
I1 BASIC CONCEPTS 

2.1 Physical  Processes Governing Sediment Yield from Small Areas 

The four  sediment c o n t r o l  design procedures presented i n  t h i s  manual a r e  

a l l  based on known phys ica l  processes which cause erosion.  Figure 2.1 

i l l u s t r a t e s  four  dominant physica l  processes which c o n t r o l  t h e  production of 

sediment. The f i r s t  source of sediment supply i s  ra indrop impact, which 

detaches s o i l  from t h e  s o i l  surface  and makes it a v a i l a b l e  f o r  t r a n s p o r t  by 

overland flow. The amount of s o i l  detached by ra indrop impact depends on t h e  

energy of t h e  r a i n f a l l ;  a s  r a i n f a l l  i n t e n s i t y  increases ,  t h e  amount of s o i l  

detachment increases .  

The second dominant phys ica l  process  i s  t h e  t r a n s p o r t  of t h e  sediment 

supply by overland flow. The sediment t r a n s p o r t  capaci ty  of overland flow 

depends on its v e l o c i t y  and depth. These two hydraul ic  condit ions,  ve loc i ty  

and flow depth, depend on t h e  amount of r a i n f a l l  excess ( i .e. ,  t h e  amount of 

t h e  r a i n f a l l  which has  no t  i n f i l t r a t e d ,  been in te rcep ted  by vegetat ion,  o r  

been caught i n  depress ions) ,  t h e  overland s lope ,  and t h e  s lope  roughness. The 

roughness of  a s lope  w i l l  depend on e r o d i b i l i t y  of t h e  s o i l  and t h e  ground 

cover on t h e  slope.  Rills and g u l l i e s  e a s i l y  form on e rod ib le  S o i l s ,  thereby 

reducing t h e  s lope  roughness. Ground cover inc reases  s lope  roughness by 

adding roughness elements t o  t h e  s lope  such a s  leaves,  r o o t s  and small 

branches. Ground cover w i l l  a l s o  decrease t h e  amount of  r a i n f a l l  excess by 

inc reas ing  t h e  amount of i n f i l t r a t i o n  and in tercept ion.  I f  t h e  sediment 

t r a n s p o r t  capac i ty  of  a flow exceeds t h e  supply of sediment from raindrop 

detachment, then overland flow w i l l  a t tempt  t o  erode a d d i t i o n a l  sediments from 

t h e  s o i l  surface .  

The t h i r d  dominant phys ica l  process  i s  overland flow detachment. I f  t h e  

sediment t r u u p o r t  capac i ty  of  t h e  overland flow exceeds t h e  supply of sedi- 

ment, then  i% is p o s s i b l e  f o r  an  a d d i t i o n a l  sediment supply t o  be der ived from 

flow detachment of the s o i l  surface .  Some s o i l s  a r e  bound toge the r  by cohe- 

s i v e  f o r c e s  (dominant i n  t h e  c l a y  p a r t i c l e  sizes) , such s o i l s  resist detach- 

ment. For s o i l s  t h a t  a r e  very  cohesive flow detachment w i l l  be small. 

Conversely, noncohesive s o i l  w i l l  erode e a s i l y  and w i l l  provide an  add i t iona l  

sediment supply which approaches t h e  t r a n s p o r t  capaci ty  of t h e  overland flow. 

I f  t h e  supply of sediment from ra indrop detachment and overland flow 

detachment remains below t h e  t r a n s p o r t  capac i ty  of t h e  flow, then sediment 
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Figure 2.1. P h y s i c a l  p r o c e s s e s  governing sediment y i e l d .  



supply w i l l  c o n t r o l  t h e  sediment y ie ld .  This sediment y i e l d  condi t ion  i s  

termed "supply cont ro l led ."  Nonerosive s o i l s  such a s  those  with a high c lay  

con ten t  a r e  o f t e n  supply cont ro l led .  If t h e  supply of sediment exceeds the  

t r a n s p o r t  capac i ty  of t h e  flow, t h e  sediment y i e l d  w i l l  be con t ro l l ed  by the  

t r a n s p o r t  capac i ty  of  t h e  f low and i s  termed " t r anspor t  contzolled."  D u r ~ n g  

high i n t e n s i t y  r a i n f a l l  pe r iods  o r  f o r  very e ros ive  s o i l s ,  sediment y i e l d  is 

o f t e n  t r a n s p o r t  cont ro l led .  

The f o u r t h  donunant phys ica l  process  i s  se t t l ement  and deposi t ion  of 

s e a m e n t .  Depositron of  sediment occurs  when t h e  t r a n s p o r t  capaci ty  of t h e  

f l w  i s  reduced. This can occur i n  proper ly  designed de ten t ionponds -o r  

d ive r s ion  channels.  Sediment p a r t i c l e s  w i l l  s e t t l e  o u t  dependent on t h e i r  own 

weight and hydraul ic  condit ions;  l a r g e r  s i z e s  w i l l  se t t le  rap id ly  and smal ler  --- - 

s i z e s  w i l l  r e q u i r e  a much longer s e t t l i n g  time. Sediment p a r t i c l e s  i n  t h e  

c l a y  s i z e  range r e q u i r e  very  long s e t t l i n g  t i m e s  and f o r  most p r a c t i c a l  con- 

s i d e r a t i o n s  a r e  e s s e n t i a l l y  non-set t leable.  When sediment p a r t i c l e s  a r e  

s e t t l i n g  i n  moving water,  they  must a l s o  overcome t h e  e f f e c t  of tu rbu lence  i n  

t h e  flow a s  w e l l  a s  t h e  v i s c o s i t y  of  t h e  water. It i s  important t o  note  t h a t  

f o r  de ten t ion  s t r u c t u r e s  designed t o  p a s s  flow through than,  t h e  pond behind 

t h e  s t r u c t u r e  must be long enough t o  al low most p a r t i c l e s  t o  s e t t l e  before  t h e  

f low leaves  t h e  s t r u c t u r e .  

Each of  t h e  f o u r  s t r u c t u r e  groups i n  t h i s  manual a f f e c t s  o n e - o r  a number 

of  t h e  phys ica l  processes  j u s t  discussed.  The fo l lowing discuss ion of each 

s t r u c t u r e  type  shows how t h e  phys ica l  processes  a r e  a f f e c t e d  by t h e s e  s t ruc-  

tures and how t h i s  modifies  t h e  sediment y ie ld .  

Surface  Pro tec t ion  Measures 

Surface  p r o t e c t i o n  measures inc lude  u t i l i z a t i o n  of var ious  types  of 

mulches, v-tion, and e ros ion  c o n t r o l  products  such a s  netting.--- 

measures int.r.ct with  t h e  e ros ion  process  i n  a nuaber of  ways. F i r s t  and 

m o s t  d i r e c t l y ,  t h e y  reduce t h e  amount of  b a r e  s o i l  a r e a  and t h e r e f o r e  t h e  

amount o f  s o i l  which can be  detached by ra indrop  impact. The amount of 

r a indrop  detachment w i l l  decrease  i n  d i r e c t  propor t ion  t o  t h e  amount o r  cover 

provided by t h e  s u r f a c e  p r o t e c t i o n  measure. For example, i f  a s t r aw mulch i s  

a p p l i e d  t o  t h e  s o i l  s u r f a c e  which provides  50 pe rcen t  cover, then  t h e  amount 

o f  s o i l  detached by ra indrop  i n p a c t  w i l l  a l s o  be reduced by 50  percent .  In 



t h i s  manual, cover r a t i o s  have been established for  a variety of surface 

treatment measures. 

Also, surface protection measures increase the surface roughness of a 

catchment area. This decreases the overland flow velocity,  and therefore the 

sediment t ransport  capacity of the flow. Surface protection measures increase 

roughness by both reducing the r i l l i n g  potent ia l  of the surface and by adding 

small scale  roughness elements t o  the surface. 

Final ly ,  surface protection measures increase the s o i l  i n f i l t r a t i o n  ra te ,  

provide addi t ional  re tent ion storage fo r  r a in fa l l ,  and intercept  r a i n f a l l  

before it reaches the s o i l  surface. These e f fec t s  work in combination t o  

reduce the amount of r a i n f a l l  excess ( runoff)  which in turn reduces the sedi- 

ment t ransport  capacity of the  tunoff. 

Protection measures a re  among the most effect ive erosion control methods, 

s ince they can help h a l t  s o i l  erosion a t  the source. h i s  group is also one 

of the l e a s t  expensive treatments t o  implement, making it very cost  effective.  

2.3 Mechanical Treatment 

Mechanical treatment measures a r e  accomplished with the a id  of heavy 

equipment and a re  w e d  t o  add surface roughness and detain runoff. Individual 

treatment types included i n  t h i s  manual a re  contour furrowing, land 
- 

imprinting, p i t t i n g  and ripping. These treatment types a re  discussed in 

d e t a i l  i n  Chapter V and a number of i l l u s t r a t i o n s  a re  given for  each type. 

Mechanical treatments control  erosion by creating small detention volumes 

i n  the  s o i l  surface which reduce r a i n f a l l  runoff. Additionally, a secondary 

e f f e c t  is a reduction in overland flow ve loc i t ies ,  thereby reducing the sedi- 

ment t ransport  capacity of the  flow. Bacause of these two ef fec t s ,  i n f i l t r a -  

t i o n  is improved and r a i n f a l l  runoff is fur ther  reduced. The depressions 

created by m a n i c a l l y  manipulating the surface provide a protected seedbed - 
and improved .oil moisture f o r  plant  gemination and growth. 

Equipamnt w e d  f o r  mechanical treatment of the s o i l  usually has seeding 

devices attached. When vegetative cover is combined with mechanical t rea t -  

ment, the  roughened surface l a s t s  longer because it is protected from raindrop 

erosion. 



2.4 Diversion and Conveyance S t ruc tu res  

Diversion and conveyance s t r u c t u r e s  a r e  widely used in surface mining t o  

c o n t r o l  runoff and erosion. The s t r u c t u r e s  a re  small channels of various 

geometries used t o  c o l l e c t  overland flow before it concentrates t o  form 

unstable  g u l l i e s .  When the  length and slope of these  s t zuc tu res  are  cor rec t ly  

chosen, they w i l l  a l s o  t r a p  sediment and therefore  reduce sediment y ie ld .  

A divers ion s t r u c t u r e  must have a low sediment t r anspor t  capacity t o  

e f f e c t i v e l y  t r a p  sediment. This means &hat  the  ve loc i ty  of flow i n  the  diver- 

s ion  should be low. The slope of the  diversion should the re fo re  be as  f l a t  a s  

poss ib le  and have a wide cross  sect ion.  The ve loc i ty  of flow in a diversion 

can a l s o  be reduced i f  rough channel l i n i n g s  are selected.  Stone and grass 

l i n i n g s  are o f ten  used. When a diversion channel is properly constructed, the  

t r a n s p o r t  capaci ty  of t h e  channel w i l l  be lower than t h e  supply of sediment t o  

t h e  channel. Under t h i s  condit ion sediment w i l l  be deposited I n  the  channel 

with t h e  coarse sediment s i z e s  s e t t l i n g  out  quickly and t h e  f i n e r  sediment 

s i z e s  s e t t l i n g  o u t  slowly. It should be noted t h a t  s ince  s e t t l i n g  t i m e s  a r e  

q u i t e  long f o r  -11 sediment s i z e s ,  d ivers ion channels must be e i t h e r  very 

long o r  v e l o c i t i e s  very l o w  f o r  small particles t o  settle. Often these  con- 

d i t i o n s  cannot k a t t a i n e d  in a d ivers ion channel. Thus even though t h e  

t r a n s p o r t  capaci ty  of small sediment s i z e s  is less than t h e  quant i ty  of sedi- 

ment suppl ied  t o  the channel, deposi t ion  may not  occur. Unless t h e  s e t t l i n g  

t i m e  of a sediment particle is less than t h e  t r a v e l  time of t h e  p a r t i c l e  

through t h e  d ivers ion channel, only p a r t i a l  s e t t l i n g  w i l l  occur. 

Conveyance channels which l i n k  divers ion channels together  (see Figures 

6.1  and 6.2)  are designed t o  remove water and sediment from an area  without 

causing any further erosion. Therefore, deposit ion of sediments is usual ly  

only poss ib le  in t h e  d ivers ion channels. While conveyance channels are not  

designed to .tr.p medjmant, they do serve  t h e  important purpose of con t ro l l ing  

any further -ion from the site. 

Conveyance channels are o f t e n  overlooked in eros ion con t ro l  designs, but 

they are crucial t o  t h e  e f f e c t i v e  performance of all sediment con t ro l  

measures. Removal of sediment from water does l i t t l e  good i f  t h i s  water is 

discharged t o  an unstable  e rod ib le  channel. An unstable  channel can e a s i l y  

resupply sediment t o  t h e  f l o w  by eros ion of t h e  bank and bed of the  channel. 



2.5 Detention and F i l t e r i n g  Structures 

Detention and f i l t e r i n g  s t ructures  use two basic physical processes t o  

remove sediment from runoff. F i r s t ,  these s t ructures  provide a local  reduc- 

t i on  i n  the sediment transport  capacity by reducing the velocity of flow. 

Reductions i n  flow veloci ty  can be achievbd by ponding water (behind small 

check dams) or  by roughening the overland flow surface (vegetative buffer 

s t r i p s ) .  Second, i f  the  s t ruc ture  is permeable, sediment can be trapped in 

the  pore openings as water passes through the s t ructure  (hay bale or fabr ic  

s t ruc tu re s ) .  Since the permeability of the s t ructure  is low, water w i l l  a lso  

pool behind these s t ructures  and the trapped sediment w i l l  begin t o  s e t t l e  

out. 

The performance of these s t ructures  (trapping efficiency) w i l l  vary with 

t h e  s i ze  of sediment which is supplied. Large sediment which s e t t l e s  quickly 

o r  is eas i ly  caught in the pore openings of permeable s t ructures  is effec- 

t i v e l y  controlled by these structures.  In  contras t  to this, f ine r  sediment 

can eas i ly  pass through the pore openings of most permeable structures.  These 

sediments w i l l  s e t t l e  only i f  long detention t i m e s  are achieved i n  the  pool 

behind the s t ructure .  

2.6 Guide t o  Selection-of a Sediment Control Structure Type 

The designer of sediment control  measures and s t ructures  is faced with 

s e l ec t ing  a design which has a high r a t e  of sediment removal and a reasonable 

cost .  Obviously, evaluating the  performance and cost  of every possible t rea t -  

ment f o r  a s i t e  is not p rac t ica l .  It can be seen from the previous discussion 

t h a t  some s t ruc tures  control  cer ta in  physical processes while other measures 

, con t ro l  other  processes. By understanding the  importance of d i f fe ren t  physi- 

c a l  processes, a guide to se lec t ing  sediment control  treatments can be 

developed. 

F i r s t ,  tho l a rges t  source of sediment supply in  s m a l l  areas r e su l t s  from 

raindrop detaduuent. Only one erosion control  group ac t s  t o  control  t h i s  

supply, and t h a t  is the surface protection measures (i.e. mulches, revegeta- 

t i o n ) .  These measures control  both the  supply of large and f ine  sediments, 

whereas the  other  control  measures have l imited a b i l i t y  t o  control  f i ne  sedi- 

ment. I f  a s o i l  contains a large amount of f i ne  material  ( spec i f ica l ly  silt 

and wry f i n e  sand),  surface protection measures w i l l  be the most e f fec t ive  

means of control l ing sediment. 



Second, methods which reduce the amount of runoff (surface  protec t ion and 

mechanical t rea tment)  w i l l  con t ro l  the  t ranspor t  of sediment from the  slope. 

These methods w i l l  reduce the  volume of erosion. When combined w i t h  a method 

which p r o t e c t s  the  s o i l  surface  from raindrop detachment, a very e f f e c t i v e  

sediment con t ro l  system is  developed. 

ThirC, methods which r e l y  primari ly on s e t t l i n g  of sediment (e.g. diver- 

s ions ,  de tent ion structures) w i l l  be most e f f e c t i v e  on l a rge r  sediment s i z e s  

( s p e c i f i c a l l y  f i n e  through coarse sand).  Usually adequate detention t i m e s  can 

not  be developed behind s t r u c t u r e s  of t h i s  type t o  reduce the  amount of f i n e r  

sediment particles. 

Fourth, any e f f e c t i v e  sediment con t ro l  system f o r  a small ( o r  l a r g e )  area  

w i l l  r equ i re  a s t a b l e  conveyance system. A concentrated flow of water can 

cause s i g n i f i c a n t  damage i f  it is not confined t o  a s t a b l e  conveyance channel. 

Once t h e  eros ion c o n t r o l  groups a r e  se lec ted ,  the  designer must then 

s e l e c t  t h e  most appropr ia te  and cos t  e f f e c t i v e  individual  design type within 

each group. Many eros ion con t ro l  types can be el iminated simply on the bas i s  

of ( 1 )  a v a i l a b i l i t y  of mater ia l  o r  equipment, ( 2 )  s p e c i f i c  cl imate condit ions,  

o r  ( 3 )  na tu re  of t h e  mining operat ion.  This type of review and s e l e c t i o n  of 

s t r u c t u r e s  o r  measures should reduce t h e  number of a l t e r n a t i v e s  t o  a reason- 

a b l e  number. These can then be evaluated in a more d e t a i l e d  manner. 
- 

I n  summary, a physica l  process approach t o  sediment con t ro l  allows a 

designer t o  quickly  i d e n t i f y  which s t r u c t u r e s  o r  msasures w i l l  be most effec- 

t i v e .  Trial and e r r o r  s e l e c t i o n  of eros ion con t ro l  groups can be el iminated 

by u t i l i z i n g  t h e  concepts of thls approach. Ae a designer gains experience 

with t h e  design procedures presented i n  t h e  following chapters ,  he w i l l  gain a 

working knowledge of - r a n t  physica l  processes f o r  a mine s i te  and t h e  

proper u8e of t rea tments  to con t ro l  sediment. 
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