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f. ~ U C T I O N  

'Phis design PPanuaL gives a series of four design procedures f o r  est i-  

mating thtk performance of a w i d e  variety of erosion control structures w h i c h  

a r e  presently used to contml  sediment f roa small areas subjected t o  surface 

codL min4g. The design gxocedures give quautitatifra estimates of t h e  sedi.. 

ment reduction achfe'psd by u t l l i d n g  ct type of stzucture and the  amount of 

sedinent pasakrQ t h e  structure- The design procedures are suitable fo r  d e t a r  

mining i f  effluent  w a t e r  qurill.ty standards can be mcrt by a structure. The 

procetbma cam prsd ic t  s d h u a t  yield  from a spacifio site on an avenDby- 

etnat baub or a m  ba us& to predict s.db.nt yF.ld on an avaraqr annual 

barir. T h i s  allows p=8amm& to sp.dPy stracturas caprbls of mrating r e m u  

+OW for -t ~ V . Z I ~ S  SU& i~ t b  1 0 ~ - p  24tr-  torn, 

T h ~ p ~ a l 8 a p t . d t c k a r P r r u l s ~ ~ ~ t i o r r a a i i ~  

p p r r ~ ~ t ~ ~  p m t e d  FP t h h  aeau&l is ta Unit thm vo3.ume of settloabh solAda 

carried i n  the runoff to a sgmdfirb co~~c.ptra t ion,  The maximam axat w h i c h  

can b e  trmaw a ~ d  m a e t  t h e  w a t e r  quality r-t w i l l  be a function of 

several inpoztant factors. First-, the typ. of s o i l  and p a r t i d a r l y  the 

aunoune of fino material ia the s o i l  has a great deal, of i nf luonce on the s ize  

o t  the artm w h i c l z  can be  controlhi .  Fine s o i l  size8, called silt ,  a r e  the  



most d i f f icu l t  t o  control. The allowable size of an area w i l l  decrease as the  

perOBDtage of s i l t  increamm i n  t h e  soil.  The second i w r t a n t  factor 

govsraing the EMudnunr area  size i s  t h e  a-e of rainfall f o r  t h e  design storm 

and Chg result ing runoff- The allowable size of an area w i l l  decrease as the 

volume of runoff increases. Areas i n  regions with large design storms o r  

areaa with soils having poor infiltratiorx ratem w i l l  have a smaller allowable 

siie than areas  witk L a r e  de8iqa stomt volumes o r  areas with ao i l s  having 

good in f i l t rae ion  ra-- The third see of fac tors  a r e  t h e  shape, slope and 

roughmesa of  the area* Amma which a r m  widhr  and have short overland flow 

Length8 w i l l  have a larger allarabia size than narrar areas w i t h  long overland 

flaw lengths- Areas with a steep slope w i l l  have a smaller allarable area 

thsn areas with a; Pi= slopme Amaa w i t h  a high surface r o u ~ ~  w i l l  have a 

largrr aUawable size than arau which arm smoother. 

Th& carr be aorguted directly for  variaxs type& of treatments 

with iafomtion and grocedmm preaoakd i n  this Nmul, Chapter V Z I I  gives 

a p- f o r  dm-* allowable area bas& on information pre- 

sented in  Chapters LV, V, VT and V I L  &e d.riqn ptocadures dmmloped j.n 

through Pfi: incf.uQ. the d88iga procrdura f o r  each structure group, drsign 

iaformmtioa f o r  sBcdfie de8iqs t ypu ,  ptrnnina: aaruiduatioxm, design speci- 

f i ~ a t i o ~ u i r  ahd: maiat8nanct: t-oats- Bad& design procedure chapter con- 

tains a lL  worksheets, charts, t-, and noaographb necesasty t o  carry ou t  a 

design. Aleor a complete d d g a  example is presentad i n  these chapters. 

Chapter V I f I  provfdarr an overvieu of sediment control structures with a guide 

tawam5 pranning f o r  a cosf effect ive  ezoaion control systemi. The manual a lso  

contains four appendices providing information .on procedbtres by which other 



data sources can be used i n  conjunction with the manual (Appendices A and B ) ,  

bas ic  equations used i n  the  manual (Appendix C), and 1980 materials cos t s  

(Appendix D ) .  A glossary of  key terns and phrases used i n  t h i s  manual i s  

given i n  Appendix E. 



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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111. DATA REQUIREMENTS 

3.1 Hydrologic Data 

Design Stom@ 

In most mining locations, estimation of runoff hydrology must be used in 

place of measured data. This process begins by characterizing the design 

storm. Surface mining regulations specify that the design of many mine area 

features must safely pass the peak runoff of a storm of specified return 

period and duration. When calculating nmoff, the storm volume associated 

with the specified return period (of a given duration) and the arrangement of 

intensities occurring within that storm must be determined. In general, the 

existence and length of record of on-site rain gages, as well as size and 

location of the mineland watershed will determine methods and considerations 

involved in determining the character and magnitude of the storm. 

There are a number of methods available for determining rainfall volume 

and the distribution of rainfall intensities. In this manual we recommend the 

use of the National Oceanic and Atmospheric Administration's (NOAA) atlases 

for determination of rainfall volume and the Soil Conservation Service's (SCS) 

rainfall distributions for determining the distribution of rainfall intensity. 

Both rainfall volume and rainfall intensity distributions can be developed 

from local weather station information or from judicious application of other 

methods. The time and effort required for such analysis is not warranted for 

small areas, therefore methods presented in this manual are reasonably 

accurate for design of small area sediment control structures. 

The use of the NOAA atlases is discussed in detail in the next section of 

this chapter (3.2). The SCS s t o m  distributions are discussed in the 

remainder of this section. 

Distribution of Storm Rainfall 

The tho distribution of stom rainfall used in this manual and commonly 

used with hydrologic methods for small areas is the Type I or Type I1 storms. 

The Type I distribution represents the Coastal side of the Sierra Nevada and 

Cascade Mountains in California, Oregon and Washington, Alaska and Hawaii. 

Type 11 distribution represents the remaining states, Puerto Rico and Virgin 



Islands.  These d i s t r i bu t ions ,  shwn i n  Figure 3.1, a r e  based on t h e  genera- 

l i z e d  r a i n f a l l  depth-duration re la t ionships  shown i n  National Weather Service 

(NWS) Technical Papers. The curves a r e  es tabl ished f o r  24-hour storms w i t h  a 

period of in tense r a i n f a l l .  The recommended procedure f o r  shor te r  duration 

events i s  t o  center  t he  event duration around the  s teepes t  por t ion of the  

curve. For use with t h i s  manual, t he  Type I and Type I1 storms a r e  

simplified.  

Superimposed on t h e  curv i l inear  d i s t r ibu t ions  a r e  a s e r i e s  of segmental 

l i n e s  which approximate the  ac tua l  d i s t r i bu t ions  closely.  Five l i n e a r  

segments a r e  needed t o  approximate t h e  Type I1 d i s t r i bu t ion  and s i x  l i n e a r  

segments a r e  needed f o r  t he  Type I d is t r ibu t ion .  Fa infa l l  i n t ens i t y  i s  

constant over each segment. The l i n e a r  d i s t r i bu t ion  w i l l  s l i g h t l y  overesti-  

mate t h e  r a i n f a l l  i n t ens i t y  a t  t he  beginning of t h e  24-hour storm and 

underestimate t h e  i n t e n s i t y  toward t h e  end of a 24-hour storm. Both dis t r ibu-  

t i o n s  h a w  a period of in tense  r a i n f a l l  which l a s t s  f o r  approximately an hour. 

The l i n e a r  d i s t r i bu t ion  w i l l  give t h e  mean r a i n f a l l  i n t e n s i t y  of t h e  cur- 

v i l i n e a r  d i s t r i bu t ion  f o r  t h i s  in tense period. Use of l i n e a r  segments t o  

approximate t h e  Type I and Type I1 storm d i s t r i bu t ions  i s  necessary t o  reduce 

t h e  computational a f f o r t  required t o  p red i c t  t h e  sediment yield. Tables 3.1 

and 3.2 give t h e  l inear ized  values of t h e  24-hour r a i n f a l l  d i s t r i bu t ion  f o r  

t h e  Type 11 and Type I atormrs, respectively.  

3.2 Climatic Data 

Data Requirements 

Climatic da ta  used t o  design and s e l e c t  erosion cont ro l  s t ruc tu re s  and 

treatments include r a i n f a l l  volumes, durations, and in t ens i t i e s .  Climatic 

cha rac t e r i s t i c s  important f o r  designing revegetation include l o c a l  tem- 

perature,  w i n g  8eaaon, d i s t r i bu t ion  of annual r a i n f a l l  and l o c a l  wind velo- 

c i t i e s .  

Data Acquisition 

The most colpmon approach t o  obtaining po in t  values of p r ec ip i t a t i on  i s  

through t h e  use of t h e  NOAA publications.  Currently t he re  a r e  t h r ee  publica- 

t i o n s  by NOAA t h a t  a r e  i n  regular  use. In chronological order, t h e  f i r s t  i s  

Technical Paper No. 40 (TP-40) by Herschfield (1961). This paper col lected 
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Figure 3.1. Twenty-four hour rainfall distribution 
(after Kent, 1968). 
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Table 3 . 1 .  Wenty-four Hour Type I1 Storm. 

Time 
(hours 1 P/P 

Note: P = rainfall (a t  time in  table) 
Pt = total  precipitation a t  24 hours 

Table 3 .2 .  Twenty-f our Hour Type I Storm. 

Time 
(hours) P/P t 

Note: P = rainfall ( a t  the time i n  the table) 
P t  = total precipitation a t  24 hours 



t h e  r e su l t s  of depth-duration-frequency analysis investigations for the con- 

teminous  United S ta tes  performed by the National Weather Service (Nws) and 

i t s  precursor agency, the Weather Bureau. The maps presented i n  TP-40 are  

considered most r e l i ab l e  in re la t ive ly  f l a t  regions. However, in the western 

United S ta tes ,  the e f f ec t s  of mountainous te r ra in  often cause large variations 

i n  precipi ta t ion.  To correct  t h i s  problem, the "Precipitation Frequency Atlas 

of the Western United States"  (Miller, e t  a l . ,  1973) i n  several volumes was 

introduced by NOAA. This publication contains much larger scale ra infa l l -  

duration-frequency maps than TP-40 and it corrects fo r  such factors  as slope, 

elevation,  distance t o  moisture, location,  normal annual precipi ta t ion,  

b a r r i e r s  t o  airflow, and surface roughness, not included in TP-40. For 

Alaska, the  publication w e d  is TP-47, "Probable Maximum Precipi ta t ion and 

Rainfall-Frequency Data for  Alaska." S t o m  i n  the eastern United S ta tes  are  

s t i l l  characterized by TP-40. A more recent document for  storms of 5 t o  60 

minutes duration has been published by NWS (19771, under the t i t l e  "Five t o  60 

Minute Prec ip i ta t ion  Frequency fo r  the  Eastern and Central United S ta tes ,  

(RYDRO-351," For 24-hour duration events, the  r a i n f a l l  a t l a s  for  the Western 

United S ta tes ,  TP-40 and TP-47 a r e  recommended for  use with t h i s  manual. 

The procedure for  using the NOAA a t l a se s  t o  obtain point r a i n f a l l  volumes 

i s  qui te  straightforward. Isopluvial  maps a re  printed for  s toma of 29,  lo-,  
25- and 100-year re turn periods fo r  separate s t a t e s  in the West and for  the 

eastern United S ta t e s  a8 a whole. Figure 3.2 shows the 10-year, 24-hour rain- 

f a l l  d i s t r ibu t ion  fo r  contiguous U.S. from -40; use of t h i s  f igure  is not 

recommended f o r  the western U.S. 

3.3 Determination of Runoff Volume Using the Curve #amber Method 

The SCS peak flaw and hydrograph procedures estimate direct zunoff based 

on a s o i l  cqve number (CN) (SCS, 1956). This method was developed fo r  w e  

with nonrecording r a in  gages t o  predict  t o t a l  volume of runoff from t o t a l  

volume of r a i n f a l l .  I n  t h e i r  publication, Design of Small Dams, (U.S. Bureau 

of Reclamation, 1977) au!funarized and modified the SCS method for  use i n  pre- 

d i c t i ng  =off volume during a storm. Their modification of the SCS method is 

used i n  t h i s  manual. 



Figure 3.2. Isopluvial map showing the 10-year 
24-hour rainfall (NOM, TP40). 



Values of CN range from 0 t o  100 ,  represent ing i n f i n i t e  and zero  

i n f i l t r a t i o n  r a t e s ,  r e spec t ive ly .  Impervious su r faces  w i l l  have a CN i n  t h e  

upper 90's .  Pasture,  range, o r  reclaimed s o i l  can have C N ' s  from about 40, 

f o r  deep, well-drained sands and gravels ,  t o  8 0 ,  f o r  c l ays  o r  sa tu ra ted  s o i l s .  

Data requirements f o r  using t h e  curve number method include s o i l  type ( s e e  

s e c t i o n  3.4 , cover, land treatment,  land use, antecedent moisture condit ion,  

and r a i n f a l l .  

The amount of r a i n f a l l  i n  a per iod of 5 t o  30 days preceding a p a r t i c u l a r  

storm i s  r e f e r r e d  t o  a s  antecedent  r a i n f a l l ,  and t h e  r e s u l t i n g  condit ion of 

t h e  watershed i n  regard t o  p o t e n t i a l  runoff i s  r e f e r r e d  t o  a s  an  antecedent  

condit ion.  In general,  t h e  heavier  t h e  antecedent  r a i n f a l l ,  t h e  g r e a t e r  t h e  

d i r e c t  runoff t h a t  occurs from a given storm. Ihe e f f e c t s  of i n f i l t r a t i o n  and 

evapotranspi ra t ion  dur ing t h e  antecedent  per iod a r e  a l s o  important,  a s  they 

may increase  o r  l e s sen  t h e  e f f e c t  of antecedent  r a i n f a l l .  

Because of t h e  d i f f i c u l t i e s  of determining antecedent  storm condi t ions  

from d a t a  normally ava i l ab le ,  t h e  andecedent moisture condi t ions  (AMC) a r e  

reduced t o  t h e  fol lowing t h r e e  cases: 

AMC-I. A condi t ion  of watershed s o i l s  where t h e  s o i l s  a r e  dry bu t  n o t  t o  - 
t h e  w i l t i n g  po in t ,  and when s a t i s f a c t o r y  p l a ~ i n g  o r  c u l t i v a t i o n  t a k e s  
place.  

AMC-11. The average case  f o r  a ~ u a l  f loods ,  t h a t  is, an average of t h e  
condi t ions  which have preceded t h e  occurrence of t h e  maxim annual f lood  
on numerous watersheds. 

AMC-111. When heavy r a i n f a l l  o r  l i g h t  r a i n f a l l  and law temperatures have 
occurred dur ing t h e  f i v e  days previous t o  t h e  given storm, and t h e  s o i l  
i s  near ly  sa tura ted .  

Curve numbers f o r  one antecedent  moisture condi t ion  may be converted t o  a 

d i f f e r e n t  antecedent  moisture condi t ion  by t h e  use  of Table 3.1. The 

corresponding curve number f o r  AMC-I and AMN-I11 can be obtained from columns 

2 and 3 of 'E.ble 3.3. For example, a CN of 73 f o r  AMC-I1 g ives  curve numbers 

f o r  AMC-I and --I11 of  54 and 87, r e spec t ive ly .  

Watershed s o i l  determinations are used i n  t h e  p repara t ion  of hydrologic 

soil-cover coaplexes, which i n  t u r n  a r e  used i n  es t ima t ing  d i r e c t  runoff .  

Four major s o i l  groups a r e  used. The s o i l s  a r e  c l a s s i f i e d  on t h e  b a s i s  of 

i n t a k e  of water a t  t h e  end of long-duration stonns occurr ing a f t e r  p r i o r  



Table 3.3. Curve Numbers (CN) a n d  C o n s t a n t s  ( f r o m  
USBR, 1977).  

(1) ( 2 )  (3) (1) ( 2 )  (3) 
CN f o r  CN f o r  CN f o r  CN f o r  

C o n d i t i o n  C o n d i t i o n s  C o n d i t i o n  C o n d i t i o n s  
I1 I 111 I I I I11 



wetting and opportunity f o r  swelling and without t he  pro tec t ive  e f f e c t s  of 

vegetation. 

In  t h e  de f in i t i ons  t h a t  follow, t he  i n f i l t r a t i o n  r a t e  i s  t h e  r a t e  a t  

which water en t e r s  t he  s o i l  a t  t h e  surface and which i s  control led by surface 

conditions, and the  percolat ion i s  the  r a t e  a t  which t he  water moves i n  t he  

s o i l  and which i s  control led by the  s o i l  horizons. The hydrologic s o i l  

groups, a s  defined by SCS s o i l  s c i e n t i s t s ,  a r e  a s  follows: 

Group A ( l o w  runoff p o t e n t i a l ) .  So i l s  having high i n f i l t r a t i o n  r a t e s  
even when thoroughly wetted and consis t ing ch ie f ly  of deep, well- t o  
excessively-drained sands o r  gravels. These s o i l s  have a high r a t e  of 
percolation.  

Group B. So i l s  having moderate i n f i l t r a t i o n  r a t e s  when thoroughly wetted 
and consis t ing ch ie f ly  of moderately deep t o  deep, moderately w e l l  t o  
well-drained s o i l s  with moderately f i n e  t o  moderately coarse textures .  
These s o i l s  have a moderate r a t e  of percolation.  

Group C. Soi l s  having slow i n f i l t r a t i o n  r a t e s  when thoroughly wetted and 
cons i s t ing  ch ie f ly  of s o i l s  with a l ayer  t h a t  impedes downward movemnt 
of water, o r  s o i l s  with moderately f i n e  t o  f i n e  texture .  These s o i l s  
have a slow r a t e  of percolation.  

Group D (high runoff p o t e n t i a l ) .  So i l s  having very slow i n f i l t r a t i o n  
r a t e s  when thoroughly wetted and cons i s t ing  ch ie f ly  of c lay  s o i l s  with a 
high swell ing po ten t ia l ,  s o i l s  with a permanent high water t ab l e ,  s o i l s  
with a claypan o r  c lay layer  a t  o r  near t h e  surface,  and shallow s o i l s  
over nearly impervious material.  These s o i l s  have a very slw r a t e  of 
water percolation.  

The c l a s s i f i c a t i o n  of s o i l s  i n t o  t h e  hydrologic s o i l  groups may be done 

on t h e  bas i s  of s o i l s  data,  provided s o i l  surrey maps and r epo r t s  a r e  

available.  If such maps a r e  no t  ava i lab le ,  t h e  s o i l s  w i l l  have t o  be 

c l a s s i f i e d  on t h e  baa i s  of judgment u t i l i z i n g  any s o i l s  da ta  which a r e  

discussed i n  t h e  f o l l a r i n g  oection. 

- 
3.4 s o i l s  b+. 

Data Fbquirenmnts 

Spec i f ic  p roper t ies  and cha rac t e r i s t i c s  of the s o i l  a r e  required t o  com- 

pu te  sediment t r anspo r t  capac i t i es  under a given set of c l imat ic ,  vegetative,  

and s lope conditions. The required s o i l  parameters used i n  the design proce- 

dure a r e  p a r t i c l e  s i z e  d i s t r i h t t i o n  and e r o d i b i l i t y  expressed a s  a K~ fac tor .  

The K e r o d i b i l i t y  f a c t o r  is a component i n  Wischmeier and Smith's (1965) 
e 



Universa l  S o i l  W s s  Equation, and i s  used he re  t o  determine t h e  roughness 

c o e f f i c i e n t  i n  t h e  Simpl i f ied  Sediment Yield Method. I f  a K f a c t o r  has not  
e 

been previous ly  determined f o r  t h e  p a r t i c u l a r  s o i l  of  i n t e r e s t ,  e.g.  a mine 

s o i l ,  then  t h e  t e x t u r a l  c l a s s i f i c a t i o n  of  t h e  s o i l  must be known t o  determine 

Ke 
General ly,  s o i l  phys ica l  p roper t r e s  occurr ing  a t  a s p e c r f i c  s i t e  can be 

i d e n t i f i e d  us ing information given i n  s tandard  SCS s o i l  surveys. These 

i n v e s t i g a t i o n s  c o n s i s t  of  c l a s s i f y i n g  physica l ,  chemical and b io log ica l  

c h a r a c t e r i s t i c s  o f  s o i l s  extending t o  depths o f  up t o  6 f e e t .  The U. S. 

Department of Agr icul ture  (USDA) publ ishes  r e p o r t s  and maps of  t h e i r  s o i l  s u r  

veys,  usua l ly  on a county b a s i s .  In  add i t ion ,  many smal le r  a reas ,  ind iv idua l  

farms and l and  surrounding urban a r e a s  a r e  mapped and published a s  separa te  

r epor t s .  

These s o i l  surveys, i f  i n  p r i n t ,  can b e  obta ined from t h e  Superintendent 

o f  Docments , Washington, DC. Out-of-print maps and unpublished r e p o r t s  may 

be a v a i l a b l e  from t h e  USDA, county extens ion o f f i c e s ,  co l l eges ,  u n i v e r s i t i e s  

and l i b r a r i e s .  Local and reg iona l  o f f i c e s  of t h e  Bureau of  Reclamation have 

s p e c i a l  a r e a  maps f o r  most r i v e r  bas ins  i n  t h e  western s t a t e s .  These maps and 

accompanying r e p o r t s  usua l ly  inc lude  phys ica l  and chemical p r o p e r t i e s  of s o i l s  

t o  a depth  o f  approximately four  f e e t .  

Of t e n ,  information on  p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  d i s tu rbed  s o i l s  and 

mine s o i l s  i n  a mining a r e a  i s  n o t  ava i l ab le .  However, t e s t i n g  may have been 

done dur ing  t h e  premining s t a g e s  o f  a mining opera t ion  and t h e s e  d a t a  may be 

s u f f i c i e n t  t o  determine t h e  p a r t i c l e  s i z e  classes. 

S o i l  information should b e  evaluated  t o  determine which s o i l  condi t ion  

w i l l  r e p r e s e n t  t h e  worst  cam over t h e  dura t ion  o f  mining operat ion.  For 

example, f i n a l  grading and t o p s o i l  app l i ca t ion  o f t e n  l e a d s  t o  t h e  g r e a t e s t  

p o t e n t i a l  e ros ion  condi t ion  u n t i l  vege ta t ion  i s  es tab l i shed .  S o i l  information 

and t h e  mine  opera t ion  schedule should be reviewed toge the r  and t h e  worst -case 

cond i t ion  c l a a r l y  i d e n t i f i e d .  

Data from f observat ions  and sediment sampling may be requ i red  t o  

supplement survey d a t a  and a s s e s s  s i t e - s p e c i f i c  condi t ions .  These d a t a  a r e  

necessary i f  s o i l  surveys  have n o t  been done o r  i f  cond i t ions  and c h a r a o -  

teristics o f  mine s o i l  a r e  n o t  inc luded i n  a s o i l  survey. 



F i e l d  d a t a  c o l l e c t i o n  and l abora to ry  a n a l y s i s  by a s o i l  s c i e n t i s t  may be 

necessary t o  eva lua te  s o i l  c h a r a c t e r i s t i c s  a t  a p a r t i c u l a r  mine s i t e .  

Sediment s i z e  c l a s s e s  can be  determined us ing t h e  s tandard  mechanical s i e v e  

method (Black, 1965; Dept. of t h e  Army, 1970). The s o i l  t e x t u r a l  c l a s s  can be 

determined by a s e r i e s  of  f i e l d  and labora tory  t e s t s .  Likewise, s t r u c t u r e  and 

permeabi l i ty  can b e  measured i n  t h e  f i e l d ,  whi le  organic  mat ter  content  

r e q u i r e s  l abora to ry  ana lys i s .  

Simplif ied S o i l s  Data Procedure 

A s i m p l i f i e d  procedure f o r  determining p a r t i c l e  s i z e  d i s t r i b u t i o n  i s  p r e  

sen ted  f o r  u s e  with t h i s  manual, although a d e t a i l e d  procedure, Appendix A ,  

f o r  de f in ing  a d i s t r i b u t i o n  on a s i t e s p e c i f i c  b a s i s  i s  recommended. For t h e  

s i m p l i f i e d  procedure, only t h e  t e x t u r a l  c l a s s i f i c a t i o n s  o f  t h e  mine s o i l s  a t  a 

s i t e  a r e  needed. A t e x t u r a l  c l a s s  i s  simply a name given t o  each s o i l  which 

des ignates  t h e  ranges of sand, s i l t ,  and c l a y  s i z e s  i t  conta ins .  This  c l a s s  

can b e  obta ined from SCS s o i l  series desc r ip t ions ,  o t h e r  s o i l  survey d a t a  i n  

t h e  v i c i n i t y ,  s o i l  d a t a  from t h e  mine p lan ,  f i e l d  es t imat ion  by a s o i l  scien- 

t ist o r  l abora to ry  ana lys i s .  Af ter  determining t h e  t e x t u r a l  c l a s s i f i c a t i o n ,  

t h e  corresponding p a r t i c l e  s i z e  groups a r e  then  determined from Table 3.4. 

These va lues  a r e  no t  recommended f o r  use  i f  more d e t a i l e d  s o i l s  d a t a  a r e  

a v a i l a b l e  a t  a mine s i te .  A design p a r t i c l e  s i z e  d i s t r i b u t i o n  from more 

d e t a i l e d  s o i l s  d a t a  can  be determined f r a n  t h e  gu ide l ines  given i n  Appendix A .  

3.5 Topographic Data 

Data Requirements 

Topographic d a t a  which needs t o  be  c o l l e c t e d  o r  measured inc lude  average 

s lope ,  changes i n  s l o p e  ( b o t h  p a r a l l e l  and perpendicular  t o  t h e  s l o p e ) ,  s lope  

l eng th ,  width and geometric shape. I f  t h e  geometric shape of  t h e  a r e a  of 

d i s tu rbance  fa  i r r e g u l a r ,  some geometric s i m p l i f i c a t i o n  i s  requ i red  f o r  use  

w i t h  t h e  sediment y i e l d  computation procedure. 

Data Acquis i t ion  

Sources o f  topographic information may be  obta ined from U. S. Geological 

Survey topographic maps and topographic maps s p e c i a l l y  produced f o r  t h e  a r e a  

a t  a l a r g e  scale by t h e  SCS o r  county agencies. Often, t h e  mining company 

w i l l  have a l a r g e  scale map which can be used t o  determine topographic data.  



Table 3.4 Suggested P a r t i c l e  Si ze D i  s t r i  butlons o f  Sol I Textural 
Classes (For use only I f  requirements and data 

acqu is i t i on  I n Appendl x A cannot De met) . 

p3 p4 

P l  "2 Fl  ne, Medium Very Coarse 

Clay Sf I t  Very F ine Sand Coarse Sand Sand 
Textural  (Q.002 mm) (0.002-0.05 mm) (0 .O5-0.i mm) (0.1 -1.0 mm) (1 -0-2.0 mm) 

Cl ass % I I I I 

Sand 

Sandy Lorn 

S l  l t y  Loan 

Sandy Clay 

Lorn 

Clay Lorn  

Sl I t y  Clay 

L o m  

Sandy Clay 

Sf I t y  Clay 



F i e l d  measurements o r  e s t ima tes  may be  t h e  most expedient and s a t i s f a c t o r y  

approach on many smal l  a reas .  

I f  t h e  geometric shape of t h e  a r e a  i s  i r r e g u l a r ,  i t  i s  no t  s u i t a b l e  f o r  

a n a l y s i s ,  and geometric s i m p l i f i c a t i o n  i s  required.  The approach t o  t h i s  

problem c o n s i s t s  of  s e l e c t i n g  a number of p lanes  t o  r ep resen t  t h e  a rea ,  some- 

t imes r e f e r r e d  t o  a s  an  "open book" approximation. An example of  a s impl i f i ed  

geometric approximation o f  a smal l  a r e a  i s  i l l u s t r a t e d  i n  Figure  3.3. The 

drainage p a t t e r n ,  i n  t h i s  case ,  i s  t h e  i n t e r s e c t i o n  of  t h e  two planes  ( i . e . ,  

an open book). The i r r e g u l a r  geometric shape i n  Figure  3.3a could be. approxi- 

mated by more than 2 p lanes  i f  t h e  s i z e  of  t h e  a r e a  and heterogenei ty  of t h e  

s l o p e s  and s o i l s  j u s t i f y  t h e  e x t r a  e f f o r t  r equ i red  t o  meet reclamation 

s tandards  . 
A f t e r  t ransforming an  i r r e g u l a r l y  shaped a r e a  i n t o  a p lana r  represen- 

t a t i o n ,  t h e  appropr ia t e  widths,  l eng ths  and s lopes  can be  determined and used 

i n  t h e  sediment y i e l d  ca lcu la t ions .  Sediment y i e l d  c a l c u l a t i o n  must b e  

c a r r i e d  o u t  f o r  each plane. 

3.6 Revegetation Data 

Data Requirements 

Vegetat ive da ta  r equ i red  a t  a s i t e  genera l ly  inc lude  i d e n t i f i c a t i o n  of 

e x i s t i n g  vegeta t ion  by s p e c i e s  composition, n a t i v e  versus  introduced species ,  

p roduc t iv i ty  and cover dens i ty .  The yea r ly  and seasonal  v a r i a b i l i t y  on both 

undisturbed and d i s tu rbed  a r e a s ,  p e s t  problems, and animals supported by t h e  

vege ta t ion  should a l s o  b e  noted. Knowledge o f  t h e  p roduc t iv i ty  of  s u b s o i l  and 

overburden may be  necessary  i f  t h e s e  m a t e r i a l s  a r e  t o  b e  used a s  a posbnining 

p l a n t  media. 

Physica l  c h a r a c t e r i s t i c s  of  a s i t e  which need t o  b e  i d e n t i f i e d  a r e  eleva- 

t i o n ,  l e n g t h  and grade o f  s lopes ,  a spec t ,  geanet ry  ( s e e  s e c t i o n  3.5 1, and p r e  

j e c t e d  mine 80il t y p e  (see s e c t i o n  3.4). Climatic c h a r a c t e r i s t i c s  inc lude  

l o c a l  temperature, growing season,  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n  and l o c a l  

wind v e l o c i t i e s  ( see s e c t i o n  3.2 1 . 
I n  add i t ion ,  informat ion  on l e g a l  and regula tory  requirements, l and  mane- 

gement g o a l s ,  pre l iminary  l and  use  and planned postmining land use  i s  

necessary. 



(a) Original topographic map of disturbed mine area 
subdivided into two areas (Al and A2). 

SI 

(b) Open book plane representation. 

Figure 3 . 3 .  Transformation of  a topographic map 
into  a planar geometric representa- 
t i o n  of  the watershed ( a f t e r  
Wooding) . 



The types  of d a t a  r equ i red  t o  select introduced o r  n a t i v e  spec ies  t o  

r evege ta te  a  s i t e  inc lude  p l a n t  growth, drought r e s i s t a n c e  o r  to le rance  t o  

s t r e s s ,  mineral  n u t r i t i o n  requirements, reproduction c h a r a c t e r i s t i c s ,  and ger- 

mination r a t e s .  Seed and seed l ing  a v a i l a b i l i t y ,  s p e c i e s  compa t ib i l i ty ,  rnain- 

tenance,  c o s t ,  p l a n t  succession and a d a p t a b i l i t y  t o  a v a i l a b l e  p lan t ing  methods 

a r e  a l s o  important f a c t o r s .  

Data Acquisi t ion 

Basel ine  vege ta t ive  d a t a  may be a v a i l a b l e  from t h e  U.S. Fores t  Service,  

SCS ( s o i l  series pub l i ca t ions )  and r e l a t e d  s t a t e  agencies. For example, tech- 

n i c a l  s tandards  and s p e c i f i c a t i o n s  f o r  c r i t i c a l  a r e a  p l a n t i n g  a r e  a v a i l a b l e  on 

a s t a t e  by s t a t e  b a s i s  f o r  some s t a t e s ,  eg. SCS (1981) .  These standards 

desc r ibe  optimum cond i t ions  r e l a t i n g  t o  t o p s o i l ,  f e r t i l i z e r ,  seed  bed prepara- 

t i o n ,  seeding method, t iming,  mulch, i r r i g a t i o n ,  and seed s e l e c t i o n ,  r a t e s  and 

app l i ca t ion .  Data from S t a t e  and Federa l  w i l d l i f e  agencies and published 

l ists o f  endangered s p e c i e s  can a l s o  b e  u t i l i z e d  t o  m e e t  t h e  vege ta t ive  d a t a  

requirements. Information on hybr id  p l a n t  breeding i s  a v a i l a b l e  from crops  

Research Laboratory, Utah S t a t e  Univers i ty ,  U g a n  Utah. Two sourqes of d a t a  

f o r  r e t r i e v i n g  canputer ized  information on p l a n t  s p e c i e s  i n  t h e  semi-arid w e s t  

a r e  t h e  Reclamation Research o f f  i c e  a t  Montana S t a t e  Univers i ty ,  Bozeman, 

Montana and t h e  P l a n t  Informaiton Network (P. I .N. 1 ,  Department o f  Botany and 

P l a n t  Pathology a t  Colorado S t a t e  Univers i ty ,  F o r t  C o l l i n s ,  Colorado. Another 

source  t h a t  should n o t  b e  overlooked i s  t h e  l o c a l  SCS f i e l d  o f f i c e s .  These 

o f f i c e s  o f f e r  e x c e l l e n t  a s s i s t a n c e  wi th  revegeta t ion  and c r i t i c a l  a r e a  plant-  

i n g  methods. 

D i r e c t  f i e l d  observat ions ,  measurements, and mine p lan  r e p o r t s  a r e  u s e f u l  

f o r  acqu i r ing  d a t a  on p h y s i c a l  c h a r a c t e r i s t i c s  of a  p a r t i c u l a r  si te.  A 

vege ta t ion  mpcialist may b e  requ i red  t o  ga the r  s i t e s p e c i f i c  d a t a  us ing 

exclosureo,  plots, and t r a n s a c t s  on site.  

Sources of c l i m a t i c  and l o c a l  weather d a t a  w i l l  vary  depending on t h e  

s t a t e  i n  which t h e  mining s i t e  i s  located .  Data may b e  obta ined from NWS 

pub l i ca t ions ,  SCS pub l i ca t ions ,  U. S. Geological  Surveywate r  Resources 

Divis ion  records ,  and s t a t e  o r  l o c a l  agencies which may monitor and record 

l o c a l  c l i m a t i c  da ta .  

Addi t ional  sources  o f  r evege ta t ion  d a t a  a r e  l i s t e d  below. 
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IV. SURFACE PROTECTION MEASURES 

4.1 General 

The app l i ca t ion  of  p l a n t  r e s idues  o r  o t h e r  s u i t a b l e  ma te r i a l s  t o  t h e  s o i l  

s u r f a c e  i s  one of  t h e  b e s t  and most economical means of c o n t r o l l i n g  erosion. 

Surface p ro tec t ion  measures c o n t r o l  e ros ion by p r o t e c t i n g  t h e  s o i l  su r face  

from ra indrop impact and by reducing t h e  v e l o c i t y  o f  overland flow ( s e e  sec- 

t i o n  2.1 and 2.2 . These measures a l s o  enhance t h e  growth of vegeta t ion  by 

inc reas ing  t h e  rnoisture capaci ty  of  t h e  s o i l  and i n s u l a t i n g  t h e  seed bed 

a g a i n s t  extremes i n  temperature. Surface p ro tec t ion  measures presented i n  

t h i s  manual include:  

1. Mulches ( s t r aw,  woodchips and s tone)  

2. Hydrologic Mulching 

3 .  Revegetation 

4. Mulch Binders 

Surface  p ro tec t ion  measures can b e  app l i ed  t o  a wide range of s o i l  sur- 

f a c e  condi t ions .  Temporary p r o t e c t i o n  can b e  provided f o r  exposed s o i l  sur- 

f a c e s  which have n o t  been regraded. These a r e a s  inc lude  s o i l  s t o c k p i l e s ,  

denuded a r e a s ,  temporary road banks, and d ikes .  These can be mulched and a 

temporary vege ta t ive  cover e s t a b l i s h e d  by seeding wi th  appropr ia t e  r ap id  

growing annual p l a n t s .  Permanent e ros ion  c o n t r o l  f o r  d i s tu rbed  a r e a s  can be 

accomplished by e s t a b l i s h i n g  pe renn ia l  vege ta t ive  cover. Mulches, h y d r a u l i c  

mulches, o r  mulch b inders  should be used i n  conjunction wi th  revegetat ion.  

These measures provide p r o t e c t i o n  from e ros ion  dur ing seed g e m i n a t i o n  and 

seed l ing  establishment.  Mulches can b e  used a lone  i n  a r e a s  where seeding can- 

n o t  b e  undertaken, wi th  seeding beginning a s  soon as poss ib le .  

4.2 Pr0c.bdr.l Guide - Surface  Pro tec t ion  Measures 

The procedure descr ibed i n  t h i s  s e c t i o n  i s  used t o  determine t h e  sediment 

c o n t r o l  performance o f  s u r f a c e  p r o t e c t i o n  measures. This i s  t h e  same p r o c e  

dure  used f o r  t h e  des ign of  mechanical t rea tment  (Chapter V) and a l s o  provides 

t h e  b a s i s  f o r  t h e  design o f  d ive r s ion  and conveyance s t r u c t u r e s  (Chapter VI) , 
and t h e  design o f  d e t e n t i o n s  and f i l t e r i n g  s t r u c t u r e s  (Chapter VII). When no 



s u r f a c e  p r o t e c t i o n  i s  s p e c i f i e d ,  t h i s  procedure g ives  a n  es t ima te  of t o t a l  

uncontro l led  sediment y i e l d  f o r  an area.  

The procedure c o n s i s t s  of  e i g h t  major s t e p s  which a r e  shown i n  t h e  flow 

c h a r t  i n  Figure  4.1. These can be  grouped i n t o  t h r e e  major a r e a s  involving: 

1)  determination o f  t h e  phys ica l  c h a r a c t e r i s t i c s  of  t h e  catchment inc luding 

s o i l  c h a r a c t e r i s t i c s ,  ground cover,  a r e a ,  s lope ,  roughness, and s o i l  d e t a c h  

ment c o e f f i c i e n t ;  2)  determination of  hydrologic c h a r a c t e r i s t i c s  of t h e  catch- 

ment inc lud ing  t h e  r a i n f a l l  excess  ( runof f )  and r a i n f a l l  i n t e n s i t y  

d i s t r i b u t i o n s ;  and 3 ) determination of  t h e  sediment y i e l d  inc lud ing  raindrop 

detachment, sediment t r a n s p o r t  capaci ty ,  overland flow s o i l  detachment, 

c o n t r o l l i n g  phys ica l  processes ,  and concentra t ion  of  sediment y i e l d ,  The p r e  

cedure i s  designed f o r  determining sediment y i e l d  f o r  a s i n g l e  event  b u t  can 

a l s o  b e  used t o  e s t ima te  a mean annual sediment y i e l d  (Chapter 1x1. The stan- 

dard  a p p l i c a t i o n  o f  t h e  des ign procedure w i l l  be based on t h e  1 Oyear ,  24-hour 

s torm us ing e i t h e r  a Type I o r  Type I1 r a i n f a l l  d i s t r i b u t i o n  ( s e e  s e c t i o n  3.1, 

F igure  3.1 and Tables 3.1 and 3.2 1 .  Because o f  t h e  long dura t ion  of  t h e s e  

storms, t h e y  a r e  broken down i n t o  s e v e r a l  time i n t e r v a l s  ( f i v e  f o r  t h e  Type I 

storm and six f o r  t h e  Type I1 s torm) .  This  r e q u i r e s  t h a t  most s t e p s  i n  t h e  

des ign procedure m a t  b e  c a r r i e d  o u t  f o r  each t ime s t ep .  The design procedure 

i s  ve ry  f l e x i b l e ,  hwever ,  and any type  of s torm could be  used i f  o t h e r  clima- 

t i c  d a t a  were a v a i l a b l e .  

I n  t h e  procedura l  guide,  t h e  sequence of  s o l v i n g  f o r  t h e  sediment y i e l d  

f o r  a des ign storm i s  as fol lows:  

Determine t h e  des ign p a r t i c l e  s i z e  d i s t r i b u t i o n .  

Determine t h e  catchment a r e a ,  ground cover,  s u r f a c e  roughness, and 
f low detachment c o e f f i c i e n t s .  

Dotarmine t h e  r a i n f a l l  amount, t h e  d i s t r i b u t i o n  of  runoff  and rain-  
fa1 i n t e n s i t y  d i s t r i b u t i o n .  

m t u m i n e  t h e  r a indrop  s o i l  detachment. 

Determine t h e  sediment t r a n s p o r t  capac i ty  of t h e  runoff .  

Determine t h e  over land flow s o i l  detachment and t h e  t o t a l  sediment 
supply 

Determine t h e  c o n t r o l l i n g  process and a c t u a l  sediment y ie ld .  

Determine t h e  concentra t ion  o f  sediment y ie ld .  



DETERMINE - 
SOIL CONDITIONS GROUND COVER RAINFALL EXCESS 

SURFACE ROUGHNESS RAINFALL INTENSITY 
FLOW DETACHMENT COEFFICIENT 

I 1 
I t + 

CALCULATE 
RAINFAU DETACHMENT 

CALCULATE 
- SEDIMENT TRANSPORT CAPACITY 

CALCULATE 
FLOW DETACHMENT 

DETERMINE I TOTAL SEDIMENT SUPPLY I 

COMPARE 

SEDIMENT YIZLD - SEDIMENT SUPPLY Y SEDIMENT YIELD = SEDIMENT TRANS- 
PORT CAPACITY 

SEDIMENT YIELD CONCENTRATION 

Figure 4.1. Flow chart of design procedure for surface 
protection measures. 



A deta i led  explanation of each of  t h e  above s t eps  i s  given i n  t he  

following sect ions ,  along with worksheets and nomographs. Sections 4.3 t o  4.6 

given design information, planning considerations,  spec i f ica t ions ,  and in- 

s e rv i ce  performance f o r  each type of treatment-  Two de t a i l ed  design examples 

given i n  sec t ion  4.7 i l l u s t r a t e  an untreated and t r ea t ed  condition.- These 

design examples w i l l  a i d  i n  understanding and applying t h e  s t eps  of t h e  design 

procedure o u t l i n e d  below. 

Step One: Determination of t h e  Design P a r t i c l e  Size  Dis t r ibut ion 

P a r t i c l e  s i z e  d i s t r i bu t ion  r e f e r s  t o  t h e  r e l a t i v e  proportions of various 

s i z e  groups of  individual  g ra ins  i n  a s o i l  o r  sediment sample. The p a r t i c l e  

s i z e  groups which need t o  be i d e n t i f i e d  are: 

clay:  less than 0.002 mm 

p1 = s i l t  (si) :  0.002 mm - 0.05 ram ( x  =0.01) 
9 

pZ = very f i n e  sand (v f s ) :  0.05 mm - 0.1 mm ( x  -0.0707) 
9 

p3 = f i n e ,  m e d i u m  & coarse sand: 0.1 I.- 1.0 k ( x  -0.316) 
9 

p4 - very coarse sand: 1.0 mm - 2.0 mm ( [ x  yemetr ic  mean] x -1.41) 
g 9 

The percant of t h e  p a r t i c l e  s i z e  d i s t r i bu t ion  i n  each of these  groups can 

be determined from ava i lab le  da t a  (Appendix A )  o r  by cor re la t ion  with t h e  

appropriate t e x t u r a l  c l a s s  given i n  Table 3.4 of Chapter 111. 

Step Two: Determination of Physical  Charac te r i s t i cs  of t h e  Catcbaent Area 

Five physical  cha rac t e r i s t i c s  of a catchment a rea  nuast be  determined f o r  - - -- 
t h i s  design procedure: 1) catchment area ,  2) slope, 3 ground cover, 4)  

overland flow roughness, and 5 )  s o i l  detachment coeff ic ient .  C a t c h e n t  area  

( i n  acres) is  determined either from d i r e c t  f i e l d  measurement o r  from maps of 

t h e  site. The general  shape of t h e  catchment and t h e  loca t ion  and length of 

drainageway8 ahould be determined. The shape of t h e  catchment can be 

simplified u either a s i n g l e  plane o r  as severa l  p laner  (see "open book 

planem de8crib.d i n  r ec t i on  3.5). These planes  are then used t o  -determine-the 
.. . - . . -.-. -- . .. - -. ..--- 

cross .- slope . . .  - and longi tudinal  slope of  t h e  c a t c h a n t .  Ground cover f o r  various a 

sur face  t r e a a e n t s  i s  given i n  t h e  design information sec t ions  of t h i s  chapter 

(4.3 and 4.4). In t h e  caae of  vegetation,  ground cover should be estimated 

from s u i t a b l e  reference p l o t s  ( s ec t i on  4.5 . 



Surface  roughness i s  a func t ion  of  s o i l  erodibility and t h e  amount of 

ground cover on t h e  s o i l  su r face .  The roughness c o e f f i c i n e t ,  Kg, i s  deter -  

mined a s  a func t ion  o f  t h e s e  two parameters.  The s o l 1  e r o d i b i l t y  f a c t o r ,  K,, 

( a  f a c t o r  i n  t h e  Universal  S o i l  Loss Equation) i s  r e l a t e d  t o  p a r t i c l e  s i z e ,  

s o i l  permeabi l i ty ,  s o i l  s t r u c t u r e ,  and t h e  organic  matter  content .  I f  t h e s e  

parameterr-can be determined f o r  a s i t e ,  then  values  of  s o i l  e r o d i b i l i t y  can 

be  es t imated  by us ing a nomograph ( s e e  Appendix B). This approach i s  recom- 

mended i f  d a t a  i s  ava i l ab le .  Very genera l  va lues  of K, have been developed 

f o r  use  with t h i s  manual based on t h e  s o i l  t e x t u r e  c l a s ses .  Estimated Ke 

va lues  f o r  t h e s e  genera l  s o i l  c l a s s i f i c a t i o n s  a r e  given i n  Table 4.1 and a r e  

s u i t a b l e  f o r  t h e  s p e c i f i e d  mine s o i l / s p o i l  condi t ions  def ined i n  t h e  t a b l e .  

Values of  e r o d i b i l i t y ,  Q, and percent  cover a r e  used t o  e s t ima te  s lope  

roughness, Kg, i n  Figure  4.2. Values of  Kg corresponding t o  genera l  s o i l  tex- 

t u r a l  c l a s s i f i c a t i o n s  under var ious  cover condi t ions  a r e  given i n  Table 4.2. 

The overland f low detachment c o e f f i c i e n t  i s  a func t ion  of  t h e  percentage 

o f  c l a y  i n  t h e  s o i l  ( s e e  S t e p  One). A graph o f  t h e  overland flow detachment 

c o e f f i c i e n t ,  D f ,  ve r sus  t h e  pe rcen t  c l a y  i s  given i n  Figure  4.3. Values o f  

Df a r e  a l s o  given i n  Table 4.2 f o r  t h e  genera l  s o i l  t e x t u r a l  c l a s s i f i c a t i o n s .  

S tep  Three: Determination of  R a i n f a l l  and R a i n f a l l  Excess 
D i s t r i b u t i o n  

Five  t a s k s  a r e  accomplished i n  t h i s  procedural  s t e p .  

1. A curve number i s  s e l e c t e d  based on s o i l  and t rea tment  condit ion.  

2. Maximum al lowable  catchment a r e a  i s  determined. 

3. The t ime t o  t h e  beginning of r a i n f a l l  runoff  is computed. 

4. Zhe r a i n f a l l  and r a i n f a l l  runoff d i s t r i b u t i o n s  a r e  ca lcu la ted  based 
on e i t h e r  t h e  Type I o r  Type I1 storm. 

5 The r a i n f a l l  i n t e n s i t y  and t h e  over land flow r a t e  a r e  computed. 

The f i r s t  t a s k  o f  S tep  Three i s  t o  s e l e c t  a curve number (CN) which i s  

r e p r e s e n t a t i v e  o f  t h e  mined l and  condit ion.  The CN va lue  i s  a func t ion  of t h e  

hydrologic grouping o f  t h e  s o i l  and t h e  l and  u s e  p resen t  i n  t h e  catchment 

a r e a .  The hydrologic grouping o f  t h e  s o i l  i s  based on t h e  runoff  p o t e n t i a l  of 

t h e  s o i l  and i s  discussed i n  more d e t a i l  i n  s e c t i o n  3.3. Three l and  use  types  

a r e  i d e n t i f i e d  i n  t h i s  manual: 1)  s u r f a c e  f a c i l i t i e s  ( road  and work a r e a s ) ,  



Table 4.1. Suggested K, Values of So i l  Textural  Classes (For 
use only i f  requirements i n  Appendix B cannot be 
met ) . 

Textural  
Class 

Suggested 

Ke 

Sand .20 

Loamy Sand 30 

Sandy Loam .43 

S i l t y  Loam 48 

S i l t  083 

Sandy Clay 
Loam 

Clay Loam 28 

S i l t y  Clay 
Loam 

Sandy Clay 13 

S i l t y  Clay 25 

Clay .20 

N o t e :  Mine so i l / spo i l  condition: roughly 12 inches 
of topeoi l  overlying s ca r i f i ed  spo i l  of moderate 
t o  low permeability. The overa l l  permeability 
of the mine so i l / spo i l  p r o f i l e  is impeded due 
t o  di f ferences  in sa tura ted  and unsaturated 
hydraulic conductivit ies.  
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Table4.2 .  Values of  iioughneosCoefflclent, Kg, andOverlandFlor 
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Figure 4 . 3 .  Soi l  detachment coefficient versus 
percent clay (from Simons, L i  & 

Associates, Inc. ,  1982) .  



2 )  d i s tu rbed  a r e a s  (unreclaimed land o r  an a c t i v e  mining a r e a ) ,  and 3 )  

reclaimed a reas .  For s u r f a c e  f a c i l i t i e s  and d i s tu rbed  a r e a s ,  a f i x e d  CN value  

is used. For reclaimad a r e a s ,  a range o f  CN va lues  is  given and t h e  a c t u a l  

va lue  of  CN w i l l  depend on t h e  amount o f  ground cover. Table 4.3 g ives  CN 

va lues  f o r  t h e  hydrologic s o i l  groups and t h e  land use condi t ions .  For 

reclaimed land, t h e  h igh and low ends o f  t h e  range a r e  given and t h e  a c t u a l  

va lue  o f  CN t o  be  used i s  given by t h e  fol lowing equation. 

where CNH and CNL a r e  t h e  h igh and low va lues  i n  t h e  range, 

t i v e l y ,  and Cg is t h e  decimal pe rcen t  cover a s  determined i n  

r e s p e o  

S tep  Two. 

The second t a s k  is t o  determine t h e  maximum a r e a  al lowable f o r  t h e  design 

procedure. The maxinann a r e a  i s  governed by two f a c t o r s .  F i r s t ,  t h e  peak 

d ischarge  from t h e  a r e a  should n o t  exceed 20 c f s r  and second, t h e  t i m e  o f  con- 

c e n t r a t i o n  should n o t  exceed 20 minutes. The f i r s t  c o n s t r a i n t  is a funct ion  

o f  t h e  curve number and t h e  bas in  area ;  t h e  second c o n s t r a i n t  i s  a func t ion  of 

t h e  roughness c o e f f i c i e n t ,  t h e  overland flow length ,  and s l o p e  o f  t h e  bas in  

(decimal percent ) .  The m a x i m u m  a l lowable  a r e a  f o r  which t h e  method is appl i -  

c a b l e  i s  obta ined by u s i n g  t h e  nomograph i n  Figure  4.4. The smal ler  of t h e  

two a r e a s  given by t h e  nomograph i s  t h e  maximum al lowable  area .  I f  t h e  des ign 

a r e a  exceeds t h e  maximum al lowable  a r e a  then t h e  methodology developed i n  t h e  

remainder of t h i s  manual should n o t  b e  used. The des ign a r e a  could be  physi- 

c a l l y  d iv ided i n t o  s e v e r a l  smal ler  a r e a s  i f  necessary,  b u t  i n  genera l  l a r g e  

a r e a s  w i l l  r e q u i r e  l a r g e r  scale e ros ion  c o n t r o l  e f f o r t s ,  i.e., sediment ponds. 

The 

R a i n f a l l  

t h e  soi l  

r a i n f a l l  

de ta ined  

is given 

t h i r d  t a s k  i s  t o  compute t h e  t ime  when r a i n f a l l  runoff  begins. 

runoff  w i l l  n o t  occur  u n t i l  a f t e r  t h e  i n i t i a l  a b s t r a c t i o n  capac i ty  of 

h a s  bean exceeded. The i n i t i a l  a b s t r a c t i o n  inc ludes  t h e  amount of 

whfch i n f i l t r a t e s  i n t o  t h e  s o i l ,  i n t e r c e p t e d  by vegeta t ion ,  o r  

i n  drpress ions .  The i n i t i a l  a b s t r a c t i o n  f o r  t h e  curve nuaber method 

by 



Table 4 . 3 .  Curve Number Values for  Surface Mining. 

Hydrologic s o i l  group1 

Land use  o r  cover A B C D 

Surface f a c i l i t i e s  
Paved 
Grave 1 
D i r t  

Disturbed area ( a c t i v e  mining) 7 2 8 1 8 8 9 1 

Reclaimed spoil2 ( l o w  
(high) 

l ~ e e  sec t ion  3 . 3  

2~ ia  and Low end o f  range f o r  reclaimed mine s p o i l  
with ground cover. See Equation 4 .1 .  
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Figure 4.4. Maximum allowable area 
( froiu Simons, 1. i  & 

Associates, Inc. 1982). 



where: Po = t he  i n i t i a l  abstract ion,  inches 

S = t he  maximum po ten t i a l  abstract ion,  inches. 

S i s  a function of curve number ( CN) where 

Once the  i n i t i a l  abstract ion i s  determined the  r a t i o  of i n i t i a l  abstract ion t o  

t o t a l  r a i n f a l l  i s  calculated.  The time of i n i t i a l  r a i n f a l l  runoff i s  deter- 

mined by extrapolat ing a value from the  t ab l e s  of r a i n f a l l  d i s t r i bu t ion  f o r  

e i t h e r  a Type I o r  Type XI storm ( s e e  Tables 3.1 and 3.2). A l l  f u r the r  calcu- 

l a t i ons  begin a t  the  time of i n i t i a l  r a i n f a l l  runoff. 

Tasks 4 and 5 f o r  s t e p  th ree  make use of Worksheet 4.1 t o  car ry  out  t he  

calculat ions  of several  important hydrologic variables.  Colunm one of t he  

work shee t  begins with t h e  time of i n i t i a l  r a i n f a l l  excess, and subsequent 

times a r e  taken from Table 3.1 o r  3.2 depending on the  type of storm used. 

Rainfal l  excess i s  t h a t  amount of r a i n  which does not  i n f i l t r a t e  and is not  

intercepted o r  detained i n  depressions. Column two is t h e  incremental d i f -  

ference between time steps.  Column th ree  begins with t h e  r a t i o  of i n i t i a l  

abstract ion t o  t o t a l  r a i n f a l l ,  with subsequent values taken from Table 3.1 o r  

3.2 f o r  t h e  corresponding time i n  column one. Column four i s  calculated by 

multiplying column th ree  by t h e  t o t a l  r a i n f a l l ,  which gives t h e  ac tua l  accumu- 

l a t ed  r a i n f a l l  f o r  t h e  design storm. Column f i v e  i s  calculated from the  

following equation 

where: Pe = r a i n f a l l  e X C 8 S S r  inches 

P r a i n f a l l ,  inches 

S 4 maximtnn poten t ia l  abstract ion,  inches 

Values of P are given i n  column four ,  S is given by equation 4.3, and the  

i n i t i a l  abs t rac t ion  i s  given by Equation 4.2 which i s  t h e  f i r s t  value i n  

colunm four. A graphical  so lu t ion  of equation four is given i n  Figure 4.5. 

Columns 6 and 7 a r e  t h e  incremental di f ference i n  columns 4 and 5, respec- 

t i ve ly .  Column 8 is obtained by dividing the  values i n  column 6 by the  

corresponding values i n  column 2. Column 9 values a r e  given by t h e  following 

equation 



( 3  1 ( 4 )  
P 

p/Pt ( inches)  

Small area charac ter i s t i ce :  

Area = 

Length = 

Width = 

(5 
Pe 

(i  nchee) 

( 6  
AP 

( inches)  

(7) 
A Pe  

( inches)  

Worksheet 4 .  I .  S tep  Three worksheet. 



Figure 4.5. So11 tion of runoff equation 
(after Mockus & Victor, 
19551. 



where: Q = runoff rate i n  cubic f ee t  per second (cf  s) 

AP, - incremental rainfall excess i n  inches as. given i u  Column 7 

A = ueu ,  acx- 

A t .  - i n c r m t a l  tfma in hours. a s  giwm i n  Column 2 

Coluau 10 vuLues. are obtained by dividing the values- i n  column 9 by the mean 

width of the contributinq u e a ,  The metan width is given the following 

equation 

L = -9th fa feet oE a: ractangular plaru of  the same area aa.that 
of  origfrul are6 

To-. raindrop. da+acimwnt of t=he soil is. given by the f ollariag equation 

whefe: CQ = decinisL pezcmat covez 

R = area, acres 

Worksheet 4.2 is provided to carry oue the calculation of Equation 4.7 for 

each time interval. Oolrrmns 1 and 2 are taken directly from columns 2 and 8 

of the step three work. sheet.. Column 3 is calculated from Equation 4.7. 



Worksheet 4.2 i s  provided t o  c a r r y  o u t  t h e  c a l c u l a t i o n  of Equation 4.7 f o r  

each time i n t e r v a l .  Columns 1 and 2 a r e  taken d i r e c t l y  from columns 2 and 8 

o f  t h e  s t e p  t h r e e  work shee t .  Column 3 i s  c a l c u l a t e d  from Equation 4.7.  

Step Five: Sediment Transport  Capacity 

The sediment t r a n s p o r t  capaci ty  o f  overland flow from a catchment depends 

on t h e  s l o p e  o f  t h e  catchment, t h e  overland flow r a t e  o f  water ,  and t h e  rough- 

ness  of t h e  catchment. Four nomographs a r e  given i n  t h i s  s e c t i o n  which s o l v e  

f o r  t h e  sediment t r a n s p o r t  r a t e  of  each of t h e  four  sediment p a r t i c l e  s izes .  

The nauograph g ives  t h e  sediment t r a n s p o r t  r a t e  p e r  u n i t  width of t h e  catch- 

ment area .  The sediment t r a n s p o r t  capac i ty  f o r  a  p a r t i c u l a r  sediment s i z e  

and t ime i n t e r v a l  i s  given by t h e  fol lowing equation 

where: Gt = sediment t r a n s p o r t  capac i ty  f o r  a  given time s t e p  i n  t o n s  

g t  = sediment t r a n s p o r t  r a t e ,  tons/foot/hour 

W = width o f  t h e  catchment a r e a ,  f e e t  

p = decimal percentage o f  a  p a r t i c u l a r  sediment s i z e  

t = incremental  t i m e  i n  hours 

Worksheet 4.3 i s  given t o  a i d  i n  c a l c u l a t i n g  t h e  sediment t r a n s p o r t  capaci ty .  

Column 1 i s  taken d i r e c t l y  from column 2 o f  t h e  S tep  Three worksheet and 

column 2 from column 10 of  t h e  same worksheet. Colunn 3 is determined from 

t h e  nomograph given i n  Figure  4.7 f o r  t h e  0.01 mm p a r t i c l e  s i z e .  Column 4 i s  

determined from t h e  nomograph given i n  Figure  4.8 f o r  t h e  0.0707 mm p a r t i c l e  

s ize .  Column 5 i s  determined from t h e  nomograph given i n  Figure  4.9 f o r  t h e  

0.3 16 mm p a r t i c l e  s i z e .  Column 6 i s  determined f r a n  t h e  nomograph given i n  

Figure 4.10 f o r  t h e  1.4 14 mm p a r t i c l e  s i z e .  To u s e  t h e  nomographs t h e  rough- 

n e s s  c o e f f ~ i . n t  (Kg), t h e  catchment s l o p e  ( S ) ,  and t h e  u n i t  overland flow 

discharge  are i n p u t  i n t o  t h e  nomographs and t h e  sediment t r a n s p o r t  r a t e  

(g t )  determined. P r i o r  t o  us ing  t h e  sediment t r a n s p o r t  r a t e  nomographs, t h e  

motion o r  nonmotion of t h e  p a r t i c l e  s i z e  i s  f i r s t  checked us ing Figure 4.6. 

This  check i s  necessary s i n c e  c e r t a i n  p a r t i c l e  s i z e s  may n o t  be  ab le  t o  move 

u n l e s s  c e r t a i n  over land f low v e l o c i t i e s  a r e  a t t a ined .  S teps  i n  so lv ing  f o r  

t h e  sediment t r a n s p o r t  r a t e  us ing t h e  nauographs a r e  a s  follows: 



Area = 

Ground Cover Ratio = 

Width = 

Worksheet 4.2.  Step Four worksheet. 
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Slope, S = 

Worksheet 4.3. Step F l  ve worksheet* 
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UNIT DISCHARGE, q (cfslft) 

Figure 4 .6 .  Critical discharge (from 
Simons, Li & Associates,  
Inc., 1982). 











Ehter  a va lue  of  roughness-slope r a t i o ,  Kg/S, and t h e  u n i t  
d ischarges  f o r  each time s t e p  on t h e  c r i t i c a l  d ischarge  graph ( s e e  
Figure  4 .6 ) .  I f  t h e  p o i n t  on t h e  graph i s  above t h e  l i n e  f o r  a p a r  
titular sediment s i z e ,  then  no sediment t r a n s p o r t  w i l l  occur f o r  
t h a t  s i z e  a t  t h a t  t i m e  s t e p .  This  s t e p  should be completed f o r  each 
p a r t i c l e  s i z e  and each t ime s t e p  be fo re  camputing t h e  sediment y i e l d  
from t h e  nomographs. Sediment y i e l d  need only  be computed f o r  sedi-  
ment s i z e s  and t i m e  s t e p s  where motion i s  indica ted .  

Enter  a roughness va lue  on t h e  roughness c o e f f i c i e n t  a x i s .  

Extend a v e r t i c a l  l i n e  up t o  t h e  c o r r e c t  s l a p e  curve  i n  t h e  f i r s t  
quadrant.  

Extend a v e r t i c a l  l i n e  up t o  t h e  c o r r e c t  s l o p e  curve  i n  t h e  f o u r t h  
quadrant.  

-tend a h o r i z o n t a l  from t h e  i n t e r s e c t i o n  p o i n t  i n  t h e  f i r s t  
quadrant  t o  t h e  c o r r e c t  u n i t  overland f l w  discharge  i n  t h e  second 
quadrant.  

a t e n d  a h o r i z o n t a l  l ine from t h e  i n t e r s e c t i o n  p o i n t  i n  t h e  f o u r t h  
quadrant  t o  a n  a r e a  i n  t h e  t h i r d  quadrant  beneath t h e  i n t e r s e c t i o n  
p o i n t  i n  t h e  second quadrant.  

a t e n d  a v e r t i c a l  l i n e  down from t h e  i n t e r s e c t i o n  p o i n t  i n  t h e  
second quadrant  u n t i l  it i n t e r s e c t s  t h e  h o r i z o n t a l  l i n e  from t h e  
f o u r t h  quadrant.  

From t h i s  i n t e r s e c t i o n  p o i n t  i n  t h e  t h i r d  quadrant  extend a l i n e  
p a r a l l e l  t o  t h e  4S0 l i n e s  i n  t h i s  quadrant  u n t i l  it i n t e r s e c t s  t h e  
v e r t i c a l  p i v o t  1 ine. 

Extend a h o r i z o n t a l  l i n e  t o  t h e  l e f t  u n t i l  it i n t e r s e c t s  t h e  edge of  
t h e  graph. m a d  t h e  u n i t  sediment t r a n s p o r t  r a t e  i n  tons/f t /hour.  

Columns 7 through 10 a r e  computed us ing Equation 4.9. Column 11  i s  t h e  given 

by t h e  sum o f  columns 7 through 10 f o r  a t ime i n t e r v a l  and g ives  t h e  sediment 

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

S tep  Six: Row Detachment and T o t a l  Supply Calcula t ion .  

Raindrop impact and over land flew d e t a c h e n t  a r e  t h e  two sources  of sedi-  

ment supply from a s m a l l  a r ea .  Supply from over land f low detachment i s  given 

by t h e  f o l l w i n g  equat ion  



when Gt > Gr 

where: Gf = flow detachment f o r  a t ime i n t e r v a l  i n  t o n s  

Df = flow detachment c o e f f i c i e n t  (from s t e p  two) 

Gt = sediment t r a n s p o r t  capaci ty ,  t o n s  

Gr 3 t o t a l  r a i n f a l l  detachment, t o n s  

I f  t h e  sediment supply from ra indrop detachment, Gr,  exceeds t h e  sediment 

t r a n s p o r t  capaci ty ,  G , t hen  no flow detachment would be  p o s s i b l e  and t h e  flow t 
detachment f o r  t h e  time i n t e r v a l  would be  zero. In t h i s  case ,  t h e  supply from 

ra indtop detachment would equa l  t h e  t o t a l  supply. Worksheet 4.4 i s  given t o  

a i d  i n  computing flow detachment supply and t o t a l  supply. To ta l  supply is 

simply t h e  sum of  ra indrop detachment p l u s  flow detachment. Column 1 i s  from 

colrnan 1 of  S t e p  Five  worksheet. Column 2 comes d i r e c t l y  from column 11 of 

t h e  S tep  Five worksheet, and column 3 comes d i r e c t l y  from column 3 of t h e  Step 

Four worksheet. Column 4 i s  given by equat ion  4.10 and column 5 i s  t h e  sum of 

columns 3 and 4 i s  given by t h e  fol lowing equation 

where: GS = sediment supply capaci ty ,  t o n s  

Gr = supply from r a i n f a l l  capaci ty ,  t o n s  

Gf = flow d e t a c h e n t  f o r  a time i n t e r v a l  i n  tons  

Columns 6 through 9 a r e  t h e  t o t a l  supply mul t ip l i ed  by t h e  f r a c t i o n  of  t h e  

sediment d i s t r i b u t i o n  o f  each r e s p e c t i v e  p a r t i c l e  s i z e .  

S tep  Seven: Determination o f  Con t ro l l ing  Process and Calcula t ion  of  
Actual  Sediment Yield. 

Actual  sediment y i e l d  w i l l  be  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  capac i ty  o f  t h e  overland flow. If t h e  a v a i l a b l e  

supply of  sediment exceeds t h e  t r a n s p o r t  capaci ty  of  t h e  flow f o r  a p a r t i c u l a r  

p a r t i c l e  s i z e ,  then  t h e  t r a n s p o r t  capac i ty  w i l l  c o n t r o l  t h e  sediment y ie ld .  

I f  t r a n s p o r t  capac i ty  exceeds a v a i l a b l e  supply, then t h e  supply of sediment 

w i l l  c o n t r o l  t h e  sediment y ie ld .  S ta ted  mathematically t h e  sediment y i e l d  i s  
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Flow Detachment C o e f f i c i e n t  = 

Gf a D f ( G t  - Gr) (Eq* 4 - 1 0 )  
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Worksheet 4 .4 .  Step  S i x  worksheet. 



and 

where: Gy = a c t u a l  sediraent y ie ld ,  tons  

GS = sediment supply capaci ty ,  tons  

Gt = sediment t r a n s p o r t  capaci ty  f o r  a given time s t e p  i n  t o n s  

Worksheet 4.5 is given f o r  s t e p  seven t o  a i d  i n  accounting f o r  t h e  c o n t r o l l i n g  

processes. 

The information on t h e  S tep  Seven worksheet i s  developed by repeated c o w  

par isons  between t h e  values  on t h e  worksheet f o r  S tep  Five and t h e  worksheet 

f o r  S tep  Six. For example, column one i s  given by comparing coLuan.3 on the, 

Step  Five worksheet wi th  colunn 7 on t h e  Step  Six worksheet. Other columns of 

t h i s  worksheet a r e  developed i n  a s i m i l a r  manner. Colunn 5 i s  t h e  sum of 

columns 1 through 4. Columns 1 through 4 must a l s o  be  s w e d  v e r t i c a l l y  f o r  

use  i n  t h e  l a s t  s t e p  of  t h e  procedure. 

Step E i  qht: Calcula t ion o f  S e t t l e a b l e  So l i d s  Concentration. 

The mean concentra t ion of settleable s o l i d s  i s  determined by t h e  weight 

of  s e t t l e a b l e  s i z e s  d iv ided by t h e  weight of water f o r  t h e  e n t i r e  storm. The 

weight of s e t t l e a b l e  s i z e s  i s  given by t h e  sum of  columns 1 through 4 of t h e  

s t e p  seven work shee t .  The weight of  water i s  given by t h e  accumulatebra&- . 

f a l l  volume over  t h e  a r e a  m u l t i p l i e d  by t h e  u n i t  weight of water.  The mean 

concentra t ion of  settleable s o l i d s  i s  t h e r e f  o r e  

where: CS = mean concentra t ion of  settleable s o l i d s ,  p p  

Gy = sums of  a c t u a l  sediment y i e l d s  (sums of  columns 1 through 4 
f o r  t h e  S tep  Seven worksheet) 

Pe = r a i n f a l l  excess a t  t h e  end of t h e  storm i n  inches ( t h e  
l a s t  va lue  from column 5 of t h e  S tep  Three worksheet) 

A = a r e a ,  a c r e s  

8830 = conversion f a c t o r  from t o n s / a c r e i n c h  t o  
p a r t s  p e r  m i l l i o n  ( p p )  
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Worksheet 4.5. Step Seven worksheet. 



4.3 Design of Mulch Pro tec t ion  

Three types  o f  m a t e r i a l s  a r e  widely used throughout t h e  U.S. f o r  nulching 

purgoses. These m a t e r i a l s  a r e  s t raw,  woodchips , and s tone .  The e f f e c t i v e n e s s  

of  mulches is r e l a t e d  t o  t h e  amount of groundcover which i s  provided. The 

s i z e  and shape of  t h e  mulch p a r t i c l e  a l s o  inf luences  t h e  a b i l i t y  of t h e  mulch 

t o  r e s i s t  ra indrop detachment and inc rease  t h e  r e s i s t a n c e  t o  overland flow. 

Long narrow p a r t i c l e s  (such a s  s t raw)  o f f e r  t h e  b e s t  e ros ion  more 

massive p a r t i c l e s  (woodchipa and s tone)  p r o t e c t  t h e  s o i l  from raindrop-impact 

b u t  s t i l l  al low f o r  s i g n i f i c a n t  overland flow v e l o c i t i e s .  F inely  ground mulch 

products  a r e  t h e  l e a s t  e f f e c t i v e  s i n c e  they a r e  capable  of  be ing detached by 

ra indrop  impact and can be  e a s i l y  t r anspor ted  by overland flow. 

Design Information 

Mulch c o n t r o l s  e ros ion  by providing ground cover which p r o t e c t s  t h e  s o i l  

s u r f a c e  from ra indrop impact and adds roughness t o  t h e  surface .  Mulches a r e  

app l i ed  by weight usua l ly  i n  tons /acre ,  while t h e  amount of  ground cover-4s 

expressed a s  t h e  r a t i o  o f  a r e a  covered by mulch t o  t h e  t o t a l  a rea .  There i s  a 

d i r e c t  r e l a t i o n s h i p  between t h e  a p p l i c a t i o n  r a t e  o f  mulches and t h e  ground cover 

r a t i o .  Figure 4.11 g ives  t h e  cover r a t i o s  f o r  s t raw,  woodchip and s t o n e  mulches 

a s  a func t ion  of  a p p l i c a t i o n  r a t e .  The cover r a t i o  i s  then  used i n  t h e  proce- 

d u r a l  guide  t o  determine t h e  roughness c o e f f i c i e n t  ( s t e p  two),  t h e  curve number 

( s t e p  t h r e e ) ,  and t h e  r a indrop  detachment ( s t e p  f o u r ) .  Values of  t h e  cover 

r a t i o  f o r  s t raw mulch a r e  used d i r e c t l y  t o  determine t h e  roughness c o e f f i c i e n t ,  

curve number, and ra indrop detachment. For woodchip and s t o n e  mulches, t h e  

va lue  o f  t h e  cover r a t i o  i s  reduced by 30 pe rcen t  t o  de tennine  t h e  roughness 

c o e f f i c i e n t .  The cover r a t i o  i s  reduced by 50 pe rcen t  t o  determine t h e  curve 

number. 

Planning Considera t ions  

Mulching can  s i g n i f i c a n t l y  reduce t h e  amount o f  sediment y i e l d  from an 

a rea .  Approximately a 20  pe rcen t  r educ t ion  i n  sediment y i e l d  w i l l  occur f o r  a . 
mulch cover of 10  percent;  f o r  a mulch cover of  50 pe rcen t  sediment y i e l d   ill 

decrease  by over  85 percent;  and f o r  a mulch cover o f  90 pe rcen t  sediment y i e l d  

w i l l  decrease  by over  95 p e r c e n t  (Heyer, e t  a l .  , 1970).  As i l l u s t r a t e d  i n  

Figure  4.1 1, 90 percent  cover can be ob ta ined  wi th  2.2 tons /ac re  of s t raw,  9.6 

tons /ac re  of woodchips, o r  135 tons /ac re  of  s tone .  S e d i m n t  y i e l d  w i l l  vary 
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depending on t h e  t y p e  of S o i l  and t h e  type  of  mulch used, b u t  i t  can be seen 

from t h e  approximate e s t ima tes  given above t h a t  mulches a r e  a  very e f f e c t i v e  

means of reducing sediment y ie ld .  

The amount of  mulch t o  be used w i l l  depend on t h e  type  o f  mulch, t h e  e r e  

d i b i l i t y  o f  t h e  s o i l ,  and what type of p l a n t  growth i s  required.  Lncreasing 

t h e  r a t e  of-mulching g ives  increased e ros ion  p ro tec t ion  u n t i l  f u l l  cover rs 

reached. Mulch can s u b s t i t u t e  f o r  seed coverage when moisture i s  adequate,  

b u t  on a r i d  and semi-arid s i t e s ,  mulches may encourage premature germination 

wi th  t h e  f i r s t  r a i n f a l l  and t h e  seed l ing  may soon d i e  from lack  of suf  f  r c ~ e n t  

moisture f o r  continued growth (Kay, 1978). The b e s t  assurance a g a i n s t  prema- 

t u r e  seed germination i n  d r y  regions  i s  a s o i l  seed coverage and a reduced 

mulching r a t e .  P lan t ing  and mulching a s  nea r  a s  p r a c t i c a l  t o  a  d a t e  when a d e  

qua te  moisture i s  expected is helpful .  Over mulching w i l l  smother seed l ing  by 

l i m i t i n g  l i g h t  and moisture reaching t h e  s o i l  sur face .  Some s o i l  should be 

v i s i b l e  t o  a s s u r e  good p l a n t  growth. Over mulching wi th  s t r aw may a l s o  p r e  

s e n t  a  f i r e  hazard. Spec ia l  c o n s i d e r a t i a s  f o r  each type  o f  mulch recommended 

i n  t h i s  manual a r e  a s  follows. 

Strw Mulch. The s t r a w  should cane from wheat o r  o a t s ,  and may be spread 

by hand o r  machine. Some g r a s s  s t r aw may con ta in  growth i n h i b i t o r s  t h a t  have 

a t o x i c  e f f e c t  i f  used i n  excess.  Commerical mulch spreaders  o r  s traw blowers 

(F igure  4-12] a r e  capable  o f  d e l i v e r i n g  up t o  6 tons /acre  a t  d i s t a n c e s  up t o  

85 f e e t .  The l e n g t h  o f  t h e  app l i ed  s t r a w  should be  r e l a t i v e l y  long  t o  produce 

an  e f f e c t i v e  mulch. The l e n g t h  of  ba led  s t r aw w i l l  vary  depending OK t h e  

a g r i c u l t u r a l  p r a c t i c e  used t o  h a r v e s t  t h e  straw. Straw b l w e r s  w i l l  a l s o  

reduce t h e  size o f  t h e  s t r aw element. This  can be  c o n t r o l l e d  i n  most blowers 

by a d j u s t i n g  o r  removing t h e  f l a i l  chains.  Blown s t r aw l i e s  i n  c l o s e r  con tac t  

wi th  the so i l  than h a n k s p r e a d  s t r aw and i s  more e a s i l y  anchored w i t h  mulch 

b inders  (sea s e c t i o n  4.6 1. Wind can s e r i o u s l y  reduce t h e  o r i g i n a l  s t r aw m u l x  

a p p l i c a t i o n  r a t e ,  t h e r e f o r e  s t r aw mulches mst  b e  tacked down wi th  binders.  

Woodchip Mulch. Woodchips a r e  usua l ly  a v a i l a b l e  a s  a  by-product of land 

c l e a r i n g  opera t ions  o r  a s  waste from t h e  f o r e s t  product  indust ry .  Small wood 

p a r t i c l e s ,  such a s  shavings o r  sawdust, a r e  s u b j e c t  t o  wind e ros ion  and a r s  no= 

recommended. Woodchips can b e  a p p l i e d  wi th  a conventional  s traw blower a t  

d i s t a n c e s  up t o  60  f e e t .  The a p p l i c a t i o n  r a t e  t o  achieve  s i m i l a r  s o i l  coveraqs 

a s  s t r aw i s  about  f o u r  t o  s i x  times t h a t  of s t r aw m l c h .  Poor d i s t r i b u t i o n  3f 

woodchip mulch i s  a problem and may r e s u l t  i n  poor p l a n t  cover. Beavy 

a p p l i c a t i o n  ( T O O +  percen t  cover)  w i l l  p revent  any p l a n t  establishment.  



F i g u r e  4 .12 .  Power m l c h  spreader (from USDA 
Forest Service, 1979). 



Stone Mulch. Mulches of  crushed s t o n e  o r  g rave l  provide e f f e c t i v e  e r e  

s i o n  c o n t r o l  and a r e  n o t  s u s c e p t i b l e  t o  wind erosion.  Stone mulch corresponds 

t o  s tandard  road paving mixes with most of  t h e  m a t e r i a l  i n  a range from 1/4 t o  

1 -1/2 inches i n  diameter.  Applicat ion of s t o n e  mulch i s  made with grading 

e q u i p e n t  and use  o f  s t o n e  mulches w i l l  be  l i m i t e d  by equipment performance, 

s t e e p  s l o p e s  and o t h e r  access  problems. Stone mulches provide good mic ros i t e s  

f o r  t h e  es tabl i shment  o f  p l a n t s .  In dry  a r e a s ,  s t o n e  mulches can be combined 

wi th  s o i l  seed  cover t o  reduce t h e  problem of premature germination. 

The r a t e s  involved i n  s t o n e  mulching suggest  t h a t  such mulches a r e  very 

expensive t o  hau l  and apply on to  t h e  ground surface .  Costs vary considerably 

depending on l o c a l  a v a i l a b i l i t y  of  s tone.  

Stone mulches should l a s t  i n d e f i n i t e l y  except  when t h e i r  e f f e c t i v e n e s s  is  

decreased by s o i l  washed o r  blown o n t o  t h e  s tones .  

In-Service Performance 

A 1  1 mulches should b e  inspected  p e r i o d i c a l l y ,  e s p e c i a l l y - a f t a r  

rainstorms,  t o  check f o r  excess ive  r i l l  erosion.  If smal l  washouts occur,  

a d d i t i o n a l  mulch should be applied.  If g u l l i e s  form, a d d i t i o n a l  e ros ion 

measures should b e  considered t o  s t a b i l i z e  t h e s e  a r e a s  (see s e c t i o n  4.6 and 

Chapter VI) . Inspect ions  should  t a k e  p l a c e  u n t i l  vege ta t ion  is w e l l  

es tabl i shed.  



Spec i f i ca t ions  - Straw Mulch 

Descript ion.  This i tem s h a l l  c o n s i s t  of t h e  app l i ca t ion  of s t raw mulch 

t o  a r e a s  ind ica ted  on t h e  p lans  o r  a s  designated by t h e  engineer. Straw 

mulching w i l l  be acconpanied by a mulch anchoring t o o l  o r  a type of binder 

such a s  a s p h a l t  o r  a chemical binder t o  p r o t e c t  a g a i n s t  wind-blow. The speci- 

f i c  t y p e  of s t raw aulching method when required  w i l l  be s h w n  on t h e  plans.  

Materials.  Mater ia ls  f o r  s traw mulching s h a l l  c o n s i s t  of o a t s ,  bar ley ,  

wheat o r  r y e  and s h a l l  no t  conta in  noxious weeds. Straw o r  hay i n  such an 

advanced s t a t e  of decomposition a s  t o  impede t h e  app l i ca t ion  and e f f e c t i v n e s s  

of t h e  aulch  w i l l  no t  be accepted. Old dry s t raw which breaks excessively i n  

a crimping o r  blowing app l i ca t ion  w i l l  no t  be accepted. Straw mulch must be 

r e l a t i v e l y  moisture f r e e ;  water logged s t raw w i l l  not  be accepted. 

Construction Rsquirements. Af ter  seeding has  been conpleted, s t raw s h a l l  

be uniformly app l l ed  a t  t h e  r a t e  s h w n  on t h e  p lans  o r  a s  d i r e c t e d  by t h e  

engineer. It s h a l l  be anchored immediately a f t e r  spreading t o  prevent  

w indblow . 
Method of  Measurement. The q u a n t i t y  of s traw mulch t o  be measured under 

t h i s  item w i l l  be  t h e  a c t u a l  number of tons  based on t h e  a i r  dry weight of t h e  

s t raw mulch i n  accordance with t h e  preceding requirements. 

Basis of Payment. The accepted q u a n t i t i e s  f o r  s t raw mulching measured as  

provided above w i l l  be p a i d  f o r  a t  t h e  c o n t r a c t  u n i t  p r i c e  p e r  ton. 

Payment w i l l  be made under: 

PAY ITEM PAY UNIT 

Straw Mulching (amount) Ton 

Binding mate r i a l s  required  w i l l  be measured and p a i d  f o r  i n  accordance 

wi th  t h a t  spec i f i ca t ion .  Water required  w i l l  n o t  be p a i d  f o r  a s  a separa te  

i tem un less  s p e c i f i e d  f o r  separa te ly  i n  t h e  plans.  



Specif icat ions  - Woodchip Mulch 

Description. This item s h a l l  consis t  of the appl icat ion of woodchip 

mulch t o  areas  indicated on the plans o r  a s  designated by the  engineer. The 

spec i f i c  type of woodchip mulching method when required w i l l  be shown on the 

plans . 
m t e r i a l s .  Materials f o r  woodchip nulching s h a l l  cons is t  of coarse, 

chipped wood and s h a l l  not contain sand o r  gravel. Smal l  wood residue par- 

t i c l e s ,  such a s  shavings o r  sawdust, w i l l  not  be accepted. 

Construction Requirements. After seeding has been completed, woodchips 

s h a l l  be uniformly applied a t  t he  r a t e  shown on the plans o r  a s  d i rec ted  by 

the  engineer. 

Method of Measurenrent. The quanti ty of woodchip m l c h  t o  be measured 

under t h i s  item w i l l  be the  ac tua l  number of tons based on t h e  a i r  dry weight 

of t h e  woodchip mulch i n  accordance with t h e  preceding requirments .  

Basis of Payment. The accepted quan t i t i e s  f o r  woodchip mulching measured 

as provided above w i l l  be paid f o r  a t  the  contract  un i t  p r ice  per  ton. 

Payment w i l l  be made under: 

PAY ITEM 

Woodchip Mulching (amount) 

PAY UNIT 

Ton 



S p e c i f i c a t i o n s  - Stone Mulch 

Descript ion.  This  i tem s h a l l  c o n s i s t  of the  a p p l i c a t i o n  of s tone  nntlch 

t o  a r e a s  ind ica ted  on t h e  p l a n  o r  a s  designated by t h e  engineer. Stone mulch 

may be incorpora ted  with t h e  t o p s o i l  app l i ca t ion  during t h e  f i n a l  grading of 

t h e  s i t e .  Enough f ine-grained mate r i a l  w i l l  be provided e i t h e r  i n  the  s o i l  

l a y e r  beneath t h e  mulch o r  i n  t h e  mulch-soil mix t o  maintain adequate moisture 

and n u t r i e n t  supply. The s p e c i f i c  gradation,  type,  a p p l i c a t i o n  method, and 

q u a l i t y  of s tone  mulch when requ i red  w i l l  be shown on t h e  plans.  

Materials .  The grading and composition requirements Lor coa r se  and f i n e  

aggregates f o r  s t o n e  mulch a r e  set f o r t h  i n  Table 4.4. The s t o n e  mulch 

m a t e r i a l  s h a l l  provide a s u i t a b l e  medium f o r  p l a n t  g r w t h .  Stone mulch 

m a t e r i a l  rust be such t h a t  it i s  no t  tox ic ,  usua l ly  between pH 6.0 t o  7.0.  

Acid mate r i a l  w i l l  n o t  be accepted. Stone mulch s h a l l  be f r e e  of excessive 

q u a n t i t i e s  of  r o o t s ,  branches, c lods  of e a r t h ,  o r  t r a s h  of  any kind. 

Construct ion Requirements. Stone m l c h  s h a l l  be uniformly app l i ed  a t  t h e  

r a t e  shown on t h e  p l a n s  o r  a s  d i r e c t e d  by t h e  engineer. It i s  necessary t o  

compact t h e  s tone  m l c h  t o  ensure  good c o n t a c t  wi th  t h e  underlying soi l  and t o  

o b t a i n  a l e v e l  seedbed. Dense compaction by heavy equipment should be 

avoided. 

t%thod of Measurement. Stone m l c h  w i l l  be measured by t h e  ton. 

Basis  of Payment. The accepted q u a n t i t i e s  of s tone  mulch of t h e  type 

s p e c i f i e d  w i l l  be p a i d  f o r  a t  t h e  c o n t r a c t  p r i c e  p e r  ton. 

Payment w i l l  be made under: 

PAY ITEM PAY U N I T  

Stone Mulch ( t y p e  and amount) Ton 

Haul for s t o n e  mulch w i l l  be measured and p a i d  f o r  a s  a s e p a r a t e  item. 

When t o p s o i l  is combined wi th  s t o n e  m l c h ,  it w i l l  be measured and p a i d  f o r  a s  

a s e p a r a t e  item. 



Table 4.4. Stone Mulch Aggregate Gradation Table 
Percentages Passing Designated Sieves 
and Nuninel S i z e  Deslgnatlon. 

Coarse Aggregates (Frm AASHTO M 43) 
-0.3 CNo. 4 No. 6 *No. 57 *No. 6 7  *No. 357 Wo. 467 

S i eve 1-1 12" 3/an 3/4" to 1-1/ZW to 
s i z e  2 " t o l W  t o 3 / 4 "  t o 3 / 8 "  l W t o # 4  H 2" to 14 #4 



4.4 Design o f  Hydraulic Mulches 

Hydraulic mulching ( o r  hydromlching) i s  a mulch app l i ed  i n  a  water 

s l u r r y  by commercially a v a i l a b l e  equipment (F igure  4 .13) .  m e  s l u r r y  mixture 

i s  composed of  small s i z e  wood f i b e r s  o r  recycled paper. After  t h e  mulch has 

d r i e d  on t h e  s lope ,  i t  forms a s t a b l e  matted layer .  Commonly used wood f i b e r s  

a r e  a l d e r ,  aspen, and western hemlock. Recycled paper products  include o f f i c e  

w a s h .  corrugated boxes, and chopped newspaper. Agr icu l tu ra l  products  sucn a s  

ground r i c e  h u l l s ,  ground c e r e a l  s t raw,  washed d a i r y  waste, and ir l falfh 

pellets have been t e s t e d  and found unsa t i s fac to ry .  Only wood f i5er and 

recycled  paper products  a r e  recommended a s  hydrau l i c  nulch i n  t h i s  manual. 

The mulch p a r t i c l e s  must not  be  t o o  buoyant and should remain i n  suspension 

wi th  moderate ag i t a t ion .  The s l u r r y  may a l s o  con ta in  seed, f e r t i l i z e r ,  and 

o t h e r  s o i l  amendments. Hydraulic mulching has  a  low l a b o r  requirement s i n c e  a 

nunber o f  r evege ta t ion  requirements can be  combined i n t o  a s i n g l e  s tep .  

S ince  t h e  i n d i v i d u a l  p a r t i c l e s  of  an hydraul ic  mulch a r e  small ,  they  must 

b ind t o  t h e  s l o p e  and o t h e r  p a r t i c l e s  i n  t h e  s l u r r y  t o  form an e f f e c t i v e  

mulch. I f  t h e  s l u r r y  i s  t o o  d i l u t e  t h e  b inding e f f e c t  w i l l  no t  be achieved 

and t h e  mulch w i l l  n o t  be a b l e  t o  withstand r a i n f a l l  and wind. In genera l ,  

hydrau l i c  mulches w i l l  n o t  be  e f f e c t i v e  i n  a r e a s  where i n t e n s e  r a i n f a l l  i s  

canmon because t h e  mulch m a t  breaks a p a r t  and i s  washed away. 

Design Information 

A s  wi th  o t h e r  mulches, t h e  performance o f  a  hydraul ic  mulch i n  

c o n t r o l l i n g  e ros ion  depends on t h e  amount of  groundcover provided by a c e r t a i n  

a p p l i c a t i o n  r a t e  o f  t h e  mulch. For hydrau l i c  mulches t h e  d r y  u n i t  weight 

should b e  used i n  determining t h e  amount o f  cover. The coverage of hydraul ic  

mulches i s  t h e  samh a s  t h a t  o f  s t r aw and can be determined from Figure 

4.1 s e c t i o n  4.3 f o r  a n  a p p l i c a t i o n  r a t e  i n  tons/acre.  The maximum r a i n f a l l  

i n t e n s i t y  which a hydrau l i c  mulch can withstand must a l s o  be determined. T h ~ s  

i s  done by us ing  t h e  nomograph i n  Figure  4.14. The nomograph i l l u s t r a t e s  an 

example where a 1.7 ton/acre  a p p l i c a t i o n  r a t e  provides t h e  in tended cover up 

t o  a r a i n f a l l  i n t e n s i t y  o f  1.8 In f i r .  Wood f i b e r  a lone  w i l l  maintain i ts  

binding s t r e n g t h  f o r  s e v e r a l  weeks t o  resist t h e  r a i n f a l l  i n t e n s i t y  de terniaed 

i n  t h e  nomograph. If  longer-term pro tec t ion  i s  required ,  a  mulch b inder  should 

b e  added t o  t h e  s l u r r y  (see Design Information, s e c t i o n  4 .6 ) .  



. F i g u r e  4 .13.  Hydraulic mulching spreader to  be 
mounted on a tra i ler  or truck 
frame (from USDA Forest Service, 
1979).  



HYDRAULIC MULCH APPLICATION RATE 

(tons /acre) 

RAINFALL INTENSITY, I (inches/hour) 

Figure 4.14. Xaximum allowable ra infa l l  intensity 
for hyaraulic mulches (from Simons, 
Li & Associates, Inc. , 1982) . 



Planning Considerations 

Hydraulic mulches are  vulnerable t o  intense r a in fa l l .  This factor  should 

be considered careful ly  when designing a hydraulic mulch. I f  the application 

r a t e - o r ' a X y d r a u l i c  mulch becomes large in order t o  meet the r a i n f a l l  inten- 

s i t y  requirement, it w i l l  probably be more economical t o  specify a straw, 

stone or woodchip mulch. With heavy applications of hydraulic m l c h ,  seeds 

applied w i t h  the  mulch w i l l  "hang upn i n  the mulch and not germinate properly. 

This can be ,particularly damaging on a r i d  and semi-arid sites since premature 

germination w i l l  occur and the seedlings w i l l  soon die  from lack of adequate 

moisture. A s  with other mulches, hydraulic mulching should be timed as  near 

a s  possible  t o  a date when adequate moisture w i l l  be avai lable  t o  susta in  

p l an t  g r o w t h .  An important property of mulch is its moisture-holding capa- 

c i ty .  Hydraulic mulches should w e t  e a s i l y  when mixed in the  slurry.  In  

general, products with long f i b e r s  and good binding cha rac t e r i s t i c s  w i l l  a l so  

have a high moisture-holding capacity. 

When recycled paper is used i n  hydraulic mulching, "sl ick" grades of 

paper (magazines) should be removed from the mulch. Thesa-grades contain 

c lays  which reduce the s t a b i l i t y  of the  mulch s iqnif icant ly .  Tka inorganic 

matter content (ash)  of the  hydraulic mulch should be l e s s  than 7 percent by 

weight t o  overcome t h i s  problem. 

Hydraulic mulch should not contain boric  acid  or  borate as  a f i r e  re tar-  

dant, since it is a very e f f ec t ive  s o i l  s t e r i l a n t .  Hydraulic mulches often 

contain dyes which a id  in obtaining an even d is t r ibu t ion  of the mulch and 

these do not r e t a rd  p lan t  growth. 

In-Service Performance 

A l l  m l c h e s  should be inspected per iodical ly ,  especial ly  a f t e r  

rainstorms, to check f o r  excessive rill  erosion. I f  s m a l l  washouts occur, 

addi t iona l  nnrlch should be applied. I f  large gu l l i e s  form, addi t ional  erosion 

measures should be considered t o  s t a b i l i z e  these areas ( see  Chapter V I ) .  

Inspections should take place up u n t i l  grass is w e l l  established. 



Spec i f i ca t ions  - Hydraulic xulch 

Descript ion.  This  i tem s h a l l  c o n s i s t  of t h e  app l i ca t ion  of hydraulic  

mulch t o  a r e a s  ind ica ted  on t h e  p lans  o r  a s  designated by t h e  engineer .  

Waterials.  Mater ia ls  f o r  hydraul ic  mulching s h a l l  c o n s i s t  of wood f i b e r  

o r  recycled  paper. Recycled paper s h a l l  conta in  less than seven pe rcen t  

inorganic  matter  by weight. The m l c h  s h a l l  n o t  conta in  any substance which 

might i n h i b i t  germination o r  growth of g rass  seed. Hydraulic mulch s h a l l  be 

dyed an appropr ia t e  c o l o r  t o  al low v i s u a l  metering of i t s  app l i ca t ion .  The 

f i b e r s  s h a l l  have t h e  proper ty  of becoming evenly d ispersed  when a g i t a t e d  i n  

water. 

Construct ion Requirements. Wood f i b e r  o r  recycled  paper s h a l l  be added 

a f t e r  t h e  propor t ionate  q u a n t i t i e s  of water and o t h e r  approved mate r i a l s  have 

been p laced i n  t h e  s l u r r y  tank.  A l l  ing red ien t s  s h a l l  be mixed t o  f o m  a 

homogeneous s l u r r y .  Using t h e  c o l o r  of t h e  mulch a s  a guide, t h e  opera to r  

s h a l l  apply t h e  s l u r r y  mixture i n  a uniform spray  over t h e  designated area.  

Unless otherwise ordered  f o r  s p e c i f i c  a reas ,  hydraul ic  m l c h  s h a l l  be app l i ed  

a t  t h e  r a t e  shown on t h e  plans.  

Hydraulic nulching s h a l l  no t  be done i n  t h e  presence of  f r e e  s u r f a c e  

water  r e s u l t i n g  from r a i n ,  melt ing snow o r  i r r i g a t i o n .  

Method of ?-feasurement. The q u a n t i t y  of hydraul ic  mulching t o  be measured 

under t h i s  item w i l l  be t h e  a c t u a l  number of t o n s  of mulch m a t e r i a l  app l i ed  i n  

accordance with t h e  preceding requirements. 

Basis of Payment. The accepted q u a n t i t i e s  f o r  hydraul ic  mulching w i l l  be 

p a i d  f o r  a t  t h e  c o n t r a c t  u n i t  p r i c e  p e r  ton. 

Payment w i l l  be made under: 

PAY ITEM PAY UNIT 

Mulching (amount) Ton 

Water required f o r  hydraul ic  m l c h i n g  w i l l  n o t  be p a i d  f o r  s e p a r a t e l y  but  

s h a l l  be included i n  the work. Seed, f e r t i l i z e r  and o t h e r  soi l  amendments 

s h a l l  b e  p a i d  f o r  sepa ra te ly .  



4.5 Revegetation 

Permanent p l a n t  growth i s  t h e  b e s t  method of c o n t r o l l i n g  eros ion from 

s lopes .  A wide range of p l a n t  spec ies  a r e  a v a i l a b l e  t o  s u i t  many d i f f e r e n t  

s o i l  and c l i m a t i c  condi t ions .  Immediate eros ion c o n t r o l  needs can be 

s a t i s f i e d  by e s t a b l i s h i n g  a temporary cover of  small g r a i n s ,  g rasses ,  o r  leg- 

umes. Permanent vegeta t ion  which can be  es t ab l i shed  a f t e r  f i n a l  grading of an 

a r e a  w i l l  provide l o n p t e r m  eros ion contro l .  

Design Information 

The most important c h a r a c t e r i s t i c s  of  a revegeta ted  a r e a  f o r  aros ion pro- 

t e c t i o n  i s  t h e  amount of  cover provided by t h e  vegetat ion.  Unlike mulches, 

t h e  amount o f  cover provided by vegeta t ion  cannot be r e l a t e d  t o  t h e  g ross  

weight of p l a n t  mater ia l .  Vegetat ive cover w i l l  vary depending on t h e  spec ies  

of p l a n t ,  and t h e  d e n s i t y  and he igh t  of t h e  p l a n t s .  P l a n t  he igh t  and dens i ty  

w i l l  a l s o  va ry  depending on s p o i l  and t o p s o i l  condi t ions  a t  t h e  s i t e .  

Measurements can be  obta ined us ing  a vege ta t ive  sampling p l o t  frame (30 x 

30 inches,  cover ing  6.25 sq .  f t.) and a g r i d  frame ( 15 x 15 inches)  c o n s i s t i n g  

of  100 cells (1.5 x 1.5 inches  each) (F igure  4.15). The g r i d  frame i s  used t o  

sample quandrants wi th in  t h e  p l o t  frame. Two methods a r e  commonly used i n  

ob ta in ing  d a t a  from t h e  p l o t  and g r i d  frame. The f i r s t ,  a p o i n t  h i t  method, 

u t i l i z e s  a metal  rod, o r  "pin", beginning i n  t h e  upper l e f t  c e l l .  The p i n  i s  

lowered i n  t h e  corner  o f  every second c e l l  a long a row and every o t h e r  rw 

with in  t h e  frame, producing a t o t a l  of 25 p o i n t s  ( o r  25 pe rcen t  of  t h e  p l o t ) .  

A l l  f i r s t  h i t s  from t h e  g r i d  t o  t h e  p l a n t  canopy a r e  recorded f o r  each of t h e  

25 p o i n t s  i n  t h e  quadrant.  The frame i s  then moved t o  each remaining quadrant 

u n t i l  100 p o i n t s  (100 pe rcen t )  have been lowered and recorded. 

The second method, t h e  ce l l  count ,  r e q u i r e s  counting components ( i . e . ,  

cover,  ba re  ground, e t c .  1 i n  each o f  t h e  100 c e l l s  i n  t h e  g r i d  frame f o r  each 

quadrant.  Thus, every  ce l l  i s  equivalent  t o  25 pe rcen t  of  t h e  t o t a l  p l o t .  

Th i s  method of  observat ion  r e q u i r e s  t h a t  each component occupy t h e  e n t i r e  a r e a  

o f  a c e l l  t o  b e  recorded a s  "1". The ce l l  is  recorded a s  "0.5" when only ha l f  

of  t h e  c e l l  i s  occupied. Ind iv idua l  canponents a r e  then averaged over t h e  

four  quadrants  t o  y i e l d  a percentage value  f o r  t h e  p l o t .  Crown cover i s  iden- 

t i f i e d  a s  normal f o l i a g e  cover f o r  eacn p l a n t .  



frame 

Figure 4.15. Sampling plot frame and g r i d  frame 
covering one quadrant of t!!e sample 
p l o t .  



The p l o t  and g r i d  frame methods a r e  s u i t a b l e  f o r  smal ler  vegetat ion which 

i s  f a i r l y  dense. For l a r g e r  vegeta t ion  o r  very sparse  condi t ions  a t r ansec t  

method is o f t e n  recommended ( s e e  Figure 4.16). F i r s t ,  fou r  100-foot l i n e s  a r e  

extended i n  random d i r e c t i o n s  through t h e  sample area.  Severa l  methods of 

genera t ing  random d i r e c t i o n s  a r e  poss ib le  but b i a s  i s  avoided i f  a s tandard 

t a b l e  of random numbers i s  used. Four random numbers a r e  s e l e c t e d  from the  

t a b l e  (see Spiegel ,  1975, Chapter 5 ,  Random Numbers) with a value between zero 

and one. These a r e  then mul t ip l i ed  by 360 t o  give the  bearings f o r  each tran-  

s e c t .  Then, by walking along each l i n e ,  t h e  canopy of any vegeta t ion  which 

c rosses  t h e  l i n e  i s  v i s u a l l y  p ro jec ted  onto  t h e  l i n e .  The canopy lengths  a r e  

t a l l i e d  f o r  each l i n e  and then averaged over t h e  four  l i n e s  t o  y i e l d  a percent  

cover value f o r  t h e  area .  

Once experience is  gained i n  sampling cover dens i ty ,  t h e  need f o r  the  

above methods w i l l  decrease. Experienced personnel w i l l  be a b l e  t o  make 

accura te  v i s u a l  assessments of cover dens i ty .  An example of changes i n  cover 

from t h e  f i r s t  t o  4 t h  year  f o r  g r a s s  s t ands  is i l l u s t r a t e d  i n  Figure 4.17. If  

unusual condi t ions  a r e  encountered, such a s  evaluat ion  of new spec ies  o r  s o i l  

condi t ions ,  more d e t a i l e d  methods should be used. Cover es t imates  f o r  design 

should always r e f l e c t  t h e  p o s s i b l e  reduct ion  i n  cover due t o  condi t ions  such 

a s  drought, graz ing o r  o the r  f a c t o r s  which might damage t h e  cover. Cover 

es t imates  based on c a r e f u l l y  maintained reference  p l o t s  a r e  not  acceptable  f o r  

es t imat ing  erosion.  Rather, random measurements over t i m e  and space give a 

b e t t e r  i n d i c a t i o n  of p o t e n t i a l  erosion.  For a complete desc r ip t ion  of tech- 

niques t o  measure and analyze revegeta t ion  and s t a b i l i z a t i o n  of a mined a rea ,  

s e e  Cook and Bonham (1977),  Packer e t  a 1  (19781, ,Miher & Hughes (19681, U.S.  

Fo res t  Service ( 1958 ) , Vogel ( 1981 1 ,  and Cook e t  a 1  ( 1974) . 
Planning Information 

Areas which must be s t a b i l i z e d  a f t e r  t h e  land has been d is turbed requ i re  

vege ta t ive  cover. h a  most common and economical means of e s t a b l i s h i n g  t h i s  

cover is by seeding g rasses  and legumes. Advantages of seeding over o the r  

means of e s t a b l i s h i n g  p l a n t s  inc lude  t h e  smal l  i n i t i a l  establishment c o s t ,  t h e  

wide v a r i e t y  of g rasses  and legumes a v a i l a b l e ,  lcw labor  requirement, and ease  

of  establishment i n  d i f f i c u l t  a reas .  Disadvantages which must be d e a l t  with 

a r e  t h e  p o t e n t i a l  f o r  eros ion dur ing t h e  establishment s t age ,  a need t o  reseed 

a r e a s  t h a t  f a i l  t o  e s t a b l i s h ,  and a need f o r  water and appropr ia t e  c l i m a t i c  

condi t ions  dur ing  germination. 



Figure 4.16. Transect  method of determining 
ground cover. 



Figure 4.17. Grass stands, such as creeping red fescue, 
1st (left) and 4Lh ( r i g h t )  growing 
seasons. 



There a r e  s o  many va r rab les  i n  p l a n t  growth t h a t  an end product cannot be 

guaranteed. However, match can be done i n  t h e  plannrng s t a g e s  t o  increase the  

chances f o r  success fu l  seedmg. Se lec t ion  of the  r i g h t  p l a n t  ma te r i a l s  and 

spec ies  f o r  t h e  s i t e ,  good seedbed preparation, and conscientaous marntenance 

a r e i m p o r t a n t .  An important set  of g u r d e l u e s  t o  assist i n  crLr+cal area 

p lan t ing  dec i s ions  i s  a v a i l a b l e  from some s t a t e  SCS o f f i c e s .  These t echn ica l  

guidel ines  de f ine  spec ies ,  seeding t imes,  t o p s o r l  condi t ions ,  and o the r  cra- 

t e r r a  p e r t i n e n t  t o  p a r t i c u l a r  regions  wi th in  a s t a t e .  

The adapted spec ies  (whether na t ive  o r  introduced) should be chosen by a 

vegeta t ion  s p e c i a l i s t  who is f a m i l i a r  with pos t  mining land use a f f e c t i n g  

revegetat ion.  Species s e l e c t i o n  is  complex and involves a t r a d e o f f  of many 

i n t e r a c t i n g  fac to r s :  l e g a l  requirements, r e h a b r l i t a t i o n  ob jec t ives ,  timing, 

s p e c i e s  compa t ib i l i ty ,  seed  a v a i l a b i l i t y ,  maintenance, and cos t .  For example, 

a vege ta t ive  s p e c i a l i s t  must understand t h e  laws f o r  a p a r t i c u l a r  a rea  whrch 

may a f f e c t  importat ion of seeds and use of n a t i v e  and introduced species ,  even 

though both types can success fu l ly  adapt  t o  a d i s tu rbed  s i t e .  A vegeta t ion  

s p e c i a l i s t  m u s t  be knowledgeable about the type  of minesoil  a t  a p a r t i c u l a r  

s i t e  because c h a r a c t e r i s t i c s  such a s  t e x t u t e ,  depth,  s lope ,  a spec t  and p H  w i l l  

a f f e c t  spec ies  se lec t ion .  F i e l d  observat ion  and revegeta t ion  experience of 

o t h e r s  a r e  va luable  i n  developing c r i t e r i a  f o r  s e l e c t i o n  of adaptable species .  

Proper seedbed p repara t ion  of t h e  minesoil  provides an optimum environment f o r  

seed gennination and seed l ing  growth. The roo t ing  medium must be loose  enough 

f o r  water i n f i l t r a t i o n  and r o o t  penet ra t ion .  For example, s a l t  a f f e c t e d  s o i l s  

w i l l  r e q u i r e  a gypsum o r  CaC12*H20 t rea tment  t o  inc rease  s o i l  permeabi l i ty  

and s t r u c t u r e  conducive t o  p l a n t  growth. The pH ( a c i d i t y  and a l k a l i n i t y )  of 

t h e  s o i l  must be such t h a t  it is not  t o x i c  and n u t r i e n t s  a r e  a v a i l a b l e ,  

u s u a l l y  between pH 6.0-7.0. 

S u f f i c i e n t  n u t r i e n t s  m u s t  be p resen t  and i f  necessary a r e  added durrng 

t h e  es tabl i shment  per iod  a s  n i t rogen,  phosphorus and potassium f e r t i l i z e r .  

The a d d i t i o n  of lima is equal ly  a s  important a s  applying f e r t i l i z e r .  Lime is 

b e s t  known as a pH, o r  a c i d i t y  modifier ,  but  it a l s o  supp l i e s  calcium and 

magnesium which a r e  p l a n t  n u t r i e n t s .  Its e f f e c t  on pH makes o t h e r  n u t r i e n t s  

more a v a i l a b l e  t o  t h e  p lan t .  I t  can a l s o  prevent  aluminum t o x i c i t y  by making 

aluminum less so lub le  i n  t h e  s o i l .  



The use of mulch is  of value during t h e  germination and seeding 

establishment s t ages  of revegeta t ion .  Mulch w i l l  hold moisture, modify tem- 

pe ra tu re  extremes, and reduce eros ion while seedl ings  a r e  growing. 

I r r i g a t i o n  may be used a s  a temporary measure t o  enhance germination, 

e s t a b l i s h  cover and bu i ld  up s o i l  moisture. In some cases,  i r r i g a t i o n  can 

be used judiciously t o  leach s a l t s  from the  minesoil  and s p o i l .  However, it 

i s  important t o  plan t h e  t o t a l  revegeta t ion  program so t h a t  t h e  p l a n t  com- 

munity w i l l  eventual ly  maintain i t s e l f  under n a t u r a l  condi t ions .  

I r r i g a t i o n  should be considered f o r  establishment when: less than 10 

inches of p r e c i p i t a t i o n  a r e  received annually,  acquired water r i g h t s  allow use 

of  i r r i g a t i o n  water, and water requirements of the  s e l e c t e d  spec ies  d i c t a t e  

t h a t  i r r i g a t i o n  be used. Al te rna t ive ly ,  i r r i g a t i o n  may be p r a c t i c a l  i n  a reas  

r ece iv ing  g r e a t e r  than 10 inches of annual p r e c i p i t a t i o n  i f  water is r e l a t i -  

ve ly  inexpensive and a v a i l a b l e  f o r  use and i f  i r r i g a t i o n  w i l l  improve t h e  

scheduling of revegetat ion.  The amount and schedule of i r r i g a t i n g  depend on 

s i t e - s p e c i f i c  condi t ions  and should be assessed by t h e  vegeta t ion  s p e c i a l i s t .  

S t a t e  guidel ines  t o r  optirmnn i r r i g a t i o n  a r e  o f t e n  a v a i l a b l e  from s t a t e  o r  

l o c a l  agencies. 

Even with w e l l  planned seeding programs, f a i l u r e  can occur due t o  a com- 

b ina t ion  of many f a c t o r s ,  inc lud ing  c l i m a t i c  condit ions.  When p l a n t s  f a i l  t o  

germinate, t h e  s i t e  should be  reseeded immediately t o  prevent  erosion.  

Addit ional  d a t a  requirements and appropr ia te  sources  of information t o  

inc rease  t h e  l ike l ihood  of success fu l  revegeta t ion  a r e  l isted i n  sec t ion  3.5. 

In-Service Perf ormance 

N e w  seedl ings  should be suppl ied  with adequate moisture, e spec ia l ly  

dur ing  abnormally h o t  o r  dry weather, o r  on adverse s i t e s .  Revegetated s i t e s  

should be inspected  f o r  f a i l u r e  and t h e  necessary r e p a i r s  and reseeding made 

wi th in  t h e  rame season, i f  poss ib le .  If poor p l a n t  cover r e s u l t s ,  t he  choice 

of  p l a n t  ma te r i a l  aa w e l l  a s  t h e  q u a n t i t i e s  of lime and f e r t i l i z e r  should be 

re-evaluated. A s i t e  s p e c i f i c  soil t e s t  f o r  s o i l  n u t r i e n t s  is  recommended t o  

t e s t  f o r  a c i d i t y  and n u t r i e n t  imbalances. Seedlings should be f e r t i l i z e d  a s  

r equ i red  a f t e r  p l a n t i n g  t o  i n s u r e  proper s tand densi ty.  



If severe r i l l  o r  g u l l y  eros ion occurs on the  s i t e ,  the  use o f  other ero- 

s i o n  control  measures should be evaluated ( s e e  Chapter V I ) .  A l l  s i t e s  should 

be inspected per iod ica l ly ,  e s p e c i a l l y  a f t e r  rainstorms, f o r  excess ive  r i l l  

erosion.  If small washouts occur, mulch and seed should be applied. 



Spec i f i ca t ions  - Revegetation 

Description. This work s h a l l  cons i s t  of furnishing and spreading 

f e r t i l i z e r s ,  s o i l  preparat ion,  furnishing and d r i l l i n g  o r  sowing seed in  

accordance with these  spec i f i ca t ions  and accepted h o r t i c u l t u r a l  p rac t i ce ,  and 

i n  reasonably c lose  conformity with the  locat ions  and d e t a i l s  on plans or  as  

designated. 

Materials .  Containers o r  bags of seeds s h a l l  be labeled t o  show the  

supp l ie r ,  seed name, l o t  number, weight, o r i g i n ,  pounds of Pure Live Seed 

(PLS) and o the r  information required by t h e  vegetat ion s p e c i a l i s t  t o  insure 

t h a t  t h e  seeds have been t e s t e d  a t  a recognized seed t e s t i n g  laboratory s i x  

months p r i o r  t o  t h e  del ivery  date. W e t ,  moldy o r  damaged seeds a r e  not accep- 

t ab le .  Seed and seed l a b e l s  should conform t o  current  Federal and s t a t e  requ- 

l a t ions .  I f  a v a i l a b l e  seeds do not meet PLS requirements, addi t ional  

q u a n t i t i e s  of seed m u s t  be furnished t o  equal the  spec i f i ed  product. 

Applicat ion r a t e s  of seeds s h a l l  be based on PLS. 

When t h e  use of f e r t i l i z e r  f o r  seeding is ca l l ed  f o r  on plans,  it s h a l l  

c o n s i s t  of a s tandard form o r  mixture of s tandard forms. Other fonns may be 

used only i f  wr i t t en  request  is submitted by a contrac tor  and permission is 

granted. 

Construction Requirements. The t i m e  of seeding s h a l l  be r e s t r i c t e d  t o  

t h e  times s p e c i f i e d  by a vegetat ion s p e c i a l i s t .  Seeding a t  any t i m e  o ther  

than t h e  times c i t e d  above s h a l l  be allowed only when the  contrac tor  submits a 

w r i t t e n  reques t  and permission is granted. S o i l  preparat ion,  f e r t i l i z e r ,  and 

seeding s h a l l  follow t h e  s p e c i f i c a t i o n s  and requirements set f o r t h  by the  

vegeta t ion s p e c i a l i s t  unless an a l t e r n a t i v e  means as described and requested 

by t h e  con t rac to r  is approved. Seeded areas  damaged due t o  circumstances 

beyond t h e  c o n t r o l  of the con t rac to r  s h a l l  be repaired and reseeded. Payment 

f o r  t h i s  work s h a l l  be a t  the con t rac t  pr ices .  

Method of Measurement. The quan t i ty  of seeding t o  be measured w i l l  be Ln 

a c t u a l  punda of PLS according t o  t h e  &ove requirements, completed and 

accepted. The quan t i ty  of f e r t i l i z e r  t o  be measured w i l l  be the  ac tua l  pounds 

of t h e  a v a i l a b l e  n u t r i e n t s  placed in accordance with the  foregoing require- 

nents ,  completed and accepted. 



Basis of Payment. The accepted q u a n t i t i e s  f o r  seeding, s o i l  prepara t ion  

and f e r t i l i z e r ,  measured a s  provided above, w i l l  be p a i d  f o r  a t  t h e  c o n t r a c t  

u n i t  p r i ce .  Payment w i l l  be made under: 

PAY ITEM PAY UNIT 

Seeding Pound 

F e r t i l i z e r  Pound 

S o i l  p repara t ion  Acre 

Payment f o r  water r e q u i r m e n t s  s h a l l  be according t o  w r i t t e n  agreement 

between con t rac to r  and contrac tee .  



4.6 Design of Mulch Binders 

Straw mulch is an extremely e f f e c t i v e  su r face  p ro tec t ion  measure but  can 

be damaged by wind unless  secured t o  t h e  s o i l  surface.  Severa l  methods of 

secur ing  s t raw mulch t o  t h e  su r face  a r e  a v a i l a b l e  inc luding crimping, r o l l i n g ,  

chemical b inders ,  and f a b r i c  ne t t ing .  Crimping is accomplished with com- 

merical  machine implements which u t i l i z e  b lun t ,  notched d isks .  Disks a r e  

forced i n t o  t h e  s o i l  by a weighted tractor-drawn carr iage .  Crimping can be 

accomplished on s lopes  of up t o  20 percent  and is done p a r a l l e l  t o  t h e  contour 

of t h e  slope.  Hard, over compacted s o i l s  w i l l  no t  be penet ra ted  by a crimper, 

and should be t i l l e d  o r  s c a r i f i e d  before seeding and mulching begin. Rolling 

o r  "punching" is a l s o  accomplished with a s p e c i a l l y  designed commercial 

machine implement. F b l l e r s  conta in  staggered rows of one inch s t e e l  p l a t e  

s t u d s  which a r e  s i x  inches a p a r t  spaced every e i g h t  inches. Studs a r e  rounded 

s o  t h a t  s t raw w i l l  no t  be withdrawn from the  s o i l  during t h e  punching process. 

Chemical binders a r e  a common means of holding straw on s t eeper  s lopes  

which cannot be reached by crimping or  r o l l i n g  equipment. Chemical binder 

products  can be grouped based on t h e  type  of substances used t o  make up the  

binder. Three groups of substances a r e  p resen t ly  on t h e  market: 1 )  a spha l t  

emulsions, 2 )  n a t u r a l  organic  substances,  and 3 )  s y n t h e t i c  emulsions. 

Chemical binders a r e  e i t h e r  app l i ed  over t h e  t o p  of s traw o r  simultaneously 

wi th  t h e  s t r a r b l o w i n g  operat ion.  

A v a r i e t y  of n e t s  a r e  a v a i l a b l e  t o  hold straw i n  p lace ,  inc luding j u t e  

mat, p l a s t i c  ne t t ing ,  woven c r a f t  paper, and p l a s t i c  mat. U s e  of t h e s e  pro- 

duc t s  is usua l ly  reserved f o r  very s t e e p  s lopes  o r  s p e c i a l  e ros ion condi t ions  

such a s  r e p a i r  of g u l l y  eroded slopes.  The products  can a l s o  be used a s  a 

channel l i n i n g  i n  d ive r s ion  and conveyance channels (see Chapter V I ) .  These 

products  must be anchored a t  enough p o i n t s  t o  prevent  t h e  n e t  from whipping i n  

t h e  wind and the s t raw mulch from being blown away. 

Design Information 

Mulch b inders  a lone  do not  c o n t r o l  e ros ion bu t  they do p lay  an important 

r o l e  i n  eros ion c o n t r o l  by p r o t e c t i n g  straw mulch from wind-blow. The design 

c r i t e r ium used i n  t h i s  manual f o r  mulch binding products  is  t h a t  a t  a wind 

speed of 80 miles per hour, 50 percent  of the  straw should remain on t h e  

s lope. 



Crimping and Rollinq. When straw i s  mechanically secured t o  the  s o i l  

su r face  by crimping o r  r o l l i n g  implements it w i l l  be e f f e c t i v e l y  protec ted  

from wind-blow. Straw should pene t ra te  t h e  s o i l  a t  l e a s t  th ree  inches t o  be 

e f f e c t i v e .  Equipment used i n  mechanically secur ing mulch can perform on 

s lopes  of 20 percent  and on s h o r t  s lopes  of up t o  30 percent .  

Chemical Binders. Three groups of chemical blnders have been i d e n t i f i e d  

f o r  use with t h i s  manual. These a r e  a spha l t  emulsionsr n a t u r a l  organic 

substances,  and s y n t h e t i c  emulsions., Asphalt emulsions used f o r  mulch binders 

a r e  t h e  same type and grade a s  t h a t  used f o r  tack coa t s  on roadway paving. 

Asphalt emulsion is near ly  i n e r t  i n  t h i s  app l i ca t ion  and does not  i n t e r f e r e  

with germination o r  p l a n t  growth. Natural  organic substances a r e  derived from 

t h e  gum ex t rac ted  from various p l a n t s  (guar  and p lan ta in  a r e  p l a n t s  commonly 

used) o r  semi-refined seaweed e x t r a c t s .  Wood f i b e r  alone (used i n  hdyraulic  

mulching) is an e f f e c t i v e  short-term binder,  bu t  the  binding p roper t i e s  per- 

sist f o r  only a few weeks. Synthet ic  emulsions a r e  commerically a v a i l a b l e  

products  commonly used i n  making adhesives and pain ts .  Amoung the  syn the t i c  

emulsions used are polyvinyl  a c e t a t e  homopolymers o r  v iny l  a c r y l i c  copolymers, 

genera l ly  c a l l e d  PVA. Another chemical group of s y n t h e t i c  emulsions which is  

s i m i l a r  i n  e f fec t iveness  t o  PVA is a copolymer of methacrylates and ac ry la tes .  

Another chemical group which is  an e f f e c t i v e  binder is s ty rene  butadiene 

(SBR) . 
The e f fec t iveness  of a l l  chemical b inders  w i l l  i nc rease  a s  t h e  applica- 

t i o n  r a t e  increases .  M o s t  chemical b inders  can be app l i ed  during a blowing 

opera t ion  without any e f f e c t  on t h e i r  binding performance. Natural  organic 

substances,  howeverr a r e  not  compatible with commercial f e r t i l i z e r s  and 

r e q u i r e  a s e p a r a t e  app l i ca t ion .  Synthet ic  emulsions a r e  so ld  d ispersed  i n  a 

continuous aqueous phase, while organic substances a r e  s o l d  dry. Both a r e  

d i l u t e d  with water t o  achieve t h e  des i red  app l i ca t ion  r a t e .  Asphalt emulsions 

a r e  not  d i lu ted .  Table 4.5 g ives  recommended app l i ca t ion  r a t e s  f o r  chemical 

binders.  

Mulch Nettinq. Mulch n e t t i n g s  inc lude  products  such a s  ju te  m a t ,  

e x c e l s i o r  ( c u r l e d  wood), p l a s t i c  n e t t i n g ,  and woven paper ( a l l  a r e  provided i n  

r o l l s  which a r e  fas tened t o  t h e  s o i l  with wire s t a p l e s ) .  F iberglass  roving 

(which is  blown on with compressed a i r  and tacked with a s p h a l t  emulsion) is 

a l s o  a v a i l a b l e  a s  a nonbiodegradable s u b s t i t u t e .  Use of these  products 

r equ i res  high labor  inpu t s  f o r  i n s t a l l a t i o n  which can s u b s t a n t i a l l y  increase  



Table 4.5. Application Rates of Chemical Binders for 
Wind Stability Per Ton of Straw Mulch. 

Chemical Rate/Acre 

Asphalt Emulsion 500 gal. 

Natural Organic Substances 
Guar gum 45 lhs. 
Plantain gum 90 lbs. 
Seaweed extract 45 lbs. 

Synthetic Emulsions 
Polyvinyl acetate (PVA) 110 gal. 
Copolymer of methacrylates 

and acrylates 100 gal. 
Styrene butadiene copolymer 
emulsion 60 gal. 



the  c o s t  over o t h e r  mulch binding methods. Mulch n e t t i n g  provides some addi- 

t i o n a l  ground cover and hence increased p ro tec t ion  aga ins t  raindrop detach- 

ment. Erosion from beneath t h e s e  products is common, however, because they do 

no t  have c lose  contac t  with t h e  s o i l  sur face .  Usually t h e  more cover a  pro- 

duct  provides, t h e  more r i g i d  and d i f f i c u l t  i t  becomes t o  secure  the  n e t  c lose  

t o  t h e  s o i l .  

The cover f a c t o r ,  Cg, and roughness, Kg, can be modified i n  the  following 

manner t o  account f o r  an inc rease  i n  cover due t o  a  mulch ne t t ing .  F i r s t ,  a  

new cover f a c t o r  is computed us ing the  fol lowing equation 

where: Cg = t h e  cover f a c t o r  f o r  straw with n e t t i n g  

CS = t h e  cover f a c t o r  f o r  s t raw alone 

CN = t h e  cover f a c t o r  f o r  n e t t i n g  a lone  

Second, t h e  cover f a c t o r  used t o  determine t h e  roughness c o e f f i c i e n t ,  Kg, 

(F igure  4.2, s e c t i o n  4.2) is computed using t h e  following equation 

where: Gag = t h e  cover f a c t o r  used t o  determine t h e  roughness c o e f f i c i e n t  

Cs and Cg a r e  given above 

F = a f a c t o r  t o  account f o r  con tac t  with t h e  s o i l  su r face  where 

F = 0.0 f o r  poor con tac t  

F = 0.5 f o r  moderate con tac t  

F = 1.0 f o r  good con tac t  

Net t ing  cover f a c t o r s ,  CN, and con tac t  f a c t o r s  f o r  s e v e r a l  types  of net- 

t i n g s  a r e  given i n  Table 4.6. 

Planning Considerat ions 

Crimping o r  Rol l inp  of s t raw mulch is  s u i t a b l e  t o  e s t a b l i s h  good contac t  

wi th  t h e  s o i l  su r face  and prevent  wind-blow f o r  l a r g e  a r e a s  with moderate slo- 

pes. Hard s o i l s  should be t i l l e d  o r  s c a r i f i e d  p r i o r  t o  crimping and r o l l i n g  

opera t ions .  On s lopes  g r e a t e r  than 30 percent ,  o t h e r  mulch binding methods 

should be considered. Dry straw which breaks during,crimping w i l l  no t  be 

acceptable.  Straw should p e n e t r a t e  t h e  s o i l  su r face  by approximately th ree  

inches. Crimping a n a r o l l i n g  should be c a r r i e d  o u t  on t h e  contour of the  

slope.  



4 . 5 8  

T a b l e  4 . 6 .  N e t t i n g  C o v e r  and C o n t a c t  F a c t o r s .  

P r o d u c t  
C o v e r  

F a c t o r ,  CN 
C o n t a c t  

F a c t o r ,  F 

Jute Mat 0 . 4 0  1 .0  

E x c e l s i  or 0 . 8 0  0 . 5  

Woven P a p e r  ( c h e c k  w i t h  m a n u f a c t u r e r )  0 . 0  

P l a s t i c  N e t t i n g  0 . 0  1 0 . 0  



Chemical Binders require  proper dryrng conditions t o  be e f fec t ive .  ~ o g  

o r  r a i n  before t h e  binder has cured may damage the  binder and make i t  ineffec- 

t i ve .  Another r e s t r i c t i o n  on curlng 1s temperature. The mininum cur ing tem- 

pera ture  f o r  PVA is 56OP; t he  temperature i s  40°F f o r  SBR and na tura l  organrc  

substances. Chemical binders a r e  not toxic  t o  plants ,  even i f  sprayed 

d i r ec t l y  on them. Chemical binders must be appl ied e i t h e r  durrng o r  a f t e r  

mulching. Seed and nnrlch w i l l  wash off  i f  t h e  binder i s  applied before these  

operations. Another precaution when dealing with chemical binders is  t h a t  

they cannot be s to red  f o r  extended periods and w i l l  be damaged i f  s to red  a t  

f reez ing  temperatures ( s ee  manufacture information). 

Mulch Nettinq should be used f o r  small a reas  o r  t o  r epa i r  erosion damaged 

areas. Netting is usefu l  on s t eep  slopes which a r e  not access ible  t o  e u u i ~  

ment. Figure 4.18 i l l u s t r a t e s  inportant  appl icat ion requirements which must 

ba folla*ed when i n s t a l l i n g  naulch ne t t i ng  on slopes. 

In-Service Performance 

All naulches should be inspected per iod ica l ly ,  espec ia l ly  a f t e r  rain- 

s t o r m ,  t o  check f o r  excessiva r i l l  erosion. Where erosion is observed, addi- 

t i o n a l  mulch should be applied. Nett ing should be inspected a f t e r  rainstorms 

f o r  f a i l u r e .  If washouts occur, ne t t i ng  should be r e i n s t a l l e d  a f t e r  repa i r ing  

t h e  damage t o  t h e  slope. If g u l l i e s  form, addi t iona l  erosion measures should 

be considered t o  s t a b i l i z e  these  a reas  ( s e e  Chapter VI). Inspections should 

take  place up u n t i l  g rass  is wal l  established.  



Anchor Slot: Bury the up-channel end of the 
net i n  a 6" deep trench. Tamp the soil 
firmly. Staple a t  12" intervals across the 
net. 

E. me s t r ips  a t  leasr. 4". staple ( : . . . 

FLOW M 

Joininq S t r i ~ s :  Insert the new roll of net 
i n  a trench, as with the Anchor Slot. Over- 
lap the up-channel end of the previous roll 
18" and t u r n  the end under 6". Staple the 
end of the previous roll just below the 
anchor s lo t  and a t  the end a t  12" intervals. 

Check Slots: On erodible soils  or steep 
slopes, check s lo ts  should be made every 
15  feet.  Insert a fold of the net into a 
6" trench and tamp firmly. Staple a t  12" 
intervals across the net. Lay the net 
smoothly on the surface of the soil - do 
not stretch the net, and do n o t  allow 
wri nkl es. 

Anchorinq Ends A t  Structures: Place the 
end of the net i n  a 6" s lo t  on the up- - ~ -  

channel side of the structure. 
the trench and tamp f i  rnl 
Roll the net u p  the 
channel . Place staples 
a t  12" intervals a long  
the anchor end of the 
net. 

Fiqure 4.18. Instal lation of netting and mattinq (Conwed 
Products Brochure. I n  : VSWCC, 1980). 



Spec i f i ca t ion  - Ju te  Mat 

Descript ion.  This  time s h a l l  c o n s i s t  of furnishing,  preparing,  appiying, 

p l a c i n g  and secur ing j u t e  mat f o r  s u r f a c e  p r o t e c t i o n  on s lopes  o r  d i t c h e s  a s  

shown on t h e  p lans  o r  a s  d i r sc ted .  

Materials.  J b t e  m a t  s h a l l  c o n s i s t  of  heavy mesh of a  uniform open p l a i n  

weave of  unbleached, smolder r e s i s t a n t ,  s i n g l e  j u t e  yarn. The yarn s h a l l  be 

of  a  loose ly  twis t ed  cons t ruc t ion  having an average t w i s t  of n o t  l e s s  than 1.6 

t u r n s  p e r  inch and s h a l l  not  vary i n  th ickness  by more than one-half its nor- 

mal diameter. The j u t e  mesh s h a l l  be furnished i n  approximately 90-pound 

r o l l e d  s t r i p s  and s h a l l  meet t h e  fol lowing requirements: 

Length - approximately 75 yards.  Width - 48 inches p l u s  o r  minus 1 

inch. 78 warp ends p e r  width o f  c l o t h .  41 wef t  ends p e r  yard. Weight of 

c l o t h  t o  average 1.22 pounds p e r  l i n e a r  yard  wi th  a to le rance  of  p l u s  o r  minus 

5 percent .  

Construction Requirements. The b lanke t s  s h a l l  be  p laced i n  des ignated  

l o c a t i o n s  immediately a f t e r  seeding and mulching opera t ions  have been 

conpleted. 

The m a t e r i a l  s h a l l  be appUed smoothly but  loose ly  on t h e  soil  su r face  

without  s t r e t ch ing .  The upslope end of each p i e c e  o f  j u t e  mesh s h a l l  be 

bur ied  i n  a  narrow t rench  s i x  inches  deep. Af ter  t h e  j u t e  is buried,  t h e  

t r ench  s h a l l  be tamped f i rmly  closed.  

I n  cases  where one r o l l  of  j u t e  mesh ends and a second r o l l  s t a r t s ,  t h e  

upslope p i e c e  should be brought over t h e  bur ied  end of t h e  second r o l l  so  t h a t  

t h e r e  is  a 12 i n c h  over l ap  t o  form a junction s l o t .  

Where t w o  o r  more widths o f  j u t e  mesh a r e  app l i ed  s i d e  by s i d e ,  an  

over l ap  of  a t  l e a s t  four  inches  must be made. 

Check s l o t s  should be  made before  t h e  j u t e  mesh is r o l l e d  out .  A narrow 

t r e n c h  should be  dug ac ross  t h e  s l o p e  perpendicular  t o  t h e  d i r e c t i o n  of flow. 

A p i e c e  o f  j u t e ,  c u t  t h e  same l eng th  a s  t h e  t rench,  i s  folded lengthwise. The 

f o l d  is placed i n  t h e  t r ench  and t h e  t r ench  is  tamped closed. h e  p o r t i o n  of 

t h e  j u t e  remaining above ground i s  unfolded and l a i d  f l a t  on t h e  s o i l  sur face .  

Check s l o t s  w i l l  be spaced s o  t h a t  one check s l o t  o r  junct ion  s l o t  occurs  

wi th in  each 50 f e e t  o f  s lope .  

Overlaps which run down t h e  s lope ,  o u t s i d e  edges and c e n t e r s  s h a l l  be 

s t a p l e d  on 2-foot i n t e r v a l s .  Each width of j u t e  mesh w i l l  have a row of 



s t a p l e s  down t h e  c e n t e r  a s  w e l l  a s  a long each edge. Check s l o t s  and junction 

s l o t s  w i l l  be s t a p l e d  ac ross  a t  6 inch i n t e r v a l s .  

For e x t r a  hard s o i l ,  u se  sha rp  pointed  hardened s t e e l  3 inch fence type 

s t a p l e .  

The b lanket  must be  spread evenly and smoothly and be i n  con tac t  with t h e  

seeded a r e a  a t  a l l  poin ts .  

Method of Measurement. a t e  m a t ,  i nc lud ing  s t a p l e s ,  complete i n  p lace  

and accepted, w i l l  be measured by t h e  square yard of f i n i s h e d  surface .  No 

allowance w i l l  be made f o r  overlap.  

Basis of Payment. The accepted q u a n t i t i e s  of j u t e  m a t  w i l l  be  pa id  f o r  

a t  t h e  c o n t r a c t  u n i t  p r i c e  p e r  square yard. 

Payment w i l l  be made under: 

PAY ITEM 

J u t e  M a t  

PAY UNIT 

Square yard 



Specif icat ion - Excelsior Blanket 

Description. This item s h a l l  cons i s t  of furnishing,  preparing, applying, 

p lacing and securing excels ior  blanket f o r  surface protect ion on slopes o r  

d i tches  a s  shown on the  plans o r  a s  directed. 

Materials. Excelsior blanket s h a l l  cons i s t  of a machine-produced m a t  of 

80 percent curled wood excels ior ,  8 inch o r  longer f i b e r  length with con- 

s i s t e n t  thickness and the  f i b e r  evenly d i s t r ibu ted  over t he  e n t i r e  a rea  of the 

blanket. The top s i d e  of the  blanket s h a l l  be covered with a biodegradable 

extruded p l a s t i c  mesh. The blanket s h a l l  be made smolder r e s i s t an t .  

Width 

Length 

Weight per r o l l  

48 inches 2 1 inch 

180 f e e t  avg. 

78 IbS. - + 8 1bS. 

Weigth per  sq. yd. 0.875 lbs.  + 10 percent - 
Square yds. per  r o l l  80, average 

Construction Requirements. The a rea  t o  be covered s h a l l  be properly pre- 

pared, f e r t i l i z e d  and seeded before the  blanket is placed. When the  blanket 

is unrolled, the ne t t i ng  s h a l l  be on top and the  f i b e r s  s h a l l  be i n  contact  

with the  s o i l .  In di tches ,  blankets s h a l l  be unrolled i n  the  d i rec t ion  of the  

flow of water. The end of t h e  upstream blanket s h a l l  overlap t h e  buried end 

of the  downstream blanket by a maximum of e igh t  inches and a minimum of four 

inches, forming a junction s l o t .  This junction s l o t  s h a l l  be s tap led  across 

t h e  blanket a t  e igh t  inch in te rva l s .  Adjoining blankets ( s i d e  by s ide)  s h a l l  

be o f f s e t  e igh t  inches from cen te r  of the d i t ch  and overlapped a m i n i m  of 

four  inches. U s e  s i x  s t ap l e s  across t he  start of each r o l l ,  a t  four  foo t  

in te rva l s ,  a l t e rna t ing  t h e  cen te r  rw s o  t h a t  t he  s t ap l e s  form an nxn pat tern .  

A common row of s t ap l e s  s h a l l  be used on adjoining blankets. 

Method of Measurememt. a c e l s i o r  blanket, including s t ap l e s ,  complete i n  

p lace and accepted, w i l l  be measured by the  square yard of f in ished surface.  

No a l l w a n c o  w i l l  be made f o r  overlap. 

Basis of Payment. 'Phe accepted quan t i t i e s  of excels ior  blanket w i l l  be 

paid  f o r  a t  t h e  cont rac t  u n i t  p r i ce  per  square yard. 

Payment w i l l  be made undar: 

PAY ITEM 

Excelsior Blanket 

PAY UNIT 

Square Yard 



Specif icat ion - Woven Paper Mulch Blanket 

Description. This i t e m  s h a l l  cons i s t  of furnishing, preparing, applying, 

placing, and securing paper mulch ne t t i ng  f o r  surface protect ion on slopes a s  

s h a m  on t h e  plans  o r  a s  directed.  

Materials. Woven paper mulch blanket s h a l l  be smolder r e s i s t a n t  and 

s h a l l  cons i s t  of kni t ted,  na tura l  polypropylene yarn fabr icated i n  a uniform 

open weave having 1/4-inch square openings through which s t r i p s  of paper a r e  

woven- Paper s h a l l  be green o r  brown cont ras t  o r  a s  approved by t he  Engineer. 

Fabric s h a l l  be furnished w i t h  su i t ab l e  protect ion f o r  outdoor s torage at 

construction s i t e s  and s h a l l  meet t h e  following charac te r i s t i cs :  

Widths: 5 f t .  a n . ,  10 f t .  max. 

Length: 360 f t .  average 

Roll  Sizes: 5 f t .  width0200 sq. yd.; 10 f t .  width-400 sq. yd. 

Weight: Approximately 0.2 lbs.  per  sq. yd. 

Packaging: 4-6 m i l .  opaque polythylene bag 

Construction Requirements. Woven paper mulch blanket s h a l l  be placed 

immediately a f t e r  seeding operations have been conpleted i n  each locat ion 

designated f o r  erosion control .  

The f a b r i c  s h a l l  be draped smoothly but  loosely on t he  s o i l  surface 

without s t re tching.  The upslope end of each p iece  of f a b r i c  s h a l l  be buried 

i n  a n a r r w  t rench 6 inches deep. After t h e  f a b r i c  end i s  buried t h e  trench 

s h a l l  be f irmly tamped closed. 

I n  cases where one r o l l  of f a b r i c  ends and a second r o l l  starts, the  

upslape piece s h a l l  be brought over t h e  buried end of t h e  second r o l l  s o  t h a t  

t he re  is a 12 inch overlag t o  form a junction s l o t .  Where two o r  more widths 

of f a b r i c  a r e  appl ied s i d e  by s ide ,  an overlap of a t  l e a s t  4 inches s h a l l  be 

made. 

The f a h r i c  s h a l l  be anchored t o  t h e  ground by s t ap l e s  a t  9 inch in t e rva l s  

along t h e  end. of each s t r i p  of fabr ic .  

For ex t r a  hard s o i l ,  use sharp, pointed, 3-inch, fence-type s t ap l e s  of 

hardened s t ee l .  

Fabric s h a l l  be i n  contact  with t h e  seeded a rea  a t  a l l  points.  

b t h o d  of Measurement. Woven paper m l c h  blanket, including s t ap l e s ,  

complete i n  place and accepted, w i l l  be measured by the  square yard of 

f in i shed  surface. No allowance w i l l  be made f o r  overlap. 



Basis of Payment. The accepted quanti t ies  of woven paper mulch blanket 

w i l l  be  paid for  a t  the contract unit  price  per square yard. 

Payment w i l l  be made under: 

PAY ITEM 

Woven Paper Mulch Blanket 

PAY UNIT 

Square Yard 



Specif icat ion - Plas t i c  Mulch Nettinq 

Description. This i t e m  s h a l l  consis t  of furnishing, preparing, applying, 

placing and securing p l a s t i c  mulch ne t t ing  f o r  surface protect ion on slopes a s  

shown on tho plans o r  a s  directed. 

Materials. P l a s t i c  mulch ne t t ing  s h a l l  be an extruded polypropylene o r  

other  approved p l a s t i c  material, extruded i n  such a manner a s  t o  form a ne t  

with 3/4 inch mininnrm square openings. The ne t t ing  s h a l l  be furnished i n  

r o l l s  t o  meet the  f o l l w i n g  charac te r i s t ics :  

Width: 48 inch minilaurn 

Length: Convenience lengths, 50 yds. mininnam 

Weight: 2.6 lbs.  per  1,000 sq. f t .  mininum 

Construction bquirements. P l a s t i c  mulch ne t t ing  s h a l l  be placed a s  soon 

a s  possible  a f t e r  mulching operations have been completed i n  locat ions  

designated i n  t he  plans. Netting s h a l l  be used only t o  secure hay o r  straw 

mulch t o  the f inished slope. 

The ne t t ing  s h a l l  be applied smoothly but loosely on the nulched surface 

without s t r e t c h h g .  The ne t t i ng  shall be unrolled from the  top t o  bottom of 

t h e  slope. The top edge of the ne t t i ng  s h a l l  be buried and s tap led  a t  the  top 

end of the  slope i n  a narrow trench s i x  inches deep. After the  edge is buried 

and stapled,  the  trench s h a l l  be backfi l led and tamped. 

In  cases where one r o l l  of ne t t i ng  ends and a second r o l l  s t a r t s ,  the  

upslope piece s h a l l  be brought over the  start of the  second r o l l  so  t h a t  there  

is a 12 inch overlap. 

Where two o r  more widths of ne t t i ng  a r e  applied s ide  by s ide,  an overlap 

of a t  l e a s t  four inchas must be made. 

I n s e r t  one s t ap l e  every foo t  along top and bottom of edges of nett ing.  

Also, i n s a r t  s m p l e s  every four f e e t  on each edge and down center  of n e t  so  

t h a t  t h e  s t8plos  a l t e r n a t e  between edges and center  t o  form an X shape 

pat tern.  

complete i n  place and accepted, w i l l  be measured by the  square yard of 

f in i shed  surface. N o  a l lasance w i l l  be made f o r  overlap. 

Basis of Payment. The accepted quant i t i es  of p l a s t i c  mulch ne t t ing  w i l l  

be paid f o r  a t  t h e  contract  un i t  p r i ce  per square yard. 



Payment will be made under: 

PAY ITEM 

Plastic MuLch Nett ing  

PAY UNIT 

Square Yard 



4.7 Example Problems 

Example 4.1 - Baseline Conditions 

The following a r e  cha rac t e r i s t i c s  of a disturbed area a t  a mining s i t e  

which w i l l  be considered a s  the  baseline conditions from which the  e f f ec t s  of 

erosion control  treatments and s t ruc tures  given i n  subsequent design problems 

throughout t h i s  manual can be evaluated. 

S i t e  Characterist ics:  Disturbed s i t e ,  10 acres  i n  a rea  and 660 f e e t  i n  

length, a t  a coal  mining s i t e  i n  Montana. Area is  regraded t o  a 9 percent 

slope and topsoiled w i t h  12-14 inches of sandy loan. The mine s o i l  over l ies  a 

moderately consolidated shaley, clayey spo i l  material.  This compacted spo i l  

forms a moderately impermeable subsurface layer. 

Design Rainfal l  Amount: 4 inches 

Problem: Compute t he  sediment y ie ld  from the disturbed s i t e  without vegeta- 

t i o n  or  appl icat ion of erosion control  measures o r  s t ructures .  

Input Data: Hydrologic s o i l  group: 

Curve number, CN: 

Textural  c lass :  

Storm r a i n f a l l  amount: 

Percent ground cover: 

Catchment area: 

s lope : 

length: 

C 

88 (from Table 4.3) 

Sandy loam 

4 inches 

0 % 

10 acres  

9% 

660 f e e t  

S tep  One: P u f i c l e  Size Distr ibut ion 

For a 8- loam t e x t u r a l  c l a s s ,  t he  p a r t i c l e  s i z e  d i s t r i bu t ion  is given 

i n  Table 3.4 a s  the following: 

Clay: = 5% 

S i l t ,  p1 = 25% 

Very Fine Sand, p2 = 20% 



Cover Ratio, Cg = 0 

Erod ib i l i ty  Factor, Ke = 0.43 (from Table 4.1) 

Roughness Coefficient,  Kg = 190 (from Table 4.2 f o r  sandy loam s o i l ,  

when Cg = 0) 

Detachment Coefficient ,  Df = 1.00 (from Table 4.2 f o r  sandy 1aa.n s o i l )  

Step Three throuqh Step Seven: see the  attached worksheets. 

Step Eiqht: Concentration of Se t t l eab le  Sol ids  (Cs) 

Example 4.2 - Straw Mulch 

This  example i l l u s t r a t e s  the  use of straw mulch as a surface protect ion 

measure. A 1.5 ton/acrg appl ica t ion  rate is used i n  t h i s  axample. The same 

s o i l ,  s i te charac te r i s t i c s  and design storm conditions are used i n  t h i s  

example a s  i n  Example 4.1. 

Problem: Compute the  sediment y ie ld  from the  w t u r b e  site which has been 

mulched with straw a t  the  rate of 1.5 tons/acr@. 

Input Data: Hydrologic s o i l  group: C 

C u r v e  number, CN: 77 (from Table 4*3 and Equation 4.1) 

Textural  class: Sandy loam 

Storm r a i n f a l l  amount: 4 inches 

Catchment area: 10 acres  

slope: 9% 

length: 660 f e e t  

The ground cover is determined using Figure 4.11 i n  sec t ion  4.3 of t h i s  

chapter. 

Step One: P a r t i c l e  Size  Dis t r ibut ion  

For a sandy loam tex tu ra l  c l a s s ,  the p a r t i c l e  s i z e  d i s t r ibu t ion  is given 

in Table 3.4 as the  following: 



( 1 )  ( 2 )  ( 3 )  ( 4 )  (5 ( 6 )  (7) ( 8  (9  ( 1 0 )  
Time A t  P  Pe AP Ape I Q q 
( h r )  ( h r )  P/Pt ( i n c h e s )  ( i n c h e s )  ( i n c h e s )  ( i n c h e s )  ( i n / h r )  ( c f s )  ( c f s / F t )  

Small  area c h a r a c t e r i e t i c s t  

Area 10 acres 

Length = 660 g e e t  

Width = 660 feet 

Example Problem 4 . 1 .  S t e p  Three worksheet.  



Area = 10 acres + = 6.48 At Ab (Eq. 4.7) 

Ground Cover Ratio = 0.00 
Ab = ( 1  - Cg )A ( ~ q .  4.8) 

Width = 660 f e e t  

Example Problem 4.1. Step Four worksheet. 



Roughness Coef f Iclent, Kg = - 

(tois) (tons) (tons) (tons) (tons) 

Y ldth = 660 feet  

Exa~p le  Problem 4.1. Step Flve worksheet. 



(hours) ( tone ) ( tone)  ( tons  ) 

1 a41 9.82 

4.61 56.36 

223. 879. 

8.85 192. 

3.36 193. 

G s  G s  1 G s  2 G s  3 G s  4 

( tone  ) ( tons  ) ( t o n s )  ( t o n s )  ( tons )  

Flow Detachment Coe f f i c i en t  = 1.0 

Gf Dp(Gt - Gr) (Eq- 4-10) 

where % < G, 

Example Problem 4.1. Step S i x  Worksheet. 



Example Problem 4.1. Step Seven worksheet. 

TOTU 
YIELD-, 393.21 93.82 8.04 0 m43 495m50 

A 



Clay = 5% 

S i l t ,  p1 = 25% 

Very Fine Sand, p2 .= 20% 

Fine-Medium-Coarse Sand, p3 = 20% 

Very Coarse Sand, p4 = 30% 

Step Two: Cover Ratio, Roughness and Detachment Coefficients 

Cover Ratio, Cg = 0.78 (from Figure 4.11 fo r  1.5 tons/acre of Straw 

mulch 1 

Erodibil i ty Factor, Ke = 0.43 (from Table 4.1 f o r  sandy loam s o i l )  

Roughness Coefficient, Kg = 4880 (from Figure 4.2 f o r  sandy Loam s o i l )  

Detachment Coeff ici  ent, Df = 1.00 (from Table 4.2 f o r  sandy loam so i l )  

Stea Thr- through Step Seven: see the attached worksheets. 

Step Eight: Concentration of Set t leable  Solids (C,) 

Discussion of Examele Problem Results 

The baseline condition given in Example Problem 4.1 represents very poor 

conditions resul t ing in an extremely high erosion potential. Realist ically,  

there may be some surface roughness (due t o  grading operations) or vegetation 

(weeds) which could reduce erosion, although these w i l l  be d i f f i cu l t  to 

evaluate. 

Comparison of the results of the two previous problem indicates t ha t  a 

large reduction in sediment yield can be achieved by the use of a straw mulch 

a s  a surface protection measure. Comparison of sediment yield concentrations 

from Step Eight of examples 4.1 and 4.2 shows a 97 percent reduction in sedi- 

ment yield concentration. This large reduction occurred because of a r e d u o  

t i on  in r a in fa l l  excess from 2.73 inches t o  1.81 inches and an increase in the 

surface roughness coefficient ,  Kg, from 190 t o  4880. The sediment yield with 

a straw mulch cover is moderate (1.33 tons/acre). It should be noted, tha t  

the  remaining sediment yield is k i l t  which is a d i f f i cu l t  s ize  t o  control. 

Increasing the mulch application r a t e  t o  2.5 tons/acre gives a cover r a t i o  of 

0 -94, a curve number of 75, and a roughness coefficient df 7000. Under these 



( 1  ( 2 )  ( 3 )  ( 4 )  (5 ( 6  1 ( 7 )  ( 8 )  (9) ( 1 0 )  
T i m e  A t  P P e  A P A Pe I Q Q 
( h r )  ( h r )  P/Pt ( inches )  ( inches )  ( inches)  ( inches)  ( i n / h r )  (cf s) ( c f s / f  t) 

Small area  charac ter i s t i c s :  

Area = 10 a c r e s  

Length = 660 f e e t  

Width = 660 f e e t  

Example Problem 4 . 2 .  Step Three worksheet. 



Area = 10 acres + = 6*48 ~t f 2  (E6.'-4.71- 

Ground Cover Ratio = 0 . 7 8  
Ab = ( 1  - Cg )A  (Eq. 4.8) 

Width = 660 f e e t  

Exa@e Problem 4.2. Step Pour worksheet. 



(tons/ (tons/ (tons/ (tons/ 
(hours) (cf J f t )  ft/hr) ft/hr) ft/hr) f t/hr) (tons) (tons) (tons) (tons) (tons) 

Rwgk@ss Coef f lclent, Kg = 4,880 
- 

W l d t -  = 660 feet 

Example Problem 4.2. Step Flve worksheet. 



( 1  (2 )  (3  1 (4 1 ( 5 )  ( 6  ) ( 7 )  (0 (9  1 

~t % Gr f  G s  G s  1 Gs2 G s  3  Gs4 

(hours) ( tons)  ( tons)  (tons) ( tons)  ( tons)  (tone) ( tons)  ( tons)  

Flow Detachment Coeff ic ient  = 1 . O O  

Gf = Df(Gt - Gr) (Eq. 4.10) 

where Gt < Gr 

Example Problem 4.2.  Step Six worksheet. 



TOTAL 
YIELD 13 0 00 13033 

Example Problem 4.2. Step Seven worksheet. 



a straw mulch cover is  moderate (1.33 tons /ac re ) .  I t  should be noted, t h a t  

t h e  remaining sediment y i e l d  is s i l t  which is a d i f f i c u l t  s i z e  t o  cont ro l .  

Inc reas ing  t h e  mulch a p p l i c a t i o n  r a t e  t o  2.5 tons /acre  gives a cover r a t i o  of 

0.94, a curve number of 75, and a roughness c o e f f i c i e n t  of 7000. Under these  

condi t ions ,  r a i n f a l l  excess would decrease t o  1.667 inches and- the  sediment 

y i e l d  (wi thout  going through t h e  d e t a i l s  of t h e  c a l c u l a t i o n s )  would decrease 

t o  4.26 t o n s  (0.43 tons /acre)  with a concentra t ion  of 2,250 ppn. 
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V. MECHANICAL TREATMENT MEASURES 

5.1 General 

A v i a b l e  means of  r e e s t a b l i s h i n g  and maintaining a s t a b l e  p o s t  mining 

landscape is t o  mechanically manipulate t h e  l and  surface .  The u l t ima te  pur- 

pose is t o  decrease  t h e  time requ i red  t o  r econs t ruc t  a r e l a t i v e l y  s t a b l e  land 

surface .  This  is  done by ( 1 )  reducing runof f ,  ( 2 )  i nc reas ing  r a i n f a l l  

depression s to rage  and ( 3 )  conver t ing  concentrated flow t o  d ive r se  flow, with 

t h e  u l t ima te  goal  be ing t o  e s t a b l i s h  o r  improve vegeta t ive  cover. 

Science and technology of  l and  s u r f a c e  t rea tments  ( inc lud ing  conservation 

t i l l a g e )  of  cropland and rangeland have reached an advanced s t a g e  i n  t h e  

United S t a t e s  and s i m i l a r  p r a c t i c e s  have been adapted t o  mine lands.  Surface 

roughening t rea tments  which have been modified from rangeland p r a c t i c e s  

inc lude  furrowing, t e r rac ing ,  t renching,  r ipping,  ch i se l ing ,  t racking,  p i t t i n g  

and water spreading and harvest ing.  Equipnent commonly used a r e  modified ver- 

s i o n s  of  rangeland, a g r i c u l t u r a l  and i n d u s t r i a l  implements inc luding backhoes, 

bul ldozers ,  d i s k s ,  harrows, rakes ,  t i l l e r s ,  d r i l l s ,  c h i s e l e r s  and scrapers .  

These p r a c t i c e s  have been developed l a r g e l y  f o r  semi-arid and a r i d  lands 

where water  and s o i l  conservat ion  is c r i t i c a l .  Ckl mined lands  i n  t h e s e  

regions,  s e v e r a l  complementary t rea tments  may be necessary t o  o f f s e t  scanty  

moisture s u p p l i e s  r e s u l t i n g  from ( 1 )  e r r a t i c  and low r a i n f a l l s  ( 4  t o  14 

inches  of  average annual  p r e c i p i t a t i o n ) ,  ( 2 )  high evapo-transpirat ion,  ( 3 )  1- 

s p o i l  water-holding capac i ty  and ( 4 )  low i n f i l t r a t i o n  r a t e s .  Land manipula- 

t i o n  i n  humid a r e a s  is genera l ly  considered i n e f f i c i e n t  because s tandard  

seedbed prepara t ion ,  seeding and vege ta t ive  management a r e  more success fu l  and 

well-accepted reclamation p r a c t i c e s .  

Four l and  s u r f a c e  t r e a t m n t s  a r e  presented  i n  t h i s  manual: furrowing, 

imprint ing,  p i t t i n g  and r ipping.  The f ollcwing design methodology q u a n t i f i e s  

and assess08 t h e  e f f e c t s  o f  t h e s e  land s u r f a c e  treatments.  

5.2 Design Procedures 

The procedura l  gu ide l ines  f o r  p r e d i c t i n g  t h e  e f f e c t s  of eros ion con t ro l  

s t r u c t u r e s  and l and  t r ea tmen t s  a r e  given i n  Chapter IV. lVo a d d i t i o n a l  s e t s  

of  design information a r e  r equ i red  before  applying t h i s  design procedure t o  

l and  s u r f a c e  t rea tments .  



F i r s t ,  the  re la t ionship between the treatments and the roughness coef- 

f i c i e n t ,  Kg, is graphically i l l u s t r a t e d  in Figure 5.1. Values of K~ can 

a l s o  be determined f o r  d i f fe ren t  ages of the treatment, depending on when the 

treatments were implemented. I f  vegetation is established during t h i s  time, 

t h e  la rges t  Kg value corresponding t o  the appropriate cover in Figure 4.2 

(Chapter IV) o r  selected treatment in Figure 5.1 should be chosen fo r  use i n  

t h e  design procedure. 

Values of Kg and the detachment coeff ic ient ,  Dt, f o r  each of the 

treatments corresponding t o  general s o i l  t ex tura l  c lasses  a re  tabulated in 

Table 5.1. As previously s ta ted ,  i f  vegetation is established,  the  la rges t  

K value corresponding t o  the appropriate cover (Table 4.2) o r  treatment 
9 

(Table 5.1) should be selected.  I f  su f f i c i en t  data a re  avai lable  t o  determine 

p a r t i c l e  s i z e  d i s t r ibu t ion  (Appendix A )  and s i t e  spec i f ic  values of erodibi- 

l i t y ,  Re, (Appendix B), then more spec i f ic  values of Kg and Df can be 

determined from Figures 5.1 and 4.3, respectively. 

Values of the  curve number, CN, a re  a l so  required fo r  each of the  t rea t -  

ments. Table 5.2 gives the CN values f o r  the  4 mechanical treatments 

corresponding t o  zero vegetative cover and 100 percent cover. The actua1 

value of CN t o  be used w i l l  be based on the  percent ground cover as given by 

t h e  equation (4.11, C N = C N H -  ( C N H - C N  )C where % and % a r e  the 
L 9' 

100 and zero percent CN values, respectively,  and C is the decimal percent 
9 

cover. 

Contour Furrowing - Design Information, Planning Considerations 
Specif icat ions ,  and Maintenance 

Design Information 

Furrowing is a mechanical treatment done on the  contour which creates  

small t r e n c h 8  o r  grooves by throwing the s o i l  on each s ide  of the  trench. 

Contour furrows are generally spaced f i v e  f e e t  apar t ,  a re  20 t o  30 inches wide 

and 8 inches dnap, and should be daxmned a t  in te rva l s  of 4 t o  9 f e e t  (see  

Figure 5.2). This treatment is considered t o  be a highly successful mechani- 

c a l  treatment f o r  es tabl ishing vegetation. Although the  land surface pat tern  

i l l u s t r a t e d  in Figure 5.2 is the  r e s u l t  of a disk furrower, a s imilar  

roughening pa t te rn  can ba ef fec t ive ly  produced by modifying equipment l i s t e d  

i n  Table 5.3, e.g., a moldboard plow bottom creates  dikes by throwing the s o i l  

on the  downslope s ide  of the  di tch,  forming a ridge or  dike (one to  two f ee t  

high) . 



ERODIBILITY FACTOR, K,* 

36 Values greater than .6 correspond to K.z.6 

Figure 5 . 1 .  Relationship between mechanical treatments, 
roughness c o e f f i c i e n t  and e r o d i b i l i t y  
factor  (from Simons, Li & Associates,  Inc. ,  
1982) . 



Table 5.1. Slmpl 1 f l ed  L l  st ing of Roughness Coeff lclent, Kg, and 
Overland Fl  or Detachment Coef f lc lent,  OF, f o r  General 
So I I Textural Groups and Associated Erodl b l  I Ity 
Values, K, (Table 4.1 

F u r r a ,  l np r l n t  Furrcu, I np r i n t  Furrar , lnp r l n t  
Furrcu , (1 s t  Year) (5 Years) P I 1  

Textural Suggested Inpr 1 n t  P l t  P l t  (5+ Years) 
Cl ass 16 ( I n l t l a l )  ( I n l t l a l )  (3 Years) R l  P 

f 

Sand 

Loamy Sand 

Sandy Loam 

S I  Ity Loem 

Sandy Clay 
Lo- 

Clay Loan 

st Ity Clay 
Lo- 

Sandy Clay 

St I t y  Clay 

Clay 



Table 5 .2 .  CN Values of Surface Treatments Under No Vegetative 
Cover Conditions and 100 Percent Cover Conditions. 

Hydrologic 1 
S o i l  Group 

A B C D 

Contour Furrowing ( l w  2 

(hi*) 

P i t t i n g  (low) 
(high) 

'See sec t ion  3.3 
2 ~ a r  and high end o f  range f o r  reclaimed mine 
s p o i l  with vegetative ground cover (see 
Equation 4.1 



E 
F i g u r e  5.2 .  Contour furrowing implement and 

land pattern. A. ripper tooth t o  
r i p  s o i l  about 2 inches below furrow 
depth; B .  standard disks  that  open 
furrow; C. daxning device; D .  broad- 
c a s t  seeder; E. surface pattern of 
dammed furrow system. 



Table 5.3. Specif icat ions  f o r  Contour Furrwing. 

It em Common Specif icat ions  

Equ ipen t  

General Components 

Number of P u r r w s  

Maximm Penetration 
of Ripper 

- - 
Damming In t e rva l  

F u r r w  Spacing 

Width of Furraw 

Maximum Furrar Depth 

Power Ftequiraaents 

Disk-type, modified moldboard plow, modified 
l i s t e r s ,  blade-tips of graders (broad base 
f urrawer 1 

brow opener c rea t ing  d i t ch  and throwing s o i l  
on oppoeite s i de s  o r  on t h e  downslope s ide;  an 
adjustable  r ipper  tooth may precede t h e  
f urrar opener (op t iona l )  ; damming device 

1 - 3 depending on e q u i p e n t  

12" ( o r  approximately 2" b e l w  depth of 
f u r r w  1 

Minimum of 15 t o  20 HP pe r  f u r r w  formar 
(equivalent  of c a t e r p i l l a r  06) 

Pay Item Fer ac re  



Planning Considerations 

Contour furrowing is a v e r s a t i l e  t r ea t aen t  on slopes l e s s  than 10 percent 

which a r e  not rocky. E'urrwing is bes t  accomplished on moderately deep and 

deep s o i l s  (approximately 10 t o  12+ inches) i n  a r id  and semi-arid regions 

which receive grea te r  than 8 inches of annual precipi ta t ion.  Limited data  do 

not  show s ign i f i can t  benef ic ia l  r e s u l t s  from humid regions o r  regions 

receiving l e s s  than 8 inches of precipi ta t ion.  

Specifications - Contour Furrowing 

This work s h a l l  cons is t  of tmchanically contour furrowing i n  accordance 

with t he  spec i f ica t ions  given i n  Table 5.3. The accepted bas i s  of payment 

f o r  standard furrowing w i l l  be paid a t  the  contract  un i t  p r i ce  according t o  

t h e  pay u n i t  given i n  the  Table. 

In-Service Performance 

O f  t he  mechanical treatznents used on rangeland and mined land, the  con- 

servat ion e f f e c t s  of f u r r w i n g  a r e  r e l a t i ve ly  w e l l  documented. Under the  

recommended f i e l d  conditions and standard specif icat ions ,  t he  water holding 

capacity i s  approximately two inches of r a i n  the  f i r s t  year and one inch by 

the  5th year. I n f i l t r a t i o n  r a t e s  can increase by 10 f o l d  and runoff can 

decrease by 84 percent. The e f f e c t s  of f u r r w i n g  generally p e r s i s t  ( i n  a 

degrading mode) from f ive  t o  twelve years. The in-service performance i s  

dependent upon a conplex in te rac t ion  between p i t  s i z e  and s o i l  type, microcli- 

mate, and vegetative establishment. A general r u l e  of thumb f o r  f u r r w i n g  and 

m o s t  mechanical t r e a m n t s  is t h a t  t he  hydrologic conditions-oLhsita-can be 

expected t o  improve a s  vegetative cover i s  establ ished and approaches t h a t  of 

t h e  surrounding landacapo o r  approaches 70 percent cover i f  annual preci- 

p i t a t i o n  ia adequate. 

Althouqh l i t t l e  data  a r e  ava i lab le  on broad-base f u r r w s ,  t h e i r  perfar- 

mance a p p a r s  t o  be comparable with standard contour furrows. 

5.4 Land Imprinting 

Design In forma t i on  

Land imprinting is a r e l a t i v e l y  new sinimum t i l l a g e  prac t ice  which fcrms 

microfurrows t o  reduce and d i f fuse  runoff and microbasins t o  pond water ( see  

Figure 5.3). It concentrates above-ground p l an t  mater ia l  a t  t he  surface 



Figure 5 . 3 .  Land imprinting implement and land surface 
pattern. A. Standard imprinter cons is ts  
o f  a s ing le  moving part ,  which is a com- 
pound r o l l e r  having angle irons on exter- 
nal  surface. B. Mechanically formed 
geometric pattern. V furrows (RH) c o l l e c t  
and shed runoff t o  microbasins (LH) where 
runoff is col lected  and absorbed. 



thereby increasing the  e f fec t ive  mulch. Imprinting roughens t h e  surf  ace with 

wedges crea t ing  geometric pa t t e rns  approximately. four inches deep, depending 

on s o i l  compaction, s o i l  moisture, and weight on the  implement. The V-furows 

combined with t h e  closed geometric ponding pa t t e rn  c rea te  a r e l a t i v e l y  s t a b l e  

seed bed and runoff is diffuse.  The microbasins have been found t o  perform 

successfully in concentrating meager amounts of r a i n f a l l  runoff i n , a r i d  lands. 

Design and speci f ica t ion  ins t ruc t ions  f o r  home fabr ica t ion  can be 

obtained from Robert Dixon, USDA-SEA, 2000 E. Allen Wad, Tucson, Arizona 

85719. 

Planning Considerations 

Land imprinting can be used t o  t r e a t  a l l  s o i l  tex tures  including rocky, 

s o i l  and shallow o r  deep s o i l s .  Imprints can be constructed under w e t  o r  dry 

conditions although the  optimum condition of s o i l  i n  humid-subhumid regions is 

t h e  lower end of t h e  p l a s t i c i t y  oange f o r  a p a r t i c u l a r  s o i l ;  optimum con- 

d i t i o n s  i n  a r i d  and semi-arid regions a r e  the  p l a s t i c i t y  range on less. In 

regions receiving less than 8 inches o f  annual r a i n f a l l ,  imprinting 

should b e  done i n  conjunction with ripping, topsoi l ing  and mulching. 

imprinting can be done paral leL to  the s lope  t o  enhance harvesting of 

runoff from t h e  V-furrows t o  themicrobasins. However, imprinting perpen- 

d icular  t o  t h e  slope is r e c o d e d  f o r ' s t e e p  slopes (g rea te r  than 8 percent) 
I 

t o  c rea te  f i rm microterraces o r  Qorizon(ta1 s t a i r s t e p s  on the  h i l l s i d e  (see 

Figure 5.4). The maxirmM s lope  f o r  imprinting.depends on operator safety.  

Cabling can be  u t i l i z e d  f o r  s teeper  slopeo- 

S o i l s  with less than 150 lb/in2 load bearing capacity requi re  a 3 ton  

imprint implement. Ebr s o i l s  with higher bearing capaci t ies ,  3 t o  5 ton 

implements perform w e l l ,  o r ,  a l t e rna t ive ly ,  t h e  s o i l  can be ripped p r i o r  t o  

imprinting. Tb increase the weight of standard imprints,  t h e  imprinter can be 

f i l l e d  with water o r  sand (Figure 5.3 1. 

Specificptions - Land Imprintinp 

This work s h a l l  cons i s t  o f  mechanically imprinting i n  accordance with t h e  

speci f ica t ions  given i n  Table 5.4. These speci f ica t ions  are defined f o r  the  

standard imprinter i l l u s t r a t e d  i n  Figure  5.3. Specif icat ions f o r  o ther  

imprinting pat terns ,  such as a simple V - f ~ r r o w ~ p a t t e r n  or  the  crimped V-furrow 

( see  Figure 5-51 a r e  not  included, although many of t h e  speci f ica t ions  a r e  



/ storage 

HORIZONTAL DISTANCE 

Figure 5 . 4 .  Comparison of imprints made on a 45"  (100%) 
slope by imprinting angles having equal legs 
(standard teeth) and unequal legs (saw teeth) .  
Saw teeth on - > 4S0 slopes provide some de- 
pression storage. For slopes > 4S0 ,  capsules 
can be cabled onto the slope (after Dixon, 
R.M., unpub.) . 



5.1~ 

Table 5.4. Specif icat ions  f o r  Land Imprinting. 

- - 

Item Common Specif icat ions  

Equipment 

General Components 

Imprint Implament 
Weight 

Furrar Width 

Furrow Depth 

Furrow Length 

Furrow Spacing 

Microbasin Width 

Microbasin Depth 

Microbasin Length 

Microbasin Spacing 

Number of M i c r e  
basin/Tr i p  

Power Requirement 

Pay Item 

Commercial o r  homa-fabricated imprinter modified 
crawler o r  t i l l a g e  impleamnts 

V-furrw former; microbasin former 

3 t o 5  t 

10" t o  12" 

2" t o  10" (var iab le )  

2" t o  5" (var iab le )  

Continuous with d i rec t ion  of t r a v e l  

10" t o  12" 

4 

30 BP 

Fer ac re  



over seed 

Figure 5.5 .  S o i l  crimping imprinterr- Larger 
seeds are covered wit!! s o i l  simul- 
taneously with imprinting. Seedbed 
preparation and seeding can be 
accomplished during the same oper- 
a t ion  by attaching a seeder t o  the 
imprinter ( a f t e r  Dixon, R.M. , unpub 



general enough t o  be applicable. The accepted basis  of payment for  imprinting 

w i l l  be paid a t  t he  contract  un i t  p r i ce  according to  the  pay un i t  given i n  

Table 5.4. 

In-Service Perf onnance 

Performance records of the  land imprinting indicated t h a t  the  water 

holding capacity i s  approximately 2 inches and does not s ign i f ican t ly  

de te r iora te  fo r  a t  l e a s t  2 t o  3 years. I n f i l t r a t i o n  r a t e s  may increase 

subs tan t ia l ly  depending on the  s i t e  conditions. Imprint pat terns  can poten- 

t i a l l y  p e r s i s t  f o r  10 t o  12 years i f  the recommended conditions e x i s t  a t  the 

time of emplacement and vegetation is established. However, i f  imprinting i s  

done i n  an a r i d  region i n  dry clayey s o i l  and no vegetation is established, 

t h e  pa t te rn  w i l l  na tural ly  be ob l i t e r a t ed  i n  2 years. 

5.5 P i t t i n q  

Design In fonaation 

P i t t i n g  is  a treatment which c rea t e s  small basins t o  increase storage and 

i n f i l t r a t i o n ,  thereby increasing vegetative establishment ( see  Figure 5.6). 

P i t s  a r e  generally 3 t o  a f e e t  long, 8 t o  12 inches wide and 4 t o  8 inches 

deep. . 
Planning Considerations 

As a water consemation and erosion control  measure, p i t t i n g  has been 

almost exclusively used on a r i d  and semi-arid regions with varying degrees of 

success. Best r e s u l t s  a r e  received where annual 2 rec ip i ta t ion  exceeds 8 

inches and where the  p i t s  a r e  placed on the  contour of l e s s  than 10 percent 

s lopes  i n  moderately dry, medium textured s o i l .  It is not  recommended for  use 

on clayey, .mdy, shallw o r  rocky s o i l .  

Specifications - P i t t i n g  

This work s h a l l  cons is t  of mechanically p i t t i n g  i n  accordance with the  

specif icat ions  given i n  Table 5.5. These standard specif icat ions  a r e  

defined f o r  disk,  plow, and gouging type p i t t e r s ;  spike o r  rotary p i t t e r s  do 

not  meet these specif icat ions .  The accepted bas i s  of payment f o r  p i t t i n g  w i l l  

be paid f o r  a t  t he  cont rac t  un i t  p r i ce  according t o  the  pay u n i t  given i n  

Table 5.5. 



figure 5.6. P i t t i n g  implements and land surface pat tern .  
A. A l i s t e r  plow can be modified and re- 
arranged fo r  use i n  creat ing p i t s .  a. P i t s  
can be created by hydraulically r a i s ing  and 
lowering a l i s t e r  o r  other  type of shank 
forming a p i t t e d  surface configuration. C. 
Land surface pat tern .  Hydraulically operated 
gouging machine creates  elongated water t raps  
8-10 inches deep, 2 f ee t  long and 1-1/2 f e e t  
wide. A seedbox with tubes can be f i t t e d  
onto the implement t o  d i s t r i b u t e  seeds i n  
depressions. 



Table 5.5. Specifications f o r  Pit t ing.  

It em Common Specif icat ions 

Equipnent 

General Components 

L i s t e r t y p e  gouging p i t t e r s ;  eccentr ic  cutaway, 
o r  cam shaped disk p i t t e r ;  modified brushland, 
wheatland, standard disk,  tandem disk,  o r  
moldboard plow 

P i t  former crea t ing p i t  with r idges o r  check dams 
separat ing t h e  p i t s ;  mechanical s t ruc tu re  (eg. 
modified t r ipp ing  act ion) o r  hydraulic device t o  
control  spacing ( depending on equipment) 

Number of P i t s  3 t o  5 depending on equipnent 

P i t  Spacing 15" t o  40" 

P i t s / A c r e  Approximately 5,000 

Width 

Depth 

Length 

Power Requirement: 

Pay Item 

8" t o  18" 

4" t o  10" 

2" t o  5' (8 '  maximum) 

30 t o  45 H P  

Per acre  



In-Service- Performance 

D a t a  co l lec ted  i n  t h e  northern Great Pla ins  and southwest suggests t h a t  

t h e  water holding capacity of  p i t s  is r e l a t i v e l y  low, ranging from 0.03 t o  0.6 

inches the  f i r s t  year and decreasing t o  approximately 0.08 during the  next 3 

t o  5 years. I n f i l t r a t i o n  w a s  found t o  double and runoff decredsed by 13 t o  24 

percent t h e  f i r s t  year, and by 4 t o  16 percent the  t h i r d  year. !She average 

longevity of p i t s  is 4 years i n  the  southwest although they have pers i s t ed  f o r  

a s  long a s  6 t o  15 years i n  t h e  northern G r e a t  Plains. 

These performance values apply t o  disk-type ( s e e  F igure  5.7),  modified 

p l w  and gouger p i t t e r s  (see Figure 5.6). Spike tooth p i t t e r s  have 

s ign i f i can t ly  lwer performance records and a r e  not  recommended a s  a satisfac- 

t o r y  treatment. 

5.6 Rippin2 

Design Information 

Ripping o r  deep ch i se l ing  is a subsoi l  machanical treatment used t o  break 

o r  scatter compacted layars,  heavy clays,  o r  soil/minesoil in ter faces  (see 

Figure 5.8). Ripping w i l l  loosen and m i x  t h e  subsoi l  and allow root  

penetrat ion and moisture storage below t h e  surface. The r ipper  shanks should 

be spaced 7 f e e t  a p a r t  and create p a r a l l e l  s l o t s  4 to  10 inches wide. Ripping 

depth va r ies  from about 10 inches t o  36 inches depending on t h e  depth t o  the  

r e s i s t a n t  layer. 

Planning Considerations 

Ripping a s  a land surface treatment is recommanded f o r  use i n  conjunction 

with o ther  treatments. Ripping is b e s t  implemented on moderately dry, shallow 

mine s o i l  which is medim o r  f i n e  textured and underlain by a compacted spoi l ,  

hard pan o r  hardened cal iche  layers. Uppers  should be operated on t h e  con- 

tour  o f  slopes less than 10 percent. Maxinaau~ benef i t  of subsoi l  moisture 

s torage  is received when p rec ip i t a t ion  is greater  than 8 inches annually. 

Three r ipper  o r  c h i s e l  po in t s  a r e  recommended f o r  use on mined land a s  

i l l u s t r a t e d  i n  Figure 5.8. The standard point  has t h e  most general applica- 

t i o n  and is su i t ab le  f o r  nearly a l l  r ipping o p e ~ ~ ~ ~ . o n s .  Twisted points  may be 

a v iable  t o o l  f o r  increasing t h e  surface roughness and bringing clods t o  the  

surface. Spikes a r e  th icker  and more durable and have a spec ia l  applicat ion 



Figure 5.7. Disk-type pitting machine. 
A. Eccentric (off set) disk; 
B. Cutaway disk, (from 
Vallentine , 1971) . 



Figure 5.8. S o i l  ripping implement and land surface 
pattern.  A .  s o i l  ripper is pulled 
through the s o i l  and a temporary s l o t  is 
formed; B.  standard ripper ( c h i s e l )  
point;  C. spike ripper point; D .  
twisted ripper point .  



i n  extremely hard s o i l  conditions. Commercially avai lable  construction ripper 

points  a r e  3 t o  4 inches wide and produce very sa t i s fac tory  resu l t s .  

Specifications - Ripping 

T h i s  work s h a l l  cons is t  of mechanically ripping i n  accordance w i t h  the  

specif icat ions  given i n  Table 5.6. The accepted bas i s  of payment f o r  

r ipping w i l l  be paid f o r  a t  the  contract  un i t  p r ice  according t o  the  pay un i t  

given i n  the  Table. 

In-Service Performance 

No data  a r e  ava i lab le  on the  water holding capacity o r  changes i n  

i n f i l t r a t i o n  r a t e s  of ripped so i l .  Ripping produces a s ign i f i can t  decrease i n  

runoff and s o i l  l o s s  from small areas  i f  applied under recommended conditions 

given above. These e f f e c t s  decrease, sometimes qu i t e  d ra s t i ca l ly ,  within tne 

f i r s t  three years because erosion from l o w  i n t ens i ty  stonas can f i l l  t h e  

ripped surface s l o t s .  Ripping under optirmm conditions w i l l  l a s t  7 t o  12 

years. 



Table 5.6. Spec i f i ca t ions  f o r  Ripper. 

Item Common Spec i f i ca t ions  

Equipment 

Shanks 

Number of Shanks 

Shank Spacing 

Disturbed Band 
o r  S l o t  Width 

Ripper o r  Chise l  Po in t s  

Maximum Penetra t ion 

Power Requirement 

Ripper; deep ch i se l ;  subsoi ler ;  subso i l  c h i s e l  

Rugged with general  s lope  forward f o r  maximum 
pene t ra t ion  and l i f t ;  curved t o  tapered end 
with replaceable  c h i s e l  p o i n t s  

2 t o  3 mounted shanks 

Approximately 7 f e e t  

Standard; t w i s t e d ;  sp ike  

Approximately 36" depending on shank and 
s o i l  condi t ions  

20 t o  45 HP p e r  shank depending on type of shank, 
depth of penet ra t ion ,  soil condi t ions  
(commonly t h e  equivalent  of a D6-D9) 

Pay I t a n  Per a c r e  



5.7 Exanple Problem 

Problem: Compute t h e  sediment y i e l d  from a d i s tu rbed  mine s i t e  under 

base l ine  condi t ions  o u t l i n e d  i n  Chapter I V ,  s e c t i o n  4.7, a f t e r  an i n i t i a l  

mechanical t rea tment  of furrowing. 

Input  Data: As  i n  base l ine  condi t ions  ( s e c t i o n  4.5) except  CN = 81 

( T a h l a  5.21, 

hydrologic s o i l  group: C 

curve  nunber, CN: 81 (from Table 5.2) 

t e x t u r a l  c l a s s  : Sandy loam 

storm r a i n f a l l  amount: 4 inches  

percent  ground cover: zero percent  

catchment area:  10 a c r e s  

slope: 9 percent  

1 ength: 660 f e e t  

S t e p  One: P a r t i c l e  s i z e  d i s t r i b u t i o n  a s  i n  base l ine  condi t ions  

( s e c t i o n  4.5). 

Clay P1 P2 P3 P4 

S t e p  TWO: Foughness c o e f f i c i e n t  (Kg) and detachnent c o e f f i c i e n t  (DF) . 
& = 0.43 (Table 5.1) 

Kg = 2700 (Table 5.1) 

Dp = 1.000 (Table  5.1) 

S tep  Three through S t e p  Seven: see a t t ached  worksheets. 

Step Eight: Mean concentra t ion of s e t t l e a b l e  s o l i d s  ( CS) . 
Cs = (35.57 + 1.51)+/(2.12 x 10) (8830) 

C s  = 15,400 p p  

Discussion of Results  

The m o l ~  concentra t ion of  s e t t l e a b l e  s o l i d s  has  been decreased by over a 

f a c t o r  of 10, from 160,300 ( b a s e l i n e  condi t ions)  t o  15,400 ppm ( i n i t i a l  t r e a t -  

ment of contour furrowing) . Even though a l a r g e  reduct ion i n  sediment y i e l d  

occurred by furrowing t h e  area, eros ion of t h e  s o i l  is s t i l l  high (15,400 

ppn). To f u r t h e r  decrease t h e  sediment concentrat ion,  r i p p i n g  t h e  

s o i l / s u b s o i l  i n t e r f a c e  be fore  furrowing would e f f e c t i v e l y  inc rease  i n f i l t r a -  

t i o n  and vege ta t ive  establishment.  Ripping would change t h e  "C" hydrologic 

s o i l  group t o  a "B" group and g ive  a CN of 67. Without going i n t o  t h e  details 



of t h e  c a l c u l a t i o n s ,  t h e  s e t t l e a b l e  s o l i d s  would be reduced t o  11,200 ppm. 

A f t e r  one year ,  vegeta t ion  may become quickly  es t ab l i shed  due t o  t h e  ripped 

s u b s o i l  layer .  Under t h e  condi t ions  of 55 percent  vegeta t ive  cover over a  one 

yea r  reclamation period,  t h e  s e t t l e a b l e  s o l i d s  a r e  again  reduced t o  9,300 ppm. 

Th i s  is  near ly  ha l f  t h e  sediment y i e l d  from t h e  conditions. of i n i t i a l  

f u r r w i n g  without  r ipp ing  and ze ro  pe rcen t  cover. Sediment y i e l d  can be 

f u r t h e r  reduced by one-third ( f  tom 9,300 ppm t o  6,000 ppm) i f  t h e  s l o p e  i s  

reduced from 9 percent  t o  5 percent .  The o v e r a l l  e f f e c t  of t h e s e  eros ion 

c o n t r o l  measures is  a s u b s t a n t i a l  reduct ion  i n  sediment y i e l d  of  97 percent  of 

t h e  i n i t i a l  base l ine  condit ions.  



( 1 )  ( 2  1 ( 3 )  ( 4  (5) ( 6  1 (7 (8) (9 1 ( 1 0 )  
Time A t  P P e  AP A Pe I Q (3 
( h r )  ( h r )  P/Pt ( inches)  ( inches)  ( inches )  ( inches)  ( in/hr) (cfs) ( c f s / f t )  

sma l l  area c h a r a c t e r i s t i c s :  

Area = 10 a c r e s  

Length = 660 f e e t  

Width = 660 f e e t  

Example Problem 5 .1 .  Step Three worksheet. 



Area = 10 acres G, = 6-48 A t  s2 Ab (Eq. 4-7)  

Ground Cover Ratio = 0.00 
Ab ;. ( 1  - Cg ) A  (Eq. 4-81 

Width = 660 feet 

Example Problem 5.1. S tep  Four wordsheet. 



(tons/ (tons/ (tons/ (tons/ 
(hours) ( c f d f t )  ft/hr) ft/hr) ft/hr) ft/hr) (tons) (tons) (tons) (tons) (tons) 

doughness Coef f iclent, Kg = 2,700 

Wldth = 660 feet  

Exanp l e Problem 5.1. Step Fl  ve worksheet. 



( 2 )  ( 3 )  

G t G r  

A t  ( tons)  - ( tons)  

G f  G s  G s  1 Gs2 G s  3 Gs4 

( to )  s) ( tons)  ( t ~ n ~ )  ( tons)  ( tons)  ( tons)  

Flow Detachment W e f f i c i e n t  = 1.00 

Gf = Df(Gt  - Gk) (Eq. 4.10) 

where Gt C Gr 

Example Problem 5.1 .  Step S ix  worksheet. 



Example Problem 5.1. Step Seven worksheet. 
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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 



Toe bwm d 
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  
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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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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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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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V I I .  DETENTION AND FILTERING STRUCTURES 

7.1 General 

When sediment laden water i s  slowed o r  ponded, its a b i l i t y  t o  t ransport  

sediment i s  grea t ly  reduced. lSnder these conditions, sediment w i l l  s e t t l e  o u t  

of t h e  water and deposit. The e f f ic iency  of a detention s t ruc tu re  w i l l  depend 

on t h e  amount of t i m e  t h e  flow remains i n  t h e  detention area.  Larger s i z e  

p a r t i c l e s  s e t t l e  quickly while small  s i z e  p a r t i c l e s  require  a much longer t i m e  

t o  s e t t l e .  Figure 7.1 s h w s  t h e  s e t t l i n g  dis tance f o r  t h e  d i f f e r e n t  diameter 

p a r t i c l e s  used i n  t h i s  manual f o r  a 3O-minute t i m e  in terval .  Detention s t r u o  

t u r e s  presented i n  t h i s  manual w i l l  only pond one t o  two f e e t  of water and, a s  

can be seen i n  Figure 7.1, t he  t h ree  l a r g e s t  s i z e s  w i l l  quickly reach t h i s  

depth while t h e  smal les t  s i z e  w i l l  t ake  severa l  hours. 

F i l t e r i n g  s t ruc tures  a l s o  pool water allowing sediment t o  settle out  and 

deposit.  In addi t ion t o  detaining sediment laden water, a number of f i l t e r  

ba r r i e r s  a r e  ava i lab le  f o r  removing sediment from moving water. F i l t e r i n g  i s  

accomplished by a l l w i n g  t h e  sediment laden water t o  flow slowly through the  

small pores of a f i l t e r  material. 

Synthetic f ab r i c s  have become t h e  dominant mater ia l  used i n  t h e  design of 

f i l t e r i n g  s t ruc tu re s  . The fab r i c s  a r e  permeable and have numerous small pores 

which t r a p  sediments, both woven and nonwoven fabr ics ,  a r e  i n  use. These 

f ab r i c s  have a low permeability which means t h a t  water w i l l  pool behind a 

f i l t e r  s t ructure .  Because of t h i s  l o w  permeability f i l t e r  s t ruc tures  w i l l  not  

be su i t ab l e  f o r  use where high concentrations of water occur such a s  channels 

o r  gu l l ies .  F i l t e r  f ab r i c s  w i l l  t r a p  a l l  sand s i z e  p a r t i c l e s  and 60 t o  80 

percent of s i l t  and c l ay  s i z e  par t ic les .  Large p a r t i c l e  s i z e s  w i l l  tend t o  

s e t t l e  ou t  before they a r e  f i l t e r e d  bu t  t h e  d i s t i nc t ion  i s  not  necessary s ince 

a l l  of t h e m  s i z e s  will be removed i n  e i t h e r  case. 

Doteation and f i l t e r i n g  s t ruc tu re s  a r e  an e f f ec t ive  means of reducing the  

sediment rwld f ram an  area. Several f ac to r s  can decrease t h e i r  performance 

over a sho r t  period of t i m e ,  however, and maintenance of t h e  s t ruc tures  is 

important. F i r s t ,  s ince  these s t ruc tures  a r e  very e f f i c i e n t  sediment traps,  

they w i l l  accumulate largo deposits  of sediment a f t e r  r a in fa l l .  These struc- 

t u r e s  must be cleaned frequently o r  e l s e  t h e i r  eff ic iency w i l l  be reduced. 

The s t ruc tu re s  must be accessible  t o  maintenance equipment f o r  cleaning and 

should no t  be i n s t a l l e d  i n  locations where maintenance equipment access i s  
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Figure 7 . 1 .  S e t t l i n g  distance for di f ferent  diameter 
p a r t i c l e s  based on a 30-minute t i m e  
interval .  



limited. Second, erosion can jeopardize t h e  effectiveness of these s t r u e  

tu re r .  Common problems a r e  channels which form under o r  around s t ruc tures  

and/or t h e  clogging of f i l t e r  materials. Synthetic f i l t e r  f a b r i c  is a l s o  

suscept ible  t o  deter iorat ion from u l t r a v i o l e t  radiation. Structures should be 

inspected frequently and r epa i r s  made p row t l y  when damage has occurred. 

7.2 Procedural Guide 

The sediment trapping eff ic iency of both detention and f i l t e r i n g  struc- 

t u r e s  can be evaluated using t h e  following procedure. The height of ponded 

water is l imi ted  t o  two f e e t  f o r  both of these  s t ructures .  This height redu- 

ce s  t h e  p o s s i b i l i t y  of various s t r u c t u r a l  problem (undercutting o r  channeling 

around) and allawr room f o r  s torage of sediment. Urge sedimhnt deposition 

behind these  s t ruc tu re s  should be avoided s ince  it great ly  reduces t h e  

t rapping eff ic iency of t h e  s t ructure .  The procedure consis ts  of t h e  following 

f i v e  major stepe: 

1. Determination of t o t a l  water and sediment y i e l d  t o  t h e  structure.  

2. Determination of s t ruc tu re  length. 

3. Determinationof theamount of trappedsediment. 

4. Determination of ef f L e n t  s e t t l e a b l e  s o l i d s  concentration. 

5. Determination of t h e  required s tzuc ture  height. 

Worksheet 7.1 is provided t o  a i d  i n  executing t h e  detention and f i l t e r i n g  

s t ruc tu re  procedure. 

Step One: Determine t o t a l  w a t e r  and sediment y i e l d  t o  t h e  s t ructure .  

The procaduro mid. f o r  Chapter I V  computes water and sedimanlryield from 

an area. The s t e p  th rea  worksheet gives t o t a l  r a i n f a l l  excess i n  inches (last 
:* 

value i n  c u m  4) and t h e  s t e p  seven worksheet gives t he  t o t a l  sediment y ie ld  

i n  tons  (sum of column 5 ) .  The t o t a l  volume of water and sediment y i e ld  t o  

t h e  detention structure i s  given by t h e  f o l l w i n g  equation: 

where: V = volume of sedimant and water, cubic f e e t  
S W  

Pe = r a i n f a l l  excess, inches 



Worksheet 7.1. Detention and Filtering Structures. 

Step Om: Volume of Water and Sediment Yield 

Rainfall Excess, 'e 
a inches 

Catchmnt Area, A = acres 

Actual Sediment Yield, G = tons 
Y 

Duration of mnoff, 

Flow rate per unit area, 

Upland slope, 

Step Two: Miniarm Structure Length 

Maximuor Allowable Ponded Depth, dm = feet 

Detention Parameter 

Structure Length Coefficient, 

ninimum Structure Length 

Actual structura length used, Ld = feet 



7 . 5  

Worksheet 7 . 1  . ( continued). 

Volumo o f  sediment deposition 

a c u . f t .  

Depth o f  sediment deposition 

a f e e t  

Step Four: Mean Concentration of Effluent 

Step Five: Required Structure Height 

If d is greater than 0.5 f e e t  then add additional  freeboard, 
d df 
df = d - 0.5 

d 
f e e t  

Total  height  

Structure Height, Ad = 
'min / d m  + 0.5 + d, 

=d 

= f e e t  



A = area  i n  acres  

G = t o t a l  sedimhnt y i e ld  i n  tons  
Y 

Step Two: Dotermination of  s t ruc tu re  length. 

The length of a detention o r  f i l t e r i n g  s t ruc tu re  w i l l  depend on th. flow 

r a t e  through t h e  s t ~ c t u t e ,  t h e  duration of runoff , and the  height of t he  

s t ructure .  The f l w  r a t e s  through straw bales ,  syn the t ic  fabr ics ,  and rock 

o u t l e t s  a r e  given i n  Table 7.1. The flow r a t e  of synthet ic  f ab r i c s  can b e  

determined by t h e  F i l t e r i n g  Efficiency and Flow Rate Test  (Tes t  # I ,  developed 

by Virginia Highway and Research Council, 1980). These flow r a t e s  a r e  

generally not ava i lab le  f tom manufacturers. The permeability of t h e  f abrir as 

mcrasured using e i t h e r  a f a l l  head o r  constant head permeamstar should. not b e  

used f o r  f lw ra t e .  

The duration of runoff i s  determined by ca lcu la t ing  t h e  tima of i n i t i a l  

r a i n f a l l  excess (see task  t h r e e  of s t e p  th ree  i n  Chapter IV) and- subtracffng 

t h a t  tima from t h e  storm duration. The maximum depth of water vhich can pool 

behind a s t ruc tu re  i s  2.0 f e e t  f o r  detention s t ruc turaran-h  f i l t e r  f-, 1.5 

f e 8 t  f o r  brush f i l t e r  ba r r i e r ,  and 1.0 f e e t  f o r  straw ba l e  barr ier .  

mowing t h e  f l w  r a t e  through the  s t ruc ture ,  t h e  durat ion of runoff, and 

t h e  structure height,  a detention parameter, Kf , is  d e t e d n e d  tram. t h e  

following equation 

Kf f 1/2 K t d a e max 

where: Ka = flow r a t e  per  u n i t  a r ea  f o r  t he  s t ruc tu re  i n  f t / h r  

'e = duration of  runoff i n  hours 

dmax = max- allowable ponded depth i n  f ee t .  

Using t h e  dmtention parameter Xf and slope of t h e  land surface above the  

s t ruc ture ,  s m r t u r e  length coef f ic ien t ,  Cf , is  found &ing t h e  

nomograph f 8 figure 7.2. The miniPnnn s t ruc tu re  length is given by t h e  

following equation: 



The t o t a l  amount of sediment trapped by t h e  detention 

summing t h e  r e s u l t s  of Equation 7.7 f o r  each p a r t i c l e  

deposit ion is  given by: 

us = 20.2 G d 

and t h e  depth of deposition by: 

s t ruc tu re  i s  given by 

s ize .  The volume of 

where: Vs = deposited volume, cubic f e e t  

dd = deposit ion depth, f e e t  

S t a p  Four: Determine Se t t l e ab l e  So l i d s  Concentration 

The concentration of s e t t l e a b l e  s o l i d s  i n  t h e  water leaving a detention 

s t ruc tu re  is 

where: = 

given by t h e  following equation: 

(G  - Gd) 
= 8830 

'e A 

t h e  mean concentration of s e t t l e a b l e  Solids,  ppn 

ac tua l  sediment y i e l d  i n t o  t h e  detention s t ruc tu re  i n  tons 

sediment trapped i n  t h e  detention s t ruc tu re  i n  tons  

r a i n f a l l  excess i n  inches 

a r ea  above s t ruc tu re  i n  ac res  

S tep  Five: Determination of t h e  Required S t ruc ture  Height 

A detention s t ruc tu re  should have a t  l e a s t  0.5 f e a t  of freeboard above 

t h e  depth of wat8r and sediment. I f  t h e  depth of sediment trapped i s  greater  

than 0.5 f eot, then addi t iona l  freeboard i s  recommended where t h e  addi t ional  

f reeboard f l given by : 

where: 
df 

= addi t iona l  fraeboard i n  f e e t  i f  t h e  sediment deposition 
is grea te r  than 0.5 f e e t  

dd = deposit ion depth, f e e t  

The required height  of t h e  detention s t ruc tu re  is: - 



Worksheet 7). 1. Detention and F i l t e r ing  Structures. 

Step Onet Velum of Water and Sedimant Yield 

Rainfa l l  Excess , Pe 
m inches 

Catchment Area, A = acres  

A c t u a l  Sediment Yield, G = tons  
Y 

= cu. f t .  

Step Twos Minimum Structure  Length 

Maxinum Allowable Ponded Depth, d- m f e e t  

Duration of runoff , t =  hours 
e 

Flow r a t e  per u n i t  area ,  Ka 
t f a r  

Upland s lope, x 
= 

Dmtention Parameter 

Structure  Length Coef f i c i e n t  , =f 
= 

Hi- S t ruc ture  Length 

I f e a t  

Actual s t r u c t u r e  length used, Ld = f e a t  



Worksheet 7.1 . ( continued). 

S tep  Three: Sediment Trapping Eff ic iency 

Sediment 
S i z e  
( mm) 

( ) From i n p u t  d a t a  

( 2 ) ~ e e  Table 7.1 (Not needed f o r  f i l t e r  s t r u c t u r e s )  

1.414 

T o t a l  

( 3 ) ~ o r  F i l t e r  S t r u c t u r e s  see Figure 7.2 

Actual  
( 1  1 

Sediment 
Yield 

G ( t o n s )  
Y 

For Detention Strictures: 

///////// 

For Sand Sizes: 

F a l l  ( 2 )  

Velocity 
w ( f  t/sec) 

///////// 

Rock o u t l e t  flow rate, Ka f t/s ac 

Rock o u t l e t  length ,  
Lf 

= f e e t  

For t h e  s i l t  size: 

p from Figure  6.11 
9 

e G 
s Y 

( 3 )  
Trap 

Efficiency 
e 
9 

Sediment 
( 4 )  

Trapped 
G ( t o n s )  

d 



STRUCTURAL LENGTH COEFFICIENT, Cf 
5 - - 

P b, 2: 0 
0 0 0 0 

OT'L 



where: L = minimum s t ruc tu re  length, f e e t  
min 
VSw = volme of sediment and water, cubic f e e t  

C = s t ruc ture  length coef f ic ien t  
f 

If the  topography of t he  s i t e  f o r  t he  s t ruc ture  cannot accommodate tho 

necessary minimum length, a new location should be selected. I t  i s  important 

t o  keep i n  mind t h a t  detention and f i l t e r i n g  s t ructures  must be constructed 

p a r a l l e l  t o  t h e  contours of a slope. The required s t ruc ture  length can be 

reduced by se lec t ing  a f a b r i c  with an increased un i t  area flow r a t e  o r  by 

se lec t ing  a s t ruc tu re  with increased height. The length can a l s o  be reduced 

by se lec t ing  a s i t e  with a f l a t t e r  upland slope. The ac tua l  design length of 

t he  s t ruc tu re  i s  denoted by 
Ld 

Permeable Rock Outlets 

The flow r a t e  through a penneable rock o u t l e t  i s  much greater  than t h a t  

f o r  syn the t ic  fabr ics .  Detention s t ruc tures  cons is t  of an ea r th  berm and a 

permeable rock out le t .  The procedure f o r  detenaining t h e  length o f  a deterr  

t i o n  s t ruc tu re  is a s  follows: 

1. Divide t h e  rock o u t l e t  f l a ~  r a t e  (Table 7.1 1 by t h e  est-ted r a t i o  of 
berm length t o  to& o u t l e t  length. 

2. U s e  t h i s  f lw r a t e  t o  determine t h e  detention parameter (Equation 7.2 
and i n  determining t h e  s t ruc tu re  length coef f ic ien t  (Figure 7.2 1 . 

3. Calculate t h e  detention s t ruc tu re  length using Equation 7.3. The rock 
o u t l e t  length can be found by dividing t h e  s t ruc ture  length by the  e s t i -  
mated r a t i o  of berm length t o  rock o u t l e t  length. 

The trapping eff ic iency of detention s t ruc tures  improves a s  t he  r a t i o  of 

berm length t o  rock o u t l e t  length increases ( s e e  next s t e p ) .  The rock ou t l e t  

length can be varied t o  f i n d  t h e  most e f f i c i e n t  o u t l e t  s i z e  f o r  a s i t e .  

Step Thre- Sadiment Trapping Efficiency 

Flaw through a detention s t ruc tu re  i s  controlled by a permeable rock 

out le t .  The r a t e  a t  which t h e  pool drains  can be controlled by varying the  

length of t h e  rock o u t l e t  o r  t h e  type of rock used ( r ip rap  o r  gravel) .  The 

f a s t e r  t h e  pool drains ,  t h e  fewer f i n e  sediment s i ze s  w i l l  be trapped. 



Trapping e f f ic iency  of a detention s t ruc tu re  f o r  a sand s i z e  mater ia l  i s  given 

by t h e  f ol loving equation: 

where: e = t r a p  eff ic iency f o r  a given sediment s i z e  s 
K = flow r a t e  of t h e  rock o u t l e t  i n  f t / s e c  

w = f a l l  veloci ty  of t h e  p a r t i c l e  i n  f t/sec 

Lf = rock o u t l e t  length, f e e t  

Ld = s t ruc tu re  length, f e e t  

I f  f 
from Equation 7.4 is negative, then t h e  trapping eff ic iency w i l l  be 

zero f o r  t h a t  sediment s ize .  Table 7.1 a gives of f a l l  veloci  t y  f o r  each  pa^ 

t icle s i z e  and Table 7.lb f lw r a t e s  f o r  rock out le t s .  

For s i l t  s i z e  sediment, t h e  t r a p  eff ic iency is based on t h e  procedure i n  

Chapter V I  f o r  determining s i l t  y i e l d  from diversion s t ruc tures  (Step 5 )  .- 
This procedure i s  s implif ied f o r  diversion s t ructures .  

Fir&, t h e  s e t t l i n g  pararmter is given a s ,  

Second, t h e  t r a p  eff ic iency w i l l  equal 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  s e t t l e ,  o r  

For f i l t e r i n g  structures, t h e  trapping eff ic iency of t h e  s t ruc tu re  f o r  

t h e  sand s i z e s  equals 1.0 ( 100 per  cent)  and w i l l  vary f o r  t h e  s i l t  s i z e  (0.0 10 

mm) depending on t h e  percentage of s i l t  i n  t h e  incoming sed iasn t  y i e l d  t o  t h e  

f i l t e r  stru8ture. F igure  7.3 gives t h e  trapping ef f iciancy ( f o r  synthet ic  

f i b e r s  and &raw bales) f o r  s i l t  s i z e  p a r t i c l e s  a s  a function of t he  percent 

of silt. 

The amaunt of sediment trapped f o r  a p a r t i c u l a r  s i z a  is: 

where: Gd = amount of sediment trapped i n  tons  

G = sediment y i e l d  f o r  a p a r t i c l e  s i z e  (sum of colums 1-4, 
respect ively from the  Step Seven worksheet, Chapter IV) i n  tons  



T a b l e  7. la.  P a r t i c l e  P a l l  V e l o c i t y  and Rock Out le t  
and S t m c t u r e  Flow R a t e s .  

P a r t i c l e  S i z e  F a l l  V e l o c i t y  
( mm) ( f  t/s ec) 

T a b l e  7 . lb .  Unit Area F law Rates f o r  V a r i o u s  S t r u c t u r e  Types .  

S y n t h e t i c  F a b r i c s  (ave)  Flow R a t e  F low R a t e  
S t r u c t u r e  Type (f t/sec) ( f  t/hr) 

Rock O u t l e t :  

U p r a P  0.061 220.0 
C o a r s e  A g g r e g a t e  0.044 158.0 

S y n t h e t i c  F a b r i c s  (ave) -- 2.4 

S t r a w  B a l e s  -- 45.0 



PERCENT SILT 

Figure 7 . 3 .  S i l t  trapping e f f i c i e n c y  (from Simons, 
L i  & Assoc ia te s ,  I n c . ,  1982) .  



where: Hd = s t ruc tu re  height, f e e t  

The height  of t h e  rock o u t l e t  f o r  t he  detention s t ruc tu re  should equal the  

s t ruc tu re  height  without freeboard. 

7.3 Design of Detention Structures  

A detention s t ruc tu re  is a tenporary ridge of coupacted s o i l  located a t  

t h e  base of a disturbed area. It is  constructed on the  contour of a s lope and 

provides a l i nea r  sediment trapping area. Water i s  discharged from the  deten- 

t i o n  s t ruc tu re  through a permeable rock o u t l e t  t o  a s t ab i l i zed  o u t l e t  channel. 

Detention s t ruc tures  a r e  ea s i ly  combined w i t h  diversion and conveyance s t r u c  

tu re s  t o  form a complete sediment trapping system (see  Figure 7 .4 ) .  These 

s t ruc tures  a r e  designed t o  r e t a i n  t h e  e n t i r e  storm volume which is  then 

released slowly. Fairly long detention times can be developed i n  these struc- 

t u re s  which r e s u l t  i n  a high sediment trapping efficiency. 

Design Information 

A detention s t ruc tu re  cons is t s  of two components: 1) a perimeter bernt of 

coupacted s o i l ,  and 2)  a permsable rock out le t .  General design c r i t e r i a  f o r  

t he  perimeter berm a r e  given i n  Table 7.2, and Figure  7.5 shows a typ ica l  

c ross  sect ion of a per-eter berm. General design c r i t e r i a  f o r  a pernreable 

rock o u t l e t  a r e  given i n  Table 7.3. Figure 7.6 shows a typ ica l  permeable rock 

out le t .  

Planning Considerations 

A detention s t ruc tu re  is intended t o  c o l l e c t  sediment laden sheet  f lov 

and provide adequate sediment s e t t l i n g  t i m e .  These s t ruc tures  a r e  generally 

used a t  t h e  base of a s lope t o  t r a p  sediment and pro tec t  adjacent downslope 

1 and. 

If t ho  perimeter berm is t o  remain i n  place f o r  longer than 30 days, the 

berm should be s t ab i l i zed  with temporary o r  permanent vegetation. The l a t e r a l  

s lope of t h e  berm should be nearly zero f o r  maximum ponding length t o  develop. 

I t  i s  desirable  t o  maintain a s l i g h t  gradient toward the  rock o u t l e t  t o  faci-  

l i t a t e  drainage. 



Figure 7 . 4 .  Detent ion  berm w i t h  rock o u t l e t .  



Table 7 .2 .  General Design Criteria for  a Perimeter Berm. 

Height: 1.5 f e e t  minimum measured from upslope side of berm 

Topwidth: 2.0 f e e t  minimum 

Side Slopes: 2: 1 or f l a t t e r  

Compaction: Required. Compaction using the wheels or  
tracks of heavy equipment is adequate. 

Grade: Zero. Perimeter berm should be constructed paral le l  
t o  the contour of the upland slope. 



k 2 '  min. --A 

Figure 7.5. Typcial cross section of a perimeter 
berm. 



Table 7 . 3 .  General Design Criteria for  a Rock Outlet.  

Height: Minilaurn of  0 .5  f e e t  1-r than the  top of  the 
per* ter berm 

Topwidth: 2 .0  f e e t  minimum 

Side Slopes: 2: 1 o r  f l a t t e r  

Material: Riprap, 6 t o  12 inches i n  d i a m t e r  when high 
f 1-8 are  poss ible ,  o r  crushed stone 2.0 
inchea o r  larger when only low flows are 
expected. 



Typical riprap or gravel cross section 

Typical gabion cross section 

Riprap or gravel outlet  

/ 

Gabion outlet 

Figure 7 . 6 .  Rock outlet  types. 



Whenever possible ,  t h e  detention s t ruc tu re  should be b u i l t  before other  

construction begins. The berm should be adequately compacted t o  prevent 

f a i l u r e  and s t a b i l i z e d  with mulch and vegetation. The detention s t ruc tu re  

should be located i n  ac t i ve  mining a reas  t o  minimize possible  damages by 

mining and reclamation operations. Deposited sediment should be removed from 

behind t h e  s t ruc tu re  a f t e r  major s t o m  o r  when o n e t h i r d  of t h e  pond volume 

has  been f i l l e d  with sediment. 

Rock o u t l e t s  used with detention s t ruc tu re s  a r e  permeable and should be 

expected t o  leak. They a r e  not  intended t o  t r a p  sediments i n  t h e  pore open- 

ings  of t h e  rock. The outflow r a t e  can be grea t ly  reduced by adding syn the t ic  

f i l t e r  f a b r i c  over t h e  rock (see Figure 7.7). F i l t e r  f a b r i c  w i l l  c log  rapidly 

under these  condit ions and therefore  must be inspected frequently and replaced 

when clogging is evident. F i l t e r  f a b r i c  should never be incorporated within a 

rock o u t l e t  s ince  maintenance and inspection would be d i f f i c u l t  . 

In-Se m i c e  Performance 

Deposited sediment should be removed from behind t h e  detention s t ruc tu re  

a f t e r  major storms o r  when o n b t h i r d  of t h e  pond volume has  been f i l l e d  with 

sediment. The detention s t ruc tu re  should be designed with adequate room 

behind t h e  s t ruc tu re  t o  allow f o r  easy access by equipment f o r  cleaning. 

Detention s t ruc tu re s  should n o t  be i n s t a l l e d  i n  locat ions  where access by 

maintenance equipment i s  d i f f i c u l t .  

When sediment i s  removed from a detent ion s t ruc ture ,  t h e  berm and rock 

o u t l e t  should be c l e a r l y  marked t o  p r w e n t  damage t o  these  a r ea s  by equipment. 

Plaggetd s t akes  should be  placed along t h e  i n s ide  edge of t h e  berm ( s e e  

Figure 7.8) so t h a t  t h e  e q u i p n t  operator  can c l ea r ly  gage t h e  locat ion of 

t h e  berm and rock ou t l e t .  

If f i k t o r  f a b r i c  i s  used i n  conjunction with a rock o u t l e t ,  it should be 

replaced w m  sediment is removed from t h e  pond. F i l t e r  f a b r i c  should be 

inspected after major storms f o r  clogging. 

Specif icat ions  

Materials  used i n  t h e  construction 0 f detention s a c t u r e s  a r e  ea r th  

embankment, gravel, r ip rap ,  o r  gabions. Specif icat ions  f o r  embankment f o r  



berm constnaction and gravel f o r  rock o u t l e t s  are  given i n  sect ion 6 .6 .  

Speci f icat ions  f o r  riprap and gabions used f o r  constructing rock o u t l e t s  are 

given on t h e  fol lowing pages. 



/filter fabric 

figure 7 . 7 .  Rock outlet with f i l t er  fabric. 



Figure 7.8. Flagging t o  p r o t e c t  berm and rock 
o u t l e t  dur ing  maintenance. 



Specification - Uprap  f o r  Rock Outlets 

Description. This work s h a l l  cons is t  of construction of r iprap i n  accor- 

dance with these specif icat ions  a s  shown on t h e  plans o r  a s  directed. 

Materials. Riprap s h a l l  cons is t  of hard, dense, sound, rough fractured 

s tone a s  nearly cubical  a s  parct icable .  Thin s l a b  type stones and f lak ing  

rock s h a l l  not  be used. The s tone s h a l l  have a spec i f i c  gravi ty  of a t  l e a s t  

2.25. Removed concrete may be used f o r  r ip rap  provided i t  meets t h e  other  

requirements of t h i s  s e c t b n  and i f  approved. The s i z e  requirements f o r  t he  

two items of r ip rap  a r e  a s  follows: 

Guide f o r  Size  Determination 

siZB* I Vol- Weight s tone 
(cu.ft.1 ( l b s )  

6 in.  1 0*06=  
10 

*equivalent spherica 1 diameter 

9 in. 

Size  of stone and arrangament of r ip rap  s h a l l  be a s  s h a m  on plans. 

Stone s h a l l  be w e l l  graded i n  order  t h a t  t h e  voids can be f i l l e d ,  and a t  l e a s t  

5 0  percent of t he  mass s h a l l  be stones equal t o  o r  larger than t h e  stone s i z e  

ca l l ed  f o r  on t h e  plans.  Stone s i z e  s h a l l  not  be la rger  than twice the  mean 

diameter of t h e  riprap.  

Construction Recruiremants. Riprap s h a l l  be placed t o  conform t o  t h e  plan 

d e t a i l s .  The spaces between t h e  l a rge r  s tones  s h a l l  be f i l l e d  with smaller 

s tone of a su i t ab l e  s f  ze. Riprap may be machineplaced with su f f i c i en t  hand 

work t o  acconplish requiranents of t h i s  specification.  

Method of MeaauraMnt. Riprap w i l l  be measured by t h e  cubic yard by the  

method of amrage end areaa based on dimensions shown on t h e  plans o r  ordered. 

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

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

b id  schedule. 

Payment w i l l  be made under: 

PAY ITEM PAY UNIT 

Riprap Cubic Yard 

Structure  excavation w i l l  be measured and paid f o r  separately.  

0.22 3 0 



Specification - Gabions 

Description. This work s h a l l  cons is t  of t he  construction of r ip rap  i n  

wire mesh gabions i n  accordance with these specif icat ions  a s  shown on the  

plans o r  directed. 

Materials. Wire - A l l  wire used i n  t he  manufacture and assembly of the  

mesh s h a l l  equal o r  exceed Federal Specification QQ-W-46 1G, Wire, S tee l ,  

Carbon (Round, Bare and Coated) including the  following spec i f i c  requirements : 

f i n i s h  5, c l a s s  3 weight of z inc  coating. Wire mesh f o r  Gabions (cage 

thickness 12 inches and greater)  s h a l l  be 1 1 gage (U. S .) , s o f t  temper. 

T i e  and connecting wire s h a l l  be supplied f o r  securely fastening a l l  

edges of t h e  gabions and diaphrama. Gabions s h a l l  be provided with 4 cross  

connecting wires i n  each c e l l  1/2 u n i t  high and 8 i n  each c e l l  one u n i t  high. 

Gabions s h a l l  a l s o  have inner  t i e  wires connecting t h e  f r o n t  face  t o  t he  r e a r  

f ace  a t  approximate spacing of 1 2  inches i n  both ve r t i ca l  and horizontal  

dimensions. Tie  wire s h a l l  meet t h e  s a m  specif icat ions  f o r  wire used i n  the  

mesh except t h a t  t i e  wire f o r  gabion cages s h a l l  not be more than 2 gages 

l igh te r .  

A l l  w i r e  used, including t i e  and connecting wire, s h a l l  be c e r t i f i e d  by 

m i l l  t e s t  r epo r t ( s )  showing compliance with spec i f i ca t in  requiremants. 

Rlprap - Riprap s h a l l  cons is t  of hard, dense, sound, rough fractured 

s tone o r  l o c a l  sandstone, a s  nearly cubical  a s  practicable.  Thin  s l a b  type 

stones and f lak ing  rock s h a l l  not  be used. Stone s h a l l  have a spec i f i c  gra- 

v i t y  of a t  l e a a t  2.25 and s h a l l  be r e s i s t a n t  t o  t he  ac t ion  of a i r  and water. 

Flaking o r  fragsmntal rock w i l l  not  be permitted. 

The s i z e s  of r ip rap  s tone f o r  gabions and s lope mattresses s h a l l  conform 

t o  t h e  following: 

Stone S ize  
Gabions (cage thickness 12 inches 
a t  grea te r )  4 t o  8 inches 

Construction Requiram6nts: Gabions s h a l l  be placed t o  conform w i t h  plan 

de t a i l s .  Riprap mater ia l  s h a l l  be placed i n  c lose  contact  i n  t h e  u n i t  so  t h a t  

maxinum f i l l  is obtained. The u n i t s  may be f i l l e d  by machine with su f f i c i en t  

hand work t o  accomplish requirements of t h i s  specification.  

Where t h e  length of t h e  u n i t  exceeds i ts horizontal  width, t he  gabion i s  

t o  be equally divided by diaphragms, of t h e  same mesh and gauge a s  t h e  body, 

i n t o  c e l l s  whose length does not  exceed t h e  horizontal  width. The u n i t  s h a l l  



be furnished with t h e  necessary diaphragms secured i n  proper pos i t ion  on the  

base sec t ion  i n  such a manner t h a t  no addi t iona l  ty ing  a t  t h i s  juncture w i l l  

be necessary. 

A l l  perimeter edges of gabions a r e  t o  be securely bound s o  t h a t  the  

j o in t s  fornmd by ty ing  have approximately the same s t rength  a s  t h e  body of the  

mesh. 

A l l  gabion u n i t s  s h a l l  be t i e d  together each t o  its neighbor along a l l  

contacting edges i n  order  t o  form a continuous connecting s t ruc ture .  

Wthod of Measurement. The quant i ty  t o  be measured under t h i s  item w i l l  

be t h e  nmber  of cubic yards of r ip rap  required t o  f i l l  t h e  gabions i n  accor- 

dance with t h e  dimensions shown on plans ,  o r  a s  ordered, completed and 

accepted. 

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

be paid  f o r  a t  t h e  contract  u n i t  p r i c e  p e r  cubic yard f o r  gabions. 

Payment w i l l  be made under: 

PAY ITEM P A Y  UNIT 

Ga bions Cubic yards 

S t ruc ture  excavation and s t r u c t u r e  b a c k f i l l  w i l l  be measured and pa id  f o r  

separate ly .  



7.4 Design of F i l t e r  Structures  

F i l t e r  s t ruc tures  a r e  temporary sediment bar r ie rs  consis t ing of synthet ic  

f i l t e r  f a b r i c  o r  straw bales  placed along t h e  contour of a slope. Several 

designs a r e  i n  common use and a r e  presented i n  t h i s  manual. F i l t e r  fence is  a 

l i n e a r  f i l t e r  ba r r i e r  constructed of synthet ic  f i l t e r  fabr ic ,  pos t s  and, 

depending on t h e  s t rength of t h e  f a b r i c  used, wire fence. Brush ba r r i e r  i s  a 

l i n e a r  f i l t e r  b a r r i e r  which makes use of residue materials a v a u a b l e  from 

c lear ing  and grubbing operations covered by synthet ic  f i l t e r  fabr ic .  A straw 

ba le  b a r r i e r  cons is t s  of a raw of entrenched and anchored straw bales.  

F i l t e r  s t ruc tures  can be ea s i ly  combined with other  sediment control  

p rac t ices  t o  form a complete sediment control  system. These s t ruc tures  a r e  

very e f fec t ive  a t  reducing t h e  amount of suspended sediment from an area.  

F i l t e r  f ab r i c s  have a low penmabi l i ty  and a r e  l imited t o  s i t ua t ions  where 

unconcentrated, overland flows a r e  expected. F i l t e r  s t ruc tures  a r e  not  ab le  

t o  handle t h e  volumes of water generated by channel flows. 

Design Inf onnation 

Improperly constructed f i l t e r  s t ruc tu re s  w i l l  have poor sediment trapping 

e f f ic iency  and high f a i l u r e  r a t e s .  Undercutting and end flow a r e  two major 

problems with t h i s  type of structure.  Careful i n s t a l l a t i o n  and adequate main- 

t enance a r e  e s sen t i a l  t o  t h e  effect iveness  of these sediment f i l t e r s  . 
Improper i n s t a l l a t i o n  can r e s u l t  i n  increased erosion and damage from sedi- 

ment. In general syn the t ic  f i l t e r  s t ruc tu re s  a r e  e a s i e r  t o  i n s t a l l  correct ly  

compared t o  straw ba le  b a r r i e r s  and may be preferable  i n  many cases. 

I n s t a l l a t i o n  proahdures a r e  presented f o r  both synthe t ic  f a b r i c  struc- 

tures ( f i l t e r  fence and brush f i l t e r  ba r r i e r )  and straw bale  bar r ie rs .  All  

i n s t a l l a t i o n 8  should be carefu l ly  inspected f o r  defects  a f t e r  construction. 

In s t a l l a t i on  Procedure - F i l t e r  Structures  

In most cases t h e  f a b r i c  should no t  extend t o  a height greater  than 36 

inches; higher heights  may back up volumes of water su f f i c i en t  t o  cause 

f a i l u r e  of t h e  s t ructure .  

The procedure f o r  i n s t a l l i n g  f i l t e r  fences a r e  given below. 

1. S e t  wood o r  s t e e l  pos t s  securely a t  i n t e rva l s  no grea te r  than 10 f e e t  
apar t .  Wood pos ts  should be a t  l e a s t  3 inches i n  diameter; with s t e e l ,  
only t h e  T-shaped pos ts  should be used. 



2 .  Fasten fence wire securely t o  t h e  upstream s ide  of the posts. Wire 
should extend i n t o  t h e  s o i l  a minimum of 2 inches, and be a minimum of 36 
inches i n  height. 

3 Excavate a trench 6 inches wide by 6 inches deep along the  upstream base 
of t he  fence. 

4. Staple o r  wire t h e  f i l t e r  f ab r i c  t o  t h e  fence, allowing the  f ab r i c  t o  
extend i n t o  t h e  trench a s  shown i n  Figure 7.9. The f ab r i c  should not 
extend over 36 inches above the  o r ig ina l  ground on t h e  wire fence. 

5. Backfi l l  and compact t h e  s o i l  over t he  f a b r i c  extending i n t o  t he  trench. 

6 .  If  a f i l t e r  fence is t o  be constructed across a d i tch  l i n e  o r  drainageway 
of lw  flow, t h e  ba r r i e r  should be of s u f f i c i e n t  length t o  contain t h e  
design storm volume from t h e  upland area. 

7. The fence should be constructed p a r a l l e l  t o  t h e  contours of t he  slope. 
The ends of t h e  fence should bend upslope a su f f i c i en t  distance t o  elimi- 
na t e  end flow a s  shown i n  Figure 7.10. 

The procedures f o r  i n s t a l l i n g  brush f i l t e r  ba r r i e r s  i s  s imi la r  t o  t h a t  f o r  

f i l t e r  fence and i s  i l l u s t r a t e d  i n  Figure 7.1 1. 

In s t a l l a t i on  Procedure - Straw Bale Barrier 

The i n s t a l l a t i o n  procedures f o r  straw bale  ba r r i e r s  a r e  given below and 

a r e  i l l u s t r a t e d  i n  Figure 7.12. 

1. Excavate a trench t h e  width of a bale  and the  length of t h e  proposed 
b a r r i e r  t o  a minimum depth of four  inches. 

2 .  Place bales  t i g h t l y  together i n  t h e  trench. Drive two sturdy wooden 
s takes  o r  s t e e l  rods through each ba le  and i n t o  t h e  ground t o  a depth 
s u f f i c i e n t  t o  securely anchor t he  bales. 

3 Wedge loose straw t i g h t l y  between bales  a f t e r  staking. 

4. Backfilu and compact t h e  excavated s o i l  against  the  ba t r ie r .  Backfilled 
s o i l  rhould conform t o  ground l e v e l  on t h e  downstream s i d e  and should b e  
b u i l t m p  t o  4 inches aga ins t  t he  upstream s i d e  of the  bar r ie r .  

5 .  The straw bale  b a r r i e r  should be constructed p a r a l l e l  t o  t he  contours of 
t he  slope. The ends of t h e  b a r r i e r  should bend upslope a su f f i c i en t  
dis tance t o  eliminate end flow. 



1. Set  posts  and excavate 
trench. 

2 .  T i e  wire fencing t o  
posts  

3 .  Attach f i l t e r  fabric  t o  
w i r e  fence,  allowing 
extension in to  trench 
as shown. 

4 .  Backf i l l  and compact 
excavated soi 1 .  

Figure 7 . 9 .  Building a f i l t e r  fence ( a f t e r  
Virginia S o i l  and Water Conser- 
vation Commission, 1980). 



Figure 7.10. F i l t e r  fence  a p p l i c a t i o n  showing proper  
t e r m i n a t i o n  t o  p reven t  end flow. 



1. Excavate trench along uph i l l  2.  Drape f i l t e r  f ab r i c  over 
edge of brush ba r r i e r .  brush ba r r i e r  and i n t o  

the  trench. 

3. Backfi l l  and compact excavated 4. Set  s takes  and t i e  down 
s o i l .  f i l t e r  f ab r i c  along the  

downhill edge> of the 
brush bar r ie r :  

Figure 7 .11 .  Building a brush f i l t e r  b a r r i e r  ( a f t e r  
Virginia  So i l  and Water Conservation 
Commission, 1980). 



1. Excavate trench. 2 .  Place and stake straw 
bales. 

3 .  Wldqe loose straw 
biitwaen bales. 

4 .  Backfil l  and compact 
excavated s o i l .  

Figure 7 . 1 2 .  Installation of straw barrier (after  
Virginia Soi l  and Water Conservation 
Commission, 1980). 



Planning Considerations 

The use  of f i l t e r  s t ruc tu re s  must be l imited t o  s i t ua t i ons  i n  which only 

low o r  modorate flows a r e  t o  be intercepted.  Use of these  s t ruc tu re s  i s  s p e  

c i f i c a l l y  excluded f o r  s i t ua t i ons  i n  which water is t o  be concentrated i n  a 

channel o r  drainageway. Experience has shown t h a t  use of straw bales  a s  check 

s t ruc tu re s  i n  d i tches  has resu l ted  i n  high f a i l u r e  ra tes .  Rock check struc- 

t u r e s  a r e  recommanded (see Chapter VI). It must be emphasized t h a t  while 

these  s t ruc tu re s  a r e  e f f i c i e n t  sediment f i l t e r s ,  they require  more inspection 

and maintenance than moat sediment cont ro l  s t ructures .  

The f i l t e r i n g  e f f ic iency  of straw bales  is lower than t h a t  f o r  syn the t ic  

f a b r i c  (see Figure 7.3).  F i l t e r  s t ruc tu re s  may be preferable  t o  straw bales  

because they a r e  capable of ponding sediment laden water t o  a g rea te r  depth, 

there fore  reducing t h e  required length of the structure. Failure r a t e s  a r e  

lawer f o r  syn the t ic  f a b r i c  s t ruc tu re s  conpared t o  straw ba le  ba r r i e r s ,  bu t  

poorly constructed f a b r i c  s t ruc tu re s  a r e  no t  uncommon. In s t a l l a t i on  procer 

d u e s  must be followed care fu l ly .  

In-Service Performance 

Deposited sediment should be removed from behind a f i l t e r  s t ruc tu re  a f t e r  

major storms o r  when one-third of t h e  sediment trapping volume has been 

reached. F i l t e r  s t ruc tu re s  should no t  be i n s t a l l e d  i n  locat ions  where access 

by maintenance equipmant i s  d i f f i c u l t .  F i l t e r  f a b r i c  should be checked a f t e r  

major storms f o r  clogging and damage. F i l t e r  f a b r i c  w i l l  d e t e r io r a t e  from 

exposure t o  u l t r a v i o l e t  rad ia t ion  and should be checked a t  r e g u l u  in te rva l s  

f o r  reduced s t rength  o r  t e a r s .  

During cleaning operations,  care should be taken with equipment t o  pre- 

vent  damage to t h e  f i l t e r  structure. If damage occurs, it should be repaired 

promptly. -paired sec t ions  of f i l t e r  f a b r i o  should be overlapped and bonded 

t o  exis* sec t ions  t o  prevent leakage. 

Specifications 

This  sec t ion  gives spec i f ica t ions  f o r  f i l t e r  f a b r i c  s t ruc tures .  The s p e  

c i f i c a t i o n  f o r  syn the t ic  f a b r i c  requi res  t h a t  f a b r i c  pass  two t e s t s  developed 

Sy t h e  Virginia  Department of Transportation t o  determine f i l t e r i n g  e f f i -  

ciency, f l w  r a t e ,  and s t rength.  Since these  a r e  nonstandard t e s t s ,  t h e  pro- 

cedures f o r  conducting t h e  t e s t  a r e  given. Manufacturers a r e  current ly  aware 



of these t e s t s  and so- give t h e  r e s u l t s  i n  t h e i r  published performance data 

o r  w i l l  comply with requests f o r  t h i s  information. 

N o  de ta i led  spec i f ica t ion  i s  given f o r  straw bales s ince these may vary 

with t he  typo of machinery and straw used t o  form the  bale. General guides t o  

s e l ec t ing  a durable straw ba le  are: 1) t h e  bale  should be wirebound around 

t h e  s ides ,  and 2 )  o l d  o r  water logged bales  should be avoided. Straw bales 

should be secured with wooden s takes  ( 2  inches x 2 inches mininrum) o r  rebar. 



Specification - F i l t e r  Fence and Brush F i l t e r  Barr ier  

Description. This work s h a l l  cons is t  of furnishing and i n s t a l l i n g  f i l t e r  

fences and brush f i l t e r  ba r r i e r s  i n  accordance with t h i s  provision and i n  

reasonably c lose  conformity with t h e  l i nes ,  grades and d e t a i l s  shown on t h e  

plans  o r  es tabl ished by t h e  Engineer. 

Phterials.  F i l t e r  c lo th  f ab r i c  s h a l l  be a pervious sheet  of propylene, 

nylon, e s t e r  o r  ethylene yarn and s h a l l  be c e r t i f i e d  by the  manufacturer o r  

suppl ie r  a s  conforming t o  t h e  following requirements : 

PHYSICAL PROPERTY TEST - 
F i l t e r i n g  Efficiency T e s t  1 90% (Min.1 

Flow Rate T e s t  1 0.3 Gal./Sq.Ft./Min. 
(Min. ) 

q e n s i l e  Strength @ 20% (Max.) 
Elongation T e s t  2 Extra Strength 50 Lbs. 

p e r  Linear Inch 
(Min. ) 

Standard Strength 30 
Lbs per  Linear 
Inch ( f i n .  ) 

*Requirements reduzed by 50% a f t e r  6 months of i n s t a l l a t i on .  

F i l t e r  c lo th  f a b r i c  f o r  above ground use s h a l l  contain u l t r a v i o l e t  ray inhibi- 

t o r s  and s t a b i l i z e r s  t o  provide a m i n i m u m  of 6 months of expected usable 

construction l i f e  a t  a t q e r a t u r e  range of O°F t o  120°F. 

Posts  f o r  f i l t e r  fence s h a l l  be rough o r  f i n i s h  4 inches by 4 inches - 
wood, 3 inches ( minFmnn) diameter wood, o r  1.3 3 pounds per  l i n e a r  f o o t  

(minimum) s t e e l  with a minimum length of 5 fee t .  

Wire fence reinforcement f o r  f i l t e r  fence using standard s t rength f i l t e r  - 
c l o t h  fabric a h a l l  be a mininnrm of 36 inches i n  height,  a minimum of 14- 1/2 

gaga and sh.1 have a mesh spacing of 6 inches o r  l e s s .  

ConsWiktion Requirements. F i l t e r  Fence s h a l l  be erected a t  locat ions  

sham on t h e  plans  o r  a s  approved o r  determined by t h e  Engineer. The 

Contractor s h a l l  have t h e  option t o  provide e x t r a  s t rength f i l t e r  c lo th  f ab r i c  

o r  t o  provide standard s t rength  f i l t e r  c lo th  f a b r i c  with a wire fence reinfor- 

centent. When standard s t rength  f i l t e r  c lo th  f a b r i c  i s  used f o r  f i l t e r  fence, 

t h e  f i l t e r  c lo th  f a b r i c  s h a l l  be reinforced with wire fence, and t h e  pos t  spa- 

c ings  s h a l l  no t  exceed 10 f ee t .  When ex t r a  s t rength  f i l t e r  c lo th  f a b r i c  i s  



used f o r  f i l t e r  fence, t h e  p o s t  spacings s h a l l  not exceed 6 f e e t  and the  w i r p  

fence w i l l  no t  be required. Posts s h a l l  be unif ondly in s t a l l ed  with not l e s s  

than 2. and not  more than 20. inc l ina t ion  toward the  po ten t i a l  s i l t  load area. 

The attachaunt of fence f a b r i c  t o  ex i s t i ng  t r e e s  w i l l  not  be permitted unless 

approved by t h e  Engineer. The f i l t e r  fence s h a l l  be maintained i n  an e f f e c  

t i v e  condition a t  a l l  times while i n  use. 

F i l t e r  c lo th  f a b r i c  s h a l l  be a minimum of 45 inches wide and s h a l l  be 

secured t o  t h e  poet  o r  f ence by su i t ab l e  s tap les ,  t i e  wire o r  hog r ings  i n  

such a manner a s  t o  prevent t ea r ing  of t h e  fabr ic .  The bottom of t h e  f i l t e r  

c lo th  s h a l l  be entrenched i n t o  t h e  ground a minimum of 8 inches t o  prevent 

water from flowing under t h e  fence. F i l t e r  c lo th  f a b r i c  s h a l l  be sp l iced  

together only a t  support pos t s  with a mi- of 6 inch overlap and securely 

sealed. The top of t h e  f i l t e r  c lo th  f a b r i c  s h a l l  be i n s t a l l e d  with a 1 inch 

tuck o r  with a reinforced t o  end section.  

I n  t h e  event t h e  f i l t e r  c lo th  f a b r i c  has decomposed o r  becomes inef f e c  

t i v e  p r i o r  t o  6 months a f t e r  i n s t a l l a t i on ,  t h e  f i l t e r  c lo th  f ab r i c  s h a l l  be 

replaced a t  t h e  Contractor's expense t o  o r i g i n a l  design. I n  t h e  event t h e  

f i l t e r  c lo th  f a b r i c  has decomposed a f t e r  6 month8 from t h e  i n s t a l l a t i o n  da te  

and t h e  f i l t e r  fence is s t i l l  required a s  determined by t h e  Engineer, the  

f i l t e r  c lo th  f a b r i c  s h a l l  be replaced with equal material  and w i l l  be paid f o r  

a t  o n b h a l f  t he  contract  u n i t  p r i c e  f o r  the  f i l t e r  fence. F i l t e r  fence 

mater ia ls  s h a l l  be ramoved when no longer required, a s  determined by the  

Engineer, and s h a l l  be disposed of by t h e  Contractor. 

Brush F i l t e r  Barriers: Brush b a r r i e r s  used along t h e  down h i l l  s i d e  of 

s lopes  s h a l l  h a m  standard s t rength  f i l t e r  c lo th  f a b r i c  attached a t  specif ied 

locat ioru t o  f o m  a bnrsh f i l t e r  bar r ie r .  The ba t toa~  of t h e  f i l t e r  c lo th  

s h a l l  be entrenched i n t o  t h e  ground a mininum of 8 inches and t h e  top of 

t h e  f i l t u a l o t h  s h a l l  be i n s t a l l e d  with a 1 inch tuck o r  w i t h  a reinforced 

top end s-on. 

B r u 8 ~  SOT bmsh f i l t e r  b a r r i e r s  s h a l l  be i n s t a l l e d  p r i o r  t o  any major 

earth-disturbing a c t i v i t y  and s h a l l  be trimmed su f f i c i en t ly  t o  prevent tear ing 

o r  puncturing of t he  f i l t e r  cloth.  The t o p  of t h e  f i l t e r  c lo th  s h a l l  be t i ed ,  

s tap led  o r  o t h e w i s e  s e a r e d  t o  t h e  top  o r  s lope of brush ba r r i e r  such t h a t  

t h e  i n t e g r i t y  of t he  s i l t  b a r r i e r  w i l l  be sound. Intermediate attachment o f '  

t h e  f i l t e r  c lo th  s h a l l  be with su i t ab l e  t i e s  o r  s taples .  A 6 inch overlap of 



c l o t h  f o r  v e r t i c a l  and horizontal  sp l i c ing  s h a l l  be maintained and t i gh t ly  

sealed. 

The f i l t e r  c lo th  f a b r i c  s h a l l  be maintained i n  accordance with the  

requiremanta f o r  f i l t e r  fence. When brush f i l t e r  ba r r i e r s  a r e  no longer 

required, a s  determined by t h e  Engineer, t he  f ab r i c  s h a l l  be c u t  a t  ground 

height  and disposed of by the  Contractor. 

Inspection and Maintenance: A l l  f i l t e r  fences and brush f i l t e r  bar r ie rs  

s h a l l  be inspected iaumdiately a f t e r  each r a i n f a l l  and a t  l e a s t  da i ly  during 

prolonged ra infa l l .  Any def ic iencies  s h a l l  be immediately corrected. In 

addit ion,  a da i ly  review of t h e  locat ion f o r  f i l t e r  fences and brush f i l t e r  

ba r r i e r s  s h a l l  be made i n  a reas  where construction a c t i v i t y  changes the  ear th  

contour and drainage runoff t o  ensure t h a t  t h e  f i l t e r  fences o r  brush f i l t e r  

ba r r i e r s  a r e  properly located f o r  effectiveness.  Where def ic iencies  e x i s t ,  

addi t ional  f i l t e r  fences o r  bmsh f i l t e r  ba r r i e r s  s h a l l  be i n s t a l l ed  a s  

approved o r  d i rec ted  by t h e  Engineer. 

Sediment deposi ts  s h a l l  be removed when t h e  deposit  reaches approximately 

o n b t h i r d  of t h e  volume capacity of t h e  f i l t e r  fence o r  brush f i l t e r  ba r r i e r  

a s  approved o r  d i rec ted  by t h e  Enginear and disposed of a s  directed by the  

Engineer. Any sediment deposits  remaining i n  place a f t e r  t h e  temporary f i l t e r  

fence o r  brush f i l t e r  ba r r i e r  i s  no longer required s h a l l  be dressed t o  con- 

form with t h e  ex i s t i ng  grade, prepared and seeded 

Method of Measurement. F i l t e r  fences w i l l  be measured i n  l i nea r  f e e t ,  

coupletbin-place. When t h e  f i l t e r  c lo th  f a b r i c  i s  required t o  be replaced 

a f t e r  6 months f roo t h e  i n s t a l l a t i o n  date,  t h e  replacement f i l t e r  c lo th  f abrrc  

w i l l  be measured i n  l i n e a r  f e e t  of f i l t e r  fence and paid f o r  a t  one-half the  

contract  u n i t  p r i c e  f o r  f i l t e r  fence. 

Brush f i l t e r  b a r r i e r s  w i l l  be measured i n  square yards of f i l t e r  c lo th  

coupleto- ibplace,  excluding laps.  The brush f i l t e r  b a r r i e r  w i l l  not  be 

measured far payment under t h i s  provision, but w i l l  be paid f o r  separately.  

B a s i s  of Payment. The accepted quant i ty  measured a s  provided above will 

be pa id  f o r  a t  t h e  cont rac t  u n i t  price. 

Payment w i l l  be made under: 

PAY ITEM 

F i l t e r  Fence 

Brush F i l t e r  Bar r ie r  

PAY U N I T  

Linear foo t  

Square yard 



When silt cleanout i s  approved or directed by the Engineer, s i l t  removal 

w i l l  be measured i n  cubic yards of vehicular measurement of haul and paid for 

separately. 

Seediag materials w i l l  be measured and paid for separately. 
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TEST 1 - FILTERING EFFICIENCY AND FLOW RATE TEST 

LABORATORY 

1. Scope 

This method is  used t o  determine t h e  f i l t e r i n g  eff ic iency and flow 
r a t e  of a f i l t e r  f a b r i c  i n  t h e  laboratory.  

2. Apparatus 

a. A flume 48 inches long by 32 inches wide by 12 inches high with a 
g u t t e r  at tached t o  one s i d e  ( s ee  Figures 7.13 and 7.14) . 

b. Two 20-gallon containers. 

c.  A s t i r r e r  on a 1/4 inch por tab le  d r i l l .  

d. Stopwatch. 

e. A DH-48 in tegra ted  water sampler with t en  500 m l  bo t t l es .  

3. Procedure 

S t re tch  a sample of t h e  f a b r i c  39 inches long by 12 inches wide 
across  t h e  f lume opening 32 inches u ide  and f a s t en  securely i n  place 
t o  assure  t h a t  a l l  t h e  sediment-laden water passes through t h e  
sample. Note: The flume. opening is  t h e  standard Length of a straw 
bale. 

Elevate t h e  f lune  t o  an 8 percent slope. 

Take a depth integrated,  suspended s o l i d s  sample fram an untreated, 
f a i r l y  sedim4n*free water supply. Continuously a g i t a t e  t h e  supply 
f o r  uniformity dur ing t h e  sampling process. 

Prewet t h e  f a b r i c  by passing 50 l i t r e s  of untreated, f a i r l y  
sedbmnt-free water throu* it. 

Mix 150 gram8 of minus 10  mater ia l  of a s i l t y  s o i l  ( s e e  gradation 
-0, Figure 7.15) i n  50 l i t r e s  of t h e  untreated water placed i n  
O m  of t h e  20-gallon containers. Thoroughly a g i t a t e  t h e  solut ion 
dth t h e  stirrer on t h e  1/4 inche por table  d r i l l  t o  ob ta in  a un~form 
mix. 

After uniformly mixing t h e  solut ion,  quickly dump t h e  solut ion 
behind t h e  f a b r i c  sample i n  t h e  flume. S t a r t  t h e  timer a t  dumping. 

Rinse t h e  mixing container with 1 t o  2 l i t r e s  of t he  f i l t r a t e  and 
dump i n t o  t h e  flume. 



Not@: Al l  d immiam a n  inrido 
moaswemma 

1- 32" 

Nail 

Figure 7 . 1 3 .  Side view (upper sketch) and top  view 
o f  flume ( a f t e r  Virginia S o i l  and 
Water Conservation Ccmmission, 1980).  



i 
Noh : 2 Side platasand a bottom plats on uwd to tarton tho sontpia of fob& in pbeo. 

F i g u r e  7.14. End view of flume ( a f t e r  Virginia 
S o i l  and 'dater Conservation Com- 
mission, 1980). 



Figure 7 . 1 5 .  Gradation curve for s o i l  used (af ter  Virginia 
S o i l  and Water Conservation Commission, 1980). 



h. Time t h e  flow of water through t h e  f ab r i c  u n t i l  t h e  water level 
drops t o  a po in t  10.5 inches behind t h e  fabr ic .  ~t t h i s  point  the 
flaw has es sen t i a l l y  ceased. 

i. Collect  a l l  f i l t r a t e  i n  a second mixing container. 

j. A t  t h e  corapletion of the  t e s t ,  a g i t a t e  the  col lected f i l t r a t e  u n t i l  
t h e  mixture is uniformly mixed. Obtain a depth integrated,  
suspended so l id s  sample from the  mixture during agi ta t ion.  

k. Process t h e  two suspencbd so l ids  samples by t h e  "nonfil terable 
residue" procedure described by t h e  American Public Health 
Association, e t  a l .  ( 1981. 

1. Calculate t h e  f i l t e r i n g  eff ic iency (FE) of t h e  f a b r i c  a s  follows: 

where 
"afte 

and SS a r e  t h e  suspended so l id s  value a f t e r  
b 

f i l t r a t i o n  an5 t h e  backq?ound leve l ,  respectively. 

m. Calculate t h e  flow r a t e  of t h e  f a b r i c  a s  follows: 

2 
Flow r a t e  ( gal. /f t .  /min) = 14.85/tinm (min.) 

n. Repeat s tep8 e through 1 f o r  t he  sama f ab r i c  sample twice more. 



TEST 2 - STRENGTH TEST 

This t e s t  determines t h e  s t ress -s t ra in  re la t ionship of a f i l t e r  
fabric.  

Apparatus 

A t e n s i l e  t e s t  device with a capacity of approximately 2,500 lb. 
equipped with a d i a l  t h a t  can be read i n  increments of 10 lb. o r  l ess .  
The device should have a r a t e  of t r a v e l  of 13 percent + 2 percent of t he  
gage length of t h e  f a b r i c  per  minute. The device s h a l l  have a t r a v e l  
dis tance of 20 inches m i n i m u m  and hold a 7 inch wide sample. 

Procedure 

Cut a sample of t he  f a b r i c  i n  t h e  d i rec t ion  perpendicular t o  the  
a x i s  of t h e  ro l l .  The sample should be 27 inches long by 7 inches 
wide. 

Securely f a s t en  the  sample of t h e  f a b r i c  i n  t h e  clamps of t h e  
t e s t i n g  device s o  t h e  length of t he  f a b r i c  between the  clamps i s  14 
inches. 

Place t h e  secured sanple i n  t h e  t e e t i n g  device. 

S t a r t  t h e  t e s t i n g  device and stopwatch simultaneously. 

Take load and elongation r e a d i n g  every 15 seconds up t o  2- 1/2 minu- 
t e s ,  o r  u n t i l  f a i l u r e  has occurred, whichever comes f i r s t .  

P lo t  t h e  load on t h e  v e r t i c a l  a x i s  versus its corresponding elonga- 
t i o n  on tho horizontal  axis.  

Determine t h e  p.ak load value, i f  it occurs p r i o r  t o  20 percent o r  
2.8 inches elongation. If the  peak load does not  occur before 20 
percent elongation, then record t h e  load a t  20 percent elongation. 

-pat s tep8 a through g f o r  a sample c u t  i n  t h e  d i rec t ion  perpen- 
&&cular t o  t h e  ax i s  of t he  r o l l  with a 1/2 inch long t e a r  crossways 
&k the middle of t h e  sample. 

Repeat s t eps  a through g f o r  a sample c u t  i n  t h e  d i rec t ion  p a r a l l e l  
t o  t h e  a x i s  of t h e  r o l l .  



7.5 Example Problems 

Example Problem 7.1 

Design a de ten t ion  s t r u c t u r e  t o  c o n t r o l  t h e  sediment y i e l d  from t h e  mecha- 

n i c a l l y  t r e a t e d  s lope  given i n  Example Problem 5.7. The topography of t h e  area  

w i l l  a l low a maximum de ten t ion  s t r u c t u r e  length  of 660 f e e t .  The s lope  of the  

a r e a  immediately u p h i l l  of t h e  planned s t r u c t u r e  loca t ion  is 0.030. A r a t i o  

of berm length  t o  rock o u t l e t  l eng th  of 100 w i l l  be used f o r  a r i p r a p  rock 

o u t l e t .  A l l  computations f o r  t h i s  example problem a r e  c a r r i e d  ou t  on t h e  

a t t ached  worksheet. 



Example Problem 7.1. Worksheet - ~etention Structure. 

Step One: Volume of Water and sediment Yield 

Rainfall Excess , 
'e 

a 2.12 inches 

Catchment Area, A 10 acres 

Actual Sediment Yield, G ;. 37.1 tons 
Y 

Step Two: Minimum Structure ~enq(lh 

Maximum Allowable Ponded ~epth, d- a 2.0 feet 

Duration of runoff, tc = 
17.0 hours 

Flow rate per unit area, = 
2.20 ft/hr 

Upland slope, sx'= . 0.03 

Detention Parameter 

Structure Length Coefficient, Cf = 118 

Minlmq Structura Length 

= 659 feet 

Actual structure length used, Ld = -  66 0 feet 
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Example Problem 7.1. (continued) 

Step Three: Sediment Trapping Efficiency 

( ' ) From i n p u t  da ta  

Sediment 
S ize  
( mm) 

(2)See Table 7.1 (Note needed f o r  f i l t e r  s t ruc tu res )  

(3)For F i l t e r  S t ructures  see Figure 7.2 

For Detention Structures: 

Actual ( 1 )  

Sediment 
Yield 

G ( tons)  
Y 

For Sand Sizes: 

Rock o u t l e t  flow rate, Ka 0.061 f t/sec 

Rock o u t l e t  length, Lf 6.6 f e e t  

For t h e  silt size: 

F a l l  ( 2  

Velocity 
w(f t/sec) 

e = P from Figure 6.11 
S s 

( 4 )  = e G 
Gd s y 

 rap'^ ) 
Efficiency 

e 
S 

Sediment 
( 4  

Trapped 
Gd ( tons )  



Example Problem 7.1 . (continued) 

Volume of sediment deposition 

arS = 20.2 G 
d 

= 570 ~ ~ . f t .  

Depth of sediment deposition 

= 0.228 feet 

Step Four: Mean Concentration o f  Eff luent 

=s 8,830 (G - Gd)/PeA 
Y 

= 8,830(37.1 - 28.2)/(2.12) (10) 

S tee  Five: Requited Structure Heisfrt 

Sf dd is greater than 0.5 feat then add additional f reehoard, df 

Total  height ' 

= 2.5 . f e e t  



Example Problem 7.2 

Design a f i l t e r  fence s t ruc tu re  t o  con t ro l  sediment y i e l d  from t h e  mechani- 

c a l l y  t r e a t e d  s lope  given i n  Example Problem 5.1. The topography of t h e  a rea  

w i l l  allow a maxirmun f i l t e r  fence length of 660 f e e t .  The s lope  of t h e  a rea  

immediately u p h i l l  of t h e  planned s t ruc tu re  locat ion i s  0.0 3. Computations f o r  

t h i s  example a r e  given on t h e  at tached worksheet. 



Example Problem 7.2. Detention and F i l t e r i n g  Structures. 

Step One: Volume of Water and Sedinlset Yield 
i. T o t a l  Rainfa l l  Excess, Pe - 2.12 inches 

Catchment Area, a =- 10 acres  

Tota l  Sediment Yield, G = 37.1 tons 
Y -  

Step Two: Minimum Structure  Len- 

Maxfrmm Allowable Ponded Depth, dm= = 2.0 f e e t  

Duration of runoff , 
tc 

17.0 hours 

Flow rate p e r  u n i t  area,  
Ka = 

2.4 fthr 

Upland slope, 
Sx 

= 0.03 

Detention Parameter 

Structure Length Coefficient,  Cf = 122 

Minimnu Structure  Length 

= 6 36 f e e t  

Actual s t r u c t u r e  length used, 
Ld 

=r 660 f e e t  



Example Problem 7.2. (continued). 

Step Three: Sediment Trapping Efficiency 

Sedfment 
S ize  
( md 

(3)For  F i l t e r  S t ructures  see 

1.414 

To ta l  

For Detention Structures: 

For Sand Sizesr 

e = 1 - 4 (K /w) (L(Ld) s a 
Rock o u t l e t  flow ra te ,  K 

a 

Actual (1 

Sediment 
Yield 

G ( tons)  
Y 

Figure 7.2 

( ) prom i n p i t  d a t a  
1 '  

( 2 ) ~ e e  Thble 7.1 (Note needed f o r  f i l t e r  s t ruc tu res )  

0.0 

37.1 

Rock o u t l e t  length, 
Lf 

--- f e e t  

For t h e  s i l t  size: 

F a l l  ( 2  

Velocity 
w(fYsec) 

-- -- 

e = P f tom Figure 6.1 1 
s s 

(4 )  r e G 
Gd s y 

--- 
///////// 

Trap (3 )  

Efficiency 
e 
s 

Sediment (4 )  

Trapped 
Gd ( tons )  

1 . O O  

///////// 

0 - 0  

36.4 



Example Problem 7.2. (continued). 

Volume of sediment deposition 

vs 20.2 G 
d 

Depth of sediment depoui9.on 

- 42(570) (0.03)/660 

0.18 f e e t  

Step Four: Mean Concentration of  Effluent 

C = 8,830 (G 
s Y - Gd)/PaA 
a 8,83O(3'. 1 - 36.4)/(2.12) (10) 

Step Five: Required Structure Height 

If dd is greater than 0.5 f e e t  then add additional freeboard, d 
f 

df = a, - 0.5 

= 0.0 f e e t  

Total height 

2.46 feet 



Discussion of Dtanple Problem ~ c s u l t s  

The sediment y i e ld  f o r  t h e  two previous problems was primarily i n  t he  s i l t  

s i z e  ran*. The gravol rock o u t l e t  reduces outflow from the  detention s t ruc ture  

and provides a s i l t  detention e f f ic iency  of 24 percent. The f i l t e r  fence t raps  

s i l t  i n  t h e  pore oponings of t he  f a b r i c  and provides a 62 percent f i l t e r  e f f i -  

ciency. The f i v c f o o t  long gravel rock o u t l e t  used i n  Problem 7.1 is the  

smallest  s i z e  o u t l e t  s t ruc ture  which could be r e a l i s t i c a l l y  constructed and 

properly maintained. 

In  general, t h e  cos t  of a detention s t ruc tu re  w i l l  be l e s s  than t h a t  of a 

f i l t e r  s+ructure s ince  mater ia ls  f o r  construction a r e  readily available.  

Sedimont trapping ef f iciancy of f i l t a r  s t r u c t u ~ e s ,  h w e v u ,  i s  much higher. 
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V I  I1 I OVERVIEW O F  SEDIMENT CONTROL STRUCTURES F O R  SMALL AREA DISTURBANCES 

8.1 General 

Control of sediment y ie ld  using small structures and treatments is 

limited by two key factors: (1 ) the  a b i l i t y  t o  handle incoming runoff without 

sustaining damage, and ( 2  adequate performance t o  reduce sediment and meet 

t h e  design objective. The first cr i te r ion  is a function of the  type of s t r u e  

t u r e  o r  treatment selected f o r  use, The design procedures i n  t h i s  manual 

allow f o r  a signif icant  f ac to r  of safety t o  avoid damage t o  a s tructure o r  t o  

t h e  in tegr i ty  of an erosion control  treatment. However, there is no speci f ic  

l i m i t  on t h e  catchment area which can be t rea ted  with s tructures and treat- 

ments. A s  the s i z e  of the  catchment area increases, small structures w i l l  not 

be  capable of controlling t h e  volume of water and sediment which w i l l  reach 

that-  Also, as the  s i z e  of t h e  catchment increases, t h e  amount of s e d h e n t  

yielded w i l l  increase. The proble~n i s compounded f o r  catchments with steep 

slopes because t h e  sedimsnt y ie ld  increases rapidly, and it becomes d i f f i c u l t  

t o  f ind  adequate locations f o r  t h e  s e d h m t  control structures. Likewise, 

treatments, e.g. Imrlchms and mechanical treatments, can be daamged by larw 
volumrrs of runoff from large drainage areas- A s  runoff is concentrated, 

r i l l i n g  and gullying develop on t h e  slope8 and a l t e r  the coherence and form of 

these treatments, thereby greatly reducing t h e i r  efficiency. Damage + 
r i l l i n g  w i l l  be limited, however, i f  sediment y i e l d  objectives can be m e t  and 

i f  adequate maintenance is provide& Maintenance is essent ia l  f o r  t h e  effec- 

t i v e  performance of all structures and treatments. 

The second c r i t e r i a  is t h a t  t h e  performance of t h e  s tructure be adequate 

t o  met t h e  design w a t e r  qual i ty object, Typical design objectives a r e  a s  

follows: 

- The sediment aoncentration (usually i n  ppm o r  mg/l) is set belaw a given 
level f o r  a storm of a speeif ied return period (e.g. , 10-year, 24-hour 
precipitation event). 

- The expected sediment y ie ld  (usually i n  tons per  acre) on a yearly basis 
is set below a given level. 

The previous design chapters have shown h w  t o  calculate the  sediment con- 

centration f o r  an individual storm event. This chapter w i l l  a l so  give a pre- 

cedure f o r  estimating t h e  mean annual sediment yield. Meeting t h e  design 

water qual i ty objective w i l l  require a design process which enta i l s ,  



1 )  select ing structures o r  combinations of s tructures which seem l ike ly  alter? 

natives f o r  further  analysis based on conditions present i n  the  catchment, 

2) analyzing each al ternat ive t o  determine whethar o r  not it is capable of 

meeting t h e  design objective, 3 )  assessing the  cost, and maintenance require- 

ments f o r  t h e  al ternat ives which meet the design objective, and 4 )  selection 

of the  best  alternative. 

8.2 Guide t o  Selecting Erosion Control Structures 

The f i r s t  s t ep  i n  t h e  design process is t o  se lec t  s t ructures which a r e  

su i table  f o r  the  s i t e .  Four groups of erosion and sediment control s t ructures 

have been ident i f ied  i n  t h i s  manual. Each group ,produces a dff f erent e f fec t  

since they control d i f ferent  physical processes. Figure 8. 1 compares how 

typica l  s t ructures from each group would respond t a  changes i n  slope and si l t  

content f o r  a s i t e .  Surface protection measures a r e  effect ive f o r  large areas 

with mild slopes and low si l t  content i n  the  soil .  Mechanical treatment 

measures perform i n  a similar fashion but  f o r  smaller areas. (Diversion and 

conveyance systems a r e  relat ively ineffective.) When used alone on an area, 

t h i s  type of design is usually used i n  combination with other  treatment 

measures (see  section 8.4). Detention and f i l t e r i n g  structures a re  very 

ef f ectiva for moderate s f  zed areas- They a r e  relat ively insensitive t o  the  

amount of s i l t  i n  t h e  s o i l  and t o  t h e  slope of pbe area. The, height of these 

s tructures is limited t o  two f e e t  which.restriclts the  s i z e  of the  area which 

can drain t o  the  structure. Heights of more than two f e e t  could be used but a 

detailed s t ruc tura l  design would be required, 

Table 8.1 provides a ranking of s tructures and treatments f o r  individual 

groups based on t h e  maxirmm. area  f o r  t h e  struc;ture, cos t  and maintenance 

requirements. A q u d i t a t i v e  sele&ion of al ternat ives f o r  further  investiga- 

t i o n  can b e  made by using F i g u r e  8.1 and Table 8-1. For e q 4 e ,  i f  a s i t e  
I I 1  

had mild slopes and sandy s o i l s ,  a l ternat ives would be selected from t h e  s u r  

face  protection o r  mechanical treatment groups. For a s i t e  t h a t  was s teep o r  

had s i l t y  soils, '  a l ternat ives would be selected from the  detentions and 

f i l t e r i n g  group- A small a r e s  w i t h  a moderate slope o r  moderately s i l t y  

so i l s ,  would have al ternat ives based on t h e  surf ace protection, and detention 

and f i l t e r i n g  groups. 



mild moderote steep low moderate siliy 

SILT 

Pigura 8.1. Comparison sf structure groups ( B m m  Simowo, Li L 

Associates, Inc., 1982). 



Table 8.1 . Ranking of Structures and Treatments. 

Treatment 

1. Surface Protection 
Measures 

Revegetation 

Straw Mulch 

Hydraulic Mulch 

Woodchip Mulch 

Stone Mulch 

2. Mechanical Treatment 
Measures 

Furrowing 

Imprinting 

P i t t i n g  

Ripping 

3 - Diversion and Conveyance 
Structures  

Terrace 

Conveyance 

4. Detention and F i l t e r i n g  
Structures  

F i l t e r  Fence 

Detention Structure  
with Rock Out le t  

Brush Barrier 

Straw Bales 

Maintenance 
Requirements 

a 
B) 
@ 
0 

0 
e 
8 
8 

e e 
(required f o r  most s ystemsl 

9 

@ B e s t  Good $ Average pa i r  @ poor 



Once structure and treatment al ternat ives have been identified, the maxi- 

mum area f o r  a part icular  al ternat ive can be identif ied using the  methods pre- 

sented in the  next section. 

8.3 Determining Maximum Area f o r  Sediment Control Measures 

Methods a re  presented i n  t h i s  section t o  estimate the  maximum area f o r  

each of t h e  Pour major sediment control groups. 

Surf ace Protection Measures 

The maxinuat area  f o r  designing surface protection measures is direct ly 

related t o  t h e  average overland flow length. The maximum overland flow length 

is given by t h e  following equation: 

where: =max = maximam overland flow length, f e e t  - overland flow length coeff icient  

P .= r a i n f a l l  excess, inches e 
The overland flow length coef f ic ient ,  Cl, is a function 

roughnests coefficient,  K the  percent of s o i l  silt, p 
Q' 

sedtment concentration, Cs. The slope, S, is defined i 

of t h e  slope, S, 

1 , and the design 
n Figure 3.3, t h e  

roughness coefficient, K is defined i n  Figure 4.2 and Table 4.2, and p e ~  
g 

cent silt, pl,  is given i n  Table 3.4. The design sediment concentration 

w i l l  depend. on regulatory requirements ( s t a t e  and/or federal') applicable t o  

t h e  m i n i n g  location* Figure 8-2 provides a graphical means of determining t h e  

overland f l o w  length coefficient. The t o t a l  r a i n f a l l  depth f o r  a storm can be 

determined by t h e  curve number method, using Equatioq 4.4 o r  F igure  4.5 i n  

Chapter IV. From these data, t h e  maximum area  is defined as: 

where: 
A- 

= maximum area f o r  treatments, acre 

W = width, f e e t  

'max = maximum overland flow length, f e e t  



SEDIMENT CONCENTRATION SILT RATIO, CS /pI 

5,000 14000 5 4  000 100,000 

ROUGHNESS SLOPE RATIO, K d S  

Figure 8.2. Flow length c o e f f i c i e n t  a s  a function of 
roughness , s lope ,  s i l t  content ,  and 
design sediment concentrat ion (from 
Simons , Li & Associates, Inc. , 1982) . 



E x e l e  8.1: Determine',the maxinum allowable area f o r  a catchment 

t rea ted  with straw mulch at a r a t e  of 2 tons/acre. The catchment is 100 f e e t  

wide and has a slope of 0.03. The s o i l  is a sandy clay loam containing 25 

percent silt, and has moderately high runoff potent ial  whic'l c l a s s i f i e s  it as  

a C hydrologic s o i l  group. The design sediment concentration is 1000 ppa, the  

10 y e a r ,  24-hour storm has a depth of 4.5 inches. 

From Figures 4.1 1 and 4.2, t h e  cover factor  and roughness coefficient a r e  

determined a s  0.88 and 8,580, respectively. The curve number is  75.8 a s  

determined from Equation 4.1 and Table 4.3 f o r  a C hydrologic s o i l  group. 

The roughness-slope r a t i o  is 286,O 00 which gives an overland flow length 

coefficient of 2000 ( f  rcxu Figure 8.1 1. Using Figure 4.5, the  t o t a l  r a i n f a l l  

excess is calculated t o  be 2.1 inches. The maxinarm overland flow length 

def b e d  by Equation 8.1 1 is  therefore, 

= 955 f e e t  

which gives a maxinarm allowable area (Equation 8.2) of 

= 2.19 acres 

Mechanical Treatment 

The maxinuat allowable area f o r  mechanical. treatments i s  determined using 

t h e  sirme method as for surf ace protection measures. The f ollawing example 

i l lustrates the  use of t h e  method f o r  mechanical treatments. 

Ekample, 8.2: Determine t h e  maximum &IlorJ'able area f o r  a catchment t h a t  

nas been contour furrowed. The catchment is 100 f e e t  wide and has a slope of 

0.03. The s a n e  clay loam s o i l  contains 25 percent s i l t  and has a moderately 

high runoff potent ia l  which c iass i f i e s  it i n  a C hydrologic s o i l  group. The 

design sediment concentration is 1000 ppm, no vegetative cover ex i s t s  on t h e  

slope. The loyear ,  24-harr storm has  a depth of 4.5 inches. 

From Table 5.1, t h e  roughness coeff icient  13 3,500 which gives a 

roughness-slope r a t i o  of 1 17,000. The curve number is 8 1 a s  given i n  

Table 5.2- The t o t a l  r a i n f a l l  excess is 3.0 inches a s  determined from 



Figure 4.5. From Figure 8.1, the  overland flow length coefficient i s  1 1,B. 

The maximum overland flow length is: 

Ii =113/3.0 
max 

= 37.7 f e e t  

The maxinum allowable area is: 

A m a t  37.7 * 100/43,560 

= 0.087 acres 

Diversion and Conveyance 

The pkimary r o l e  of diversion and conveyance channels i n  a sediment 

control system is  t o  provide s table  waterways f o r  removing runoff from a 

catchment. Diversion structures can be designed t o  t r a p  coarse sediment 

sizes; however, these s tructures have limited effectiveness i n  controlling 

f ine,  s i l t - s i ze  sediment- The maximum area  which can contribute runoff t o  a 

diversion and conveyance system is  limited i n  t h i s  manual t o  a design peak 

discharge of 20 cfs. This l imitation is necessary since no formal design is 

required f o r  these structures. This requirement can be quickly evaluated with 

the  following equation: 

where: 

An 

maximum 

*maxd 
= maxfmum area f o r  t h e  diversion and conveyance, acres 

= rainfall excess, inches 

estimate of spacing f o r  diversion structures can be made based on the 

overland flow length a s  determined f o r  e i the r  mechanical and surface 

protection measures. If the  spacing of diversion stzuctures becomes 

unreasona@ly cloee, then additionall surface treatment o r  use of detention and 

f i l t e r i n g  sfructures should be considered. Care must be taken t o  provide an 

adequate, nonerosive channel l in ing  f o r  t h e  diversion and conveyance channels 

( see  Chapter VI) . 
Examle 8.3 : For the  conditions i n  Example Problem 8.1, determine the  

maxinun area f o r  a diversion and conveyance system and the required diversion 

spacing. 



The resul t s  i n  Example 8.1 indicate t h a t  2.1 inches of r a i n f a l l  excess 

occurred f o r  t h e  design storm. According t o  Equation 8.3, the  maximum area 

f o r  a diversion and conveyance system is: 

*maxd = 40.9/2.? 

= 19.5 acres 

The maxinum allowable overland flow length i n  Example 8.1 was 955 fee t .  

Therefore, an ef f act ive diversion spacing would be a spacing of 955 f e e t  o r  

Less. 

Each diversion w i l l  catch runoff from 2.19 acres, which w i l l  give a peak 

discharge from t h e  diversion of 2.3 cfs during the  storm (see  Chapter IV,  pro- 

cedure guide, Step Three). If a 0.0,1 slope is  used f o r  the  diversion, the  

velocity i n  t h e  channel w i l l  reach 1 -4 f P./s ec (assuming a Manningsl coef - 
f ic ient  of 0.0 5 and 4: 1 s ide  slopes). mecause t h i s  velocity is suff ic ient  t o  

transport most sediment s izes,  a gravel o r  vegetative channel l in ing  should be 

provided. 

Detention and Fi l te r ing  

Detention and f i l t e r i n g  structures a r e  designed t o  r e ta in  most of the 

sediment and runoff volume from the  derJ gn,ator& The height of these struo 

tures  is limited t o  t w o  f e e t  o r  less, therefore the  s tructure m u s t  be f a i r l y  

long t o  develop t h e  neceseary storage volume. The maximunt overladd flow 

length which can contribute runoff t o  a detention o r  f i l t e r ing '  s t ructure is  

given by the: following equation: 

where: =f 
= 

=max = 

Pe 
31 

The design 

structure length coefficient (Figure 7.2 ) 

maxirmma allowable overland flow length, f e e t  

rainfall excess , inches 

proceduze f o r  detention and f i l t e r i n g  structures should be 

executed t o  d e t e d n e  t h e  ac tua l  sedfmb,.t trapping efficiency of the  

structure. Detention and atraw bale f i l t e r  structures should be evaluated 

carefully t o  assure t h a t  t h i s  objective can be met. The m a x i m  area which 

can be handled by a detention and f Altering structure is: 



L L 
d max 

where: A = m a x ~ u m  area above t h e  s t ructure ,  acres 
Iaaxs 

Ld 
= s t ruc ture  length, f e e t  

Example 8.4: Determine t h e  maximum area  which can be t r ea t ed  by a f i l t e r  

fence. The m a x i m  length of t h e  f i l t e r  fence is  200 f e e t  due t o  topographic 

conditions on t h e  catchment, and t h e  s lope  of t he  land surface is 0.0 3. 

The flow rate through t h e  fence is 2.4 f t /h r ,  Rainfal l  excess f o r  t h e  

1 Oyear,  24-hour storm is 2.1 inches and has a duration of 20 hours. 

The maximum ponded depth f o r  a f i l t e r  fence is 2.0 f e e t  (see sect ion 7.2, 

Step Two) . Using Eqyation 8.4, maxinuam overland f l w  length above t h e  s truc- 

ture is: 

754 f e e t  

where Cf is from ~ i & e .  7.2 f o r  a. value of Kf = 48. The maximum area  using 

equation 8 .S is  

= 3.46 acres  

8.4 Combined U s e  of  Structures  and Treatments 

Sediment cont ro l  s t ruc tu re s  and t r e a b q t s  can be combined t o  form an 

e f f ec t ive  sediment control  system. The advantage of a combined system is  t h a t  

a l a rger  a rea  can be control led compared t o  an area,  control led by a s ing le  

treatment o r  structure.  

The general p r inc ip le  involved i n  developing a sediment cont ro l  system is 

t h a t  t h e  s t ruc tures  must b e  placed p a r a l l e l  t o  each other,  r a the r  than i n  

ser ies .  Figure 8.3 i l l u s t r a t e s  t h i s  pr inciple .  A t e r r ace  and conveyance 

channel system (Figure 8 .3 (a )  ) i s  a good e~ample  of s t ruc tures  placed i n  a 

wpara l l e lm  manner- Sediment and water a r e  conveyed by t h e  te r races  t o  a con- 

veyance channel which allows each a rea  t o  be controlled separately from the  

adjacent area. F i l t e r  fences placed d i r e c t l y  below each o ther  (Figure 8.3 ( b )  ) 

a r e  an example of placement i n  "series". Sediment laden water passes through 



channel 

a, Correct placoncnt of s-cturos i n  garallel on the sloge. 

b. Incorrect placcmcnt of structures i n  a series. 

e. 3laccncnt of f i l t e r  foncos i n  parallel on the slope and linked 
with diversion and conveyance channeis. 

Figuro 8.3: Patnllal snd scrias placcmont of sodimant control 
structures. 



the upslope f i l t e r  fence and subsequently discharges t o  the  area immediately 

adjacent t o  it, Since the  area below t h e  fence is  relat ively unstable, sedi- 

ment w i l l  be detached from t h e  s o i  1 surface. The next f i l t e r  fence w i l l  

therefore receive additional sedimnt  detached by flow from the  upslope 

f i l t e r  fence, a s  w e l l  as from t h e  upslope area. This "series" arrangement of 

the  f i l t e r  fence can be modified by placing small diversion channels below 

each f i l t e r  fence and then linking these t o  a conveyance channel (Figure 

8 . 3 ( ~ )  ) *  

U s e  of f i l t e r  fence and diversion allows the  maximum area draining t o  

each diversion t o  increase substantially over t h a t  allowable f o r  a surface 

treatment. A similar design could be developed using detention structures and 

diversions. The following example i l l u s t r a t e s  the  design of a combined sedi- 

ment control system. 

Table 8.2 gives a summary of several  possible combined applications of 

various treatments and structures . 
Example 8.5: Design a combined sediment control system consisting of 

f i l t e r  fence and terrace diversions- The width of t h e  catchment i s  200 f e e t  

and the  slope of t h e  land surface is 0.05. Rainfall excess f o r  the  1 O-year, 

24-hour storm is  2.1 inches. The s o i l  i s  a sandy clay loam containing 25 p e r  

cent silt. A surface protection of 2 tons/acre of straw mulch w i l l  be used. 

A design objective of  1000 ppm w i l l  be used. 

From Figure 4.2, t h e  roughness coeff icient  i s  determined t o  be 8,580. 

The roughness slope r a t i o  is 171,600 which gives a n  overland flow length coef- 

f ic ient  of 420. The maximum overland flow length f o r  an area  t rea ted  only 

with straw mulch wouldt b e  200 f e e t  (from Equation 8.1). A te r race  spacing of 

2 00 f e e t  would be costly * 

The maximaM overland f l w  length which can runoff t o  a f i l t e r  fence is 

determined from Equation 8.4 where: 

= 617 f e e t  



Table 8.2. Combined Structare and Treatment Alternatives . 

Possible 
Alternat.ive Combinations 

F i l t e r  Fence with Terrace Diversion 

Brush F i l t e r  Barrier with Terrace Diversion 

Straw Bale Barrier w i t h  Terrace Diversion 

Detention Structure with Diversion 

Surface Protection with Terrace Diversion 

Mechanical Treatment with Terrace Diversion 



Using a f i l t e r  fence w i l l  increase  the required spacing of t he  t e r r ace  diver- 

s i ons  t o  617 f e e t  which is over t h r ee  times longer than t h a t  f o r  a mulch 

treatment a lone. 

The f i l t e r  fence w i l l  s t o r a  much water and sediment from t h e  design storm 

and discharge it slowly. The f i l t e r  f a b r i c  has a low flow r a t e  p e r  u n i t  a rea  

( t h i s  should be determined from Tes t  2, Chapter V I I )  of approximately 0.3 
2 

gal/min/ft ( o r  2.4 f t h o u r )  . Maximum discharge t o  t h e  t e r r ace  below t h e  

f i l t e r  fence w i l l  be: 

This  i s  about one quar te r  t h e  discharge which would have occurred i f  t h e  s i l t  

fence had no t  been present. The discharge is s u f f i c i e n t  t o  require  a channel 

l ining.  

A good s tand of grass-legume mixture, uncut (4  t o  5 inches) w i l l  be used 

t o  l i n e  t h e  channel. This w i l l  produce a c l a s s  D retardance vegetal  cover. 

From Figure  6.6 t h e  Mannings' coe f f i c i en t  is determined t o  be 0.20 which gives 

a flow depth of 0.50 f e e t ,  f o r  a one percent s loping t e r r ace  with 4:l s i de  

slopes (from Figure 6.3 nomograph), and a veloci ty  of 0.27 f t/sec. Very 

l i t t l e  sediment t ranspor t  w i l l  occur under these  hydraulic condit ions and t h e  

grass-legume l i n i n g  w i l l  be  adequate* 

8.5 Mean Annual Sediment Yield 

The mean annual sediment y i e l d  f o r  a s m a l l  a rea  i s  determined using da ta  

from 24-hour storms of various r e tu rn  periods. The approximate sediment y i e l d  

f o r  each r e tu rn  per iod is calcullated and a weighting f a c t o r  i s  then appl ied t o  

these  values which is based on t h e  probabi l i ty  of each event ac tua l ly  

occurring during a s i n g l e  year. Only t h e  sediment y i e l d  f o r  t h e  10 y e a r ,  

24-hour storm event (G 1 must be  determined t o  ca l cu l a t e  t h e  mean annual sedi- 
Y 

ment y i e ld ,  

The mean annual sediment yie ld ,  Gy , is defined as:  

where Pw = mean annual water y i e l d  i n  inches 

P = t o t a l  expected water y i e l d  i n  inches 
P t  



Crt 
= t o t a l  sediment y ie ld  correction fac tor  

G =sedimentyie ldforthelOyear,  2 4 - h o u r s t o m i n t o n s  
Y 

Values of mean annual water y ie ld  a r e  available from the  S o i l  Conser- 

vation Service. A general a&p of mean annual water y ie ld  values is  given i n  

F i g u r e  8.4 f o r  the  continental United States. It is  recommended t h a t  SCS map 

be used on western s t a t e s  where mean annual sedtment y ie ld  is  l e s s  than 1.0 

inch. 

The 10 y e a r ,  24-hour sediment y ie ld  can be calculated by procedures given 

i n  Chapters 4 through 7. Worksheet 8.1 is provided t o  carry out  the  calcula- 

t i o n  of mean annual sediment yield. The following s teps  a r e  used t o  determine 

mean annual sediment yield. 

For each return period i n  column 1 determine t h e  24-hour storm volume fror 
r a i n f a l l  frequency a t l a s  and place this value, P, i n  column 2. 

Determine ,he t o t a l  r a i n f a l l  excess, P , f o r  each storm using the same 
curve number used i n  determining t h e  wager yield f o r  the  10 y e a r ,  24-hour 
storm (see  Equation 4.4 o r  Figure 4-5 ) ; place these values i n  column 3. 

Calculate the  r a t i o  of t h e  r a i n f a l l  excess i n  column 3 t o  the  r a i n f a l l  
excess f o r  t h e  l o y e a r  stormf P l a c e  these values i n  csluma 4- 

For t h e  roughneseslope r a t i o  used i n  determining the sediment yield f ind  
t h e  r a i n f a l l  r a t i o  exponent, b, from Figure 8-3. 

I 

Raise each r a i n f a l l  excess r a t i o  value i n  column 4 t o  t h e  b power. Place 
these values i n  colwan 5. 

Multiply column 5 by the  values i n  column 6. This is the sediment y ie ld  
correction factor  and is placed i n  column 7. 

Sum t h e  values i n  column 7. Thia is t h e  t o t a l  
correction factor,  C . 

r 

Multiply colunm 3 by column 6 t o  determine t h e  
i n  column 8- 

Sum t h e  values i n  colmn 8. This is the  t o t a l  

mean annual sedtment y ie ld  

expected water y ie ld  (P 1 
P 

expected water y ie ld  

Uaing Equation 8.6, calculate t h e  mean annual sediment y ie ld  (G 1. 
Y 

The following example i l l u s t r a t e s  t h e  mean annual sediment y ie ld  

procedure. 



Figure 8.4. Annual inches o f  runoff (Pw) ( a f t e r  
U.S. Geological Survey, 1962). 
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R~ 

Welghtlng 
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*P 

Curve nmber, CN = 

Roughness-s lope rat lo, K & = 
9 

Ra ln f  a l  l r a t  l o  exponent, b = 

Average annual water y ldd,  P,, = 

Sedlment y i e l d  f o r  IO-year, 24 f i ow  storm, G = tons 
10 

Mean annual sedlment )I l e l d 6  = (Pw/Ppt)Cr$yl 
Y 

P tons 

Worksheet 8.1. Mean Annual Sedlment Yield. 

Sedlmnt .Yield 
Factor, Cr 

Expected 

Yleld, Pp 



Example 8.6: Compute t h e  mean annual sediment y i e l d  f o r  a mine s i t e  a rea  

i n  north cen t r a l  New Igexico. The sediment y i e ld  f o r  t h e  l o y e a r ,  24-hour 

storm is 3 1.5 tons f o r  a 10 ac re  a rea  which has been contour furrowed. The 

r a i n f a l l  depths f o r  o ther  24-hour s to rn  a r e  &.ven below (from NOAA Atlas  2, 

Vol. I V )  : 

R e  tu rn  2 4-Hour 
Period Storm Depth 
(years)  ( inches 

The curve number is 8 1, roughness is 2700, and t h e  s lope is 0.09. The average 

annual water y i e l d  is 0.5 inches. 

Calculations a r e  given on t h e  a t tached worksheet. 

Mean annual sediment y i e l d  equals l e s s  than 8 tons  of sediment which is 

one-f ourth of t h e  sediment y i e l d  f o r  a s i ng l e  1 0 y e a r  s tom. 



Rainfall 
Excess, Pe 
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R~ 

Welghtlng 
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Curve nunber, CN = 81 

Ra lnfal  l r a t l o  exponent, b = 1.39 

Average annual water y Ield, Pw = 0.5 

Sedlment y le ld  fw 10-year, 24-hour storm, G = 31.5 tons 
Y1o 

Mean annual sedlmnt y l e l d O  PW/Ppt)Crrjy 
Y 

Sedlment Factor, Cr Yleld 
Expected 

Water 
Yleld Pp 

0.035 

0.029 

0.050 

0.1 08 

0.1 45 

0.400 
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I X .  DETAILED DESIGN EXAMPLE 

The purpose of t h i s  chapter i s  t o  provide a r e a l i s t i c  example of the 

design process f o r  a sediment control  system* The previous examples given f o r  

each s t ruc tu re  and treatment groups were intended t o  i l l u s t r a t e  t he  design 

procedures. Topographic, c l imat ic ,  and s o i l s  data  were given a s  background 

information i n  order t o  c l ea r ly  present t h e  design procechtreo. In t h i s  

chapter t h e  de t a i l8  of developing design parameters from avai lable  data a r e  

i l l u s t r a t e d .  

9.1 S i t e  Description 

A small catchment i r  located a t  t h e  corner of a l ea se  boundary f o r  a mine 

located i n  cen t r a l  I l l i n o i s  (Figure 9.1). The s i t e  has recent ly  been regraded 

and topsoi led a s  s h a m  on t h e  topographic map- Planned pos t  mining land use 

w i l l  be pas ture  and t h e  s i t e  w i l l  be aeaded with grass  and legumes t o  support 

t h i s  use. It i s  ant ic ipated t h a t  two growing seasons w i l l  be required t o  

e s t a b l i s h  t h e  permanent vegetative cover conditions which e x i s t  on t h e  vegeta- 

t i v e  re f  erence p lo t .  

Access t o  t h e  l ea se  a r ea  i s  ava i lab le  from a county road. The access 

road within t h e  l ea se  boundary follaws t h e  eas te rn  edge of t h e  lease  area. 

Po ten t i a l  a reas  of damage by sediment a r e  a t  t h e  cu lver t  f o r  t h e  county road 

and a t  t h e  confluence with t h e  stream or ig ina t ing  outside t h e  l ea se  a r m .  

9.2 Hydrologic Data 

Mean annual r a i n f a l l  f o r  t h i s  c e n t r a l  I l l i n o i s  s i t e  i s  35 inches, t h e  SCS 

type  I1 d i s t r i bu t ion  i a  t h e  appropriate r a i n f a l l  d i s t r ibu t ion  f o r  t h i s  area,  

and t h e  l o y e a r ,  24-frour s t o n  volume i s  4.5 inches. The mun annual r a i n f a l l  

i s  used a s  a guide t o  select vegetation and seasonal db t r4bu t ion  of r a i n f a l l  

i s  used for t i p i n g  ravegotation e f fo r t s .  The 10 y e a r ,  ~4-hour  storm volume i s  

determi& from t h e  appropriate r a i n f a l l  frequency a t l . ~ ,  i n  t h i s  case t he  

TO-40 at- (Figure 3.2, Chapter 111). 

Cuvm 11-8 used f o r  t h e  design w i l l  be based on case I1 antacedtnt 

moisture condition ( s em Chapter 111, sec t ion  3.3 1. Conditions which would 

produce a very high antecedent moisture (case  111) would be r a r e  f o r  a small 

a r m .  
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Figure 9.1. Topographic map of design problem area. 



9.3 So i l s  Data 

For t h e  purpose of t h i s  problem, it w i l l  be assumed t h a t  only the t e x -  

t u r a l  c l a s s i f i ca t ion  of t h e  s o i l  i s  avai lable .  A loam s o i l  which commonly 

occurs i a  I l l i n o i s  w i l l  be used as topsoil .  T h i s  s o i l  w i l l  be assumed t o  have 

a slow i n f i l t r a t i o n  r a t e  and a moderately high runoff potent ia l .  The s o i l  
f a l l s  within t h e  C hydrologic s o i l  group. 

9.4 Topographic Information 

The catchment a rea  shown i n  Figure 9.1 i s  conplex and must be s i m p l l f ~ e d  

i n  order t o  proceed w i t h  t h e  sedimont y i e ld  analysis.  The opehbook represen- 

t a t i o n  (described i n  Chapter 111, sec t ion  3.5 1 w i l l  be i l l u s t r a t e d  here i n  

de t a i l .  F i r s t ,  t h e  catchment i s  divided along t h e  main swale i n t o  two areas 

o r  places  and t h e i r  respective a reas  determined. A s  shown i n  Figure 9.1, the  

r i g h t  s i d e  includes 6.4 acres  and t h e  l e f t  s i d e  includos 6.2 acres. 

The overland flow longth and s l o p  a r e  then determinod f o r  each a rea  o r  

plane. Overland f l w  paths  a r e  measured and t h e i r  slopes a r e  determined a t  

po in t s  along t h e  m i n  swale f o r  each plane. An averago ovorhnd flow length 

and s lope a r e  thon determined. Results i nd i ca t e  longths of 435 f e o t  and 520 

f e a t ,  and s l o p s  of 6.8 percent and 5.5 percent f o r  t h e  r i g h t  and l e f t  s ides ,  

r espectively . 
The dosign width f o r  each plane i s  tho a rea  dlvidod by t h e  overland flow 

length. Rosults a r e  650 f e a t  and 520  f e o t  f o r  t h e  r i g h t  and l e f t  s ides ,  

respectively. The s lope of t h e  main swale i s  d e t e d n o d  from t h e  ac tua l  

topography and is  5.7 percont. 

Theso da ta  f o r  t h o  opr rbook configuration of t h e  catchment a rea  a r e  

smmarized i n  Tablo 9.1. A. c m  be soon from t h e  data, t h e  widths of t h e  l e f t  

and r i g h t  p luros  a r e  dif foront .  This simply i n d i c r r t r  t h a t  t h e  overland flow 

discharg.  p e r  u n i t  width of t h e  two planes w i l l  be g r a t e r  f o r  t h e  l e f t  plane 

than f o r  fh. r i g h t  plan.. Honco, t h o  overland flow longth is  t h e  most impor  

t a a t  d i m  f o r  each phaso. 

Although t h o  i n f o r u t i o n  i n  t h i s  aect ion was dem1op.d from a topographrc 

map of soam d e t a i l ,  f io1d moUurements could bo u s e d  For example, t h e  catch- 

ment a r u  could be appro&ated from t h e  mine p lan  and rupplomenury measure 

montm of overland f la ,  lengths and s l o p s  could then be made i n  t h e  f i e ld .  

F i e ld  moasuromonts w i l l  be necessary f o r  a roar  whue  c h u g a s  i n  topography 

occur rapidly,  such a s  s tockpi les  and s p o i l  areas.  



9.4 

Table 9 1 .  Summary of Topographic Data. 

Right Side Left  Side 

Area 6.39 acres 6.20 acres  

Overland Flow k n g t h  435 f e e t  520 f e e t  

S 1 ope 6.81 5.51 

Width 640 f a e t  520 f e a t  

Main Swab s l o p e  52% 



9.5 Sediment Control System Design 

9 -5.1 Selection of Alternatives 

The f i r s t  s t ep  i n  t h e  design process is t o  se lec t  erosion control t reat-  

ments o r  structures which a r e  sui table f o r  t h e  s i t e .  The s i t e  t e r ra in  has 

mild t o  moderately s teep slope and t h e  s o i l s  a r e  moderately s i l t y .  Based on 

these characteristics,  three s t ruc ture  groups a r e  selected and al ternat ives 

w i l l  be  selected based on these groups. The selected groups a r e  surface p r e  

tection, diversion and conveyance s tmc tures  plus surface protection, and 

detention and f i l t e r i n g  structures. Individual s t ructures which w i l l  be 

selected a r e  straw mulch a t  2 tons/acre, terraces with straw mulch a t  2 

tons/acre and f i l t e r  fence. 

The design sediment y ie ld  is  two tons/acre/year. The allowable 

sedimant y ie ld  f o r  t h e  l o y e a r  storm can be found using t h e  Mean 

Annual Sedtmsnt Yield Worksheet from Chapter VIII (Worksheet 8.1 ) and 

determining t h e  sediment y ie ld  factor, Crt, and expected water yield, 

P These fac tors  a r e  determined i n  Worksheet 9.1 with C = 0.438 
p t *  rt 

and P = 1.036. The avaragh annual water y ie ld  is 9.0 incfr88'. 
p t  

Using Equation 8.6 and solving f o r  the  sediment yiqld f o r  t h e  10 year, 
I 

24-hour storm gives 

The sediment concentration is determined using Equation 4.14. The r a i n f a l l  

excess is 2.1 3 inches f o r  a s t o m  of 4,.5 inches and a CN value of 76. 



Rsturn 
Per I od 
(yews) 

100 

5 0 

25 

10 

5 

2 

ReIntel 1 
Excess, Pe 

( I nches) 

Ra ln fe l l  
Excess 
Ret lo  

R~ 

Welghtlng 
Factor 

WP 

C w v s  number, CN = 76 

Roughmnn  lope r a t  lo, K /S = 1 33,333 
9 

Re ln fe l l  r a t l o  exponent, b 1.36 

Avoregs annual r e t e r  yleld, P, = 9-0 

Sedlment y l e l d  f o r  I Oyew, 24itour s t a h  G ---- tons 

10 

Sedlnent Yleld 
Fector, Cr 

Expected 
Water 

Yleld, Pp 

Worksheet 9.1. Mean Annual Sedlmnt Yleld. 



9.5.2 Maximum Area f o r  Structures  and Treatments 

The maximum area fo r  designing a surface protection measure is a function 

of the  roughness coeff ic ient ,  K t he  percentage of silt in the s o i l ,  Pi ,  
Q' 

The slope, S, the  sediment concentration, Cs, the  r a i n f a l l  excess, Pe, 

and the  width of the  area, W, For the straw mulch treatment and.the site 

these values are: 

Pe = 2.13 inches 

W . 450 f e e t  

The overland flow length coeff ic ient  (Figure 8.2) is 500 which gives a maximum 

overland flow length of 235 f e e t  (from Equation 8.1). The maximum area fo r  

t h e  mulch treatment is 2.4 acres, T h i s  is about 40 percent of e i t he r  t he  l e f t  

o r  r i gh t  plane. 

The maximum overland flow length is about half the ac tua l  overland flow 

length f o r  e i t h e r  the  l e f t  o r  r i gh t  plane and a straw nnrlch treatment w i l l  be 

inadequate to  meet the  required design sediment yield,  A reasonable t e r r ace  

spacing would divide each plane i n  half .  Some sediment deposition w i l l  occur 

i n  the  te r races  which w i l l  allow f o r  an increased overland flow length to the 

terrace.  

The maximum area which can be t rea ted  by a f i l t e r  fence depends on the  

slope of t he  area, S, the  duration of r a i n f a l l  excess, te, the flow r a t e  

through the  fabr ic ,  Ka, and t h e  amount of r a i n f a l l  excess, Pee The struo 

t u r e  length coeff ic ient ,  Cf ,  is 86.4 from Figure 7.2 f o r  a detention pasa- 

meter of 37.4 (Equation 7.2). This gives a maximum allowable overland flow 

length t o  the  s t ruc ture  of 485 f ee t .  The longer t h e  f i l t e r  fence becomes, the 

la rger  the area which can be treated.  However, it can be seen from the 



topography (Figure 9.1)  t h a t  t h e  la rger  t h e  a rea  becomes, t he  l e s s  contour 

length is  ava i lab le  i n  t h e  catchment. A p l o t  of contour length versus area  

and f i l t e r  fence length versus maxinum area  (Figure 9.2 shows the  optimum 

f i l t e r  fence length t o  be 790 f e e t  o r  an a rea  of 8.8 acres.  The contour 

length a t  elevation 910 i s  800 f e e t ,  s o  t he  f i l t e r  fence shculd be located 

a t  approximately t h i s  contour. The remaining 4.6 acres  could be t rea ted  with 

straw mulch. 

9.5.3 System Design 

In  t h e  l a s t  two sect ions  w e  i den t i f i ed  th ree  a l t e rna t ive  s t ruc tures  and 

treatments and were ab l e  t o  quickly determine t h a t  two a l te rna t ives ,  t e r r a c e  

with straw mulch and f i l t e r  fence, were feasible .  A t  t h i s  po in t  a cos t  analy- 

sis should be conducted t o  i den t i fy  which s t ruc tu re  is most cost?.effective. 

Maintenance requirements f o r  each s t ruc tu re  should be assessed. The bes t  

s t ruc tu re  f o r  t h e  s i t e  could then be se lec ted  and a de ta i led  design conducted 

t o  es t imate  t he  ac tua l  sediment yie ld ,  determine a channel l i n ing  and o ther  

requirements . 
The next two sec t ions  w i l l  i l l u s t r a t e  t h e  d e t a i l  design of both f ea s ib l e  

a l te rna t ives .  

9.6 Detailed Design of a Terrace System 

I t  was s h a m  t h a t  a reasonable t e r r a c e  spacing would divide the  catchment 

i n  half .  These te r races  would be located a s  shown i n  Figure 9.3,  basic  data  

on t h e  topography of each subarea are: 

Upper Lower Upper Lower 
Riqht Side Riqht Side Le f t  Side L e f t  Side 

Area 3.60 2.77 3.50 2.70 
Overland Flow Length 300 250 320 25 0 
Slope 0.068 0.0 58 0.055 0.0 45 
Width 5 22 482 476 470 

The average slopes,  S, f o r  t h e  lower areas  a r e  somewhat f l a t t e r  than the  

upper por t ions  of t he  catchment. This i s  because the  h i l l s lopes  a r e  concave 

upward. 
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Figure 9 . 3 .  Topographic map o f  design problem area with terrace. 



9.6.1 Terrace Design 

Runoff from the  upper subareas w i l l  reach the  terraces. Determination s f  

sediment y ie ld  t o  t h e  terraces and t h e  design of the  terraces a r e  given i n  

t h i s  section. 

Basic data on s o i l  and climate a r e  a s  follows: 

Storm r a i n f a l l  amount, P 3 4.5 inches 

Curve nmbat, CN 76 

Hydrologic s o i l  group: C 

S o i l  texture class: Loam 

Task 1. Determine t h e  Water and Sediment Yield t o  t h e  Terraces 

Using t h e  base data on s o i l ,  topography and climate, the Chapter IV seq- 

ment y ie ld  procedure is e k c u t e d  t o  detexmine t h e  sediment y ie ld  f r o l  t h e  twb 
upper subareas. Information i n  s t eps  one and two is t h e  same f o r  hoth 

. subareas. 

Step One. Par t ic le  Size D i s t r i b u t i a  

Data from Table 3.4 f o r  a Lo- are 

Clay: 

S i l t ,  

Very Fine ~ a h d ,  F2 = 10% 

Fina-MediuwCoatsa Sand,. Pj = 25% 

Very Coarse Sand, P4 = 25% 

Step Two: Cover Ratio, Roughness and Detachment Coefficients 

Cover Ratio, C = 0.88 (from Figure 4.11) 
g 

Erodibi l i ty  Factor, Ke = 0.3 6 ( f rom.Table 4.1 ) 

Roughness Coefficient, K = 6,800 (from Figure 4.2, Table 4.2) 
9 

Detachment Coefficient, D = 0.55 (from Table 4.21 
f 

Steps Three Through Seven: see attached'worksheets. 

Worksheets f o r  t h e  upper l e f t  subarea a r e  given f i r s t  and t h s  worksheets 

f o r  t h e  upper r i g h t  subarea a r e  given next. 



Small area characterist ics:  

Area = 3.5 acres 

Length = 320 f e e t  

Width = 476 f e e t  

Step Three worksheet - Upper Left  Subarea. 



Ground Cover Ratio = 889 
Ab ( f  - Cg ) A  (Eq. 4-81 

Width = 476 f ee t  

Step Four worksheet - Upper Left Subarea. 



(tons/ (tons1 ( tond (tons! 
(hours) (cfslf  t l  f t /hr)  f t/hr) f t/hr) f t l h r )  (tons) (tons) (tons) (tons) (tons) 

Roughness Coef f lclent, Fg = 6,800 

Slqre, S = 0.015 

Wldth = 4 7 6 f e e t  

Step F l  ve worksheet - Upper L e f t  Subarea. 



( 1  ( 2  ( 3 )  ( 4  (5) ( 6 )  ( 7  

~t G t  G r G f e G e  1  Ge2 

(houre)  ( t o n e )  ( t o n e )  ( t o n e )  ( t o n e )  ( t o n e )  ( t o n e )  

Flow Detachment C o e f f i c i e n t  = 0 . 5 5  

Gf a D ~ ( G ~  - Gr)  (Bq- 4 - 1 0 )  

where Gt < Gr 

ste0 S i x  worksheet - Upper +eft  Subarea. 

Ge3 Ga4 

( t o n e )  ( t o n e )  

0 . 0 0  

0 . 0 6  

2 .97  

0 . 1 2  

0 . 0 7  

0 . 0 0  

0  .06 

2 .97  

0 . 1 2  

0 . 0 7  - .  

T 



TOTAL 
YIELD 

Step Seven workshaat - Upper f s f t  Subarea. 



(4 
P 

( inches ) 

Small area characterist icst  

Area = 3.60 acres 

Length = 300 f e e t  

w i d t h =  522 

(5)  (6 
Pe AP 

(inches ) (inches ) 

( 7  1 (8)  
Ape I 

(inches ( in /hr)  

w 
t-' 
4 

Step Three worksheet - Upper Right Subarea. 



Area = 3.60 Gr 6.48 A t  x2 Ab (Eq. 4.7) 

Ground Cover Ratio = 88% 
Ab (1 - CQ )A (Eq. 4.8) 

Width = 5 22 

Step Four worksheet - Upper Right Subarea. 



Qtl Qt2 9t3 

( t d  
ft/hr) (tons) (tons) (tons) (tons) (tons) 

Roughness Coatflclant, Kg = 6,800 

S Iqe ,  S - 0.068 

Wldth = 522 

rD 

I-' 
rD 

S t q  F l  ve rpksheet  - Upper Rlght Subarea. 



Plow Detachment C o e f f i c i e n t  = 0.55 

Gf ' D f ( G t  - G,) (Eq. 4.10)  

where Gt < Gr 

Step, S i x  worksheet - Upper R,ight Subarea. 



Stap Sovan worksheet - Upper Right Subarea. 

TOTAL 
YIELD 2.66 0.00 0.00 0.00 2.66 



Task 2. Dotermine Terrace Slope 

Tho s.dlrP.nt y ie ld  t o  t h e  terrances is sil t .  Since si l t  requir~ long 

s e t t l i n g  times, the  te r race  slope should be a s  f l a t  a s  possible t o  produce 

slar flow velocities.  The terrace must provide adequate drainage and f o r  t h i s  

reason a slope of 0.3 percent i s  selected. 

Task 3. Determination of Terrace Cross Section and Hydraulic Parameters 

A t r iangular  channel shape is used f o r  the  terrace since it is  e u i l y  

constructed using standard reclamation equipment (i.8. small dozers). The 

recommended s ide  slopes f o r  t h e  te r race  design a r e  3H:tV and 511:lV a s  shown i n  

Figure 6.3. The flow depths and areas a re  given by t h e  nomograph. i n  Figures 

6.3 and 6.4, respectively. The Manning's n-value is determined f o r  a g r a s t  

legurm. te r race  by t r i a l  and from Figure 6.6 f o r  a c l a s s  "Dm retardanco (Table 

6.2). When t h e  product of velocity and hydraulic radius is less thrn  0.1 then 

tho n-value should be selected a s  t h e  maxinu value i n  Table 6.1. In thf. 

c.80, t h e  value is  0.28 f o r  a good stand of grasslegune l in ing  with a fongth 

of about 6 inches (sect ion 111, A.1.b of Table 6.1). 

Rosults of t h e  hydraulic calculations f o r  both terrace a r e  given i n  t h e  

Taak 4. Determine tho  Sedbmnt Transport Capacity of t h e  Terrace 

C8lculrtioru of .&ant t r ampor t  capacity a r e  sham on t h e  fo l la r inq  

worksheotr f o r  the  u p p u  left and r i g h t  terrace80 Note that t h e  r u n t  

t rUUport  capacity of tho terrae0 is zero except f o r  tho silt s i z o  during the  

9e.k of tho stom This i n d i c a t ~  a good t u t a m  duign.  

Task 5. k ~ t i o a  of S.dhmt Yield 

S e A I  y i e l d  for oach t-8~0 is 8- on tho  Ta8k 5 Worksheets. The 

lenqth of tur8cm u..d i n  dotomining t h o  s o t t h g  p u a m t u ,  Cw, is the  

ac tual  lonqth a8  datumiaod by direct -t o m i u  o r  from 8 

topogr.phic map. Tho l m g t h s  of tho  t e r r a a s  a r e  440 foot  f o r  the  l o f t  

rubarm and 490 t o o t  f o r  tho  right rrrb.nr. 

The avorag. ru.p.n&d a-t concontratioa is 1,600 ppm f o r  t h e  l e f t  

subarea and 1,450 p p  f o r  t h e  r i g h t  subarea. 





C 

Tagk Three worksheet - Upper Right Terrace. 



G ( t o n e )  
t 

Time A t  
I n t e r v a l  ( h r e )  

~ a h k  Four workshee t  - Upper L e f t  Teyrace .  

TOTAL 

1 

0.0 

0 .o 

0.0365 

0 .o 

0.0 

0.0365 



Taok P o u r  w o r k s h e e t  - U p p e r  R i g h t  Terrace. 



Tota l  Yield 

- 4  
2.2 x 10 L, 

(Equation 6.5 ) 

Ps 
( s e e  Figure 6.1 1) 

Taek Five worksheet - Upper Lef t  Subarea. 



(see F i g u r e  6.11) 

Taah F i v e  workrheet - Uppqr Right Subrea.  



Task 6. Deposition Depth - 
The volume of deposition is  computed using Equation 6.7 which gives 1725 

3 
f t f o r  t h e  upper l e f t  subarea terrace and 28.4 f o r  t h e  upper r i g h t  subarea 

t e r r a  ?e. This gives deposition depths of 0.10 f e e t  f o r  t h e  l e f t  te r race  and 

0.12 f e e t  f o r  t h e  r igh t  terrace. 

Task 7. Terrace Design Depth -- 
The ter race  design depth includes t h e  sum of t h e  depths due t o  flow, 

sediment deposition and freeboard. The design depth f o r  both terraces is  

therefore 2.6 feet. 

9.6.2 Determination of Sediment Yield from the  Lower Subareas 

The l o w e r  subareas a r e  mulched and t h e  procedure f o r  determining t h e  

sediment y ie ld  from these are- follopom t h e  Chapter I V  procedure. The slopes 

of these lower subareas are f l a t t e r  compared t o  t h e  upper subareaa because t h e  

basic shape of the  .catchment is concave. The average slopes f o r  t h e  lower 

l e f t  subarea is 0.045 and 0.058 f o r  t h e  lower r i g h t  subarea. Sedimant yields 

a r e  1.1 2 and 1.68 tons f o r  t h e  lower l e f  t and r i g h t  subareas, respectively. 

9.6.3 Summary of Results f o r  t h e  Terracing Alternative 

The t o t a l  sediment y ie ld  fraat t h e  terraced catchment is 5.41 tons f o r  t h e  

l o y e a r ,  24-harr storm, This gives a mean annual sediment y i e l d  of 20.6 tons 

o r  1.63 tons/acres which i a  below t h e  design objective of 2.0 tona/acre. This 

design produces an a t t rac t ive ,  s table  postmining landscape which is low i n  

cos t  and requires l i t t l e  loneterm maintenance. 

9.7 Detailed Design of a F i l t e r  Fence System 

The second design al ternat ive is t o  use a f i l t e r  fence t o  t r a p  sediment. 

The fence w i l l  be placed pa ra l l e l  t o  t h e  contour of the  catchment a t  elevation 

900 and w i l l  catch sediment from 8.6 acres of the  catchment (Figure 9.4). The 
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Figure 9 . 4 .  Topographic map o f  d e s i g n  problem area  with f i l t e r  fence .  



e n t i r e  catchment w i l l  be mulched with straw a t  t h e  r a t e  of 2.0 toWacre. 

Basic da ta  f o r  computing t h e  sediment y i e l d  t o  t h e  f i l t e r  fence is  a s  follows: 

Roughness coefficient,  K = 6,800 
g 

Overland f l w  slope, Sx = 0.063 

Overland f l aw lenpth, L = 360 f e e t  

Sediment y i e l d  t o  t h e  fence i s  6.36 tons,  all of which is i n  t h e  silt s i z e  

range. Below t h e  fence, t h e  remaining 4.0 

tons. Basic da ta  on t h e  lower area  a r e  a s  

Overland flow slope, S x  = 0.053 

Overland flow length, L = 410 f e e t  

D e t a i l s  of t h e  calculat ion f o r  determining 

fence a r e  given on t h e  attached worksheet. 

acres  have a sediment y i e l d  of 2.69 

follows: 

t h e  sediment y i e l d  from t h e  f i l t e r  

There should b e  a small. diversion below t h e  f i l t e r  fence t o  cont ro l  t h e  

seepage through t h e  fence. The diversion can be designed based on t h e  peak 

flaw r a t e  through t h e  fence. This flow r a t e  is e q U  t o  t h e  flow r a t e  p e r  

u n i t  area ( 0.0 00667 f t / sec)  multiplied by t h e  maxiram a r e a  

Using a grass  l i ned  diversion similar t o  t h e  one used f o ~  Ohe t e r r ace  
I 

a l t e rna t ive  (4: 1 s i d e  slopes+ 0 -3  percent slope, and C l a a s  D lietardance) gives 

t h e  following hydraulic conditions 

Flow depth, d 0.89 f e e t  

Flaw velocity,  v = 0.08 f t / sec  

N o  sediment t ranspor t  w i l l  occur f o r  these  conditions. The diversion channel 

should extend t o  t h e  main s w a l e  which should a l s o  be l i ned  with grass. 
I 

Overall  t h e  sediment y i e l d  f o r  t h e  1 Oyear, 24-hour storm on t h e  catch- 

ment t r e a t e d  with a f i l t e r  fence and straw mulch .is 2.88 tons. This is  a mean 

annual sediment y i e ld  o f  11.0 tons  of sediment o r  0.87 tons/acre, which m e e t s  

t h e  design objective o f  2.0 tons/acre. The f i l t e r  fence design is a good 

shoretienu solut ion t o  t h e  erosion problem, although it is moderately expen- 

s i v e  and w i l l  require maintenance. The design l i f e  of t h e  s t ruc tu re  is under 

two years. 



Worksheet - Detention and F i l t e r i ng  Structures. 

Step One: Volume of Water and Sediment Yield 

Rainfal l  Excess, 
'e 

= 2.13 inches 

Catchment Area, A = 8.6 acres 

Actual Sediment Yield, G = 6.36 tons 
Y 

Step Two: Minimum Structure  Length 

Maximum Allowable Ponded Depth, d  = 
max 2.0 f e e t  

Duration of m o f f ,  
te 15 -6 hours 

Flow rate per uni t  area, 
Ka 2 -4 f t / h r  

Upland slope, 

Detention Parameter 

structure Length Coefficient  , 
Cf = 85.1 

Minimum Struc ture  Length 

a vsw/Cf 
a 66,600/85.1 

= 783 f e e t  

Actual structure length used, L d =  800 f e e t  



9.33 

Worksheet (continued). 

Step Three: Sediment Trapping Efficiency 

Sediment Sediment I F a l l  ( 2 )  

Yield 
G ( tons)  

Velocity 
W( f t/sec 1 

Tot a1 

( ) From input  da ta  

Trap(3) 
Efficiency 

e 
9 

See Table 7.1 (Not needed f o r  f i l t e r  s tn rc tures )  

( 3 ) ~ o r  F i l t e r  Structures  see Figure 7.2 

Sediment ( 4 )  
Trapped 

Gd ( tons)  

6.36 

For Detention S t r u z t u r a :  

For Sand Sizes: 

e = 1 - 4 (!Cab) (L/Ld) Sx 
S 

Rock o u t l e t  f lor raf . ,  Ka = ---- f t/sec 

Rock o u t l e t  length, =f = ---- f e e t  

For tho silt size:  

//////// / 

e = ps from Figure 6.11 s 
( 4 )  r e G 

Gd . y 



Worksheet (continued). 

V o l u m  of sedimsnt deposit ion 

Q * 20.2 G 
a d 

* 125 C U * ~  t o  

Dmpth of amdimant deposit ion 

- 0.14 f e e t  

Stam Four: H u n  Concentration o f  E f  f luent 

stm~ ria: R.crufrad Structure Heisht 

I f  d i a  gruter than 0.5 f e e t  then add addit ional  f ramboard, df 
d 

-- - - 0.0 f e a t  

- /783/800x2 + 0.5 + 0.14 

2.6 f mat 



APPENDIX A 

DFTAfLED PROCEDZTRE FOR DETERMINING A 
PARTICLE SIZE DISTRIBUTION 
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PROCEDURAL GUIDE: 

The pa r t i c l e  s ize  groups which need t o  be identif ied fo r  use with the sediment 

yield procedure are: 

clay: less than 0.002 mm 

p1 = silt (si) : 0.002 mm - 0.05 mm (x  =0.01) 
g 

p2 = very f i n e  sand (v f s ) :  0.05 mm - 0.1 mm ( x  =0.0707) 
g 

P3 
= fine, medium & coarse sand: 0.1 mm - 1.0 mm (x =0.316) 

g 
p4 = very coarse sand: 1.0 mm - 2.0 mm ( [x =geometric mean] x =I .  4 1 ) 

g g 
The SCS surveys and s o i l  setries descriptions do not give these groups 

directly,  although they do give the general textural  c lass  of the so i l ,  e.g. , 
loam, clay loam, o r  sandy clay a s  w e l l  a s  data on pa r t i c l e  s i z e  distribution, 

By using these two sets of sail infohnation, i.e., general textural  c lass  and 

data on the part icular  size distribution, the  required soi l  pa r t i c l e  s ize  

groups can be determined. 

F i rs t ,  the requFred pattj .de s i z e  groups except f o r  the silt group (p ) 
1 

and clay can be determined by using the particLe size distr ibut ion data, 

These s i z e  dis tr ibut ion data are expressed in  s o i l  series. as cumulative per- 

centagas less than 3 inches passing the: 

#4 sieve ( <4.74 mm) 
I 

# 1 0 sieve ( <2 mm) 
I 

#40 sieye (<.42 mm) 

t200 sieve ( <.074 ma) 

Tkese cumulative percentages provide data points f o r  determining a pa r t i c l e  

s i z e  frequency distr ibut ion curve using the log  probabili ty mathod. 

F i r s t  the range of  values corresponding t o  the sieve number are plot ted 

on log probabili ty paper (Figure A.1). men, a s t ra ight  l i n e  is drawn closb 

t o  the mean of each of the plot ted ranges, giving a cumulative frequency 

distribution. By extrapolating the  l i n e  down t o  the 0.05 iam size,  the 3 

larger p a r t i c l e  s i ze  groups (p , p , p ) used i n  the  design analysis can be 
2 3 4  

determined. The pa r t i c l e  s i z e s  are read from the cumulative frequency d i s t r i -  

bution line and the percent i n  the p a r t i c l e  s i ze  c lass  is determined by 

subtracting out the next smaller class.  





S i l t  ( p i )  is estimated fro# t h e  t ex tu ra l  clase given i n  a s o i l s  descrip- 

tion. A t ex tu ra l  class is  simply a name given t o  each s o i l  which designates 

t h e  ranges of sand, s i l t  and c lay  it contains. Table A . l  defines the  t ex tu ra l  

classes and t h e i r  associated sand, s i l t  and c lay  components. Because t h i s  

c l a s s i f i ca t ion  is based on t h e  <2 mm p a r t i c l e  s izes ,  the  percent s i l t  i n  a 

p a r t i c l e  class m a t  be adjusted t o  t h e  percentages upon which t h e  frequency 

d is t r ibu t ion  method is based, namely the  <3 inch p a r t i c l e  s izes .  This adjust-  

ment is included below i n  a s tepby-s tep  procedure f o r  determining t h e  p a r  

t icle size groups using SCS s o i l  series information: 

P lo t  t he  cumulative percent given i n  SCS s e r i e s  descr ipt ion a t  
appropriate points  on Figure A. t. 

maw a s t r a i g h t  line through the  values ( o r  range of values) and 
extrapolate  t h e  lina t o  0.05 mm size. 

Determine the  clrmulatfve percent corresponding t o  the  requ'ted s i z e  
c lasses  (0.05, 0.1, 1.0, 2.0 on x axis). 

Subtract the next smaller percent fram each reading which gives th.e 
percent f o r  the 3 coarsest  p a r t i c l e s  s i z e  groups (0.05-0.1 mmr 
0.1 - 1.0 mml 1 .a-2.0 mm) (based on <3 inch size sample) . 
Tb determine p1 (0.002-0.05), iden t i fy  the  assigned texture c l a s s  
given i n  t h e  soil  series description. 

Determine the.mean silt percent corresponding to  the assigned terr 
ture class f o r  the given s o i l  (Table A . l ) .  . 

Multiply the mean s i l t  percent by the  cumulative percent <2 mm (see 
s t e p  3 )  t o  give the percent 0.002-0.05 mm (percent  (3" size) . 
Subtract t h e  cumulative percent of the  th ree  large p a r t i c l e  sizes 
p l u s  t he  percent 3 inches t o  2 mm from 100 t o  give the  c lay  
percentage. 



Table A. 1.  Percent Sand, S i l t  and Cqay i n  Textural Classes 
(C2 mm s ized  pa r t i c l e s )  

Range i n  Percent - 
sand s i l t  clay 

Textural  Class (2.0-0.05 m )  (0.05-0.002 m )  (<0.002 mm) 

Sand* 85-1 00 : 0-15 0-10 

Loamy Sand* 70-90 0-30 0-1 5 

Sandy Loam* 

Loam 

S i l t  Loam 

S i l t  

Sandy Clay Loam 

Clay toam 

S i l t y  Clay Loam 

Sandy Clay 

S i l t y  Clay 

Clay 

*Coarse : Greater than 25 percent coarse sand 

Fine : 50 percent o r  more f i n8  sand; less than 
1 2 5  percent coarse sand . I 

Very Fine: 50 percent o r  more very f i n e  sand 



EXAMPLE : 

7. Given: SCS s o i l  ser ies  data. 

USDA Texture 

Percentage <3 Inches Passing Sieve 

No. 4 No. 10 No. 40 NO* 200 
(4-7 lux4 (2.0 !nut) (0.42 mm) (0.074 -1 

2. Plot data (Figure A.2) accorading to  Steps *I through 18 +eve. 
3. Tabulate data* 

Cumulative 
Frequency 

P a r t i c l e s i z e  (Mean) Par t ic le  Size C l a s s  
(nm) % lmn % (<3" s ize)  

*Prom Table A. 1 where loam has ,a man of 39 percent (of <2 mm sample) . 
This is multiplied by 94 percent, which fs the % of C 2  mm sized par t ic les  
f ram (3" s ize  sample 

4. Percent Clay = 100 - (37 + 12 + 28 + 4 + 6 )  = 13% 
(from Step *8 above) 



PARTICLE SIZE (AND SIEVE NUMBERS) -+ 
Figure A . 2 .  Particle s i z e  distrib&ion of  example s o i l .  



APPENDIX B 

DETAILED PROCEDURE FOR DETERMINING 
AN ERODIBILITY VALUE, Ke 
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PROCEDURAL GUIDE 

Values of K, can be obtained from s o i l  se r i e s  descriptions i n  SCS sur- 

veys or, when values have not been published, determined from the s o i l  erodi- 

b i l i t y  nomograph developed by Wisckmeier, e t  a l .  , ( 197 1 ) : Frgure B. 1 )  . The 

percent sand ranging from 0.1 - 2 mm and the  percent s i l t  plus very f ine  sand 

(0-05 - 0-1 mmr) ( l e f t  section of nomograph) can be readily obtained from the 

par t i c l e  s ize  dis tr ibut ion method (Appendix A) .  

Relative permeability classes (lower r igh t  section of Figure B.l) re fer  

t o  the en t i r e  s o i l  prof i le  and a re  coded from 1 (rapid) t o  6 (very slow . 
These classes correspond t o  permeability r a t es  given i n  a s o i l  survey or ,  i f  

not available, the  r a t e s  can be deduced from routine s o i l  prof i le  descrip- 

tions. Pield o r  laboratory measurements of permeability a r e  usually not 

necessary. The permeability r a t e s  which correspond t o  t h e  s i x  classes and 

general guidelines f o r  aseessing these classes i n  the f i e l d  a r e  given i n  

Table 8.1. The relationships and correlation betmen the penueability classes 

and the four soil-hydrologic groups, A-D, a s  defined i n  the SCS curve qrrmber 

method ( section 3-1 1 a f e  given i n  Table B .2. 

The structural classes (upper r i g h t  section of Figure B. 1) r e f e r  to the 

aggregatfian of s o i l  pa r t i c l e s  in to  c lus ters  which are separated from other 
I 

aggregdqes by planes o r  surfaces of weakness m e  s t ruc tura l  classif icat ions,  

e.g. granular o r  platey, are given i n  SCS survey descriptions and can be used 

t o  place a s o i l  in to  its apgropriate nuaograph code, 1 4 ,  a s  defined i n  

Table 8.3. Datailed f i e l d  descriptions of s tructure which a re  necesa&ry a t  a 

distur4ed o r  topsoiled site a r e  also given in Table B.3. These guides a r e  a 

useful supplemsnt t o  s o i l  se r i e s  descriptions because s i t e  specif ic  conditions 

a r e  t h ~  taken in to  acyquqt. 
i 1 

The final parameter needed t o  estimate Ke from the  nomograph is organic 

matter content. It fs recommended tha t  4 percent organic mater content be 

used f o r t h o s e  so i l s  having greater than 4 percent content unless additional 

available data suggest otherwise. If information on organic matter is not 

available i n  a s o i l  series description, it can be determined by laboratory 

analysis using the dry combustion method o r  raalkley-Black wet combustion 

method given i n  Black ( 1965) . . 





Table B.1. 

Penaeabil i ty Class 

very slow 

slow 

s law t o  moderate 

moderate 

moderate t o  rap id  

rap id  

Assessment of Permeability Classes. 

Permeability r a t e s  
i n / h e  Nomograph Code 

C0.06 6 

0.06-0.2 5 

0.2-0.6 4 

0.6-2.0 3 

2.0-6.0 2 

6.0-20.0 1 

*Baaed on sa tura ted  f l w  through saturated undisturbed core under 
1/2-inch head 

(In t h e  absence of maasuraments o r  c lasses ,  s o i l s  and minesoils 
can be placed i n t o  c l a s se s  by evaluating s t ruc ture ,  p a r t i c l e  
s izes ,  poroaity , cracking and o ther  c h a r a c t e r i s t i c s - a c A .  
appear t o  cont ro l  t h e  s o i l e a  permeability. Generally, it is 
necessary t o  assess  t h e  s o i l  horizons ( layers )  and determine 
which layer  is l e a s t  permuable (cont ro l l ing  layer.)- 



Table B . 2 .  Approximate Relationships Between Permeability Codes 
and So il-Hydrologic Group. 

Permeability Class Code Guideline 

Corresponding 
Soil-Hydrologic 

Group 
(CN Method) 

Gravelly, sandy s o i l s ;  very w e l l  
drained; deep; w e l l  developed; inclu- 
des  soils which remain open and do 
not  form surface s e a l ;  intalca i s  not  A 
r e s t r i c t ed .  ( High) 

Moderately coarse t o  moderately f i n e  
texture;  moderate o r  s t rong  subeoi l  
s t r u c t u r e  with t ex tu re s  coarser  than 
silty c l ay  loam. 

B 
(Moderate) 

4 Moderately coarse t o  moderately f i n e  
texture; includes silty c lays  and 
s i l t y  c lay  loarns; weak angular o r  
subangular blocky s t r u c t u r e  with 
moderate permeabi l i t ies .  

Moderately f i n e  grained s o i l s ;  s o i l s  
underlain by massive c l ays  o r  s i l t y  C 
clays. (Low 1 

S a i l s  undrr la in  by fragipans; high- 
s t ~ d l l i n g  c l ay  s o i l s ;  shallow s o i l s  
over near ly  impermeable layers;  may 
include sails within a permanently D 
hi* water t ab le .  (Very Low 



B.5 

Table B.3. Assessment of Structure Classes. 

Soil  Structure Class 

very f ine  granular . 
f i ne  granular 

medium o r  coarse granular 

blocky, platey, o r  massive 

Field Structure Guidelines 

Nomograph Code 

1 

Vary 

Fine - 

f ine granular: re fe rs  t o  par t ic les  subspherical i n  shape which a r e  - 
generally nonporous. "Very f inen incluPe s aggre- 
gates (1 mm i n  size. 

granular: r e f e r s  t o  1-2 mm sized aggregates 

Medi-coarse granular: re fa rs  t o  2-10 mm sized aggregates 

Platy: re fe rs  t o  par t ic les  arranged along a plane - roughly horizontal 

Blocky.. re fe rs  t o  par t ic les  arranged in a polygon shape banded by f l a t  
o r  s l ight ly  rounded surfaces o r  planes 

3 

Massive: refers  t o  coherent s o i l s  which have no observable aggregation 
pattern o r  d i s t i nc t  arrangement of natural  l ines  of weakness- 



To improve the  estimated K value for  clay pans and expanding shales, 

which commonly occur i n  mining areas, two separate erodibi l i ty  factors fo r  

"dryn and "wet1' seasons may be desirable. The permeability rat ings should be 

reduced during the wet season but not during thunderstorms occurring i n  the 

dry season. The U.S. Forest Service (1980) recommends the following com- 

putation f o r  weighted annual mean K values for  w e t  and dry seasons: 

where 

K' = weighted man erodibil i ty,  

Kw = s o i l  erodibi l i ty  during w e t  season, 

M = number of w e t  months with erosive ra infa l l  and/or snowmelt nlnoff, 
W 

Kd = s o i l  erodibi l i ty  during dry season, 

M = number of dry months with erosive r a in fa l l  and/or snowmelt runoff. 
d 

An example procedure f o r  determining 
Ke 

from the nomograph is given i n  

Figure B*1. A methodology f o r  determining or  estimating a l l  soils data 

(Appendix A - Part ic le  Size Distribution and Appendix B - Soil  Erodibil i ty) is 

i l l u s t r a t ed  i n  a stepby-step flow chart i n  Figure B-2. 
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Preal n lng  Laboratory 
Data 

Survey 
Report 

Si ze Hat ter  
C(asws 

iii1911 
F l e l d  Sol l F l e l d  Sol l Lab 
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This page intentionally left blank. 



APPENDIX C 

BASIC EQUATIONS USED IN 
DrnrnPINC D W G N  NOmX;RAPHS 
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I. OVERLAND E Z O W  SEDIMENT TRANSPORT EQUATIONS 

where: 

bl = b + e log  S + fK 
'3 + qKg log 

where : 
gt 

= sediment t r a n s p o r t  in tons / f t /hour  

q = u n i t  discharge of water in c f s / f t  

K = roughness 
9 

a l ,  b l ,  a ,  b, c, d, e, f ,  g are constants  

s i z e  1 1.414 0.316 0.0707 0.010 
I 

11. CRITICAL DISCBARGE FOR OVEEaAM) FMW 

qc - c l ( K p  
2 

where: 
Qc = cri t ical  u n i t  discharge of water in c f s / f t  

C1 = cri t ical  flw c o e f f i c i e n t  

S i z e  
=1 



111. DIVERSION AND CONVEYANCE SEDIMENT TRANSPORT EQUATIONS 

where: 
gt 
V 

41 
a t  

= sediment transport rate i n  tons/f t h o u  

= velocity in f eetlsecond 

= hydraulic depth in f e e t  

b, c are constants 

size 1 1.4 14 0.3 16 0.0707 0.010 
l 

IV.  CRITICAL VELOCITY FOR CHANNEL FLOW 

where: V = c r i t i c a l  velocity in f t /sec 
C 

g * hydraulic depth in f e e t  

a = constant 

S ize  1.4 14 0.3 16 0.0707 0.010 



V. M A X m M  OVERLAND FLOW COEFFICIENT 

1 
I - 

b l-b C1 = 43,560 [ 15,894 - a (0.50) ] 
=s 

where: C1 - overland flow coeff ic ient  
P1 = decimal percent of  s i l t  i n  s o i l  

Cs = sediment concentration i n  parts per mil l ion 

a and b are constants, where 

where: Cf * Structure lengtR coef f i c i ent  

te = duration of  ra infa l l  excess i n  hours 

K = flaw rate per unit area i n  f t/hr 

a anel b. are constants, where 

Sx = slope immediately above the  structure 
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APPENDIX D 

E STmATING COST OF TREATMENTS, STRUCTURES 
AND MATERIALS 
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Cost Estimation 

The coat of implementing erosion control  p rac t ices  is variable depending 

on the region, s i t e  conditions, ego slope, aspect and s o i l ,  s i z e  of the area, 

proximity of materials,  labor  ra tes ,  and timing of installment. More h p o r  

t an t ly ,  cos t  w i l l  be highly dependent on whether erosion control  work is done 

concurrently with o r  closely following the mining operation and i f  mining 

equipment and labor a r e  ut i l ized.  Therefore, it is d i f f i c u l t  t o  generalize 

regionally o r  nationwide on a year-round basis. 

With t h i s  in mind, r e a l i s t i c  approximations of cost  data have been 

co l lec ted  and summarized in Table D.1. Additional sources of infonaation are: 

s t a t e  highway departments, mining companies, and SCS. 

Cost data a r e  organized i n t o  the following categories: surface protec- 

t i o n  measures, mechanical treatments, and diversion, conveyance, detention and 

f i l t e r i n g  systems. Surface protection measures (Table D.la) include mulches, 

chemical s t ab i l i ze r s ,  nets ,  blankets, mats, t a ck i f i e r s ,  revegetation measures 

(seed and f e r t i l i z e r )  and combined treatments. The cost  of lkning, s o i l  

t e s t i n g  o r  gypsun application which may be required before implementing s u r  

face  protection measures a r e  not included. The cos t s  incurred during top- 

s o i l i n g  a r e  included under revegetation. Associated costs  not included a re  

temporarily s t a b i l i z i n g  a topso i l  s tockpi le  and f i n a l  reclamation of the area 

disturbed by the  stockpile. The mechanical treatments included in Table D.lb 

a r e  only those described and specif ied in Chapter IV. Cost data f o r  the four 

prac t ices  - diversion, conveyance, detention and f i l t e r i n g  - a r e  combined i n  

Table D . l c .  Items from t h i s  t ab l e  can be combined o r  used s ingular ly  d e n  

analyzing cos t s  of designing these erosion control  measures. 

The un i t  cost  data are usually expressed as the pay item un i t  c i t ed  in  

t h e  standard spocificationa f o r  each pa r t i cu l a r  treatment o r  s t ruc ture  

(Chapters -to VII). Cost data represent the range of cos t s  incurred t o  

contractors  fbr materials,  equipment operation, and i n s t a l l a t i o n  unless other- 

w i s e  specified. Maintenance cos t s  which a re  extremely var iable  and dependent 

on climate and s i te -spec i f ic  conditions, a r e  not included in the cost  estima- 

t e s  unless specified. Unit costs  f o r  mechanical treatments have been divided 

i n t o  two pa r t s  depending on whether equipment is owned or  rented (contracted) .  



To a s s i s t  i n  assessing t o t a l  cos t s  of each erosion control  p rac t ice  ( o r  

combined pract ices)  a worksheet is  provided i n  Table D.2. Although not spe- 

c i f i e d  for each par t icu la r  arosion pract ice ,  cos t  of renting o r  buying equip- 

ment t o  construct  o r  emplace s tnactures  o r  treatments i s  an important item fo r  

consideration. m l e s s  contracted, these cos t s  include r en t a l  o r  purchase 

amount, taxes ,  insurance, fuel ,  maintenance, and depreciation. Many types of 

equipnent may already be avai lable  on s i t e  a t  a mhing  operation, eg. dozers, 

crawlers, trucks,  scrapers  and f r o n t  end loaders. Other implements may be 

purchased o r  rented from farm o r  rangeland dealers  i n  the  area,  eg. seeders, 

p l w s ,  and disks. I r r i ga t ion  e q u i p ~ s n t  may a l s o  be needed t o  maintain a 

seeded and mulched a rea  f o r  one o r  several  growing seasons. 

Labor cos t s  w i l l  vary widely, depending on the  type o r  combinations of 

treatments o r  s t ruc tures  required on the  s i t e .  Some of the  cos t s  of  labor a r e  

included i n  " t o t a l  cos tn  estimates i n  Table D . 1 .  I n i t i a l  work required t o  

prepare a s i t e  before ac tua l ly  implementing a control  p rac t ice  may be incor- 

porated i n t o  the  mining and postmining work, eg. level ing and grading spo i l  

material. Hence, t he  ove ra l l  coat of a treatment may b e  minimized by premine 

planning and coordination with the  ac t ive  mining operation. 

Most treatments and s t ruc tu re s  require  a subs tan t ia l  amount of labor i n  

achieving the  most cost-effect ive r e su l t .  If properly designed, implemented, 

and monitored during the  ear ly  s tages  of reclamation, overa l l  cos t  w i l l  be 

minimized because per iodic  maintenance cos t s  w i l l  be  grea t ly  reduced. 

In s t a l l a t i on  of any of  t h e  erosion cont ro l  p rac t ices  involves supervision 

and sometinms design costs .  When incurred, the  cos t s  w i l l  depend on the 

complexity of t he  trea-nt o r  s t ruc tu re  and on whether the  company o r  a 

contractor  does the  work. Ut i l i za t ion  of mining company personnel, mining and 

postmining ovarburden manipulation, and mining equipnent can grea t ly  decrease 

t h e  p r i ce  d implementing a cont ro l  measure. 

line ce -mf fec t iveness  of an erosion control  p rac t ice  is  an e s sen t i a l  

p iece  of inforrmrtion f o r  f i n a l  appraisal  of a t o t a l  control  design plan. As 

suggested e a r l i e r ,  cos t  (and cost-effectivness) is a function of s i te-specifrc  

conditions,  cl imate and design object ive f o r  reduction i n  sediment yield.  The 

cost-effect ivess  of a pa r t i cu l a r  design should be compared t o  t h a t  of anot!!er 

design only when both designs fulfill t he  same sediment reduction objective.  

The cos t  analysis  can then be used t o  determine t h e  most cost-effect ive d e s ~ p  



t o  achieve the required sediment reduction a t  a s i t e .  

Several d i f f e r en t  p rac t ices  and combinations of methods and materials 

should be evaluated using Tables D. 1 and D.2 before a f i n a l  design is  

accepted. mr example, i f  rrmlching i s  selected,  several  a l t e rna t ive  materials 

a r e  available.  Ihe l e a s t  expensive choice w i l l  take advantage of material  and 

equipnent a ~ i l a b l e  on s i t e ,  such a s  wood chips from the c lear ing operation o r  

gravel f rorn the  overburden. 

In summary, overa l l  coa ts  a r e  highly var iable  and must be assessed c r i t i -  

c a l l y  a t  a s i t e  before f i na l i z ing  a design. The c o s t s  given i n  Table D. 1 a r e  

r e a l i s t i c  approximations ( n o t  maximums o r  minimums) and provide a means of 

estimating r e l a t i v e  cos t s  associated w i t h  a p a r t i c u l a r  erosion control  struc- 

t u r e  o r  measure. 
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Mining Congress ( mtg. i n  Chnver, Colorado, 1981 ) . 



D.4 

Table D. 1.  Cost Data f o r  Erosion Control  P rac t i ces .  

D - 1  a. Surface Pro tec t ion  Measures 

Surf ace  Pro tec t ion  Measures 

Uni t  Cost 
( i n c l u d e s  materials only un less  
s p e c i f i e d )  

Conwed Wood F ibe r  
S i  l v a  Wood F ibe r  
Stone and Gravel 
Straw (mechanically crimped) 
Woodchips 
Tur i f  i b e r  
Wood F ibe r  
Hydro Mulch ( g r a s s  seed/ 

c e l l u l o s e  f i b e r )  

Chemical S t a b i l i z e r  

Aero Spray 
Te r r a t a c k  
Ge nequa 
Asphalt (Tackif  ier ) 

N e t s ,  Blankets ,  Mats 

Holdgro (paper  and nylon) 
Excels ior  ( c u r l e x )  
J u t e  Mash 
Enkamat 

Mulch with  Chemical S t a b i l i z e r  
and T a c k i f i u  

Wood F ibe rp re r ra tack  
Wood FiberYAerospray 
Wood Fiber/Genequa 743 
Wood F i b e r n e t r o s e t  SB 
Straw/Curasol AK 
Wood Fiber/Dow Mulch Binder 
Straw/Terratack 
Straw/Dow Mulch a inder  

$.20/lb - $400/ton 
$. 10/lb - $200/ton 
$5=60/ton ( T o t a l  C o s t )  
$100-200/ton ( T o t a l  Cost) 
$42.30/ton ( T o t a l  Cost) 
$ 9  12/lb --$244/ton 
$ 0  1 1/ lb  - $222/ton 

$288/gal 
$48O/gal app l i ed  !Total  Cost)  
$123/package (100 l b )  
$304/500 lb/45 g a l  
$277/500 lb/45 g a l  
$252/500 lb/45 g a l  
$371/1.5 ton/40 g a l  
$198/500 lb/45 g a l  
$291/1.5 ton/45 l b  
$286/1.5 ton/45 l b  



D.5 

Table D . 1 .  (cont inued) .  

D.la. Surface Pro tec t ion  Measures (cont inued)  

Surface Pro tec t ion  Measures 

Uni t  Cost 
( i n c l u d e s  ma te r i a l s  only un less  
s p e c i f i e d )  

Revegetation Measures 

Seeds - Average T o t a l  Cost  of Seeds 
( grass ,  c lover ,  e t c .  and 
Seeding Cost ( r a t e  v a r i e s  
wi th  s o i l  and seed type)  

Seeds - Weeping Iaveqrass  
C r  ima on Clover 
T a l l  Fescue 
Kentucky Bluegrass 
R ~ J  dtop 
Crown Vetch 
Red Clover 
P l a t  Pea 

F e r t i l i z e r  - Nitrogen 
Seed and Mulch - Hydrormlch (seed/  

c e l l u l o s e  f i b e r )  
Bas ic  Regrading and Raseeding 
Maintenance (purchase  and a p p l i c a t i o n  

of  maintenance f e r t i l i z e r )  
Respreading Topsoil  Without 

S tockp i l ing  
S tockp i l ing  and One Move o f  Topsoil  

( may r e q u i r e  more than  1 move) 

1 
T o t a l  Cost  (average over  4-6 yea r s )  

$6 15/ton ( T o t a l  Cost) 
$1,50O/acre 

I 
Prom Browrr, 1982 ( i n  p r e s s )  



Table D . 1 .  (cont inued) .  

D. 1 b. Mechanical Treatments 

- Unit Cost ( T o t a l  Cost) - - -- 
Mechanical Treatment Hired Contractor Own Equipment 

Contour Furrowing 

P i t t i n g  

Ripping 

Land Imprint ing 

- 

D. 1 c. Diversions, Conveyance, Detention and F i l t e r  Systems 

Unit  Cost 
Diversion, Conveyance, Detention, ( inc ludes  mate r i a l s ,  equipment 

F i l t e r i n g  operat ion,  emplacement) 

Diversion, U n e d  

Diversion Unlined 

Perimeter  Berm 

S i l t  Fence 

Straw Bale Barrier 

Brush Barr- 

Rack O u t l ~ t  
Riprap 
Aggregate 

P l a s t i c  F i l t e r  Fabr ic  



Table D .  1 .  (continued). 

D . l c .  Diversions, Conveyance, Detention and Filter Systems (continued) 

Diversion, Conveyance, Detention, 
F i l t er ing  

Unit Cost 
(Total C o s t )  

Check Dam - Riprap 

Waterways 
Gitass-Lined, Seeded 
G r  ass-Line, Sodded 
Riprap 

Miscellaneous Treatment 
Excavation 
Raking 
Hauling 
Scar i f i ca t ion  (about 1 f t  deep) 



Table D .2. Worksheet for Calculating Total Cost of Install ing 
an Erosion Control Measure. 

muipaent 
Rental 
Purchase 
Company Owned 

Subtotal 

Labor - 
Outside Labor 
In-House Labor Force 

Subtotal 

Material 
On-Site Material 
Other Material 

Subtotal 

Miscellaneous 
S o i l  Preparation 
Maintenance 
Topsoil Stockpile Stabilization and Reclamation 

Subtotal 
Supervision, Design, Contingencies 

Subtotal 
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Abstraction. That amount of r a i n f a l l  which does not runoff due t o  i n f i l t r a t i o n ,  
detention storage, o r  intercept ion by vegetation. 

I n i t i a l  a h t r a c t i o n .  That amount of r a i n f a l l  abstracted during the 
beginning of the  storm. See Retention. 

Acid soil. A s o i l  giving an acid reaction throughout most or  a l l  of the portion 
occupied by roots (precisely ,  pH C7.0; prac t ica l ly ,  pH <6.6). 

Alkaline soil. Any soil horizon having a pH grea te r  than 7.3. 

Amendment. Any materials,  eg. gypsum, sawdust, lime or  synthetic conditioner, 
worked i n t o  the s o i l  t o  make it more productive. 

Arid. Regions o r  climates t h a t  lack su f f i c i en t  moisture fo r  crop production 
without i r r iga t ion .  The upper limits of prec ip i ta t ion  vary according t o  tem- 
perature  conditions. In  tamperate regions, an upper average annual l i m i t  is 8 
t o  10 inches. 

B r o a d c a s t  seeding. Sca t te r ing  seed on the surface of the soil. 

Buffer s t r i p .  1. Unaffected areas  between the mining operation and areas  
designated f o r  other  public o r  p r iva te  use. 2. S t r i p s  of grass o r  other  ero- 
s ion  r e s i s t a n t  vegetation between o r  below surface o r  auger mining disturbance. 

Canopy. The cover of leaves and branches formed by the tope o r  crowns of 
plants.  

Check dam. Small dam constructed in a gully o r  other  small water course t o  
decrease the stream flow veloci ty ,  minimize channel scour, and promote deposi- 
t i o n  of sediment. 

Clay. 1. P a r t i c l e  s i z e  o r  s o i l  separate consis t ing of pa r t i c l e s  s izes  
C0.002 mm i n  equivalent diameter. 2. S o i l  t ex tu ra l  class. 

Compaction. The closing of the  pore spaces among the pa r t i c l e s  of s o i l  and 
rock, generally caused by nrnning heavy equipment over the area as in the pro- 
cess  of level ing the  overburden material  of s t r i p  mine banks. 

Contour. An imaginary line connecting points of equal height above sea leve l  as 
they follaw the  r e l i e f  of the  te r ra in .  

Contour -go A mechanical treatment fo r  control l ing erosion by creat ing 
trenches o r  furrows on the contour of the slope. 

COntoUr s t r i pp ing  o r  surface mining. The removal of overburden and mining from 
a coal seam t h a t  crops out o r  approaches the surface a t  approximately the same 
elevat ion i n  s teep o r  mountainous t e r r a i a .  

Conveyance channel. A s t ab i l i zed  drainageway used t o  co l l ec t  water from diver- 
s ions  and overland flow areas and t o  del iver  it from the s i t e  t o  the established 
disposal area. 



Cover, crop. A close growing crop grown primarily fo r  the purpose of protecting 
and improving s o i l  between periods of regular crop production. 

Cover, ground. Any vegetation producing a protect ing m a t  on o r  jus t  above the 
s o i l  surface. 

Cover factor .  The r a t i o  of cover area t o  t o t a l  area. 

m e  number. Coefficients used fo r  estimating surface runoff depth from 
r a i  n s t o m  . 
Density, vegetative. The percentage of ground surface t h a t  appears t o  be 
completely covered by vegetation when viewed d i r ec t ly  from above. 

Deposition. The accumulation of material  dropped because of a slackening move- 
ment of the  t ransport ing agent - water. 

Detachment. The removal of transportable fragments of s o i l  material  from a s o i l  
mass by an eroding agent, usually f a l l i n g  raindrops o r  running water. Through 
detachment soil p a r t i c l e s  a r e  made ready f o r  t ransport  - s o i l  erosion. 

D i r e c t  seeding. A method of es tab l i sh ing  a stand of vegetation by sowing seed 
on the pound surface. 

Diversion. Channel constructed across the slope f o r  the purpose of intercept ing 
surface runoff. Changing the accustomed course of a l l  or  part of a stream. 

Drop structure. A s t ruc tu re  constructed across the channel t o  adjust  the effec- 
t i v e  slope of the  channel. 

Erodibi l i ty .  See S o i l  e r o W i l i t y .  

Erosion. 1. The wearing away of land surface by running water, wind, i ce ,  or 
o ther  geological agents, including such processes a s  grav i ta t iona l  creep. 2. 
Detachment and movement of soil o r  rock fragments by water, wind, ice ,  o r  
gravity.  

The following terms are used t o  describe d i f f e r en t  types of erosion: 

Accduatod uo8ian. Erosion much more rapid than normal, natural ,  or  
g a o l o e  e o s i o n ,  primarily a s  a r e s u l t  of the  influence of the ac t i -  
vitiea.&f man or, in s o m e  cases, of other  animals o r  natural  
catas tqrphies  that  expose base surfaces,  f o r  example, f i r e s .  

Geologic8l em8ion. The normal o r  natural  erosion caused by geologi- 
c a l  processes ac t ing  over long geologic periods and resu l t ing  in the 
wearing away of mountains, the  building up of floodplains, coas ta l  
pla ins ,  e tc .  Syn: Natural erosion. 

Gully erosion. The erosion process whereby water accumulates in 
narrow channels, over shor t  periods, and removes the s o i l  from t h i s  
narrow area t o  considerable depths, ranging from 1 t o  2 f e e t  to  as  
much a s  75 t o  100 fee t .  



N a t u r a l  erosion. Wearing away of the ea r th ' s  surface by water, i ce ,  
o r  other  natural  agents under natural  environmental conditions of c l i -  
mate, vegetation, etc. ,  undisturbed by man. Syn: Geological erosion. 

N o r m a l  erosion. The gradual erosion of land used by man which does 
not great ly  exceed natural  erosion. See Natural erosion. 

R f l l  eroaion. An erosion process i n  which numerous small channels 
only several  inches deep a re  formed. Occurs mainly on recently cu l t i -  
vated soils. 

Sheet eroaion. The removal of a f a i r l y  uniform layer of soil from the 
land surface by -off water. 

Splash erosion. The spa t te r ing  of s m a l l  s o i l  pa r t i c l e s  caused by the 
impact of raindrops on w e t  so i l s .  The loosened and spat tered par- 
ticles may o r  may not be removed subsequently by surface runoff. 

B r o s i w .  Refers t o  wind o r  water having su f f i c i en t  veloci ty  t o  cause erosion. 
Not t o  be confused with Erodible as a qua l i ty  of soil. 

F e r t i l i t y .  The qua l i ty  of soil t h a t  enables it to provide nu t r ien ts  i n  ade- 
quate amounts and in proper balance f o r  the growth of specif ied p lan ts  when 
o the r  growth fac tors ,  such a s  l i gh t ,  moisture, temperature, and t h e  physical  
condi t ion of the  soil are favorable. 

F i l t e r i n g  efficiency. Ratio of weight of sediment trapped in the f i l t e r  
mater ia l  t o  the  weight of incoming sediment. 

Gravel. Aggregate consis t ing of mixed s i ze s  of 1/4 inch to 3 inch parameters. 

1 See Erosion. 

Hardpan. A hardened soil layer  In the  lower A o r  in the B horizon caused by 
cementation of s o i l  p a r t i c l e s  with organic matter o r  with materials such as  
s i l i c a ,  sesquioxides, o r  calcium carbonate. The hardness does not change 
appreciably with changes in moisture content, and pieces of the hard layer  do 
not  slake in water. 

Hydraulic coodmctivlty. See Permeability. 

Hydraulic r84&ua. Ratio of cross  sect ion area t o  wetted perimeter. 

Hydrograph. Graph showing the  var ia t ion  in t i m e  of some hydrological obser- 
vat ion data. 

Hydrology. The science t h a t  r e l a t e s  t o  the water systems of the earth.  

Hydroseeding. Dissemination of seed hydraulically i n  a water medium. Mulch, 
lime, and f e r t i l i z e r  can be Fncorporated in to  the sprayed mixture. 

Eyetograph. Chart displaying temporal o r  a r ea l  d i s t r i bu t ion  of precipi ta t ion.  



I n f i l t r a t i o n .  The flow of a l iqu id  in to  a substance through pores o r  other 
openings, connoting flow in to  a s o i l  in contradis t inct ion to  percolation,  
which connotes flow through a porous substance. 

In l e t .  The upstream end of any s t ruc ture  through which water may flow. 

Intermit tent  stream. A stream o r  portion of a stream t h a t  flows only i n  
d i r e c t  response t o  precipi ta t ion.  It receives l i t t l e  or  no water from springs 
and no long-continued supply from ne l t ing  snow o r  other sources. It is dry 
f o r  a large par t  of the year, o rd inar i ly  more than 3 months. 

Isopluvial  map. Map showing contour l i nes  of equal p rec ip i ta t ion ,  often 
defined on an average annual basis.  

Land lmprlntlng. Mechanical treatment fo r  control l ing erosion by creat ing a 
geometric surface resu l t ing  i n  microbasins and e fur rows .  

Lima. Lime, from the s t r i c t l y  chemical standpoint, r e f e r s  t o  only one corn- 
pound, calcium oxide ( C a O I r  however, the term lime is commonly used in agri- 
cul ture  t o  include a great  var ie ty  of materials t h a t  a r e  usually composed of 
t he  oxide, hydroxide, o r  carbonate of calcium o r  of calcium and magnesium. 
The most commonly used fonns of agr icu l tura l  lime a re  ground limestone 
( carbonates) , hydrated lime (hydroxides 1 , burnt lime (oxides ) , m a r l ,  and 
oys te r  shel ls .  

Mulch. Natural o r  a r t i f i c a l  material  used t o  provide more desirable  moisture 
and temperature re la t ionships  f o r  plant  growth. It is a l so  used to  control  
unwanted vegetation. 

Overland flow. Water usually storm runoff, flowing in a th in  layer  over the 
ground surf ace. 

Overland flow detachment. See Detachment. 

P a r t i c l e  size distribution. The amount of the  various s o i l  separates o r  indi- 
vidual  s o i l  p a r t i c l e s  in a s o i l  sample, usually expressed as percent weight of 
clay,  s i l t  and sand ( o r  subdivisions thereof) .  

Permeability. Tho qua l i t y  of a s o i l  horizon t h a t  enables water o r  air t o  move 
through it. 'Phe permeability of a s o i l  may be l imited by the presence of one 
nearly fmpermoable horizon even though the others  are permeable. 

pE. A numerical msasure of the  hydrogen ion concentration. It is used t o  
ind ica te  ac id i ty  and a lka l in i ty .  The neutral  point  is pH 7.0; pH values below 
7.0 indicate  acid  conditions and those above 7.0 ind ica te  a lka l ine  conditions. 

P i t t ing .  Mechanical treatment f o r  control l ing erosion by creat ing small 
basins o r  p i t  on the contour of the  slope. 



Physical process. Describes the occurrence or  continuing development which 
involve change of a physical e n t i t y  usually a t  or  near the ear th ' s  surface; 
caused by forces o r  agents such a s  water, wind, gravity,  temperature 
d i f f e r en t i a l .  

Ra infa l l  detachment. See Detachment. 

Ra infa l l  excess. That portion of r a i n f a l l  t h a t  becomes runoff discharged from 
an area. 

Reclamation. The process of reconverting mined land to its former o r  other  
productive uses. 

Regrading. The movement of ear th  over a surface o r  depression t o  change the 
slope of the land surf ace. 

Rehabili tat ion.  Implies t h a t  the  land w i l l  be returned t o  a form and p roduo  
t i v i t y  i n  conformity with a p r io r  land use plan, including a s t ab l e  ecological 
s t a t e  t h a t  does not contribute subs tan t ia l ly  t o  environmental deter iorat ion 
and is consis tent  w i t h  surrounding e s the t i c  values. 

Retardance c lass i f ica t ion .  A qua l i t a t i ve  description of the res is tance to 
flow offered by various types of vegetation. 

Retention. The amount of p rec ip i ta t ion  on a drainage area t h a t  does not 
escape as  runoff. I t  is the difference between the t o t a l  p rec ip i ta t ion  and 
t o t a l  runoff. 

Revegetation. Plants  o r  growth t h a t  replaces or ig ina l  ground cover following 
land disturbance. 

Revetment. A facing of stone o r  other  material, e i t h e r  permanent o r  tem- 
porary, placed along the edge of a stream t o  s t a b i l i z e  the bank and pro tec t  it 
from the erosive action of the stream. 

Rill. See Erosion. 

RippFng. Erosion control  mechanical treatment which sha t t e r s  subsoil  layers 
thereby increasing s o i l  water movement. 

Riprap. Broken rock, cobbles, o r  boulders placed on ear th  surfaces, such as  
t he  face of a dam o r  the bank of a stream, fo r  protection against  the action 
of water (wave.). Also applied t o  brush o r  pole mattresses, o r  brush and 
stone,  o r  other  s imilar  mater ia ls  used fo r  s o i l  erosion control. 

Rock-fill dam. A dam composed of loose rock usually damped in place, often 
with the upstream pa r t  constructed of handpacked o r  derrick-placed rock and 
faced with ro l led  ear th  o r  with an impervious surface of concrete, timber, or  
s t e e l .  

Runoff. That portion of the  prec ip i ta t ion  on a drainage area t ha t  is 
discharged from the area in stream channels. Types include surface r m o f f ,  
ground water runoff, o r  seepage. 



Sal ine soil. Non-sodic s o i l  containing su f f i c i en t  soluble s a l t s  t o  impair 
productivity.  

Sand. 1. A p a r t i c l e  s i z e  o r  s o i l  separate consis t ing of p a r t i c l e  s izes  0 .0  5 
t o  2.0 mm in equivalent diameter. 2. Soi l  t ex tu ra l  c lass .  

Scarify.  To loosen o r  s t i r  the surface s o i l  without turning it over. Also, 
i n  the  case of legume seeds, abrasion of the  hard coat  t o  decrease time 
required f o r  germination. 

SedLPunt. Solid material, both mineral and organic, t h a t  is  i n  suspension, i s  
being transported, o r  has been moved from its s i t e  of o r ig in  by a i r ,  water, 
gravity,  o r  i c e  and has come t o  r e s t  on the  ea r th ' s  surface e i t h e r  above o r  
b e l w  sea level.  

Sedimnt  d a l i v e q .  The t o t a l  amount of sediment discharged by the  flow during 
a given t h e  interval .  The t o t a l  amount of sediment discharged from a 
watershed measured a t  a downstream point.  

Sedimnt  supply. The t o t a l  amount of sediarent detached by raindrop impact and 
overland flow. 

SedFmsnt tranuport capacity.  The r a t e  a t  which t h e  stream is  capable of 
carrying sediment. 

Sadben t  yield.  h e  t o t a l  amount of sediment t h a t  passes any sect ion of a 
stream. 

Seedbed. The s o i l  prepared by na tura l  o r  a r t i f i c i a l  means t o  promote the  ger- 
mination of seed and the  grawth of seedlings. 

Slliarid. A t e rn  applied t o  regions o r  climates where moisture i s  normally 
grea te r  than under a r i d  conditions ( > 8  t o  10 inches) but s t i l l  def in i te ly  
l imi t ing  t o  the  growth of most crops. Dryland farming methods o r  i r r i ga t ion  
generally i s  required f o r  crop production. The upper l i m i t  of average annual 
p rec ip i ta t ion  i n  the  temperate semiarid regions is a s  lw a s  15 t o  20 inches. 

Side slopes. The slope of the  sidea of a canal, dam, o r  embankment. It is  
customary t o  name the  horizontal  distance f i r s t  a s  1.5 t o  1.0,  o r  frequently 
1-1/2:1, meaning a hor izontal  distance of 1.5 f e e t  t o  1 foo t  ver t ica l .  

S i l t .  1. A p a r t i c l e  s i z e  o r  s o i l  separate consis t ing of p a r t i c l e  s i z e s  0 .002 
t o  0.05 ma i n  equivalent diameter. 2. A s o i l  t ex tu ra l  c lass .  

S B  -1. Simplified sediment: y i e ld  model. A s impli f ied procedural 
method f o r  estimating on-site s o i l  loss; a mathematical model based on physi- 
c a l  processes. 

Sheet flow. See Overland flow. 

Sodded waterway. Grassed waterway vegetated by sodding with adapted grass 
species. 



Sodic soil. Non-saline s o i l  containing sodium which in te r fe res  w i t h  plant 
growth. 

Soi l .  1. The unconsolidated mineral and organic material  on the immediate 
surface of the ear th  t ha t  seroes as a natural  medium f o r  the growth of land 
plants.  2. The unconsolidated mineral matter on the surface of the ear th  
t h a t  has been subjected t o  and influenced by genetic and environmental fac tors  
of parent material ,  climate (including moisture and temperature e f f e c t s ) ,  
macro- and micro-organisms, and topography, a l l  act ing over a period of time 
and producing a product s o i l  t h a t  d i f f e r s  from the material  from which it is 
derived in many physical, chemical, biological ,  and morphological properties 
and character is t ics .  3. A kind of so i l ;  t h a t  is, the col lect ion of s o i l s  
t h a t  a re  a l i ke  in  specif ied combinations of character is t ics .  Kinds of s o i l  
a r e  given names i n  the system of s o i l  c lass i f ica t ion .  The terms the s o i l  and 
s o i l  a r e  col lect ive.  - 
S o i l  e rodib i l i ty .  A physical property of s o i l  expressing its suscept ib i l i ty  
t o  erosion due t o  raindrop splash and sheet wash processes. 

S o i l  series. The basic un i t  of s o i l  c l a s s i f i ca t ion  being a subdivision of a 
family and consis t ing of s o i l s  t h a t  are essen t ia l ly  a l ike  in all major p ro f i l e  
cha rac t e r i s t i c s  except the texture  of the  A horizon. 

S o i l  structure. The combination o r  arrangement of primary s o i l  pa r t i c l e s  in to  
secondary pa r t i c l e s ,  un i t s ,  o r  peds. 

S o i l  t ex tu ra l  c la8sif icat ion.  General c l a s s  of a s o i l  denoting a par t icu la r  
percentage of clay, s i l t  and sand, eg. loam, c lay loam. Note: clay, s i l t  and 
sand a re  p a r t i c l e  s izes  a s  w e l l  as a t ex tu ra l  class.  

Subsoil. The B horizon of s o i l s  v i t h  d i s t i n c t  prof i les .  In soils with weak 
p r o f i l e  develoment, the  subsoil  can be defined as the sol below the plowed 
s o i l  ( o r  its equivalent of surface s o i l )  i n  which m o t s  normally grow. 
Although a common term, it cannot be defined accurately. It has been carr ied 
over from ear ly  days when s o i l  w a s  conceived only as the plowed s o i l  and t h a t  
under it a s  subsoil.  

Surface soil. That part of the upper soil of arable  soils conanonly s t i r r e d  by 
t i l l a g e  implements o r  an equivalent depth ( 5  t o  8 inches) i n  nonarable so i l s .  

S t t s p d a d  so&&&. Sediment that is in suspension in water but t ha t  w i l l  phy- 
s i c a l l y  set+s2d-aut under quiescent conditions ( a s  d i f fe ren t ia ted  from 
dissolved xmtarial) .  

Tacking (narlch). The process of binding mulch f ibe r s  together by the addition 
of a sprayed chemical compound. 

Terrace. A n  embankment o r  combination of an embankment and channel 
constructed across a slope t o  control  erosion by diverting. 

Terrace o u t l e t  channel. Channel, usually having a vegetative cover, in to  
which the flow from one o r  more te r races  is discharged and conveyed from the 
f i e l d .  



?erracm types. 

Absorptive: A ridge type of t e r race  used primarily fo r  moisture 
consersratlon. 

Bench: A t e r r ace  approximately ow the contour, having a steep o r  v e r  
t i c a l  drop t o  the slope below, and having a horizontal  o r  gentle sloping 
par t .  It is adapted t o  s teeper  slopes. 
Drain8g.r A broad, channel-type terrace used primarily t o  conduct water 
from the area a t  a low velocity.  It is adapted t o  less absorptive s o i l  
and regions of high r a in fa l l .  

Topsoil. The unconsolidated earthy material  t h a t  e x i s t s  in its natural  s t a t e  
above the rock s t r a t a  and t h a t  is or can ba made favorable to  the growth of 
desirable  vegetation. 

Toxic spoi l .  Includes acid spo i l  with pH below 4.0. A l s o  r e f e r s  t o  spo i l  
having amounts of minerals such as  aluminum, manganese, and Iron t h a t  adver- 
se ly  a f f e c t  plant  growth. 

Type I storm distribution. A design model f o r  the time dis t r ibu t ion  of storm 
r a i n f a l l  f o r  the  coastal  s ide of the  S i e r r a  Nevada and Cascade Mountains, and 
Alaska and H a w a i i .  

Type If storm distrfbution.  A design model of the time dis t r ibu t ion  of storm 
r a i n f a l l  f o r  the remaining s t a t e s ,  Puarto Rfco, and Virgin Islands.  (See 
Typa I). 

Too berm. A berm of "bench" of compacted and vegetated sail constructed a t  
the toe  of the slope. 

Unfwrsa l  S o i l  Loss Equation. An equation w e d  f o r  predict ing m i l  loss  and 
designing erosion control  a y s t e u ~ ;  A = RXLSCP where A = average annual s o i l  
loss ;  R = r a i n f a l l  factor ,  K = e r o d i b i l i t y  fac tor t  L = length of slope; S = % 
of slope; C = cropping and management factor ;  and P = conservation factor .  

Watersheds. Total  land area above a given point on a stream o r  wateway tha t  
contr ibutes  -off t o  t h a t  point. 
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