
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 .  
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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 
D e t a c h n t  Coeff icient,  O f ,  fo r  General Sol l Textural 
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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 .  



7 6 5 4 3 2  

PRECIPITATION (inches) 

10' 10' lo8 
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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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Worksheet 4.3. Step F l  ve worksheet* 
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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 )  



TOTAL 
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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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