ea s i ly  constructed; a reconmended shape 

i s  t o  have s ide  slopes of 3V t o  1H on the  upslope s ide  and 5V t o  1 8  on t h e  

duwnslope s i d e  ( s e e  Figure 6.13). 

The number of channels required t o  provide an acceptable sediment y i e ld  

depends upon t h e  condition, s i z e  and length of the  overland flew area  contri- 

buting t o  each channel. Ebr an a rea  of 10 acres  o r  l e s s ,  one t o  t h ree  diver- 

s ion  channels a r e  normally suf f ic ien t .  

Diversion and t e r r ace  channels should be nnalched and seeded t o  produce a 

good s tand of vegetation a s  soon a s  possible  a f t e r  construction. In some 

cases, small checks may be necessary t o  slw the  ve loc i t ies  t o  allow the  v e g e  

t a t i o n  t o  e s t ab l i sh  i t s e l f .  Linings of j u t e  mat o r  excels ior  blanket ( s ee  

Chapter I V )  a r e  useful  temporary diversion channel l inings.  

Conveyance Channel 

The general concept f o r  designing t h e  conveyance channel i s  t o  carry the 

excess r-ff from t h e  s i t e  without adding addi t ional  sediment from erosion of 

t h e  bed and banks of t h e  channel. Because of the  small sediment y i e ld  t o  con- 

veyance channals, t h e  sediment t ranspor t  capacity of t h e  channel w i l l  most 

l i ke ly  exceed t h e  sediment supply from t h e  overland f lw areas  and diversion 

s t ruc tures  unless a proper l i n i n g  and/or grade control  is provided. In cases 

where t h e  channel s lope is r e l a t i v e l y  small, a vegetative l i n i n g  may be suf- 

f i c i e n t  t o  s t a b i l i z e  t he  channel. I f  t he  sediment t ransport  calculat ion indi- 

c a t e s  t h a t  vegetative l i n i n g  is not  su f f i c i en t ,  a coarse gravel l i n i n g  should 

be used. The s t ab l e  channel design procedure i n  sect ion 6.3 should be used i n  



Min. 0.5' freeboard 
Y 

d = flow depth 
dd = deposition depth 

Figure 6.13. Typical diversion channel. 



t h i s  application.  

Because of t he  necess i ty  f o r  minimizing t h e  sediment t ransport ing capa- 

c i t y  of t h e  conveyance channel, a wide, shallow cross  sect ion i s  recanmended. 

A V-shaped ( t r i angu la r )  swab w i l l  provide an e a s i l y  constructed channel 

meeting t h i s  c r i t e r i a .  

Grade control  

On s teep  s i t e s  where t h e  required s lope of t h e  conveyance channel is  

excessively steep,  a deaign using the  s t ab l e  channel deaign procedure alone 

may not provide s u f f i c i e n t  protection.  In these  cases,  s m a l l  drop s t ruc tures  

o r  check dams a r e  a viable  method of fu r the r  s t a b i l i z i n g  t he  channel by 

r e b c i n g  its slope. 

Drop Structures.  The use of drop s t ruc tu re s  i n  t h i s  application is 

l imi ted  t o  locat ions  where a loca l ly  s t eep  s lope would cause severe channel 

erosion t o  develop. Riprap drop s t ruc tu re s  a r e  normally-the most economical 

s ince  t h e  design flows and drop heights  a r e  r e l a t i ve ly  small. Figure 6.14 

contains  a sketch of a t yp i ca l  r i p r ap  drop structure f o r  t h e  range of con- 

d i t i o n s  appl icable  t o  t h i s  manual. A formal design is not usually required, 

however, 

1 .  

2. 

3. 

4. 

ce r t a in  c r i t i c a l  f ac to r s  should be considered. 

A sho r t  t r a n s i t i o n  channel should be provided upstream of the  s t r u o  
t u r e  t o  p ro t ec t  t h e  channel from scour from t h e  high approach 
ve loc i t i es .  

An apron must be provided downstream of t he  s t ruc tu re  t o  prevent 
scour from t h e  surging ac t ion  and turbulence below t h e  drop. 

A s  a general  rule of th\nnbr t h e  length of t he  upstream t r ans i t i on  
channel (LU) and t h e  downstream apron (Lb) should be a t  l e a s t  6 
t h s  t h e  flaw depth i n  t h e  channel. The length of the  drop slope,  

=ar 
is a minimm of 4 f ee t .  

'5. bed and banks of t h e  t r a n s i t i o n  channel and apron should be 
cap8tructed a t  zero s lope and should be l i ned  with r ip rap  su f f i c i en t  
to withstand t h e  ve loc i ty  associated with c r i t i c a l  f lw conditions. 
The c r i t i c a l  ve loc i ty  (Vc)  and flow depth (G)  may be determined 
from Figure 6.15. To use t h i s  f igure ,  divide t h e  peak discharge by 
t h e  topwidth of t h e  s t ruc tu re  t o  f i n d  t h e  discharge per  u n i t  width 
(Q). Enter t h e  f i gu re  using t h i s  value and read t he  corresponding 
Vc and dc. Figure 6.12 can then be used t o  es t imate  t h e  minimum 
s i z e  f o r  t h e  channel l ining.  If the  slope of t h e  face  exceeds 3V t o  
1H, t h e  indicated s i z e  from Figure 6.12 should be divided by t h e  
appropria te  r a t i o  of t h e  c r i t i c a l  shear on s ides  t o  c r i t i c a l  sheer,  
K 2 ,  from Figure 6.16. 



F i g u r e  6.14. Def in i t ion  sketch f o r  a riprap drop structure. 
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UNIT DISCHARGE, q (ft. /=.) 

Figure 6.15. C r i t i c a l  f l o w  (from 
Simons, Li & Associ- 
a t e s  , Inc.  , 1982) . 



MEAN DIAMETER (inchar) 

Figure 6 .16 .  Graphs o f  angle o f  repose far riprap 
stones and r a t i o  o f  c r i t i c a l  shear 
on s i d e s  t o  c r i t i c a l  shear ( a f t e r  
Simons, 1957 ) .  



5. The sloping face  of t he  s t ruc tu re  should not exceed 2v t o  IH-. 

6. Maximum drop height should not  exceed 2 f ee t .  

For cases where t he  grade control  drop heights exceed 2 f e e t  o r  t h e  design 

f l w  exceeds approximately 2 c f s / f t  of channel widthr the  above procedure 

should not  be used. In these cases, a more rigorous design is required using 

more de ta i led  drop s t ruc tu re  designs which a r e  beyond the  scope of t h i s  manual 

(see OSM, 1981 1. 

Check Dams. A check dam i s  a tamporary b a r r i e r  constructed across t he  

channel which r e t a rds  t h e  flow and forms a small pool which reduces the  flow 

velocity.  Check dams t r a p  some sediment, par t icu la r ly  t he  l a rge r  sediment 

s i z e s  bu t  do not  make e f f ec t ive  sediment t raps .  Their bes t  use i s  f o r  s tabi-  

l i z a t i o n  of t h e  channel by reducing the  e f f ec t ive  gradient of t he  flow. 

In  specifying t h e  check damsr a formal design is not required i f  t he  

design discharge is less than 20 c f s ,  and the  Following c r i t e r i a  a r e  m e t :  

1. Maximum dam height should not  exceed approximately 2 f ee t .  

2.  The dam spillway should be t r ea t ed  a s  a broad c res ted  weir. The 
head of f la* over t h e  w e i r  can be computed from t h e  following 
rela t ion:  

where: H = head, f e a t  
Q = t o t a l  channel discharger C ~ S  

L = e f f e c t i v e  length of w e i r  
C = constant 

Figure 6.17 s h w s  tho  e f f ec t ive  length of t h e  w e i r  and Figure 6.18 
i 6  a p l o t  of t h i s  r e l a t i o n  f o r  C = 3.0 which is an averge value f o r  
8-11 check a. 
4.' 

3 s l o p  up6t rem of check dam normally va r i e s  from 0.5 t o  0.7 
the8 t h e  o r ig ina l  channel slope. This can vary widely depending 
upon a nmnber of fac tors .  As a r u l e  of thumb, however, 0.5 should 
give a rea6onably conservative estimate. It is recommended t h a t  
t h e  spacing of t h e  check dams (Figure 6.19) be based on t h i s  value 
according t o  t h e  f o l l a r i n g  formula: 



F i p r a  6.17. Rock =neck dam d e f i n i t i o n  sketch. 
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DISCHARGE PER UNIT WIDTH, q = Q/L (cfs/f t.) 

Figure 6.18. Plot of weir equation Q/L = CH 2 / 3  
where C = 3.0 (from Equation 6.61 
(from Simons, li & Associates, 
Inc., 1982). 



F i ~ e  6-19.. Spacing between c h e c k  dams. 



where: Sd = spacing of dams 
H d  = dam height  
S = o r i g i n a l  channel s lope  

4. For t h e  flow condi t ions  appl icable  t o  t h i s  design, t h e  aggregate 
used t o  cons t ruc t  t h e  rock check dams should be a minimum of 2 t o  3 
inches. 

5.  The maximum s i d e  s l o p e  of t h e  dwnstream f a c e  of t h e  dam should n o t  
exceed 2H t o  1V. 

F i g u r e  6.20 shows a suggested design f o r  a l o g  check dam. 

6.4 In-Service Performance 

Proper design and i n s t a l l a t i o n  of t h e  channels and s t r u c t u r e s  a s  

d iscussed i n  t h i s  chapter  should provide sediment con t ro l  devices which w i l l  

perform t h e i r  intended purpose throughout t h e  l i f e  of t h e  p r o j e c t  w i t h  minimal 

maintenance. There a r e ,  hwever ,  c e r t a i n  key item6 which should be periodi-  

c a l l y  checked t o  prevent  f a i l u r e  of t h e  system. The divers ion and conveyance 

channels should be checked a f t e r  each storm t o  insure  t h a t  sediment deposit ion 

i s  no t  s u f f i c i e n t  t o  cause overtopping of t h e  channel and a poss ib le  breach 

dur ing f u t u r e  storms. Cleaning of  t h e  channel may become necessary. Al.1 

s t r u c t u r e s  and t h e  l i n i n g  f o r  aggregate o r  vegeta t ive  l i n e d  channels should 

a l s o  be inspected  t o  i n s u r e  t h a t  no damage has  occurred. 
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,Poll 8" M h. 

Figure 6.20. Log and brush check dam. 



6 .5 Examnle Problems 

Example 6.1 

Design a t e r r a c e  system t o  in te rcep t  t h e  excess runoff and sediment from 

t h e  small  mine s i te  described i n  example problem 4.1 f o r  t h e  l o y e a r ,  24-hour, 

Type 11 storm. The bas ic  s o i l s  and hydrology da ta  developed i n  t h a t  example 

w i l l  be  used. 

Required i n p u t  da ta  f o r  t h e  t e r r a c e  design a r e  summarized below. 

P a r t i c l e  S ize  Dis t r ib tu ion 

Decimal 
Percentage 

S i l t ,  pl 0.25 
Very f b e  sand, p2 0.20 
F fne-me dim 

coarse  sand, pj 0.20 
Very coarse 

sand, p 
4 

Area of m i n e  site: 10 acres. 

Solution: I 

The f i r s t  so lu t ion  t o  t h i s  problem assumes t h a t  one t e r r a c e  is s u f f i c i e n t  

t o  m e e t  t h e  c r i t e r i a .  Therefore t h e  area p e r  t e r r a c e  is equal t o  10 acres. 

The t e r r a c e  length is 660 fee t ,  

Step One: Determine t h e  W a t e r  and Sediment Delivery t o  the Terrace 

Using the information from Example 4.1, the runoff and sediment y i e l d  by 

size f rac t ions  can be colmputed f o r  each time increment of the  storm 

hydrograph. Since only one diversion is  t o  be used; t h e  r e s u l t s  of Example 

4.1 can be used d i r e c t l y  i n  t h i s  problem. 



Storm hydrograph: 

INFLOW HYDROGRAPH 

Time 
Time Increment Discharge (Q) 

Interval  ( H r s )  ( c f s )  

Total  Excess Rainfall  (Pe) a 2.7 1 inches from Example 4.1 

Sediment supply t o  terrace from overland flow: 

SEDIMENT INFLOW 

T i m  
Interval  Gsl '=s2 Gs3 Gs4 Gs5 

t 2.81 0.62 0.18 0.00 3.6 1 
2 15.2 3-50 0.55 0.00 19.25 
3 276, '66.7 4.12 0.43 347-25 
4 50.1 11.8 1.30 0.00 63.20 
5 49.1 11.2 1.89 0.00 - - -  62.19 

393.21 93.82 8.04 0.43 495.50 

Step Two: Estimate R e w e d  Slope 

A s  a f i r s t  apmpxLoation assume t h e  channel slope t o  be 1%. 

Step Three: Select  an Appropriate Channel Shape and Compute t he  Velocity 
(Vg Depth (d)  and Topwidth (T) 

, 
U s e  a tr iangular cross section a s  shown i n  Figure 6-13 with s ide  slope 

of 3:1 and 5:1. I I (  / 

A s s u m e  the  channel w i l l  be l ined with bennuda grass approximately 2 t o  3 

inches Long. From Table 6.2, Manning's n is approximately 0.06. Using 

Figure 6.3 and 6-4, Step Three Worksheet is completed noting t h a t  the  velocity 

(V) is simply t h e  r a t i o  of discharge t o  flow area o r  

V = Q/A (6.13) 



Time Interval 

Example Problem 6.1. Step Three Worksheet. 



Step Four: Do termine t h e  Sediment Transport Capacity. 

Using t h e  r e s u l t s  i n  Step Three Worksheet with Figures 6.6, 6.7, 6.8 and 

6.9, t h e  sediimnt t ransport  capacity i s  determined and the  Step Four Worksheet 

is conp1et.d. 

Step Five: Determine t h e  Sedimsnt Yield. 

Using t h e  r e s u l t s  i n  Worksheet 6.2 and t h e  sediment supply f tom overland 

flow Step Five worksheet is corapleted. Note t h a t  all-thesedimont- y ie ld-  from 

t n e  t e r r ace  is transported control led (Equation 6.3 1 and the s i l t  y i e ld  

( colunn 4 ) is determined using Equation 6.4. 

-The averago sediment concentration is: 

By using one terrace,  t h e  suspended sediment concentration f tom the 

overland flaw area  has been r e a c e d  by approximatelv 35 Dercent. T h r  c o w  

zantraffon- is s t i l l  very hi*, however. The procechre 1s tnerefore repeated 

assuning 4 te r races  r a the r  than 1 and reducing the channel s lope t o  0.5 p e p  

cent. The r e s u l t s  a r e  sumnarized i n  t h e  t a b l e s  below and worksheets attached. 

INFLOW HYDROGRAPH TO EACH TERRACE 



I T i  me A t  T 
I n t e r v a l  ( h r e )  ( f  t )  1 2 3 

TOTAL 

Gt ( t o n e )  

Example Problem 6.1,  Step Four Worksheet. 

w 

-- 

-. 

- 

T o t a l  

0 .13  

0.82 

19.48 

2 .96  

2.56 

25.95 



Example Problem 6.1. Step Five Worksheet. 



- -- 

Exanple Problem 6.1 (4  Terraces). Step Three Worksheet. 

1 

Time Interval 

4.9 1 

2.25 

0.92 

1.83 

10.00 

2 

Q 
( cf s) 

0.03 

0 .21 

3.72 

0.6 1 

0.17 

3 

d 
( f  t )  

0.16 

0 .32 

0.95 

0 .48  

0.29 

4 

A 
( f t 2  

0.10 

0.41 

3.58 

0 .92 

0.35 

5 

V 
(f pa) 

0.32 

0.51 

1 a04 

0 -66 

0 e48 

6 

T 
( f t )  

1.28 

2.58 

7 .57 

3.83 

2.35 

7 

\=A/T 
( f  t) 

0.08 

0.16 

0.47 

0.24 

0.15 

f 

- 



TOTAL 

Gt (tone) 

1 2 3 4 T o t a l  

0.008 0.001 0.001 0.000 0.010 

0.051 0.006 0.004 0.002 0.063 

Esample Prob lem 6.1 (4 T e r r a c e s ) .  Step P o w  Worksbeet .  



Exanple Problem 6.1 ( 4  Terraces). Step Five worksheet. 



Time 
In te rva l  

Gs 1 Gs2 Gs3 Gs4 G s ~  

Tota l  sediment y i e l d  from each t e r race  is 38.04 tons  o r  152.16 tons f o r  

t h e  e n t i r e  10 acre area. The average sediment concentration i s  

Cs = 883O(l52,l6)/(2.7l) (10.) = 49,600 ppm 

The new assumption reduces t h e  concentration conpared t o  t h e  untreated con- 

d i t i o n  by 69 -percent. 

Step Six: Compute t h e  Degosition Depth 

For t h e  condition of  4 t e r r a c e  channels on a grade of 0.5 percent, t h e  

deposition volume is : 

I 
I 

The deposition dep* is 

Step Seven: Channel Size. 

The design depth  of t h e  terrace cross  sec t ion is 

U s e  2.0 f e e t  a s  t h e  design depth f o r  t h e  terrace.  



Discussion of Example Problem 6.1 

I n  studying the  r e s u l t s  of t h e  previous calculations,  it becomes obvious 

t h a t  t h e  te r races  a r e  q u i t e  e f f ec t ive  i n  s e t t l i n g  ou t  t he  f i n e  sand and la rger  

p a t t i c l e  s izes .  For t h e  case of one t e r r ace  with a slope of one percent, t he  

percent of sediment i n  these s i z e  ranges s e t t l e d  ou t  exceeds 99 percent. 

These channels a r e  l e s s  e f f e c t i m  i n  s e t t l i n g  ou t  t he  s i l ts  and smaller p a r  

t i c l e  s izes ,  however. 

Example Problem 6.2 

Design a s t a b l e  conveyance channel t o  pass  t h e  peak discharge f o r  the  

1 0-year, 24-hour Type 11 storm f o r  t h e  s i t e  discussed i n example problem 6.1. 

Step One: Determine t h e  Water and Sedimant Delivery t o  t he  Channel. 

A s s u m e  t h a t  t h e  conveyance channel w i l l  c o l l e c t  t h e  w a t e r  delivered from 

t h e  4 t e r races  design i n  Example 6.1. The channel w i l l  be designed t o  carry 

t h e  runoff from a l l  of t h e  terraces .  The sediment and water inflows t o  t h e  

conmyance channel a r e  datermined by multiplying the  w a t e r a a b  sediment 

discharges by t h e  nmbor of terraces.  The r e s u l t  is summarized below: 

Tima 
Tim fncr-nt Discharge (Q) 

In  t m a 1  (Hrs) (cfs) 

SEDIMENT INFLOW 

T i m  
In t e rva l  =s 1 =s2 Gs3 Gs4 Gs5 



Stee  Two: Estimate Channel Slope. 

Becaw. of t h e  topography of t h e  s i t e ,  the  conveyance c h a ~ e l  w i l l  have a 

s lope of 9 percent. 

Step Three: Select  an Appropriate Channel Shape and Compute t he  
Velocity, Depth and Topwidth 

A t r i a n w l a r  channel with s i d e  slopes of 5V t o  1H approximates the  

geometry of t he  na tura l  swale where t h e  channel w i l l  be placed. An unmain- 

ta ined  rough ea r th  channel i s  planned which w i l l  have a Manning's n of 0.0 25 

(Table 6.1 1. The hydraulic calculat ions  f o r  t h e  design storm a r e  summarized 

on t h e  Step Three Worksheet. 

Step Four: Determine t h e  Sedbmnt Transport Capacity. 

See Step Four Worksheet. 

Step Five: Determine t h e  Sediment Yield. 

Comparing t h e  sedbmnt  t ransport  capacity with t h e  sediment inflow f o r  

each s i z e  f rac t ion ,  it can be  seen t h a t  t h e  sediment t ransport  capacity of the  

conveyance channel exceeds t h e  sediment supply. The channel w i l l  be unstable 

i n  t h i s  condition. A s t a b l e  l i n i n g  w i l l  be required. 

A coarse aggreqate l i n i n g  w i l l  be designed a s  described i n  sect ion 6.2. 

St able  Channel Design 

Step One: Compute Velocity and Depth f o r  Maximum Discharge. 

As.unfng a Manning's "n" of 0.25, t he  hydraulic conditions may be 

takm diroctly from Step Four above. From these calculations:  

Step Two: Datermine t h e  C r i t i c a l  P a r t i c l e  Size. 

From Figure 6.12, 

Dc = 1.6 inches 



- -- - -- 

Example  P r o b l e m  6.2.  Step T h r e e  W o r k s h e e t .  



G ( t o n e )  
t I 

Example Problem 6 .2 .  S t e p  Pour Worksheet. I 



Example Problem 6.2. Step Five Worksheet. 

1 2 3 4 5 6 7 8 -,. 

Time Interval Cw 
. Gyl Gy2 Gy3 Gy4 GY 

1 2.42 0.94 0.0 3 0.00 0.00 0.00 0 -03 

I I I 

Total Yield 150.74 

I 

0.76 0.44 0.20 
-i 

152.14 



Step Three: Selec t  ad Available Coarse ~ggrega te .  

An aggregate which has t h e  p a r t i c l e  s i z e  d is t r ibut ion,  D shown i n  
sf 

Figure 6.27 i s  assunred t o  be readi ly  avai lable  f o r  t h i s  problem 

area. T h e  D50 s i z e  f o r  t h i s  mixture is 2.50 inches which is  la rge r  

than t h e  critical s i z e  in&cating t h a t  it should provide an adequate 

Step Four: Determine t h e  Required Thickness of t h e  Lining. 

For t h e  given aggregate mixture, approximately 3 percent of t h e  

mater ia l  is f i n e r  than t h e  c r i t i c a l  p a r t i c l e  s ize .  The required 

thickness of t h e  l i n i n g  is: 

I 
Ci > 26 inches 

= 4.64 inches 

A 6 inch l i n i n g  of  coarse aggregate w i l l  be used t o  provide a s t a b l e  

channel l i n i n g  f o r  t h e  conveyance channel. 

With a s t a b l e  l i n i n g  provided t h e  sediment y i e l d  w i l l  equal t h e  supply og 

sediment from t h e  terraces.  Sediment y i e l d  is summarized on t h e  Step Five 

Worksheet. 

Step Six: Compute t h e  Depoaition Depth. 

Since sediment y i e l d  equals t h e  sediment supply, no deposition w i l l  occur 

i n  t h e  conveyance channel. 

Step Seven: Channel Size. 

The design depth of t h e  conveyance channel is  

dc 
= 0.79 + 0.0 + 0.5 

1.29 f t  

Rounding t o  t h e  nearest  half f o o t  gives a conveyance channel depth of 1.5 

fee t .  
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Figure 6 . 2 1 .  Aggregate mix particle s ize  distribution. 



6.6 Specifications 

Specifications - Aqgregate Channel Lininp 

Description. This item s h a l l  cons is t  of furnishing and placing one o r  

more courses of aggregate channel l i n i n g  i n  reasonably c lose conformity w i t h  

t h e  l i nes ,  grades and typ ica l  c ross  sect ions  shwn on the-.plans-or a s  

designated by the  engineer. 

Materials. Aggregateto f o r  channel l in ings  s h a l l  be crushed stone, 

crushed slag,  crushed gravel, o r  na tura l  gravel which conforms t o  t h e  specif+ 

cat ions  (except a s  noted) a s  set fo r th  i n  Table 7.4 unless o themise  s p e  

c i f i e d  by the  engineer. 

Construction Requirements. The aggregate channel l i n ing  s h a l l  be placed 

and compacted uniformly across t h e  channel bed and banks t o  t he  thickness s p r  

c i f  i ed  on t h e  plans. Pr ior  t o  placament of the aggregate channel l in ing,  the  

channel c ross  sect ion s h a l l  be formed a s  specif ied on t h e  plans. If tho  

required compacted depth of t h e  aggregate l i n i n g  exceeds 6 inches, it s h a l l  be 

constructed i n  two o r  more layers  of appro-tely equal thickness. 

Method of Meaauremant. Aggregate channel l i n ing  w i l l  be measured by the  

ton. 

Basis of Payment. The accepted quan t i t i e s  of Aggregate Channel Lining of 

t h e  c l a s s  spec i f ied  w i l l  be paid for a t  t he  contract  p r i ce  per  ton. 

Payment w i l l  be m a d e  under: 

PAY ITEM PAY WIT 

Aggregate Channel Lining Ton 

Haul f o r  aggregate channel l i n i n g  w i l l  be measured and paid f o r  a s  a 

separate  item. 



Specifications - Excavation and Embankment f o r  channels 

Description. This work s h a l l  cons is t  of excavation, disposal,  shaping o r  

compaction of a l l  material  f o r  construction of the diversion and conveyance 

channel i n  conformance with the  specif icat ions  and i n  reasonably c lose confor- 

mity w i t h  t h e  l i nes ,  grades and cross  sect ion shown on the  plans o r  a s  s t a t ed  

by the  Engineer. 

Construction Requirements. Excavation operations f o r  t he  construction of 

channels s h a l l  be conducted so  t h a t  material  outs ide the  l imi t s  of the  slopes 

w i l l  not  be disturbed. Pr ior  t o  beginning of excavation, a l l  t r e e s ,  brush, 

stumps, roots ,  o b s t r u ~ t i ~ n s ,  and other  unsuitable material  s h a l l  be removed 

and properly disposed o f .  The channel s h a l l  be excavated o r  shaped t o  t h e  

proper grade and cross  section. A l l  f i l l s  s h a l l  be w e l l  compacted t o  prevent 

unequal settlement. Any excess s o i l  not required f o r  the  channel construction 

s h a l l  be removed and properly disposed of .  

Embankment. F2abanlapent construction s h a l l  cons is t  of constructing dikes 

and b u i l t  up channel banks a s  spec i f ied  i n  t he  plans and the  placing and com- 

pact ing of approved mater ia l  within areas  where unsuitable material  has been 

removed. Only approved mater ia l  s h a l l  be used i n  t h e  construction of embank- 

ments and backfi l ls .  Free running water s h a l l  be drained from the-mater ia l  

before it is placed. m l a t i v e  compaction required s h a l l  be a s  ca l led  f o r  on 

t h e  plans o r  a s  designated. A l l  sod and organic matter s h a l l  be removed from 

t h e  surface upon which the  embankment i s  t o  be placed, and the  c leared surface 

s h a l l  be conpletely broken up by scar i fy ing  o r  stepping t o  a minimum depth of 

6 inches. This area  s h a l l  then be recompactad. Sod not  required t o  be 

removed s h a l l  be thoroughly disked before construction of embankment. 

Method of Measurement. a c a v a t i o n  work s h a l l  be measured on a volume 

b a s i s  by cro.8 sectioning t h e  excavated areas. Volumes w i l l  be compacted from 

t h e  cros8 -ion aoasurements of t h e  o r ig ina l  mater ia l  by t h e  average end 

a r e a  m e t h o b  mbankmont mater ia l  w i l l  be measured i n  is f i n a l  compacted 

posit ion.  



Baais of Payment. The accepted quan t i t i e s  w i l l  be paid f o r  a t  t h e  

contract  p r i ce  f o r  each of t h e  pay items l i s t e d  below t h a t  appear i n  t h e  bid 

schedule. 

Payment w i l l  be made under: 

PAY ITEM PAY U N I T  

Excavation Cubic Yard 

Embankment Cubic Yard 

Excavated materials which require  more than one handling p r io r  t o  f i n a l  

placement w i l l  be paid f o r  a t  t he  contract  un i t  p r i ce  f o r  excavation o r  

embadanent a s  appropriate, f o r  the  f i r s t  approved handling. Payment f o r  the  

second approved handling w i l l  be made at t h e  same u n i t  p r i ce  a s  t h e  f i r s t  

handling except t h a t  material  used i n  conjunction with any o ther  pay it- w i l l  

be paid f o r  i n  t h a t  pay i t e m .  

Haul, compaction and water f o r  pay items which include the  t e r n  (Complete 

i n  Place) w i l l  not  be measured and pa id  f o r  separately but shall bo included 

i n  t h e  work. 

Haul and conpaction f o r  pay i t a m  including t h e  t u m  (Haul and 

Co~pac t ion)  w i l l  no t  bo m8asurad and pa id  f o r  s 8 p u a t 8 l y  bu t  shall bo included 

i n  t h e  work. 



Specifications - Haul 

Description. H a u l  s h a l l  consis t  of t ransport ing material  from its origi- 

n a l  location t o  it f i n a l  location i n  t h e  work, 

Method of Measurement. In determining what const i tu tes  authorized haul, 

it w i l l  be assumed t h a t  mater ia l  taken from excavation w i l l  be deposited i n  

accordance with t h e  p lans  i n  adjacent  embankment a f t e r  having been hauled t h e  

minimum possible distance. The haul  d is tance  f o r  material moved from outside 

t h e  roacbray s h a l l  be measured along t h e  shor tes t  route  determined by the 

engineer t o  be feas ib le  and sa t i s fac tory .  The haul  distance f o r  mater ia l  

obtained from t h e  roadway and placed ins ide  t h e  roadway s h a l l  be measured 

along t h e  center l ine  of t h e  roadway. 1 
Haul s h a l l  be t h e  product obtdin$d by multiplying t h e  nunber of un i t s  of 

maf-erial removed from its or ig ina l  pos i t ion  by t h e  mean distance i n  miles o r  

f-sct ions of miles such material  is hauled. The distance between t h e  center  

of volume of t h e  material  and t h e  center  of volume of its placement s h a l l  be 

t h e  haul distance i n  t h e  u n i t s  specified. 

Basis of Payment. The quant i ty  of haul measured a s  provided above w i l l  

be paid  f o r  a t  t h e  contrac t  pr ice ,  Units of measuremnt w i l l  be a s  tabulated 

below: 

PAY ITEM UNIT O F  OUANTITY PAY UNIT 

Haul Cubic Yard Yard M i l e  

Haul Ton Ton M U e  

In case t h e  Contractor, f o r  h i s  own e q e r i e n c e ,  elects t o  use p i t s  o r  a 

haul  plan d i f fe r ing  from t h e  plan proposed by t h e  Division, ac tual  haul 

r e s u l t i n g  from t h e  use of t h e  Contractor's plan w i l l  be paid  fo r ,  except t h a t  

haul i n  excess of t h a t  r eeu l t ing  from use of t h e  Division's plan w i l l  not be 

paid  for .  

Haul f o r  pay i t e m s  including t h e  term (Haul) w i l l  not  be measured and 

paid  f o r  separately but  s h a l l  be included i n  t h e  work. 
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