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7 1  I RECLAMATION AND REYEGETATION I HANDBOOK 
FOR 

over inq  reclamation o f  sur face mine s i t e s .  Some o f  t he  

MEASURES 

tandarzs were a l ready i n  force i n  coal-producing s t a t e s  
r i o r  t o  1977. The Regulations, i n  e f f e c t ,  make i t  nec- 
ssary f o r  the sur face mine operator  t o  consider r e c l a -  
a t i o n  and t o  ca r r y  i t  out ,  as an i n t e g r a l  p a r t  o f ,  and 
nseparable from, the ac tua l  coal  e x t r a c t i o n  operat ion.  
he operator  must n o t  o n l y  ca r r y  o u t  the rec lamat ion bu t  
e must a l so  prep lan h i s  reclamation. The Reclamation 
l a n  i s  a necessary p a r t  o f  the a p p l i c a t i o n  process and, 
i g n i f i c a n t l y ,  i t  i s  i n  the same p a r t  o f  the Regulat ions 
s the  Operations Plan (Pa r t  780 Surface Min ing Permi t  
pp l  i cation-Minimum Requirement f o r  Reclamation and 
perat ions Plan).  
ne o f  the requirements of the Regulat ions which makes 
t necessary f o r  the operator  t o  consider reclamation 
s p a r t  o f  the min ing operat ion i s  Sect ion 816.100 which 
equ i res  t h a t  "reclamation e f f o r t s . .  ..of a1 1 l and  t h a t  
s d i s tu rbed  by sur face min ing a c t i v i t i e s  s h a l l  occur as 
ontemporaneously as p rac t i cab le  w i t h  min ing operat ion. "  
e c t i o n  816.101 goes on t o  spec i f y  j u s t  how "contem- 
oraneous" t h i s  must be by s e t t i n g  t ime l i m i t s  f o r  
a c k f i l l i n g  and grading. The Reclamation Plan C780.181 
equ i res  t h a t  each a p p l i c a t i o n  must conta in  "a d e t a i l e d  
imetab le  f o r  the complet ion o f  each major step i n  the 
eclamation Plan ." 
t should be noted t h a t  the contemporaneous rec lamat ion 
equirement does n o t  o n l y  r e f e r  t o  b a c k f i l l i n g  and re -  
rading, b u t  a l so  t o  revegeta t ion [816.113]. "When 
ecessary t o  e f f e c t i v e l y  con t ro l  erosion, any d i s tu rbed  
rea  s h a l l  be seeded and p lan ted  as contemporaneously 
s ~ r a c t i c a b l e .  . .wi th a temDorarv cover o f  small o ra in .  
r a i s e s  and legumes u n t i l  a' permanent cover i s  eszabl ished." 

GENERAL 

e c t i o n  780.18-includes, as hart o f  the Reclamation 
l an ,  the f o l l o w i n g  requirements: 

1. a d e t a i l e d  t imetab le  f o r  the complet ion o f  each 
major step i n  the reclamation plan; 
2. a cos t  es t imate f o r  t he  proposed reclamation; 
3. a p lan  o f  b a c k f i l l i n g  and regrad ing showing the 
a n t i c i p a t e d  f i n a l  surface con f i gu ra t i on ;  
4. a p lan  f o r  t o p s o i l  handl ing; 
5. a revegeta t ion p lan  which must inc lude:  

a )  schedule o f  revegeta t ion 
b) species and seeding ra tes  
c )  methods o f  p l a n t i n g  and seeding 
d )  mulching 
e )  i r r i g a t i o n  and pes t  and disease con t ro l  where 
appropr ia te  
f )  measures t o  be used t o  determine the  success 
o f  revegeta t ion 
g) a s o i l  t e s t  p lan  

here are  a l so  o t h e r  requirements i n  t h i s  Sect ion. 

SMALL MINE . 
OPERATORS 

posed post-minin! l and  use l780.231 "Where a l and  
use i s  proposed, the p lan  must conta in  the ma te r i a l s  
s p e c i f i e d  i n  Sect ion 816.33. Land uses d i f f e r e n t  from 
the pre-mining uses may be approved by the !W i f  they 
are  compat ible w i t h  the adjacent l and  uses, i f  the  
necessary p u b l i c  serv ices are  ava i lab le .  and c e r t a i n  
o ther  cond i t i ons  i n  Sect ion 816.133(c) are being met. 
Throughout t he  performance standards there  are a number 
o f  cases where i t  i s  s ta ted  t h a t  the rec lamat ion must 
he compat ible w i t h  the approved post-mining use o f  the 
land. The performance standards o f  t he  Regulat ions put  
a l o t  o f  emphasis on revegeta t ion [816.111-816.1171. 
Both the requirements and the methods f o r  judg ing the 
standards f o r  success o f  revegeta t ion vary w i t h  the  
approved post-mining use o f  the l and  [816.116]. The 
emphasis p laced on revegeta t ion i s  i n  l a r g e  p a r t  due t o  
the need t o  r e - e s t a b l i s h  vegeta t ion capable o f  pre-  
vent ing erosion. As has been noted, the reclamation 
p rac t i ces  which a re  requ i red  by the performance standards 
are  very  s p e c i f i c .  The f o l l o w i n g  sheets take these 
p rac t i ces  i n d i v i d u a l l y  and g i ve  some gu ide l i nes  f o r  each. 

REVELANT SECTIONS OF THE REGULATIONS 
'The i iegu la t ions conta in  very  s p e c i f i c  performance standards The Reclamation Plan must inc lude d e t a i l s  o f  the pro- 
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Figure 1 I n e f f e c t i v e  rec lamat ion.  This s i t e  shown 
above was regraded, seeded and planted, bu t  t he re  was 
no t o p s o i l  replaced, and severe eros ion has occured 
on the  long slopes. 

Source: Chapman, A.G., Aug 1967, "E f fec ts  o f  Spo i l  
Grading on Tree Growth," Mining Congress Journal .  
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PROBLEM & PURPOSE 

l ~ h e  DurDose o f  t e r races  i s  t o  reduce e ros ion  on regraded t h e  a v a i l a b i l i t y  o f  water f o r  p l an ts ,  r e s u l t i n g  i n  

7 1  RECLAMATION AND REVEGETATION 

1 and' by' i n t e r c e p t i n g  r u n o f f  on l ong  slopes and con;eying 
it, a t  non-erosive v e l o c i t i e s  a long i t s  length ,  t o  a 
d ra ined  o r  d isposa l  area. The l e n g t h  of s lope i s  an 
impor tant  f a c t o r  a f f e c t i n g  t he  amount of  e ros ion  (see 
S o i l  Loss Equation-Sheet 6 : l ) .  Th i s  i s  due t o  r u n o f f  
accumulat ing on l ong  slopes and, as i t  does so i t  gains 
momentum. I t s  e ros i ve  capac i t y  increases and i t  begins 
t o  form g u l l i e s .  S o i l  Conservat ion Serv ice  s tud ies  on 
s lop ing  farmland have proved conc lus i ve l y  t h a t  t e r r a c i n g  
reduces t h e  amount o f  sediment very  s i g n i f i c a n t l y .  
Vogel notes t h a t  one o f  t h e i r  Fores t  Serv ice  s tud ies  a t  
Berea, KY showed t h a t  t e r r a c i n g  on g e n t l y  s l o p i n g  
s ~ o i l s  c u t  sediment y i e l d s  and t h e  storm peak runo f f  

HANDBOOK 
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r a t e  i n  h a l f  (1 ) .  - 
By s lowing down t h e  r a t e  o f  r u n o f f ,  t e r races  w i l l  a l s o  
cuase more water t o  i n f i l t r a t e  t h e  regraded s p o i l .  There 
a r e  2 impor tan t  imp l i ca t i ons :  

1. I n f i l t r a t i o n  i n t o  t h e  s p o i l  mass may reduce i t s  
shear s t reng th  and r e s u l t  i n  i n s t a b i l i t y  o f  t h e  mass 
and slumping. There i s  a danger o f  t h i s  on excess 
s p o i l  d isposa l  s i t e s  and g rea t  care  should be taken 
t o  ensure t h a t  r u n o f f  does n o t  pond on the  te r race,  
b u t  f l ows  s t e a d i l y  a t  a un i f o rm  g rad ien t  t o  s t a b l e  
ground. (The Regulat ions r e q u i r e  a 1% l o n g i t u d i n a l  
q rad ien t  f o r  t e r races  on Head-of-Hol low f ill s. ) 

I 2. Increased i n f i l t r a t i o n  w i l l  tend t o  increase 

improved s u r v i v a l  and growth. 
However, t e r races  r e s u l t  i n  an increased grade between 
te r races  which can a l s o  r e s u l t  i n  more severe eros ion.  
Secondly, they  may i n t e r f e r e  w i t h  post-mining l and  uses 
and, t h i r d l y ,  on steep f i l l  slopes t h e  increased i n f i l -  
t r a t i o n  which r e s u l t s  f rom slowing down t h e  r u n o f f  can 
cause i n s t a b i l i t y  and s l i d e s .  Therefore,  t e r races  a r e  
pe rm i t t ed  on rec la imed sur face mine s i t e s  o n l y  w i t h  t h e  
approval o f  RA. Terraces, there fore ,  should be con- 
s idered i n  s i t u a t i o n s  where s p o i l i n g  and revege ta t i on  
w i l l  n o t  be s u f f i c i e n t  t o  prevent  eros ion.  
There i s  ;ome confus ion i n  t h e  d e f i n i t i o n  o f  t h e  term 
" te r race .  There i s  n o t  a d e f i n i t i o n  i nc luded  i n  
Sect ion  701.5 ( D e f i n i t i o n s ) .  The confus ion i s  whether 
a t e r r a c e  a c t s  s imply  as a bench, graded t o  a s lope 
almost f l a t  b u t  i n  t h e  same d i r e c t i o n  as t h e  o v e r a l l  
s lope o r  whether i t  has a reverse grade and t h e r e f o r e  
a c t u a l l y  i n t e r c e p t s  r u n o f f  (F igure  1) .  The l a t t e r  i s  
u s u a l l y  t h e  case and t h i s  i s  t he  te rmino logy used here. 
But t he re  are  two d i s t i n c t  types o f  t h i s  s o r t  o f  t e r -  
race: 1. t h e  l e v e l  t e r r a c e  which i s ,  as impl ied ,  l e v e l  
and s imply  i n t e r c e p t s  and impounds r u n o f f  and 2. a 
r a d i e n t  t e r race  which has a l o n g i t u d i n a l  g rad ien t  and 

{ i r e c t s  water along i t s  l eng th  t o  an o u t f a l l  on s t a b l e  
ground. The l a t t e r  i s  t h e  most u s u a l l y  used. 

APPLICABILITY 
Terraces a re  app rop r i a te  f o r  use on sur face mine s i t e s  
where revege ta t i on  a lone i s  n o t  s u f f i c i e n t  t o  prevent  
eros ion.  Th is  may be t h e  case on regraded s p o i l  which 
has a h i g h  e r o d i b i l i t y  which may be caused by: 

1. excessive steepness; 
2. long, un in te r rup ted  slopes; 
3. h i g h l y  e r o d i b l e  s p o i l  and/or t o p s o i l .  

Terraces a re  c o m o n l y  used on excess s p o i l  d isposa l  s i t e s ,  
Head-of-Hollow and Va l l ey  f ill s, where the  steepness o f  

r e q u i r e  t h e  approval  o f  t h e  RA. Some min ing companies 
use te r races  du r i ng  rec lamat ion  o f  s l op ing  l and  then 
remove t h e  te r races  when t h e  areas between a re  re -  
vegetated and p ro tec ted  from erosion. 
C a r e f u l l y  const ruc ted te r races  can so l ve  eros ion prob- 
lems on steep s i t e s  and on r o l l i n g  t e r r a i n ,  and t h e  
ope ra to r  should n o t  be discouraged from seeking approval  
f o r  t h e i r  use from t h e  RA i f  the re  i s  doubt t h a t  o t h e r  
methods w i l l  n o t  p revent  eros ion on t h e  rec la imed s i t e .  1 t h e  ou ts lope  u s u a l l y  makes t e r r a c i n g  necessary. Terraces 

REVELANT SECTIONS OF THE REGULATIONS 
I 

l ~ e c t i o n s  816.72 and 816.73 (Disposal  o f  excess s p o i l  : ments o f  t h e  performance c o n t r o l s  a r e  summarized on 1 
l l e y  f i l l s  and ~ead-of- oilo ow' f i l l s )  con ta in  some spe- 

and f i l l  te r races  may o n l y  

DISCUSSION & DESIGN GUIDELINES 
I n  t h e  case o f  g rad ien t  te r races,  which conduct water  a- performance standards o f  t h e  Regulat ions r e q u i r e  t h a t  
l ong  t h e i r  length ,  t h e  design o f  t e r races  t o  prevent  t he  RA approve t h e  v e r t i c a l  spacing between te r races  
scour ing  should be based on t h e  same c r i t e r i a  used t o  de- [816.102(b)(Z)]. The S o i l  Conservat ion Service,  t o  
s i g n  grass waterways (Sheets 6:5 and 7:4). Add i t i ona l  determine t h e  v e r t i c a l  i n t e r v a l  ( V I )  between te r races  
i n fo rma t i on  on the  design o f  grass waterways may be found i n  farmland, uses t h e  equat ion:  V I  = XS + Y; where X 
i n  t h e  S o i l  Conservat ion Se rv i ce ' s  "Engineer ing F i e l d  i s  a f a c t o r  which v a r i e s  r e g i o n a l l y  as i n d i c a t e d  i n  
Manual f o r  Conservat ion Prac t ices . "  Operators may a l s o  F igu re  2, S i s  t he  s lope i n  f e e t  pe r  100 fee t ,  and Y i s  
f i n d  i t  useful t o  r e f e r  t o  t h e  S o i l  Conservat ion Se rv i ce ' s  an e r o d i b i l i t y  f a c t o r  which i s  1.0 f o r  h i g h l y  e r o d i b l e  
(Kentucky) "Standard and S p e c i f i c a t i o n  f o r  A Grad ient  s o i l s  and 4.0 f o r  e ros ion - res i s tan t  s o i l s  con ta in ing  a 
Terrace" mod i f i ed  t o  conform t o  t h e  requirements o f  t h e  l a r g e  amount o f  o rgan ic  residue. It i s  suggested t h a t  
performance standards. Some gu ide l i nes  f rom t h a t  r e f -  a va lue o f  1 i s  used f o r  es t ima t i ng  t h e  v e r t i c a l  i n t e r -  
erence a re  i nc luded  here. It i s  emphasized t h a t  g rad ien t  va l  f o r  most rec la imed mine s i t e s .  
t e r races  should be used o n l y  where s u i t a b l e  s t a b i l i z e d  Example on a s i t e  w i t h  a s lope o f  10 f e e t  pe r  100 
o u t l e t s  a re  a v a i l a b l e  t o  dispose o f  drainage water.  The f e e t  (10%) i n  Eastern Kentucky: 
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- . .  

between te r races  should be 7  f e e t  which on a  10% mois ture  i s  p a r t i c u l a r l y  impor tant  f o r  t h e  es tab l ishment  
s lope i s  a  h o r i z o n t a l  spacing o f  70 f e e t .  

: ne ra l l y ,  t h e  capac i t y  o f  g rad ien t  t e r races  should be 
r f f i c i e n t  t o  handle t h e  peak r u n o f f  f rom a  10 year  

igure  3  shows a  c ross-sect ion  through a  hypo the t i ca l  
padient t e r race :  t he  minimum depth i s  d  = 9 i n .  The 
2pth has a  minimum average o f  0.1 f t / 1 0 0  f t  and a  max- 
num average o f  0.5 f t / 1 0 0  f t ( t h e  abso lu te  minimum and 
iximum f o r  s h o r t  l e n g t h  a re  0  and 1  f t / 1 0 0  f t ) .  How- 
der, mine opera tors  should beware o f  c r e a t i n g  areas 
i e r e  r u n o f f  ponds as t h i s  may cause i n s t a b i l i t y  on 
teep f i l l  slopes. A l l  t e r races  must have adequate out -  
2ts such as a  grass waterway, an e x i s t i n g  vegetated 
rea o r  a  condu i t  o u t l e t .  

I 5-5% 
" 
7 
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j f o r  d i ve rs ions ,  g rad ien t  t e r races  may be const ruc-  
?d w i t h  pa rabo l i c ,  V-shaped o r  t r apezo ida l  sec t ions .  
i gu re  3  shows a  V-shaped sect ion ,  Figures 4  & 5  a  
rapezoidal  and pa rabo l i c  sec t i on  respec t i ve l y .  V- 
iaped a r e  t he  s imp les t  t o  cons t ruc t  w i t h  standard 
quipment and minimum number o f  passes. The pa rabo l i c  
ross sec t i on  requ i res  spec ia l  cons t ruc t i on  equipment. 

DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
V I  = 0.6 x 10 + 1  = 7. The v e r t i c a l  i n t e r v a l  I n  r o l l  i n g  t e r r a i n ,  !!here t h e  conservat ion  o f  s o i l  
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i g u r e  4 F igure  5  

of vegeta t ion ,  and i n  areas t o  be reclaimed fo r  a q r i c u l -  
t u r a l  uses, a  "Rome Bedding Harrow" may be use fu l  (F igure  
6) .  These g e n e r a l l y  are s u i t a b l e  f o r  use o n l y  on slopes 
o f  l e s s  than 15%. I n  pre-1977 experiments on regraded 
mine s p o i l ,  i t  was found t h a t  the  use o f  t e r races  con- 
s t ruc ted  w i t h  t he  Rome Bedding Harrow r e s u l t e d  i n  peak 
f lows o f  65% l e s s  than on a  c o n t r o l  p l o t  and a  sediment 
y i e l d  o f  52% less .  To ta l  r u n o f f  averaged 42% less  ( t h e  
p l o t s  had been hydroseeded w i t h  a  m ix tu re  o f  annual r y e  
srass, sweet c l ove r ,  Kentucky fescue and b lack  l o c u s t ) .  

F igure  6  

TERRACES ON SITES OF DISPOSAL OF EXCESS SPOIL 
Terraces should be s t a b i l i z e d  w i t h  a  s u i t a b l e  grass 
mix ture .  Various grass mixes f o r  channels o f  va ry ing  
f l o w  v e l o c i t i e s  are  shown on Sheet 6:5 ( ~ i v e r s i o n s ) .  
Th is  sheet a l s o  i nc ludes  gu ide l i nes  f o r  s t a b i l i z i n g  
o u t l e t  p o i n t s  and erod ing channels. 
One o f  t h e  most common uses o f  t e r races  i n  rec lamat ion  
w i l l  be on steep slopes assoc ia ted w i t h  Va l l ey  f i l l s  
and Head-of-Hol low f ill s t o  dispose o f  excess spoi  1  
du r i ng  the  min ing opera t ion .  Sect ion  816.71 (h )  s t a t e s  
t h a t  " t e r races  may be u t i l i z e d  t o  c o n t r o l  e ros ion and 
enhalce s t a b i l i t y  if approved by t he  Regulatory Author- 
i t y .  
I f  te r races  a re  permi t ted ,  t he  v e r t i c a l  d is tance be- 
tween te r races  ( f o r  Va l l ey  f i l l s )  should n o t  exceed 
50 f t  [816.72(e)]. Th is  Sect ion  a l s o  s p e c i f i e s  t h a t  
drainage should no t  be d i r e c t e d  over t he  outs lope o f  
t h e  f i l l .  Fu r the r  d e t a i l s  o f  t he  c o n f i g u r a t i o n  o f  
Va l l ey  f i l l s  can be found on Sheet 6:8. I n  t he  requ i re -  
ment f o r  Head-of-Hollow f i l l s ,  i t  i s  s t a t e d  t h a t  t e r -  
races on f i l l  should be graded w i t h  a  3-5 percent  grade 
towards t h e  f i l l  and a  1  percent  s lope towards the  rock  
core  ( i n  e f f e c t ,  a  "g rad ien t  t e r r a c e " ) .  
I t  should be noted t h a t  Sect ion  816.73 requ i res  t h e  
drainage c o n t r o l  system f o r  Head-of-Hollow f i l l s  t o  be 
capable o f  passing s a f e l y  t h e  r u n o f f  f rom a  100-year, 
24-hour p r e c i p i t a t i o n  event.  It i s  n o t  c l e a r  whether 
t he  t e r races  form p a r t  o f  t he  "drainage c o n t r o l  system" 
and opera tors  a re  advised t o  c l a r i f y  t h i s  p o i n t  w i t h  
the  RA i f  they a re  cons t ruc t i ng  Head-of-Hollow f i l l s .  
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PROBLEM & PURPOSE 

The procedure du r i ng  rec lamat ion  can be d i  v i  ded i n t o  : s p o i l s  may be severe ly  reduced by t he  excessive compac- 
1. B a c k f i l l  i n a  and rouqh qrad ing t o  t h e  general t i o n  caused du r i ng  regrading, e s p e c i a l l y  on s p o i l s  w i t h  

a l a r q e  Dercentaqe o f  c lay .  Not o n l y  i s  t he  i n f i l t r a -  

7 1  RECLAMATION AND REYEGETATION 

landforms shown on the  rec iamat ion  p lan  (see Sheet 
6: lO).  
2. F ina l  touch-up grad ing t o  ensure t h a t  f i n a l  
grades a re  co r rec t ,  p a r t i c u l a r l y  i n  respect  o f  d r a i n -  
age channel s. 
3. Surface t reatment  o f  regraded s p o i l  t o  reduce 
compaction. I f  s o i l  i s  p y r i t i c  l ime  should be 
app l i ed  now. 
4. Replacement o f  t o p s o i l  and seeding (Sheet 7:5). 

This Sheet dea ls  w i t h  Steps 2 and 3) .  
he landforms created by rough grad ing w i l l  have a major 
mpact on the amount o f  e ros ion.  Steepness and l e n g t h  
f s lope are  t he  two most impor tan t  f a c t o r s .  Sheet 
:2 descr ib fd  t he  u:e o f  t e r races  t o  reduce the  l e n g t h  
f s lope.  Gouging i nvo l ves  the  c r e a t i o n  o f  smal l  de- 
tressions i n  t he  sur face o f  t he  s p o i l  be fo re  t o p s o i l  i s  
aeplaced. These he lp  t o  slow the  r a t e  o f  r u n o f f  and i n -  
rease i n f i  1 t r a t i o n .  T h e i r  use requ i res  approval f rom 
.he RA. Dozer basins have a s i m i l a r  f u n c t i o n  b u t  are  
a rge r  and a l so  r e q u i r e  t he  approval o f  t he  RA. 
'he methods used du r i ng  grad ing can reduce e ros ion  s i g -  
i f i c a n t l y .  The Regulat ions r e q u i r e  t h a t  a l l  f i n a l  
r a d i n g  "be done a long the  contour t o  minimize subsequent 
~ r o s i o n "  [816.102(e)]. Rough grad ing which i s  c a r r i e d  
u t  w i t h  scrapers w i  11 tend t o  r e s u l t  i n  compaction and 

r i l l  reduce i n f i l t r a t i o n  o f  water  i n t o  the  s p o i l .  Th i s  
l i l l  a l s o  increase the  r a t e  o f  r u n o f f  and eros ion.  
r a n d t  and Lang i n  1958 measured 0.9" (2.3 cm) pe r  hour 
n f i  1 t r a t i o n  on regraded spo i  1 compared w i t h  11.8" 
30 cm) per  hour on ungraded s p o i l  ( 1 ) .  I t was found, 
owever, t h a t  when spo i  1 was revegeta ted the  i n f i  1 t r a -  
i o n  r a t e  increased. C u r t i s  suggests t h a t  "every e f f o r t  
hou ld  be made t o  ma in ta in  h igh  i n f i l t r a t i o n  r a t e s  on 
u r face  mined land"  ( 1  1. 
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t i o n  o f  water  reduced, b u t  compaction reduces the aera- 
t i o n  o f  t he  s p o i l  i n  t he  t r e e  r o o t  zone. Experimental 
p l o t s  were es tab l i shed  as f a r  back as 1946 and 1947 i n  
Ohio, I l l i n o i s ,  Missour i  and Kansas which have shown 
b e t t e r  s u r v i v a l  and growth o f  t r e e s  p lan ted  on ungraded 
s p o i l  than on graded s p o i l .  Th is  d i f f e r e n c e  i s  i n  p a r t  
?t;ributed t o  t he  severe compaction caused by grad ing 
IJ). 
P r i o r  t o  t o p s o i l i n g ,  var ious  measures can be taken t o  
reduce compaction i n c l u d i n g  r i p p i n g  and s c a r i f i c a t i o n .  
Sect ion  816.24 (Topso i l  :Red i s t r i bu t i on )  does r e q u i r e  
regraded l a n d  t o  be s c a r i f i e d  o r  "otherwise t r e a t e d  as 
requ i red  by  t he  RA," before rep1 acement o f  t o p s o i l ,  
s p e c i f i c a l l y  t o  promote r o o t  penet ra t ion .  I t i s  im- 
p o r t a n t  t h a t  s c a r i f i c a t i o n  o r  r i p p i n g  be done a long 
the  contour which should be poss ib le  even on steep 
slopes us ing  a t racked dozer [816.102(e)]. 
Timing o f  f i n a l  g rad ing opera t ions  i s  important.  F i n a l  
g rad ing du r i ng  wet cond i t i ons  w i l l  increase t h e  amount 
o f  compaction and should be avoided, and t h i s  a l s o  
app l i es  t o  t he  replacement o f  t o p s o i l .  The ope ra to r  
w i l l  g e n e r a l l y  f i n d  i t  pays t o  t r y  t o  minimize the  
p e r i o d  between f i n a l  g rad ing and seeding so as t o  avo id  
t h e  need f o r  any "touch-up" grad ing o f  g u l l i e s ,  etc., due 
t o  eros ion du r i ng  the  i n t e r v e n i n g  per iod .  "Gouging" 
may be use fu l  t o  reduce g u l l y  eros ion i n  cases where 
the re  i s  an unavoidable de lay  between f i n a l  g rad ing 
and seeding. 
I n  s p i t e  o f  t h e  d e s i r a b i l i t y  t o  reduce compaction o f  r e -  
graded spo i l s ,  i n  some cases ( u s u a l l y  where l a r g e  volumes 
o f  f i l l  i s  p laced on s lop ing  t e r r a i n ) ,  i nc reas ing  t h e  i n -  
f i l t r a t i o n  w i l l  increase t h e  i n s t a b i l i t y  o f  t h e  f i l l  mass 
and t h e r e f o r e  i n  these cases i s  undesirable.  

and b rad ing  were covered on Sheet 6:10.-TWO requirements grad ing " s h a l l  occur asncontemporaneously as p r a c t i c a b l e  
o f  t he  performance standards a re  p a r t i c u l a r l y  impor tant  w i t h  min ing opera t ions .  
i n  determin ing the  o v e r a l l  rec la imed landform. Sect ion  The rec lamat ion  p lan  must con ta in  "a p lan  f o r  b a c k f i l l -  
816.101 ( b )  (1  ) r equ i res  t h a t  a l l  d i s tu rbed  areas are " re -  i ng ,  s o i l  s t a b i l i z a t i o n ,  compacting, and grading, w i t h  
tu rned t o  t h e i r  approximate o r i g i n a l  contour. .  . .and contour maps o r  cross sec t ions  which show the  a n t i c i -  
graded t o  e l i m i n a t e  a l l  highwal l s ,  s p o i l  p i l e s  and de- pated f i n a l  sur face con f i gu ra t i on , "  [780.18(b)(3)], 
p ress ions. "  Sect ion  816.102(a) requ i res  t h a t  t he  grade and grad jng p r a c t i c e s  must be cons i s ten t  w i t h  t he  per -  
o f  f i n a l  graded slopes should n o t  exceed e i t h e r  the  formance standards i n  Sect ions 816.101-1 06. 
approximate pre-mining slopes o r  l e s s e r  s lopes i f  r e -  Sect ion  816.24 (Topsoi l  : R e d i s t r i b u t i o n )  requ i res  t h a t  
qu i red  by the  RA. Th is  Sect ion  a l so  imp l i es  t h a t  t he re  " a f t e r  f i n a l  g rad ing and before  replacement o f  t o p s o i l  
i s  cons iderab le  l a t i t u d e  i n  i n t e r p r e t i n g  "approximate . . .regraded l a n d  s h a l l  be s c a r i f i e d  o r  o therwise 
o r i g i n a l  contour" i n  t h a t  "post-mining f i n a l  graded t reated.  " 
s lopes need n o t  be un i fo rm b u t  s h a l l  approximate t he  Sect ion  816.102(e) requ i res  t h a t  " a l l  f i n a l  grading, 
o r i g i n a l  general na tu re  o f  the  pre-mining topography" p repa ra t i on  o f  overburden before  replacement o f  top-  
(see Sheet 6: lO).  s o i l  ,. . . . s h a l l  be done along the  contour t o  minimize 
F i n a l  g rad ing i s  considered i n  t h e  Regulat ions as p a r t  subsequent eros ion and i n s t a b i l i t y . "  An except ion  i s  
o f  t h e  rec lamat ion  process. The requirements f o r  t he  made when such opera t ions  would be hazardous t o  t he  . 
rec lamat ion  p lan  i nc lude  a d e t a i l e d  t ime tab le  f o r  each operator,  b u t  they  must i n  a l l  cases be conducted i n  
~ n a j o r  s tep  i n  t h e  rec lamat ion  process [780.18(b)(1)] .  a manner which minimizes erosion. 
Tfie requirement o f  816.100 i n  t h e  performance standards Sect ion  8 1 6 . 1 0 2 ( ~ ) ( 1 )  s t a t e s  t h a t  "smal l  depressions" 
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The s u r v i v a l  r a t e  and growth o f  vege ta t i on  on regraded I 

APPLICABILITY 
1. S i t es .  Care fu l1  a t t e n t i o n  t o  f i n a l  g rad ing tech- compaction o f  t h e  overburden. I n  cont ras t ,  over-  

n ique and t o  t h e  requirement o f  t he  Regulat ions burden c a s t  w i t h  a d r a g l i n e  and rough graded w i t h  
t h a t  a l l  such opera t ions  should be c a r r i e d  o u t  t h e  bucket o r  w i t h  dozers w i l l  n o t  be compacted 
along the  contour  i s  p a r t i c u l a r l y  impor tan t  i n  and may even s e t t l e  cons iderab ly  a f t e r  working. 
s l op ing  and r o l l i n g  t e r r a i n ,  where steep o r  l ong  There fore  t h e  method o f  ope ra t i on  w i l l  a f f e c t  t he  
s lopes increase t h e  r a t e  o f  erosion. (There a re  amount o f  r i p p i n g  o r  s c a r i f i c a t i o n  needed. 
spec ia l  perfoi-i ,ar,cc- standards which app ly  t o  min ing 3. S ize  o f  opera t ion .  Some o f  t h e  machinery used f o r  
on s lopes o f  20" o r  more.) The gouger descr ibed f i n a l  g rad ing i s  very  spec ia l i zed  and few smal l  op- 
below i s  n o t  s u i t a b l e  f o r  use on slopes steeper e r a t i o n s  would have access t o  t h e  equipment. How- 
than l v :10  h. ever, a l t e r n a t i v e  means o f  ach iev ing the  des i red  ob- 

2. Operations. Operat ions us ing scrapers f o r  back- j e c t i v e  can be found us ing standard equipment. 
f i 11 i ng and rough grad ing wi 11 r e s u l t  i n  heavy 

REVELANT SECTIONS OF THE REGULATIONS 
l ~ h e  ~ e r f o r m a n c e  standards a f f e c t i n g  rough b a c k f i l l i n g  i s  t h a t  rec lamat ion  e f f o r t s  i n c l u d i n g  b a c k f i l l i n g  and 



REVELANT SECTIONS OF THE REGULATIONS (CONTINUED) 
may be constructed, i f  they a re  approved by t he  reg-  moisture,  o r  promote vegeta t ion . "  
u l a t o r y  a u t h o r i t y  t o  minimize erosion, conserve s o i l  I 
DISCUSSION & DESIGN GUIDELINES 

l ~ h e  measures suaaested on t h i s  Sheet should be aoo l i ed  s i t e s  a r i ~ ~ e r  may be requ i red.  I n  some cases 
lefore topsoilin;. Sect ion  816.24 requ i res  t h a t '  g f t e r  
' i na l  grading, a l l  regraded l a n d  s h a l l  be s c a r i f i e d  o r  
t therwise t r e a t e d  be fo re  topso i  1 ing .  I n  some cases, 
lowever, i t  may a l s o  be des i rab le  t o  s c a r i f y  a f t e r  top- 
# o i l i n g .  
'he measures o u t l i n e d  on t h i s  Sheet have t h e  f o l l o w i n g  
turpose: 

a. To reduce compaction; 
b. To improve t h e  a v a i l a b i l i t y  o f  s o i l  moisut re  
bo th  by i nc reas ing  i n f i l t r a t i o n  and by i nc reas ing  
r o o t  penet ra t ion ,  p a r t i c u l a r l y  o f  t r e e  species; 
c. Increas ing t h e  l e v e l  o f  groundwater recharge; 
and 
d. Reducing r u n o f f  and t h e r e f o r e  erosion. 

i ene ra l l y  t h e  maximum g rad ien t  f o r  t he  normal ope ra t i on  
~f farm equipment i s  30%. Tracked veh i c l es  and b u l l -  
lozers can o f  course opera te  a t  cons iderab ly  steeper 
, lopes. Bu l ldozers  a l s o  have t h e  advantage o f  up-and- 
lown opera t ions  r e s u l t i n g  i n  c lean depressions i n  t he  
,poi1 which are use fu l  i n  t r app ing  sediment and seed. 
See "5. Track ing"  below.) 

'he f o l l o w i n g  equipment may be requ i red  du r i ng  t h e  f i n a l  
l rad ing process. 

1. Ripper. A r i p p e r  normal ly  cons i s t s  o f  one, two 
o r  t h ree  r i p p e r  shanks mounted on a r i p p e r  b a r  on a 
c raw le r  t r a c t o r  (F igure  1 ). The r i p p e r  ( s i n g l e  o r  
mu1 t i p l e  shank) i s  used i n  cases where compaction 
i s  t o o  ser ious  t o  be broken up us ing  s c a r i f i c a t i o n ,  
d i s k i n g  and c h i s e l  plowing, and where i t  i s  neces- 
sary  t o  break up the  compaction o f  depths g rea te r  
than 12". Using a s i n g l e  shank r i ppe r ,  compacted 
overburden can be broken up t o  depths o f  3-4 ft. 
Th is  ope ra t i on  should' be c a r r i e d  o u t  a long t h e  con- 
tour ,  u s u a l l y  on 10 f t centers  (F igu re  1 ).  The 
r i p p e r  forms a deep groove i n  t h e  s p o i l  3-4" wide 
and fragments t he  s p o i l  2-3 f t  e i t h e r  s i d e  o f  t h e  
r i p p e r  shank. The Montana A g r i c u l t u r a l  Expermental 
S t a t i o n  a l s o  developed t h e  " t r i p l e  r i p p e r "  t o  i n -  
crease r i p p e r  channel dens i ty .  Two a d d i t i o n a l  
shank ho lders  were welded onto  t h e  r i p p e r  b a r  
spaced 4 f t apar t .  Penet ra t ion  was l e s s  than f o r  
t h e  s i n g l e  r i p p e r  (2-3 f t )  ( 5 ) .  

s u f f i c i e n t '  s c a r i f 3 c a t i o n  'may be g i ven  by  dragging 
the  bucked t e e t h  o f  a f ron t -end loader  over t h e  
sur face o f  t h e  s p o i l .  
3. Gouger. The "gouger" was developed a t  t he  
Montana A g r i c u l t u r e  Experimental S t a t i o n  a t  Bozeman, 
Montana. Three heavy-duty d i s k  plough blades were 
mounted on a 12 ft wide c h i s e l  p lough frame, spaced 
48 i n  on center .  The blades were s e t  u p r i g h t  w i t h  
t h e  concave s ide  o f  t h e  d i s k  f a c i n g  the  d i r e c t i o n  
o f  t r a v e l  (F igure  2 ) .  The ope ra to r  a l t e r n a t e l y  
lowers and r a i s e s  t h e  d isks ,  us ing t h e  t r a c t o r ' s  
h y d r a u l i c  system. Th is  g ives  elongated sur face 
depressions, 30-36 i n  long, 14-16 i n  wide and 4-6 
i n  deep. Genera l ly  t he re  i s  a 12 i n  space between 
depressions b u t  t h i s  can be v a r i e d  by t h e  opera tor .  
A t r a c t o r  o f  a t  l e a s t  50 hp i s  requ i red  and oper-  
a t i n g  speeds 2-3 mph a re  usual ,  making i t  p o s s i b l e  
f o r  an exper ienced ope ra to r  t o  grade 2+3 acres1 
hour. There w i l l  be 2,400-2,800 depressions pe r  
acre. 
The gouger, however, i s  i n e f f e c t i v e  on slopes of  
more than about 1v:lOh. 
Because t h e  manual ope ra t i on  o f  t h e  hyd rau l i cs  i s  
t i r i n g  t o  t h e  operator,  a motor -dr i  ven gouger us ing  
two ranks o f  a l t e r n a t e l y  spaced d i sks  was developed 
t o  produce a dense staggered p a t t e r n  o f  gouged de- 
pressions. However, t h i s  machine was n o t  very  sa t -  
i s f a c t o r y  i n  p r a c t i c e  and d i d  n o t  prov ide any r e a l  
advantage i n  water r e t e n t i o n .  The o r i g i n a l  p ro to -  
type the re fo re  was developed us ing  a h i g h  q u a l i t y ,  
heavy-duty hydraul  i c  c y l i n d e r  (p rev ious l y  suscept i -  
b l e  t o  f a i l u r e )  and a h y d r a u l i c  f l u i d  sea le r .  The 
p a t t e r n  and c o n f i g u r a t i o n  o f  gouged depressions i s  
shown i n  F igu re  3. 

I 

2. Sca r i f i ca t i on -D isks ,  e t c .  I n  order  t o  meet t he  
requirements o f  Sect ion  816.24, s p o i l s  should be 
s c a r i f i e d  o r  o therwise t reated.  Th is  c a l l s  f o r  t he  
use o f  spec ia l  p ieces o f  equipment. I n  a l i g h t l y  
compacted s p o i l  a heavy d i s k  plow may p rov ide  the  
necessary s c a r i f i c a t i o n  bu t  on h e a v i l y  compacted 
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4. Dozer Basins. ~ o z e r  basins were f i r s t  con- 
s t r u c t e d  us ing  a standard dozer blade t o  fo rm deep 
elongated depressions on t h e  contour.  These were 
15-20 f t long, 6-8 f t wide, and 3-4 ft deep, spaced 
a t  20-25 f t  center  t o  center .  Studies showed i n  
a r i d  reg ions these depressions improved t h e  estab- 
l i shment  o f  perenn ia l  grasses and shrubs. 
Th is  opera t ion ,  however, was slow and tended t o  
r e s u l t  i n  excessive compaction i n  t he  base o f  t he  
bas in .  A "V" shaped blade, t he re fo re ,  was designed 
t o  take t h e  p lace  o f  a r i p p e r  shank (mounted on a 
D-9 c a t e r p i l l e r ) .  F igure  4 shows a dozer bas in  
b lade i n  opera t ion .  No t i ce  how the  "V" shaped 
blade scoops o u t  ma te r i a l  and a l s o  shapes the  dam. 
The c o n f i g u r a t i o n  o f  these basins i s  as f o l l ows :  
w i d t h  7-8 ft, depth 2-3 ft, spacing 15-20 ft on 
center .  There a r e  220 t o  280 basins pe r  acre  
which g i v e  a water  s torage volume o f  14 t o  2 acre- 
inches. An exper ienced ope ra to r  can t r e a t  2-2.5 
acres per  hour i n  moderately s l op ing  t e r r a i n .  
5. Tracking. "Tracking" i nvo l ves  passes up and 
down t h e  s lope w i t h  a bu l l doze r  which leaves c l e a t  
marks from i t s  t r acks  on the  sur face o f  t h e  s p o i l .  
Th is  i s  n o t  a s u b s t i t u t e  f o r  s c a r i f i c a t i o n  and 
does n o t  meet t h e  requirements o f  Sect ion  816.102(e 
r e q u i r i n g  t h a t  f i n a l  grading opera t ions  be done a- 
l ong  the  contour.  It may be use fu l ,  however, f o r  

reduc ing eros ion and seed l o s s  on steep t o p s o i l e d  
s i t e s .  
6. Grosser Bars. The "grosser  ba r "  o r  s lope d i s k  
can be used t o  roughen the  sur face o f  steep s p o i l  
be fo re  replacement o f  t o p s o i l .  The equipment i s  
bes t  used on te r raced  slopes w i t h  t he  t r a c t o r  

- 
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PROBLEM & PURPOSE 

This  sheet descr ibes t h e  cons t ruc t i on  o f  grass waterways 
and o t h e r  measures t o  convey over land f l o w  and occasional  
groundwater seepage a t  non-erosive v e l o c i t i e s  t o  a sa fe  
d isposa l  po in t .  Sheets 6:4 and 6:5 d e a l t  w i t h  problerus 
o f  d i v e r t i n g  over land f l o w  and ephemeral, i n t e r m i t t e n t  
and permanent streams so as t o  enable t h e  min ing opera- 
t i o n  t o  take p lace i n  an o r d e r l y  way, t o  d i v e r t  water 
away from the  workings and t o  prevent  t h e  contaminat ion  
o f  c lean r u n o f f  and streamflow from upstream o f  t he  per-  
m i t  area. The requirements o f  t h e  Regulat ions d i f f e r  
f o r  d i ve rs ions  which a re  permanent and those which a r e  
temporary. Th is  Sheet descr ibes measures which must be 
taken f o r  permanent d i ve rs ions  o f  over land f l o w  and f o r  
cons t ruc t i on  o f  qrass waterways du r i ng  reclamat ion. 

7 1  RECLAMATION AND REVEGETATION 

a r e  i n  f a c t  grass waterways. For f u r t h e r  i n fo rma t i on  
on t h e  cons t ruc t i on  o f  t e r races  see Sheet 7:2. 
Runoff  spreaders a re  devices t o  change f l o w  which i s  
concentrated i n  a grass waterway i n t o  sheet f l o w  over  a 
l a r g e  area o f  ground, w e l l - s t a b i l  i z e d  by e x i s t i n g  vege- 
t a t i o n .  
Chutes and s lope d ra ins  a re  means o f  conveying r u n o f f  
down a steep slope w i t h o u t  damage. They a re  s t r u c t u r a l  
measures which, as w i l l  o t h e r  non-vegetat ive s t a b i l i z a -  
t i o n  devices, r e q u i r e  t h e  approval o f  t h e  RA f o r  per -  
manent i n s t a l l a t i o n .  
Underdrains may be necessary f o r  areas w i t h  very  poor 
n a t u r a l  drainage e s p e c i a l l y  where t h e  post-mining use 
i s  cropland. Underdrains may a l s o  be necessary t o  pre-  

HANDBOOK 
FOR 

SMALL MINE 
OPERATORS 

171 

Grass waterways should p r e f e r a b l y  be const ruc ted i n  
n a t u r a l  drainage swales. They c a r r y  r u n o f f  du r i ng  heavy 
r a i n f a l l  b u t  a re  o therwise dry .  T h e i r  use i s  covered i n  
Sect ion  816.43 o f  t h e  performance c o n t r o l s  (D ivers ions 
and conveyance o f  over land f l o w  and sha l low groundwater 
f low,  and ephemeral streams). I f  t h e  waterway i s  t o  be 
a permanent d i v e r s i o n  i t  must be designed t o  c a r r y  peak 
r u n o f f  f rom a p r e c i p i t a t i o n  event w i t h  a 10-year re -  
currence i n t e r v a l .  ( I f  t h e  d i v e r s i o n  i s  temporary, t h e  
recur rence i n t e r v a l  need o n l y  be 2 years .  ) Th is  r e f e r s  
t o  waterways which a re  designed t o  c a r r y  over land f low,  
ephemeral streams and occasional  sha l low groundwater 
f l ow .  The r e l e v a n t  sec t ions  o f  t he  Regulat ions f o r  per-  
manent and i n t e r m i t t e n t  streams can be found on Sheet 
6:5. 
It i s  a l s o  requ i red  i n  Sect ion  816.43 t h a t  d i ve rs ions  
should have a minimum f reeboard  o f  0.3 '  [816.43(f) ]  and 
t h a t  energy d i s s i p a t o r s  should be i n s t a l l e d  a t  d ischarge 
p o i n t s  "where d i ve rs ions  i n t e r s e c t  w i t h  n a t u r a l  streams 
and e x i t  v e l o c i t y  o f  t he  d i v e r s i o n  d i t c h  f l o w  i s  g rea te r  
than t h a t  o f  t h e  r e c e i v i n g  stream." I t  i s  a l s o  requ i red  
t h a t  channel p r o t e c t i o n  i s  prov ided i n  c r i t i c a l  areas. 
A very  impor tant  requirement o f  t h e  Regulat ions i s  t h a t  
permanent d i v e r s i o n  and waterways a re  t o  be s t a b i l i z e d  
by vegeta t ion .  R iprap i s  pe rm iss ib le  i n  c r i t i c a l  areas 
b u t  "aspha l t ,  concre te  and o t h e r  s i m i l a r  l i n i n g s  s h a l l  
be used o n l y  when approved by t h e  r e g u l a t o r y  a u t h o r i t y "  
[816.43(b)]. 
Sect ion  816.56 requ i res  t ha t ,  be fore  abandoning t h e  
pe rm i t  area, a l l  d i ve rs ions  s h a l l  be renovated t o  meet 
t he  c r i t e r i a  s ~ e c i f i e d  i n  t h e  d e t a i l e d  design p lan  f o r  
permanent s t r u c t u r e s  and improvements. ( sec t i on  780.29 

t i o n s . o f  each proposed stream d i v e r s i o n  i n  t h e  pe rm i t  
area. ) 
There i s  no s p e c i f i c  re ference made t o  t h e  use o f  r u n o f f  
spreaders i n  t he  Regulat ions,  b u t  as a means o f  hand l ing  
r u n o f f  they  a re  i n  t he  s p i r i t  o f  t h e  Regulat ions.  Th is  
i s  n o t  t he  case f o r  t h e  permanent use o f  chutes o f  
f lumes. As has been noted, t he  use o f  aspha l t  concre te  
and o t h e r  s i m i l a r  l i n i n g s  (presumed t o  mean smooth, hard 
l i n i n g s  which cause acce le ra t i on  o f  f l o w  and r e q u i r e  
long-term maintenance) i s  n o t  pe rm i t t ed  w i t h o u t  approval 
f rom t h e  RA f o r  permanent d ivers ions.  I n  cases where i t  
has been necessary t o  convey r u n o f f  down steep slopes 
tempora r i l y  us ing chutes o r  s lope dra ins ,  and where i t  
i s  n o t  f e a s i b l e  t o  convey r u n o f f  i n  channels w i t h  sa fe  
grad ients ,  r i p rapped  chutes w i l l  be necessary, g i v i n g  
the  requ i red  roughness t o  d i s s i p a t e  t h e  energy o f  t h e  
f low.  Sect ion  8 l6 . lO2(b)  (4 )  s t a t e s  t h a t  c u l v e r t s  and 
rock  d ra ins  should o n l y  be used on te r races  w i t h  t h e  
approval o f  t h e  RA. I n  p r a c t i c e  i t  i s  sometimes neces- 
sary t o  conduct r u n o f f  accumulated on one t e r r a c e  down 
t o  t he  nex t  t e r r a c e  i n  some form o f  p ro tec ted  waterway. 
But i t  i s  ev iden t  t h a t  any form o f  l i n e d  waterway w i l l  
r e q u i r e  t h e  approval o f  t h e  RA. I n  t h e  case o f  roads, 
both  Class I and Class I 1  [816.153(c) (2) (v i )  and 
8 l 6 . l 6 3 ( c )  (2) ( v i ) ]  i t  i s  s ta ted  t h a t  water  f rom c u l v e r t s  
should be discharged below the  t o e  o f  t h e  fill. Gen- 
e r a l  l y ,  there fore ,  chutes, f lumes and p ipe  s lope d ra ins  
a r e  use fu l  i n  sur face mine opera t ions  o n l y  f o r  temporary 
s i t u a t i o n s  f o r  conduct ing concentrated f l o w  down steep 
slopes. 
The use o f  underdrains i s  n o t  s p e c i f i c a l l y  r e f e r r e d  t o  
i n  t h e  ~e r fo rmance  standards n o r  i n  t he  s ~ e c i a l  Der- 

l ~ h i s  sheet i s  a l i o  r e l e v a n t  t o  g rad ien t  t e r races  which vent  permanent wetness i n  t he  base o f  grass waterways. I 
APPLICABILITY 

These measures a re  app l i cab le  t o  a l l  s i t e s  b u t  e s p e c i a l l y  where the  n a t u r a l  drainage p a t t e r n  i s  n o t  so deeply c u t  
those where t h e r e  i s  l and  upstream o f  t h e  pe rm i t  area i n t o  t he  landform, may tend t o  make stream d i ve rs ions  
which d ra ins  across t h e  s i t e .  Gradient t e r races  a re  permanent i n s t a l l a t i o n s .  
app l i cab le  o n l y  i n  r o l l i n g  and steep t e r r a i n .  Th is  Sheet Underdrains a re  used o n l y  i n  spec ia l  cases where, f o r  
i s  a l s o  app l i cab le  t o  a l l  types and s i zes  o f  operat ions.  instance, t he  proposed post-mining use i s  c rop land o r  
General ly,  opera tors  o f  contour mines w i l l  p robab ly  make t o  d ry  up wet cond i t i ons  causing e ros ion  problems i n  
use o f  temporary d i ve rs ions  and r e s t o r e  permanent water-  grass waterways. 
ways du r i ng  t h e  rec lamat ion .  Operators o f  area mines, 
REVELANT SECTIONS OF THE REGULATIONS 

I 

I 

, -  - . . .  

k e y i r e s  t h a t  each a p p l i c a t i o n  con ta in  d e t a i l e d  descr ip -  formance standards f o r  pr ime farmland [ ~ a ' r t  8231: 
DISCUSSION & DESIGN GUIDELINES 

I I. GRASS WATERWAYS f o r  var ious  grasses based upon t h e i r  f l o w  re tardance 
The cross sec t i on  o f  grass waterways may be V-shaped, 
t r apezo ida l ,  o r  pa rabo l i c .  V-shaped and t rapezo ida l  
c ross  sec t ions  a re  eas ie r  t o  cons t ruc t  w i t h  standard 
equipment. Diagrams o f  these sect ions  may be found on 
Sheet 6:4, F igure  1. The f l o w  v e l o c i t y  i n  grass water-  
ways should gene ra l l y  n o t  exceed 5-6 f t l s e c .  
The S o i l  Conservat ion Se rv i ce ' s  "Engineer ing F i e l d  Man- 
ua l  o f  Conservat ion P rac t i ces "  g ives  good gu ide l i nes  on 
t h e  c a l c u l a t i o n s  requ i red  f o r  t h e  design o f  grass water-  
ways. D i f f e r e n t  grasses have d i f f e r e n t  e ros ion  r e s i s t -  
ance and f l o w  retardance c h a r a c t e r i s t i c s .  Table 1 on 
Sheet 6:4 g ives  t h e  maximum pe rm iss ib le  v e l o c i t y  o f  f l o w  

c h a r a c t e r i s t i c s .  
Grass p r o t e c t s  t he  waterway from eros ion.  I t s  e ros ion  
res i s tance  i s  a maximum i f  a dense t u r f  i s  main ta ined 
which r e s u l t s  o n l y  i f  i t  i s  mown r e g u l a r l y .  Hence 
gen t l e  s i de  s lopes should a l l o w  h igh  speed mowing w i t h  
mechanical equipment and should n o t  i n t e r f e r e  $w i th  o t h e r  
mechanical opera t ions .  Slopes o f  l v :3h  o r  p r e f e r a b l y  
l v :4h  should be maximum. 
Grass w i l l  d e t e r i o r a t e  i f  the re  i s  a permanent mois ture  
i n  t he  waterway, i n  which case r i p r a p  o r  crushed stone 
center  d ra in ,  a p l a s t i c  under-drain,  o r  a crushed stone 
and f i l t e r  c l o t h  French d r a i n  should be i n s t a l l e d  (see 
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underdrains" below). Table 1 - Design Var iab les  f o r  a Level Spreader 
a r i ous  measures can be taken t o  s t a b i l i z e  grass chan- 
e l s  i f  eros ion i s  t a k i n g  place. The measures o u t l i n e d  
n Sheet 6:4 a re  temporary and can be used t o  s t a b i l i z e  
ermanent waterways w h i l e  vegeta t ion  becomes es tab l ished.  
h e i r  permanent use would n o t  be approved by t he  RA b u t  
a r i ous  f i b e r  mats and n e t t i n g  ( j u t e ,  paper o r  p l a s t i c )  
an be used t o  r e i n f o r c e  t h e  t u r f .  These w i l l  be expen- 
i v e  and the re fo re  t h e i r  use i s  recommended o n l y  where 
low v e l o c i t y  exceeds the  maximum o r  i n  c r i t i c a l  areas 
on bends, e t c .  ) . Below-surface f i b e r  g lass  e ros ion  
hecks a l s o  are  descr ibed on Sheet 6:5 and can be used 
o s t a b i l i z e  grass waterways. Aspha l t  o r  concre te  l i n -  
ngs f o r  waterways r e q u i r e  t he  approval o f  t h e  RA, b u t  
mooth channel l i n i n g s  should be avoided whenever 
o s s i b l e  as they  tend t o  increase the  v e l o c i t y  o f  f low.  
nergy d i s s i p a t o r s  a re  requ i red  by t he  RA where water-  
lays e n t e r  a na tu ra l  stream i f  t h e  v l e o c i t y  i n  t h e  water-  
ay exceeds t h a t  i n  t h e  stream. A p lan  and p r o f i l e  o f  a 
umped r i p r a p  energy d i s s i p a t o r  i s  shown i n  F igu re  1. 

PLAN 

I .  RUNOFF SPREADERS 
he f u n c t i o n  o f  a r u n o f f  spreader i s  t o  d isperse r u n o f f  
t non-erosive v e l o c i t i e s  over  und is turbed areas s t a b i -  
i z e d  by e x i s t i n g  vegetat ion.  Concentrated r u n o f f  i s  
hanged i n t o  sheet f low, much o f  which w i l l  i n f i l t r a t e  
n und is turbed areas. A grass channel may e i t h e r  te rmi -  
a te  by j o i n i n g  a n a t u r a l  waterway o r  may d ischarge v i a  
r u n o f f  spreader onto  an und is turbed area. The spread- 

r should be const ruc ted on an und is turbed area which i s  
l i t h e r  p o o r l y  dra ined nor  h i g h l y  e rod ib le .  It i s  neces- 
ary  t o  es t imate  t he  i n - f l o w  va lue Q i n  cub ic  f t  pe r  sec 
3 determine the  length ,  L, o f  t h e  spreader. Pe r i od i c  
nspect ion and maintenance i s  v i t a l  du r i ng  t he  res to ra -  
i o n  per iod .  Table 1 shows t h e  requ i red  length ,  L, f o r  
alues o f  Q. F igu re  2 shows a hypo the t i ca l  design f o r  
l e v e l  spreader. 
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Q ( f t 3 / s e c )  Minimum Length (L  - f t )  

Less than 10 15 

Source: (4 )  
111. CHUTES AND FLUMES 
Chutes and flumes a re  used where t h e  v e l o c i t y  o f  f l o w  
exceeds t h e  maximum f o r  grass waterways. The S o i l  Con- 
se rva t i on  Se rv i ce ' s  "Engineer ing F i e l d  Manual f o r  Con- 
se rva t i on  P rac t i ces "  exp la ins  t he  procedure f o r  t h e  de- 
s i g n  and s i z i n g  o f  chutes and flumes. The maximum 
drainage areas f o r  these i n s t a l l a t i o n s  i s  normal ly  36 
acres.  The v e l o c i t y  o f  f l o w  w i l l  increase as r u n o f f  
passes down a chute o r  f lume, and t h e  p r o t e c t i o n  o f  t h e  
o u t l e t  w i t h  an energy d i s s i p a t i n g  dev ice  o r  r i p r a p  i s  
necessary. These devices should be used as temporary 
measure< on l y .  Approval f rom the  RA i s  requ i red.  - 
I V .  PIPE SLOPED DRAINS 
Pipe sloped d ra ins  are  a l s o  in tended t o  convey r u n o f f  
down steep slopes w i thou t  causing erosion. They normal l )  
have a preformed i n l e t  b u t  t he  o u t l e t  r equ i res  t he  same 
type o f  energy d i s s i p t a t i n g  p r o t e c t i o n  as chutes o r  
f lumes. They a re  u s u a l l y  made o f  f l e x i b l e  t ub ing  and ar t  
w ide l y  used f o r  temporary i n s t a l l a t i o n s .  Ridged p ipe  i s  
more common f o r  permanent i n s t a l l a t i o n s  b u t  approval f o r  
sur face mine s i t e s  from t h e  RA would be u n l i k e l y .  The 
S o i l  Conservat ion Se rv i ce ' s  "Engineer ing F i e l d  Manual " 
g ives  d e t a i l s  f o r  s i z i n g  these d ra ins  b u t  they a r e  n o t  
used f o r  drainage areas exceeding 5 acres (2) .  Pipe 
s l o ~ e  d ra ins  should be used as a temporarv measure on ly .  
~ ~ p r o v a l  f rom RA i s  requ i red.  
V. UNDERDRAINS 
I n  some areas i t  may be placed t o  i n t e r c e p t  r u n o f f  on 
a s lope w i t h o u t  any phys i ca l  i n t e r r u p t i o n  as, f o r  i n -  
stance, caused by a d i v e r s i o n  channel. Underdrains a re  
expensive b u t  can be extremely e f f e c t i v e  if prope r l y  
i n s t a l l e d .  When crushed stone i s  a v a i l a b l e  on s i t e  o r  
a t  low cost ,  t he  d e t a i l  i n  F igure  3 i s  appropr ia te .  
Measures t o  prevent  c logg ing o f  t h e  pore space i n  these 
French d ra ins  should be taken. Shown here, a p l a s t i c  
f i l t e r  c l o t h  i s  used. These c l o t h s  a re  a v a i l a b l e  from 
several  manufacturers.  These c l o t h s  may a l s o  be used 
t o  wrap p e r f o r a t e d  p ipe  t o  reduce c logg ing i n  under- 
d ra ins  (F igu re  4 ) .  Underdraining o f  l a n d  relcaimed f o r  
a g r i c u l t u r e  o r  i n t e n s i v e  open space uses may be neces- 
sary.  
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The replacement o f  t o p s o i l  has been found i n  many cases 
t o  improve t h e  s u r v i v a l  and growth of vegeta t ion  and i t s  
e f f ec t i veness  i n  c o n t r o l l i n g  erosion. The d i f f i c u l t i e s  
exper ienced i n  t h e  pas t  i n  e s t a b l i s h i n g  vegeta t ion  on 
unreclaimed mine spo i l s ,  where e ros ion  prevented f o m a -  
t i o n  o f  s o i l  and o f t e n  c o n t i n u a l l y  exposed t o x i c  
m a t e r i a l  a t  t h e  surface, a re  found t o  be reduced by t he  
a p p l i c a t i o n  o f  t o p s o i l  which n o t  o n l y  reduces eros ion 
b u t  a l s o  t he  o x i d a t i o n  of acid-forming m a t e r i a l s  i n  t h e  
s p o i l  where these a re  present.  Topso i l  mav a l s o  be a  

7 1  
MEASURES a 

I n  some areas, no tab l y  much o f  t he  Appalachian coal  
f i e l d ,  t h e  t o p s o i l  i s  ex t remely  t h i n .  I f  t h e  t o p s o i l  
and t h e  unconsol idated m a t e r i a l  beneath do n o t  make up 
a  t o t a l  th ickness o f  6",  t h e  ope ra to r  should f i n d  o u t  
whether t h e  overburden conta ins  s u i t a b l e  t o p s o i l  sub- 
s t i t u t e s .  The RA w i l l  pay f o r  overburden ana l ys i s  under 
t h e  Small Operator Assistance Program (SOAP). 
species, which a re  unava i l ab le  commercial ly and w i l l  
r e s u l t  i n  more d i v e r s i t y  o f  p l a n t  ma te r i a l  on rec la imed 
land. 

i e c t i o n  780.18(b)(4) requ i res  a  p lan  f o r  t he  removal, 
i torage, and r e d i s t r i b u t i o n  o f  t o p s o i l ,  subso i l ,  and 
~ t h e r  m a t e r i a l s  as p a r t  o f  t h e  rec lamat ion  p lan.  "Top- 
; o i l "  i s  de f ined under Sect ion  701.5 ( d e f i n i t i o n s )  as 
;he "A" s o i l  ho r i zon  l a y e r  o f  t he  t h ree  major  s o i l  
~ o r i z o n s .  The performance standards do n o t  spec i f y  
) r e c i s e l y  t he  th ickness o f  t o p s o i l  which must be re -  
) laced a f t e r  grading. 
i ec t i on  816.22(e) permi ts  t h e  use of s u i t a b l e  t o p s o i l  
i u b s t i t u t e s  " i f  t h e  r e g u l a t o r y  a u t h o r i t y  determines 
:hat t h e  r e s u l t i n g  s o i l  medium i s  equal t o  o r  more 
i u i t a b l e  f o r  sus ta in ing  vegeta t ion  than i s  t h e  a v a i l -  
~ b l e  t o p s o i l . "  The determinat ion  i s  based i n  p a r t  
ipon the  overburden ana l ys i s  ( requ i red  as p a r t  o f  t h e  
~ p p l i c a t i o n  procedure).  The RA w i l l  pay f o r  a  c e r t i -  
' i ed  l a b o r a t o r y  t o  c a r r y  o u t  t h i s  ana l ys i s  as p a r t  o f  
:he Small Operators Assistance Program. 
lherever poss ib le ,  i t  i s  requ i red  t h a t  t o p s o i l  should 
le r e d i s t r i b u t e d  i n  t h e  same ope ra t i on  as s t r i p p i n g  
'rom unmined sect ions  of t he  s i t e  [816.21]. Topso i l  
ihould o n l y  be s to red  where t h i s  i s  no t  poss ib le .  Sec- 
; ion  816.23 requ i res  t h a t  t o p s o i l  should no t  be moved 
'rom storage u n t i l  i t  i s  a c t u a l l y  requ i red  f o r  r e d i s t r i -  
) u t i o n  on a  regraded area. Topso i l  r e d i s t r i b u t i o n  i s  
:overed by t he  performance standards s p e c i f i c a l l y  i n  
i ec t i on  816.24, and the  a d d i t i o n  o f  n u t r i e n t s  and o the r  
mendments t o  t o p s o i l  i s  covered i n  Sect ion  816.25 (see 
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1 ve l  uabl  e  source o f  seeds, both  herbaceous and woody 1 
APPLICABILITY 

The requirement o f  t he  Regulat ions t h a t  t o p s o i l  be be the  case i n  much o f  Appalachia. 
s t r i p p e d  and rep laced on rec la imed areas a p p l i e d  t o  a l l  Th is  requirement app l i es  w i t h o u t  d i s t i n c t i o n  t o  a l l  
s i t e s ,  and, i n  cases where the  th ickness o f  t o p s o i l  i s  n o t  types and s izes  o f  surface coal  min ing opera t ion .  The 
s u f f i c i e n t ,  t he  Regulat ions r e q u i r e  subso i l  t o  be removed methodical ,  o r d e r l y  method o f  working Area mines makes 
w i t h  t h e  t o p s o i l .  The Regulat ions a l s o  con ta in  pro-  programming o f  removal and immediate r e d i s t r i b u t i o n  o f  
v i s i o n s  f o r  t he  use o f  t o p s o i l  s u b s t i t u t e s  f rom the  t o p s o i l  much eas ier .  Operators should make sure t o  re-  
overburden m a t e r i a l  on s i t e s  where t o p s o i l  i s  t h i n  o r  of  quest i d e n t i f i c a t i o n  o f  s u i t a b l e  t o p s o i l  s u b s t i t u t e s  as 
poor q u a l i t y .  Often, i n  steep mountainous t e r r a i n ,  top- p a r t  o f  t he  overburden ana l ys i s  i n  cases where t o p s o i l  
s o i l  i s  t h i n  and p o o r l y  developed, and t h i s  i s  l i k e l y  t o  i s  t h i n .  
RELEVANT SECTIONS OF THE REGULATIONS 

b Sect ion  816.24 (Topso i l  : R e d i s t r i b u t i o n )  requ i res  t h a t  

J OPERATORS 

as requ i red  by t he  r e g u l a t o r y  a u t h o r i t y  t o  e l i m i n a t e  
s l ippage surfaces and t o  promote r o o t  penet ra t ion . "  The 
term "o therwise t rea ted "  i s  used so as t o  enable the  RA 
t o  s p e c i f y  o t h e r  techniques where s c a r i f i c a t i o n  i s  un- 
necessary o r  cou ld  r e s u l t  i n  contaminat ion o f  t he  top- 
s o i l .  Sheet 7:3 descr ibed techniques f o r  reduc ing 
compaction o f  regraded s p o i l .  I n  some cases, t h e  RA 
may approve s c a r i f i c a t i o n  a f t e r  t o p s o i l i n g  has been 
c a r r i e d  ou t .  The Sect ion  requ i res  t h a t  t o p s o i l  i s  spread 
t o  a  uni form, s t a b l e  th ickness which i s  cons i s ten t  w i t h  
t he  approved post-mining l a n d  uses, contours and sur face 
water drainage systems. But  i t  does n o t  spec i f y  t o  what 
th ickness the t o p s o i l  must be placed. I t  requ i res  t h a t  
t he re  i s  n o t  excessive compaction o f  t he  t o p s o i l  and t h a t  
i t  should be p ro tec ted  from wind and water  eros ion before  
and a f t e r  i t  i s  seeded and p lanted.  P a r t  823 (Spec ia l  
Performance Standards f o r  Operat ions on Prime Farmland) 
con ta ins  much more s t r i n g e n t  regu la t i ons  f o r  t o p s o i l  
hand l ing  and replacement. ( A  minimum o f  48 inches o f  
reconst ruc ted s o i l  i s  r equ i red  on pr ime farmland.) S e c t i o ~  
816.102(e) requ i res  t h a t  a l l  f i n a l  g rad ing opera t ions  
and the  replacement o f  t o p s o i l  s h a l l  be done a long the  
contour  t o  minimize subsequent eros ion and i n s t a b i l i t y .  
Only where t h i s  ope ra t i on  may be hazardous t o  t he  
ope ra to r  may d i s t r i b u t i o n  be done i n  t he  o the r  d i r e c t i o n s  

iheet 7:6). 
DISCUSSION & DESIGN GUIDELINES 
o p s o i l  p rov ides an improved r o o t i n g  medium, improved s p o i l  i s  n o t  severe ly  compacted. The Regulat ions 
v a i l a b i l i t y  of mois ture  and n u t r i e n t s  f o r  p lan ts ,  and do r e q u i r e  regraded s p o i l  " t o  be s c a r i f i e d  o r  o ther -  
eads t o  more r a p i d  and vigorous vegeta t ion  cover and wise t reated. .  . t o  promote r o o t  penet ra t ion . "  I f  
e t t e r  e ros ion c o n t r o l .  Some s p o i l s  a re  n o t  t o x i c  and poss ib le ,  avo id ing  f i n a l  g rad ing du r i ng  wet weather 
ave a  good t e x t u r e  and water -ho ld ing capac i ty ,  and, w i l l  reduce t h e  amount t o  compaction. A purpose 
r o v i d i n g  n u t r i e n t s  a re  added, a re  a  good growing o f  t h e  s c a r i f i c a t i o n  requ i red  by t h e  Regulat ions i s  
edium f o r  p lan ts .  Topso i l  s u b s t i t u t e s  a r e  pe rm i t t ed  t o  e l i m i n a t e  s l ippage surfaces. Th is  may be im- 
i t h  t he  approval o f  the  RA if a s u i t a b l e  m a t e r i a l  i s  p o r t a n t  on s l o p i n g  s i t e s .  
d e n t i f i e d  i n  t he  overburden (see Sheet 6:6). Impor- 3. The chemical r e a c t i o n  o f  t h e  overburden imme- 
a n t  f a c t o r s  t o  be considered i n  t he  process o f  r e d i s t r i -  d i a t e l y  beneath t h e  t o p s o i l  w i l l  a l s o  a f f e c t  t he  
u t i n y  t o p s o i l  i n c l u d e  the  f o l l o w i n g :  growth o f  vegeta t ion .  The requirements of  t h e  Reg- 

1. To avo id  double hand l ing  and t o  achieve r a p i d  u l a t i o n s  f o r  s e l e c t i v e  hand1 i n g  and placement of  
reclamat ion, t o p s o i l  r e d i s t r i b u t i o n  should be ac id- forming overburden should e l i m i n a t e  problems 
planned and c a r r i e d  o u t  as p a r t  o f  t he  t o p s o i l  r e -  o f  very  low pH. However, immediately p r i o r  t o  re -  
moval process. p l a c i n g  t o p s o i l ,  spot  checks w i t h  a  pH meter o f  
2. The phys i ca l  c o n d i t i o n  o f  t he  regraded s p o i l  t he  regraded s p o i l  a r e  wor thwhi le  t o  i d e n t i f y  pos- 
p r i o r  t o  replacement o f  t o p s o i l  i s  impor tant .  s i b l e  t r o u b l e  spots where l i m e  o r  o t h e r  s o i l  
Roots o f  t r e e s  and shrubs w i l l  penet ra te  t he  s p o i l  amendments prior t o  t o p s o i l i n g  cou ld  avo id  f u t u r e  
beneath t he  l a y e r  o f  t o p s o i l  before t he  opera tor  f a i l u r e  o f  vegeta t ion .  
i s  re leased from h i s  bond. Therefore,  t he  ope ra to r  4. Care should be taken w h i l e  spreading t o p s o i l  t o :  
should make sure  t h a t  t he  sur face o f  t h e  regraded (a )  achieve a  un i fo rm thickness. Th is  w i l l  be 
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u n i f o r m  ( b u t  rough)  s u r f a c e .  The use o f  sc rap-  
e r s  a l s o  makes i t  e a s i e r  t o  p l a c e  t o p s o i l  
even1 y ;  
( b )  a v o i d  damage t o  t h e  t o p s o i l  and excess 
compact ion b y  c e a s i n g  s t r i p p i n g  and s p r e a d i n g  
o p e r a t i o n s  d u r i n g  wet  wea ther .  Compacted t o p -  
s o i l  w i l l  o b s t r u c t  r o o t  p e n e t r a t i o n ,  have p o o r  
a e r a t i o n ,  and r e s u l t  i n  p o o r  s u r v i v a l  and 
g rowth  o f  v e g e t a t i o n ;  
( c )  a v o i d  c o n t a m i n a t i n g  t h e  t o p s o i l  w i t h  s p o i l  
m a t e r i a l  by making s u r e  t h a t  t h e  f i n a l  graded 
s u r f a c e  i s  u n i f o r m  b e f o r e  sp read ing  s o i l .  

compact ion caused d u r i n g  topso ; l i ng  o p e r a t i o n s  b u t  
w i l l  a l s o  h e l p  t o  s e t t l e  t h e  s u r f a c e ,  l e a v i n g  a  
rough  t i l t h  s u i t a b l e  f o r  seeding.  A  smooth ing 
har row s h o u l d  n e v e r  be used t o  g i v e  a  f i n e  seedbed 
as t h i s  w i l l  be v e r y  s u s c e p t i b l e  t o  e r o s i o n .  I n  
some cases a  c o n v e n t i o n a l  c h i s e l  p low may reduce  
s u r f a c e  compact ion more e f f e c t i v e l y  t h a n  d i s k i n g .  
A c h i s e l  p low was found  t o  be h i g h l y  e f f e c t i v e  i n  
r e d u c i n g  compact ion i n  exper iments  b y  t h e  Montana 
A g r i c u l t u r a l  Exper imenta l  S t a t i o n .  I t  a l s o  r e -  
s u l t e d  i n  e x c e l l e n t  seedbed p r e p a r a t i o n .  F i g u r e  1  
shows t h e  p low i n  a c t i o n  c o n s i s t i n g  o f  a  
h y d r a u l i c a l l y - m o u n t e d  f rame w i t h  f o u r  shanks mount- 
ed  on each o f  t h r e e  c r o s s  members. The p o i n t s  pene- 
t r a t e  8-10 i n .  The seedbed was t o o  rough  f o r  a  
c o n v e n t i o n a l  seed d r i l l  b u t  t h a t  was e x c e l l e n t  f o r  

compactor  g i v e s  b e t t e r  r e s u l t s  t h a n  c o n v e n t i o n a l  d i s k -  
i n g  and h a r r o w i n g  a f t e r  s p r e a d i n g  6 "  o f  t o p s o i l .  The 
company has been r e c o g n i z e d  f o r  e x c e l l e n c e  i n  rec lama- 
t i o n  b y  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  ( 3 ) .  
On s t e e p  s l o p e s ,  i t  may n o t  be f e a s i b l e  t o  use a  d i s k  
har row f o r  seedbed p r e p a r a t i o n  i f  o p e r a t i o n s  a r e  (as  
r e q u i r e d  on t h e  R e g u l a t i o n s )  c a r r i e d  o u t  a l o n g  t h e  
c o n t o u r .  I n  t h e s e  cases a  s l o p e  d i s k  o r  a  c h a i n - t y p e  
p i c k  harrow s h o u l d  be used ( F i g u r e  2 ) .  Where o p e r a t o r s  
do n o t  have a  s l o p e  d i s k ,  i t  may be d e s i r a b l e  t o  r u n  a  
d i z e r  up and odown t h e  s l o p e  t o  l e a v e  c l e a t  marks t o  
h e l p  c o n t r o l  e r o s i o n  w h i l e  seed germina tes  ( F i g u r e  2 ) .  

5 .  A f t e r  t o p s o i l i n g ,  a  d i s c  harrow i s  n o r m a l l y  ~ s c d  
t o  p r e p a r e  t h e  s,rface f o r  seeding.  T h i s  i s  n o r -  
111a1ly done a f t e r  a p p l y i n g  l i m e  and o t n e r  s o i l  amend- 
ments (see Sheet 7 :6 ) .  D i s l t i n q  w i  I I urea6 tip s ~ r f  dce 

F i g ~ t - e  2 

. - - . .  - . . .  . . . ' *  

n s i t e s  where t h e  s p o i l  i s  s u b j e c t  t o  s e t t l e m e n t  and 
he lack o f  compact ion i s  a  problem, t h e  Jones and 
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T o p s o i l  i s  a  v a l u a b l e  source  o f  seeds, p a r t i c u l a r l y  o f  
n a t i v e  s p e c i e s  wh ich  may be u n a v a i l a b l e  c o m m e r c i a l l y  
and wh ich  w i l l  r e s u l t  i n  much more d i v e r s i t y  o f  p l a n t s  
on r e c l a i m e d  l a n d .  The o p e r a t o r  can a1 so be assured  
t h a t  t h e  seeds found  i n  t h e  t o p s o i l  on t h e  s i t e  a r e  
adapted t o  t h e  l o c a l i t y .  Seeds o f  many s p e c i e s  rema in  
v i a b l e  i n  t h e  s o i l  f o r  s e v e r a l  y e a r s  and t h e r e f o r e  s h o u l d  
s u r v i v e  t o p s o i l  s t o r a g e  f o r  s h o r t  l i f e  s i t e s .  

I )  Jensen, I . B .  and Hodder, R.L., O c t  1976, "Custom Designed S u r f a c e  M a n i p u l a t i o n  and Seeding Equipment f o r  E ro -  
s i o n  C o n t r o l  & V e g e t a t i o n  E s t a b l i s h m e n t , "  6 t h  Symp. on Coal Mine Dra inage  Research, NCA/BCR, L o u i s v i l l e ,  K Y .  

!) Beauchamp, H. e t  a1 . , Apr  1975, " T o p s o i l  as a  Seed Source f o r  Reseeding S t r i p  Mine S p o i l s , "  Res. J o u r n a l  90, 
A g r i c u l t u r a l  Exper iment  S t a t i o n ,  U n i v .  o f  Wyoming, Laramie,  MY. 

3 )  Davis ,  H., Dec 1976, "Jones and Braque Recoqnized f o r  E x c e l l e n c e  o f  i t s  Reclamat ion,"  Coal Aqe, PP.  94-97. 
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SOIL AMENDMENTS - LIME AND FERTILIZER 

. Lime - Subs tan t i a l  dressings o f  l ime  may be requ i red  
on a c i d  s o i l s  t o  r a i s e  pH values, a l though i t  i s  
probab ly  r a r e  t h a t  a c i d i t y  i s  t he  l i m i t i n g  f a c t o r  t o  
p l a n t  growth on'mine s p o i l s  (even those which were 
haphazardously dumped p r i o r  t o  these Regula t ions) .  
More f requent ly ,  t o x i c  l e v e l s  o f  manganese and a l u -  
minum which a re  a v a i l a b l e  t o  p l a n t s  a t  low pH values 
a re  l i k e l y  t o  be the  cause o f  poor growth and sur-  
v i v a l  o f  vegeta t ion  on unreclaimed mine s p o i l s  w i t h  
very  low pH. 
Whatever t he  ac tua l  cause o f  poor vegeta t ion  growth, 
a d d i t i o n  o f  l i m e  t o  r a i s e  pH values t o  between 5.5- 
7.5 r e s u l t s  i n  much-improved vegeta t ion  growth. The 
opera tor  w i l l  be advised t o  t r y  t o  achieve a  s o i l  pH 
w i t h i n  t h i s  range i f  t h e  standards f o r  t he  success 
o f  r evege ta t i on  a re  t o  be met w i t h  minimum delay.  
The growth o f  most grasses and p a r t i c u l a r l y  legumes 
i s  i n h i b i t e d  on s p o i l s  w i t h  a  low pH, and i s  much 
improved by add i t i ons  o f  l ime.  Liming may n o t  o n l y  
n e u t r a l i z e  a c i d  s p o i l s  b u t  i t  may a l s o  reduce t h e  
r a t e  o f  fo rmat ion  o f  s u l f a t e s  from p y r i t i c  s u l f u r  
by reducing the  a c t i v i t y  o f  t he  b a c t e r i a  i nvo l ved  

SMAUMNE - 
OPERATORS 

APPLICABILITY 
Liming should gene ra l l y  be c a r r i e d  o u t  on a l l  reclaimed 
sur face mine s i t e s .  I t  i s  p a r t i c u l a r l y  impor tant  where 
the  overburden has a  low pH value and p a r t i c u l a r l y  so 
on h i g h l y  d i ve rse  s p o i l s  where the re  i s  an increased 
chance o f  ac id- forming m a t e r i a l s  mis taken ly  being 
placed too  near the  surface. The r a t e  o f  a p p l i c a t i o n  
w i l l  depend on s o i l  t e s t s  as requ i red  i n  P a r t  780 o f  
t he  Regulat ions.  When s p o i l  has a  very  low pH value, 
i t  may be advantageous t o  app ly  1  ime before  r e p l a c i n g  
t o p s o i l  and s c a r i f y i n g  t he  regraded s p o i l  and again 
a f t e r  replacement o f  t o p s o i l .  
F e r t i l i z e r s  a re  a l s o  l i k e l y  t o  be requ i red  on a l l  r e -  
claimed mine s i t e s .  The p ropo r t i on  o f  n u t r i e n t s  i n  
the necessary f e r t i l i z e r  w i l l  vary  w ide l y  f rom s i t e  

Most o f  t h e  l i m e  used w i l l  be a t r i c u l t u r a l  l i m e  
(ground l imestone) .  I t  w i l l  ususa l l y  be spread by t he  
s u p p l i e r  w i t h  spinners on t h e  back o f  t h e  supply t r uck .  
The opera tor  should make sure t h a t  t he  s u p p l i e r  p ro-  
v ides evidence o f  t he  CaCO, equivalence, t h e  measure o f  
e f f ec t i veness  o f  l imestone which should be a t  l e a s t  90%. 
Using cheaper l imestone w i t h  a  lower r a t i n g  may n o t  
j u s t i f y  the  h igh  c o s t  o f  haulage. A l l  p a r t i c l e s  o f  
ground l imestone should pass a  60 mesh screen f o r  r a p i d  
e f f ec t i veness  which i s  necessary f o r  good response from 
vegeta t ion .  Operators should i nsu re  t h a t  spreading i s  
c a r r i e d  ou t  evenly,  and l i m e  should be t i l l e d  i n t o  t h e  
s o i l  a f t e r  a p p l i c a t i o n  t o  a  depth o f  3 inches us ing a  
d i s c  harrow. 
Mays & Bengtson note  t h a t  marl ,  b l a s t  furnace slag, ce- 
ment p l a n t  f l u e  dus t  and var ious  o t h e r  m a t e r i a l s  may a l so  
be used as s o i l  a d d i t i v e s  t o  r a i s e  t h e  pH va lue but ,  due 
t o  l i m i t e d  supply, o n l y  occasional  l o c a l i z e d  use can be 
made o f  these m a t e r i a l s  (1 ) .  Operators who a re  c l ose  
t o  a  s t e e l  o r  cement works, however, would do we l l  t o  
i n v e s t i g a t e  i f  these m a t e r i a l s  a re  ava i l ab le .  EPA g ives  
the  f o l l o w i n g  gu ide l i nes  f o r  a p p l i c a t i o n  o f  l ime  ( 7 ) .  

i n  t h i s  reac t i on .  
2. F e r t i l i z e r s  - There are  l i k e l y  t o  be d e f i c i e n c i e s  o f  

s o i l  n u t r i e n t s  necessary f o r  p l a n t  growth on most 
rec la imed mine s i t e s ,  even a f t e r  replacement o f  top-  
s o i l .  De f i c i enc ies  may be severe, e s p e c i a l l y  i n  
cases where a  t o p s o i l  s u b s t i t u t e  o f  se lec ted over-  
burden ma te r i a l  i s  be ing used. De f i c i enc ies  can be 
co r rec ted  q u i t e  e a s i l y  by t h e  a d d i t i o n  o f  f e r t i l i z e r .  
The balance o f  n u t r i e n t s  i n  t h e  f e r t i l i z e r s  used 
should be matched t o  t he  s o i l  t e s t s  as requ i red  i n  
t h e  Regulat ions and t o  t h e  n u t r i e n t  demand o f  vege- 
t a t i o n  which i s  t o  be es tab l ished.  For instance, a  
h i g h  phosphate f e r t i l i z e r  t h a t  i s  r e l a t i v e l y  low i n  
n i t r o g e n  tends t o  f a v o r  legumes. The v a r i a b i l i t y  o f  
mine spo i l s ,  even when b a c k f i l l i n g  has been c a r r i e d  
o u t  w i t h  g rea t  care, makes t h e  p r e s c r i p t i o n  of 
f e r t i l i z e r  requirements va lue less  w i t h o u t  care fu l  
sampling and ana lys is .  Topso i l  ing,  as requ i red  by 
t h e  Regulat ions,  makes the  f e r t i l i z e r  requirements 
o f  reclaimed sur face mines more p red i c tab le .  But 
as p l a n t  r o o t s  penet ra te  beyond t h e  s o i l  hor izon,  
t he  response may be e r r a t i c .  

t o  s i t e .  Many s i t e s  w i l l  n o t  o n l y  r e q u i r e  an i n i t i a l  
a p p l i c a t i o n  o f  f e r t i l i z e r  b u t  w i l l  a l s o  r e q u i r e  main- 
tenance app l i ca t i ons .  Th is  i s  most l i k e l y  ' t o  be t r u e  
f o r  n i t r o g e n  which i s  e a s i l y  and r a p i d l y  leached from 
the s o i l  and u t i l i z e d  by t he  p lan ts .  
A p p l i c a t i o n  r a t e s  and the  balance o f  n u t r i e n t s  i n  t he  
f e r t i l i z e r  used w i l l  vary  according t o  t he  r e s u l t s  o f  
s o i l  t e s t s .  I t i s  l i k e l y  t h a t  recommended f e r t i l i z e r  
and l i m e  a p p l i c a t i o n s  can be obta ined from the  over-  
burden ana lys is ,  t h e  c o s t  o f  which i s  covered i n  t he  
p rov i s i ons  o f  the  Small Operator Assistance Program. I n  
cases where a  s u i t a b l e  t o p s o i l  s u b s t i t u t e  i s  i d e n t i f i e d  
i n  t he  overburden ana l ys i s ,  n u t r i e n t  d e f i c i e n c i e s  a re  
1  i k e l y  t o  be severe. 

based on s p o i l  t e s t  r e s u l t s .  
2. App l ied  l i m e  and f e r t i l i z e r s  should be even ly  

spread over  t he  area be ing t reated.  
3. App l ied  l i m e  should be incorpora ted by d i s k i n g  

and i t  appears t h a t  two o r  more d i s k  t reatments 
a r e  needed where l i m e  ra tes  a re  g rea te r  than 20 
tons per acre.  

4. App l ied  l i m e  should n o t  be expected t o  move 
downwards below the  zone o f  i nco rpo ra t i on .  

5.  pH o f  s p o i l s  increases over  a  l ong  pe r i od  o f  
t ime f o l l o w i n g  i nco rpo ra t i on .  

6. Lime ra tes  should be s u f f i c i e n t  t o  r e a c t  w i t h  
a c i d  brought t o  t he  sur face du r i ng  d r y  per iods .  

7. F e r t i l i z e r  amendments may be app l i ed  t o  t he  
sur face a f t e r  d i s k i n g  t o  i nco rpo ra te  l ime.  

8. Lime p a r t i c l e s  may be i n a c t i v a t e d  by coa t i ng  w i t h  
i r o n  oxide, e s p e c i a l l y  on a c i d  sandy s o i l s ,  there-  
by becoming useless f o r  f u r t h e r  r e a c t i o n  w i t h  
ac id .  

Most p l a n t s  grow bes t  i n  s o i l  w i t h  a  pH range o f  
5.5 t o  7.1 (1 ) .  Mays and Bengtson note  t h a t  i n  t he  
past,  much research was aimed a t  f i n d i n g  p l a n t  species 

I 
I 

I 
I 

RELEVANT SECTIONS OF THE REGULATIONS 
As p a r t  o f  t h e  rec lamat ion  plan, sur face mine opera tors  q u a l i f i e d  l abo ra to ry  us ing standard methods approved by 
a re  requ i red  t o  submit  a  s o i l  t e s t i n g  p lan  f o r  "evalu- t he  Regulatory A u t h o r i t y .  The chemical ana l ys i s  o f  
a t i o n  o f  t he  r e s u l t s  o f  t o p s o i l  hand l ing  and rec lamat ion  overburden s t r a t a  requ i red  as p a r t  o f  t he  Geology de- 
procedures r e l a t e d  t o  revegeta t ion"  [78O.l8(b) ( 5 ) l .  The s c r i p t i o n  [779.14] w i l l  g i v e  t he  ope ra to r  an i n d i c a t i o n  
performance standards r e q u i r i n g  n u t r i e n t  and s o i l  amend- o f  t h e  s t r a t a  which he should a t tempt  t o  p lace near t he  
ments t o  t o p s o i l  [816.25] a l s o  r e f e r  t o  s o i l  t e s t s .  sur face t o  reduce low pH problems. Th is  ana l ys i s  i s  
"Nu t r i en t s  and s o i l  amendments i n  the  amounts determined e l i g i b l e  f o r  payment by t h e  RA under t h e  p rov i s i ons  o f  
by s o i l  t e s t s  s h a l l  be app l i ed  t o  t he  r e d i s t r i b u t e d  sur -  t he  Small Operator Assistance Program. 
face s o i l  l aye r . .  . a l l  s o i l  t e s t s  s h a l l  be performed by a  
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lwhich would t o l e r a t e  a  low oH l e v e l  and which would 
g i ve  t he  requ i red  vege ta t i ve  cover p r i m a r i l y  f o r  e ros ion 
c o n t r o l  on unreclaimed s p o i l s .  However, s ince the  Act,  
t he  growing cond i t i ons  on rec la imed sur face mine s i t e s  
w i l l  be so much improved t h a t  most opera tors  w i l l  f i n d  
i t  advantageous t o  s e l e c t  species w i t h  a  reasonable 
t o l e rance  t o  sur face mine s p o i l  cond i t i ons ,  b u t  a l so  
w i t h  an economic value. 

The requirements o f  t he  Regulat ions t o  bury  ac id -  
forming m a t e r i a l s  w i l l  undoubtedly r e s u l t  i n  a  very  
marked improvement i n  t he  q u a l i t y  of  r evege ta t i on  o f  
sur face mine s i t e s ,  e s p e c i a l l y  i n  the  case where p y r i t i c  
m a t e r i a l s  p rev ious l y  tended t o  end up on top  o f  t he  
s p o i l  where i t  was exposed t o  con t i nua l  weather ing.  
But  o the r  requirements o f  the  Regulat ions,  p a r t i c u l a r l y  
t h a t  r e q u i r i n g  replacement o f  t o p s o i l ,  w i l l  n o t  o n l y  im- 
prove p l a n t  growth b u t  may a l so  increase the to le rance  
o f  vegeta t ion  o f  a c i d  cond i t i ons .  Mays and Bengtson 
c i t e  t he  care less  placement o f  su l  phur-bear ing over -  
burden as t he  most common cause of  surface s o i l  a c i d i t y  
on unreclaimed s i t e s .  But i n  these cases, add i t i ons  o f  
l ime  t o  c o r r e c t  t he  s i t u a t i o n  i s  o n l y  a  temporary 
measure as f u r t h e r  o x i d a t i o n  of  t he  res idua l  p y r i t e  
w i l l  again lower pH values. The mine ope ra to r  may f i n d  
i t  usefu l  t o  acqu i re  a  smal l  pH meter f o r  c a r r y i n g  o u t  
spot  checks on rep laced s p o i l  on the  s i t e  t o  i nsu re  
t h a t  t he  pH i s  w i t h i n  t he  des i red range. Unfor tunate ly ,  
t he  s imple c o l o r i m e t r i c  meters a re  n o t  very r e l i a b l e ,  
b u t  w i t h  exper ience i n  i n t e r p r e t i n g  the  r e s u l t s ,  they  
can be q u i t e  use fu l .  
11. FERTILIZERS 

Severe d e f i c i e n c i e s  i n  some p l a n t  n u t r i e n t s ,  par -  
t i c u l a r l y  n i t r o g e n  and phosphorous, a re  common on mine 
s p o i l s  and a r e  more l i k e l y  t o  be a  l i m i t i n g  f a c t o r  t o  
p l a n t  growth than h igh  a c i d i t y  on many s i t e s .  Because 
n i t r o g e n  i s  more r e a d i l y  a v a i l a b l e  t o  p l a n t s  i n  s o i l s  
w i t h  a  h igh  organ ic  content  and because l i t t l e  n i t r o g e n  
i s  present  i n  overburden, mine s p o i l s  a re  e s p e c i a l l y  
suscep t i b l e  t o  n i t r o g e n  d e f i c i e n c i e s  The Regulat ions 
r e q u i r e  t he  replacement o f  t o p s o i l  which w i l l ,  t o  some 
ex tent ,  improve the  organ ic  content  o f  t he  s o i l  and 
w i l l  con ta in  some n u t r i e n t s  and, probab ly  most impor- 
t a n t l y ,  s o i l  microorganisms, b u t  f e r t i l i z e r  w i l l  a l s o  be 
necessary. The Regulat ions r e q u i r e  s o i l  amendments 
C816.251 as i n d i c a t e d  by t h e  s o i l  requirements. 

Phosphorous (P) i s  commonly d e f i c i e n t  on rec la imed 
s i t e s  and i s  impor tant  du r i ng  the  es tab l ishment  o f  
p l an ts ,  p a r t i c u l a r l y  f o r  legumes. P i s  n o t  e a s i l y  l o s t  
from the  s o i l  and one a p p l i c a t i o n  i s  normal ly  s u f f i c i e n t  
w i t h o u t  subsequent maintenance app l i ca t i ons .  App l ica-  
t i o n  r a t e s  are  normal ly  35 l b s  -71 l bs . / ac re  (40 t o  80 
kgs lha) .  

N i t rogen (N) i s  a l s o  commonly d e f i c i e n t  on reclaimed 
s i t e s ;  however, u n l i k e  P, i t  i s  h i g h l y  mobi le i n  t he  
s o i l  and i s  e a s i l y  leached Maintenance a p p l i c a t i o n s  
o f  N are almost c e r t a i n  t o  be requ i red  t o  keep p l a n t s  
growing v igo rous l y  unless t he re  are p l e n t y  o f  legumes 
present  i n  t he  vegeta t ion  capable of  f i x i n g  atmospheric 
n i t r o g e n  For tunate ly ,  N de f i c i ency  i s  easy t o  i d e n t i f y  
i n  p l a n t s  which a re  u s u a l l y  pa le  and y e l l o w i s h  and can 
be cor rec ted r a p i d l y  w i t h  an a p p l i c a t i o n  o f  f e r t i l i z e r .  
I n i t i a l  a p p l i c a t i o n  ra tes  o f  N are normal ly  45 l b s .  - 
90 l bs . / ac re  (50-100 kg/ha) (1  ) .  

Potassium (K) i s  s u f f i c i e n t  on most rec lamat ion  
s i t e s  fo r  p l a n t  growth. I t  i s  u s u a l l y  contained i n  the  
s o i l  and produced du r i ng  weather ing.  General ly,  i t  i s  
on l y  i n  cases where p l a n t  m a t e r i a l s  are  harvested t h a t  
K i s  l o s t  from the  system i n  q u a n t i t i e s  t h a t  r e q u i r e  
rep1 acemen t. 

Mays and Bengtson note  t h a t  de f i c i enc ies  o f  micro- 
n u t r i e n t s  i s  r a r e l y  a  problem (1 )  

N i t rogen i s  u s u a l l y  app l i ed  as ammonium n i t r a t e  
Urea i s  a l s o  used b u t  may i n h i b i t  germinat ion  o f  seeds. 
Phosphorous i s  u s u a l l y  app l i ed  as t r i p l e  super- 
phosphate and potash (as has been noted) i s  n o t  o f t e n  
needed. I d e a l l y ,  t h e  r a t i o  o f  N:P:K i n  a  f e r t i l i z e r  
mix should be determined by ana l ys i s  and then blended 
t o  order .  Otherwise, diammonium phosphate (18:46:0) 
o r  ammonium polyphosphate (12:54:0) may p rov ide  the 
c o r r e c t  balance o f  n u t r i e n t s .  Usua l l y  f e r t i l i z e r s  are  
spread i n  granu lar  form b u t  so lub le  f e r t i l i z e r s  are  
app l i ed  a l s o  a long w i t h  seed by hydroseeders; however, 
unless f e r t i l i z e r  requirements are  smal l ,  a p p l i c a t i o n  
i n  a  separate ope ra t i on  f rom hydroseeding before  
seedbed c u l t i v a t i o n  i s  more s a t i s f a c t o r y .  

Trees a re  gene ra l l y  more t o l e r a n t  o f  n u t r i e n t  
d e f i c i e n c i e s ,  p a r t i c u l a r l y  when es tab l ished,  than 
herbaceous p l a n t s .  I r o n i c a l l y ,  young t r e e  seed1 ings  
and d i r e c t  seeded t rees  a re  o f t e n  b e t t e r  ab le  t o  sur -  
v i v e  on n u t r i e n t  d e f i c i e n t  s p o i l s  because the competi- 
t i o n  from vigorous grasses, e t c .  on f e r t i l e  s o i l s  i s  mor 
in tense.  Elsewhere i n  t h i s  Handbook, i t  i s  noted t h a t  
e f f o r t s  t o  e s t a b l i s h  t r ees  and herbaceous cover together  
by d i r e c t  seeding have n o t  been very successful  (see 
Sheets 7:13 and 7:14) I t  i s  d i f f i c u l t  t o  j u s t i f y  main- 
tenance f e r t i l i z e r  programs on the  bas i s  o f  f u t u r e  timbet 
y i e l d s  on s i t e s  res to red  fo r  f o r e s t r y .  And so, i f  the 
post-mining l and  use i s  planned t o  be commercial f o r e s t r j  
cons iderab le  care  should be taken i n  the  cho ice  o f  bo th  
t r e e  species and herbaceous species. I n  some cases, 
choice o f  a  leguminous t r e e  w i t h  some t imber  value 
(e.g. European A lde r  f o r  pu lp )  may be appropr ia te .  I n  
o the r  cases, i t  has been found t h a t  t he  legume Sericea 
lespedeza prov ided s u f f i c i e n t  n i t r o g e n  f o r  newly t r ans -  
p lan ted  l o b l o l l y  p ines on a  s i t e  where 90 l bs . / ac re  
(1 00 kglma) o f  n i t rogenous f e r t i l i z e r  would have o the r -  
wise been necessary. ( 1 )  S o i l  sampling t o  determine 
f e r t i l i z e r  needs i s  a  very  imprec ise  science. Al though 
the  cos t  o f  f e r t i l i z e r  i s  low compared w i t h  o the r  
requirements o f  reclamat ion, t h e  f e r t i l i z e r  p r i c e s  are  
r i s i n g  r a p i d l y .  Recommendations should be obta ined 
based on samples and ana l ys i s ,  b u t  observant and re-  
sponsive c o r r e c t i v e  a c t i o n  a re  needed, e s p e c i a l l y  on 
s i t e s  w i t h  h i g h l y  v a r i a b l e  phys i ca l  cond i t i ons  and 
overburden types 
Mays and Bengtson note  t h a t  f e r t i l i z e r  cos ts  f o r  r e c l a -  
mat ion s i t e s  are  u s u a l l y  $16 - $32/acre ($40-$80/ha) 
and are  smal l  compared t o  t he  cos ts  of  b a c k f i l l i n g  and 
regrad ing (1978 c o s t s ) .  

F igure  1  Source: S o i l  Service,  Inc. ,  Denton, MU. 
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PROBLEM & PURPOSE 

7 1  

The growth of  vegeta t ion  on rec la imed mine s i t e s  can be 
improved by i nc reas ing  the organ ic  ma t te r  i n  t he  s o i l  
(which increases the  water ho ld ing  and the  c a t i o n  ex- 
change capac i t y  o f  t he  s o i l ) .  Th i s  i s  p a r t i c u l a r l y  t r u e  
when us ing se lec ted overburden m a t e r i a l s  as t o p s o i l  sub- 
s t i t u t e s  which w i l l  be completely devoid o f  o rgan ic  
ma t te r  and most s o i l  micro-organisms. Add i t i ons  o f  
sewage sludge can increase the  amount o f  o rgan i c  ma t te r  
i n  t he  s o i l ,  p rov ide  some o f  t he  necessary micro- 
organisms, and a  source o f  n u t r i e n t s  f o r  p l a n t  growth 
(a  t o n  o f  s ludge s o l i d s  might  con ta in  30-40 l b s  o f  
ammonium n i t rogen,  50 l b s  o f  o rgan ic  n i t rogen,  40-100 
l b s  of  ~hosoho rus ) .  Sewage sludge w i l l  a l s o  con ta in  

- - - - 

some o rgan i c  ac ids  which have been found t o  i n h i b i t  
t h e  a c t i v i t y  o f  two o f  t h e  b a c t e r i a  i nvo l ved  i n  t he  pro-  
duc t i on  o f  s u l f u r i c  a c i d  f rom i r o n  p y r i t e .  These a re  
Th iobacc i l l us  fe r roox idans and T. th ioox idans.  Sewage 
e f f l u e n t  which i s  s l i g h t l y  a l k a l i n e  (pH 6.8 t o  7.2) can 
be app l i ed  w i th ,  o r  separa te ly  from, sewage sludge. (6) 
The use o f  sewage sludge appears t o  have tremendous 
p o t e n t i a l  i n  t h e  rec lamat ion  o f  orphan mine land. Th is  
i s  a l s o  t he  case f o r  sur face mine opera t ions  which a re  
conducted i n  con j u n c t i o n  w i t h  rec lamat ion  o f  orphan l and  
where i t  may be necessary t o  supplement t he  a v a i l a b l e  
t o p s o i l  w i t h  a  t o p s o i l  s u b s t i t u t e .  Sewage sludge can 
be use fu l  i n  recons t ruc t i ng  t o p s o i l  s u b s t i t u t e s .  
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and' the  approva l -o f  the-RA can be obtained, t he  d isposa l  bu i l dup  i n  t he  s o i l .  The cbmposi t i o n V o f  sludges i s  
o f  sewage sludge on rec la imed mine s i t e s  i s  app l i cab le  h i g h l y  v a r i a b l e  and so c a r e f u l  ana l ys i s  and mon i to r i ng  
t o  most areas; however, i t  i s  impor tant  t h a t  opera tors  i s  necessary. 
meet Federal  and S ta te  e f f l u e n t  regu la t i ons .  Because S i t e s  planned f o r  long-term a p p l i c a t i o n  o f  sewage 
o f  h i g h  haulage costs,  a  d isposa l  s i t e  w i l l  have t o  be sludge must be we l l  drained, b u t  a p p l i c a t i o n  must 
I reasonably c lose t o  t h e  t reatment works. Repeated n o t  r e s u l t  i n  p o l l u t i o n  o f  groundwater. I 

o f  sewage sludge.   ow ever, i t  should be noted t h a t  standards which cover n u t r i e n t s  and s o i l  amendments re-  
Sect ion  816.42 requ i res  t h a t  a l l  d ischarges o f  water q u i r e  t h a t  n u t r i e n t s  and s o i l  amendments a r e  a p p l i e d  
from areas d i s tu rbed  by sur face min ing a c t i v i t i e s  s h a l l  i n  the  amounts determined by the  s o i l  t es t s .  I n s o f a r  
be i n  compliance w i t h  a l l  Federal  and S ta te  laws and as sewage sludge w i l l  con ta in  some of t he  requ i red  
regu:ations. And a t  a  minimum, t h e  water q u a l i t y  n u t r i e n t s ,  i t  may be t h a t  t h e  RA w i l l  pe rm i t  a p p l i -  
e f f l uen t  l i m i t a t i o n s  s e t  o u t  i n  t h i s  Sect ion must be c a t i o n  o f  say N and P as sewage sludge and o t h e r  nu- 
met. Therefore, i f  any runoff  of  sewage e f f l u e n t  occurs t r i e n t s  i d e n t i f i e d  as being necessary i n  t he  form o f  
o r  r u n o f f  o f  storm water which i s  p o l l u t e d  by sewage a r t i f i c i a l  f e r t i l i z e r .  
sludge, i t  must meet t he  q u a l i t y  standards o f  Sect ion  
DISCUSSION & DESIGN GUIDELINES 

11. SLUDGE CONTENT e f f l u e n t  i s  a l s o  l i m i t e d  by t he  cos t  o f  t r a n s p o r t a t i o n  
The content  o f  sewage sludge i s  h i g h l y  var iab le ,  and 

i t  w i l l  be necessary t o  base a p p l i c a t i o n s  upon ana l ys i s  
o f  t he  s ludge and of  t he  s o i l  t o  be t reated.  The pro-  
p o r t i o n  o f  N:P:K and the  concent ra t ion  o f  var ious  heavy 
metals are  the  most impor tant  va r i ab les  which must be 
determined. A p o t e n t i a l l y  t o x i c  l e v e l  o f  heavy metal  i s  
sometimes found i n  i n d u s t r i a l  sludge, though t h i s  problem 
i s  n o t  l i k e l y  t o  be ser ious  unless repeated a p p l i c a t i o n s  
o f  sewage sludge a re  made. A t y p i c a l  N:P:K ana l ys i s  
f o r  munic ipa l  sludges quoted by Halderson and Zenz i s  
5:2.5:0.4 (1).  A  corn  c rop u t i l i z e s  168:28-34:39 (by 
we ight ) .  Therefore,  if sludge i s  used t o  supply t he  
n i t r o g e n  demand, t h e  phosphorous requirement w i l l  be 
exceeded considerabley,  b u t  potassium w i l l  s t i l l  be de- 
f i c i e n t  and t h e  potassium ( K )  would have t o  be made up 
w i t h  a r t i f i c i a l  f e r t i l i z e r .  It should be noted, however, 
t h a t  much o f  t h e  n u t r i e n t  i s  i n  organ ic  form and t h e  
r a t e  a t  which i t  becomes a v a i l a b l e  t o  t h e  p l a n t  i s  d i f -  
f i c u l t  t o  est imate.  so i t  i s  n o t  ooss ib le  t o  be o rec i se  
about supplemental - f e r t i  1  i z e r  requirements. 

11 1 . FEASIBILITY 
Because o f  the  d i f f i c u l t y  o f  spreading 1  i q u i d  sludge 

and t h e  need t o  cease spreading o f  s ludge du r i ng  wet 
weather, i t  may be necessary f o r  t he  opera tor  t o  have 
s torage f a c i l i t i e s  on s i t e  which may n o t  be feas ib le  on 
smal le r  s i t e s .  D r i ed  s ludge ( s o l i d s  content  30% o r  
g rea te r )  i s  more f e a s i b l e  f o r  t h e  smal le r  ope ra to r  t o  
use as i t  can be r e a d i l y  s tockp i l ed ,  p r o v i d i n g  any run-  
o f f  from the  p i l e  i s  n o t  a l lowed t o  discharge i n t o  a  
waterway. Usua l l y  i t  can be handled us ing a  f ron t -end 
loader  and an a g r i c u l t u r a l  manure spreader. The ease o f  
hand l ing  d r i e d  s ludge w i l l  depend p a r t l y  on the  type o f  
t rea tment  and dewater ing.  D i f f i c u l t i e s  i n  hand1 i n g  
s ludge may make u t i l i z a t i o n  uneconomical. 

The f e a s i b i l i t y  o f  long-term u t i l i z a t i o n  o f  sewage 

and the  d e s i r a b i l i t y  t o  cease a p p l i c a t i o n  du r i ng  wet 
weather cond i t ions .  I n  t he  m a j o r i t y  o f  cases, there-  
fo re ,  long-term d isposa l  o f  sewage e f f l u e n t  on re -  
c la imed mine s i t e s  w i l l  o n l y  be f e a s i b l e  where t h e  
s i t e  i s  c l ose  t o  the  t reatment  works where storage 
f a c i l i t i e s  can be provided, where a p p l i c a t i o n s  w i l l  
n o t  r e s u l t  i n  p o l l u t i o n  o f  sur face o r  groundwater 
and where post-mining l a n d  uses w i l l  p revent  t he  
bu i l dup  o f  excessive n u t r i e n t s  i n  t he  s o i l .  
111. HAULAGE 

Only on s i t e s  c l ose  t o  a  t rea tment  works w i l l  t h e  
cos t  o f  sewage sludge be s u f f i c i e n t l y  low t o  j u s t i f y  
u t i l i z a t i o n .  Usua l l y  i t  w i l l  be t r anspo r ted  by tanker  
and o n l y  where d isposa l  s i t e s  a re  very  l a r g e  w i l l  r a i l  
haulage be feas ib le .  Sewage sludge can be shipped 
l i q u i d  ( l e s s  than 12% s o l i d s )  o r  d r y  (more than 30% 
so l  i d s ) .  The use o f  d r y  sludge i s  gene ra l l y  more 
f e a s i b l e  f o r  smal le r  opera t ion .  
I V .  STORAGE & SPREADING 

L i q u i d  sludge has up t o  12% s o l i d s .  The weather 
and s o i l  cond i t i ons  f o r  spreading sludge are  no t  always 
r i g h t ,  and unless an opera tor  can ge t  d e l i v e r i e s  o n l y  
when weather and s o i l  cond i t i ons  a re  c o r r e c t  (which i s  
u n l i k e l y ,  as t rea tment  p l a n t  managers a re  faced w i t h  
cont inuous ou tpu t )  s torage f a c i  1  i t i e s  w i l l  be needed 
on s i t e .  These a re  u s u a l l y  e a r t h  s t r u c t u r e s  b u t  a re  
never the less  expensive. I n  add i t i on ,  so l  i d s  w i l l  tend 
t o  s e t t l e  when sludge i s  s to red  which makes hand l ing  
more d i f f i c u l t .  Handl ing o f  t h e  l i q u i d  s ludge i s  d i f f i -  
c u l t  and requ i res  e i t h e r  spec ia l  machinery o r  i r r i g a t i o n  
equipment. Or i t  requ i res  a  very  p rec i se  ground shap- 
i n g  t o  g i ve  an even d i s t r i b u t i o n  by over land f low.  
Probably t h e  smal le r  opera tor  would cons ider  us ing 1  i q u i c  
s ludge o n l y  when 1)  t he  t reatment p l a n t  w i l l  d e l i v e r  wher 
s p e c i f i e d  and i n  tankers  equipped w i t h  a  spreading systen 
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:probably a tank-type i n j e c t o r ) ,  o r  
!) when the s i t e  i s  olanned for  lona- 
;ern, sludge disposal 'as  an approved4 
)ost-mining land-use, when i t  may be 
:conomically feasible  to  i n s t a l l  the 
lecessary storage and dis tr ibut ion 
iystems. 
'here are  three major ways of spread- 
ng l iquid sludge: 

1. Overland flow. In t h i s  
technique, l iquid sludge i s  re- 
leased from a gated pipe a t  the 
top of the slope and i s  allowed 
t o  flow above ground over care- 
f u l l y  graded and cul t ivated 
land. Generally, slopes of l ess  
than 15% can be t reated in  t h i s  
way i f  the objective i s  only to  
es tab l i sh  vegetation. Agricul- 
tural  machinery i s  used b u t  pre- 
c i se  cul t ivat ion patterns are  
required along the contour to  
insure good dis tr ibut ion of 
sludge. 
2 .  Injectors  o r  Incorporators. 
Various injectors  (usina eauio- 
ment rather  s imilar  t o  a chisel 
plow) and incorporation discs 
(using an adaptation of agricul-  
tural  discs)  a re  used to in- 
corporate sludge d i rec t ly  into 
the s o i l .  This reduces runoff. 
Injectors  can be used where grass 
cover has already been estab- 
lished. The equipment i s  expen- 
s ive and would be used on small 
s i t e s  only i f  attached t o  the 
delivery tanker. Figures 1 ,  2 
and 3 show examples of inject ion 
equipment. In Figure 1 ,  the IME 
tanker and sludge appl icator ,  in 
Figure 2 ,  the "Big Wheels" appl i-  
cator ,  and in Figure 3, Biscroe 
Maphis appl icator .  The Big 
Wheels Injector  i s  capable of 
inject ing 600 gals-800 gals/min 
a t  depths of 6 in-8 in of speeds 
u p  t o  6 mph .  This injector  has 
a 3-knife co l te r  desiqn and a new 
diesel uni t  has a 5-knife desian. -. 

3. I rr igat ion Systems. various 
i r r iga t ion  systems have been used 
to apply sewaqe sludqe. Nozzles 
must be- a suf f ic ien t - s ize  t o  prevent clogging. I t  
may be feasible  f o r  small ooerators to  s e t  U D  oer- 
manent i r r iga t ion  and storage systems on s i tes 'where 
the approved post-mining use of the land i s  f o r  
long-term disposal of sludge. For short-term dis-  
posal, sludge will  be pumped d i rec t  from the tanker. 

t i l i z a t i o n  of sol id sludge (more than 30% so l ids )  i s  
uch more practical fo r  the small operation. Spreading 
s simpler and can usually be carr ied out with conven- 
ional agricul tural  equipment and storage presents no 
roblems. However, dried sludge may not be readi ly 
vai lable .  I f  i t  i s ,  the RA may approve application 
f sludge prior  to  the spreading of topsoil on re- 
raded s i t e s  though i t  i s  more usual to apply sludge 
f t e r  topsoiling. 
. PROBLEMS 

1. Runoff - The operator must be careful t o  min- 
imize the amount of runoff contaminated with sludge 
which leaves the s i t e .  All runoff leaving surface 
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requirements and s p e c i f i c a l l y  t o  t h e  requirements 
o f  Sect ion  816.42. Th is  may be d i f f i c u l t  f o r  op- 
e r a t o r s  i n  steep and mountainous t e r r a i n .  Sludge 
which i s  app l i ed  w i t h  an i n j e c t o r  i s  l e s s  l i k e l y  
t o  cause r u n o f f  problems. 
2. Heavy Metals - Sewage sludge from i n d u s t r i a l i z e d  
areas may con ta in  h igh  l e v e l s  o f  heavy metals and 
the re  has been concern t h a t  t h i s  can cause t o x i c i t y  
i n  p l a n t s  and a l s o  may be taken up by animals. 
Th is  problem may have been over-emphasized i n  t h e  
past,  b u t  t he  h igh  r i s k  war rants  caut ion,  and many 
Sta tes  have gu ide l i nes  f o r  l and  a p p l i c a t i o n  o f  
sludge. Sewage sludge w i t h  h igh  heavy metal  con- 
cen t ra t i ons  should n o t  be app l i ed  t o  s p o i l  a t  pH 
lower than 6.5 as a c i d  s p o i l  cond i t i ons  increase 
heavy metal  a v a i l a b i l i t y  t o  p lan ts .  
3. Odor - i s  u n l i k e l y  t o  be a problem when sludge 
has been w e l l  s t a b i l i z e d ;  however, even i n  t he  
absence o f  odor, complaints may be rece i ved  if 
sludge i s  used near r e s i d e n t i a l  p roper ty .  

n u t r i m  tthe s o i l  and may pe rco la te  t o  some 
depth. Th is  i s  u n l i k e l y  to-pose problems on 
most sur face mine s i t e s .  
5. Seed Germinat ion - was found t o  be i n h i b i t e d  
by heavy a p p l i c a t i o n s  of  sewage sludge on some t e s t  
s i t e s .  
6. Composit ion - t h e  composi t ion of sludge i s  
h i g h l y  v a r i a b l e  and the  n u t r i e n t s  i n  sludge a re  n o t  
i n  t h e  balance as u t i l i z e d  by p lan ts ;  there fore ,  
d e f i c i e n c i e s  must be remedied by a r t i f i c i a l  f e r t i l -  
i zers  . 

V I .  LEGAL 
The US EPA has pub l ished gu ide l i nes  f o r  t h e  use of 
sewage sludge f o r  l a n d  a p p l i c a t i o n .  Most s t a t e s  have 
e i t h e r  l e g i s l a t i o n  o r  guide1 ines  f o r  l a n d  a p p l i c a t i o n  
o f  sludge, and both  EPA o f f i c e s  and the  S ta te  d i v i s i o n s  
o f  n a t u r a l  resources o r  environmental p r o t e c t i o n  should 
be contac ted p r i o r  t o  us ing sludge treatment.  I n  addi-  
t i o n ,  t he  RA must be approached t o  determine t h e i r  r u l -  
i n g  on t h i s  opera t ion .  

DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
mine s i t e s  i s  sub jec t  t o  Federal and S ta te  e f f l u e n t  4. Groundwater - Ni t rogen i s  t he  most mobi le  
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7' [RECLAMATION AND REVEGETATION I HANDBOOK 
I FOR 

PROBLEM & PURPOSE 

MEASURES u 

l o rec i se  au ide l i nes  f o r  the  use o f  f l v  ash i n  rec la im ina  ' 
kur face i i n e  s p o i l s  cannot be given.- Each case re -  

- 
qu i res  s o i l  t e s t s  and ana l ys i s  before  a p p l i c a t i o n  r a t e s  
can be f i x e d  and be fo re  p l a n t  species and f e r t i l i -  
zers  can be recommended. Hence, t he  p r a c t i c e  w i l l  n o t  
be a t t r a c t i v e  t o  t he  sma l l e r  ope ra to r  unless i t  has 
been success fu l l y  used on s i t e s  immediately ad jacent  
which have s i m i l a r  overburden c h a r a c t e r i s t i c s .  
F l y  ash d isposa l  i s  a  roblem a t  c o a l - f i r e d  power 
s t a t i o n s  and ve ry  l i t t y e  a t  p resent  i s  u t i l i z e d  ( o n l y  
about 10% o f  t he  product ion) .  I t  was es t imated (3)  
t h a t  i n  t he  e a r l y  1980's c o a l - f i r e d  genera t ing  s t a t i o n s  
w i l l  be producing 40 m i l l i o n  tons o f  f l y  ash annual ly,  
t he  b u l k  o f  which i s  t ranspor ted t o  waste d isposa l  
areas. The m a t e r i a l  i s  a v a i l a b l e  f r e e  o r  f o r  a  min- 
imal charge a t  t he  power s t a t i o n ,  b u t  t r a n s p o r t a t i o n  
cos ts  r u l e  o u t  f l y  ash use unless t he  power s t a t i o n  
i s  c l ose  t o  t he  s i t e .  It i s  es t imated t h a t ,  as a  
s u b s t i t u t e  f o r  l imestone, approximately 10 t imes as 
much f l y  ash may be requ i red;  hence, t he  t r a n s p o r t a t i o n  
cos ts  are  very  high. Of course i f  the  mine i s  supply-  
i n g  t he  coal  t o  the  power p lan t ,  t r a n s p o r t a t i o n  cos ts  
can be minimized t h e o r e t i c a l l y  as coal  t r ucks  can 
r e t u r n  loaded w i t h  f l y  ash t o  the  mine s i t e .  Capp 
notes t h a t  t he  f l y  ash product ion  o f  Ohio, Pennsylvania, 
West V i r g i n i a ,  and Kentucky amounts t o  over  7  m i l  l i o n  
t ons l yea r  (1  ) .  
F l y  ash i s  generated from burn ing coal .  It i s  mos t l y  
f i n e  m a t e r i a l  (1 - 5 0 ~  i n  diameter) .  I n  conta ins  compounds 
o f  s i l i c o n ,  aluminum, i r o n  and calcium, b u t  a l so  a  wide 
range o f  o the r  compounds and many t r a c e  elements, i n -  
c l u d i n g  those essen t i a l  f o r  p l a n t  growth (except  n i t r o g e n )  
(1 ) .  The b e n e f i t s  o f  us ing  f l y  ash i nc lude :  

1. Improving t h e  water -ho ld ing capac i t y  o f  t he  s p o i l  
and hence i nc reas ing  t h e  a v a i l a b i l i t y  o f  water t o  
p lan ts ;  
2. Ra is ing  t h e  pH o f  a c i d  s p o i l  though n o t  a l l  f l y  
ash i s  s u f f i c i e n t l y  a l k a l i n e  t o  g i v e  a  s i g n i f i c a n t  
improvement. pH values o f  ash used i n  Bureau o f  
Mines experiments however were most ly  over  11 (1 ) .  
3. Reducing t h e  sur face temperatures o f  dark co lored 
s p o i l s  and coal  r e fuse  which may s e r i o u s l y  i n h i b i t  
p l a n t  growth. F l y  ash w i l l  l i g h t e n  t h e  c o l o r  o f  t h e  
s p o i l  and cause more r e f l e c t i o n  o f  heat from the  
surface. 

The incons is tency o f  r e s u l t s  i n v o l v i n g  the  use o f  f l y  ash 
i s  t he  most ser ious  problem i n  recommending i t s  f u t u r e  
use, p a r t i c u l a r l y  on h i g h l y  v a r i a b l e  spo i l s .  F l y  ash 
a l s o  conta ins  much h igher  concent ra t ions  o f  t r a c e  e l e -  
ment than are  found i n  s o i l ,  y e t  w i t h  t h e  except ion  o f  
some s igns o f  boron and aluminum t o x i c i t y ,  n e i t h e r  p l a n t s  
n o r  animals were severe ly  a f f ec ted  i n  t e s t s  (1 ) .  Cases 
o f  h i gh  uptake o f  aluminum by p l a n t s  causing t o x i c i t y  i s  

SOIL AMENDMENTS - FLY ASH 

PROCEDURE 
Before c a r r y i n g  o u t  any f e a s i b i l i t y  s tud ies  on t h e  
use o f  f l y  ash du r i ng  rec lamat ion  process, t he  
RA should be approached t o  determine t h e i r  p o l i c y .  
It i s  a n t i c i p a t e d  t h a t  where smal l  mine opera tors  
a re  p lann ing t h e  rec lamat ion  o f  orphan l a n d  i n  con- 
j u n c t i o n  w i t h  t h e i r  sur face min ing operat ions,  t he  
RA w i l l  be  recep t i ve  t o  suggestions f o r  t h e  use o f  
var ious  s o i l  a d d i t i v e s  such as f l y  ash and sewage 
sludge t o  improve t h e  q u a l i t y  and a v a i l a b i l i t y  of  
s u i t a b l e  t o p s o i l  subs t i t u tes .  
F i n d  o u t  i f  any f i e l d  t e s t s  have been c a r r i e d  o u t  i n  
t he  area on s i t e s  which have s i m i l a r  overburden 
c h a r a c t e r i s t i c s .  
A  s o i l  ana l ys i s  must be c a r r i e d  o u t  t o  determine a t  
l e a s t  t he  water -ho ld ing capac i ty ,  pH, f e r t i l i z e r  re -  
quirements, and t h e  t e x t u r e  o f  bo th  s p o i l  and s o i l  
(most o f  these a re  requ i red  by t h e  Regu la t ions) .  
Ash must be analyzed t o  determine i t s  poss ib le  e f -  
f e c t  on t h e  s p o i l  i n c l u d i n g  i t s  pH, t ex tu re ,  chem- 
i c a l  content  and i d e n t i f i c a t i o n  o f  any l i k e l y  t o x i n s .  
Haulage from t h e  power s t a t i o n  must be arranged, 
p r e f e r a b l y  as a  back-haul arrangement i n  coal  t r ucks .  
Spreading w i l l  ususa l l y  be c a r r i e d  ou t  w i t h  a  dozer 
o r  f ron t -end l oade r  o r  a  grader i f  ava i l ab le .  The 
th ickness w i l l  vary  cons iderab ly  according t o  t h e  
r e s u l t s  o f  s p o i l  and ash t e s t s .  
Good m ix ing  o f  t he  f l y  ash w i t h  t he  s p o i l  o r  r e fuse  
i s  essen t i a l  and i s  normal ly  c a r r i e d  ou t  w i t h  farm 
machinery, p lowing o r  d i s k i n g  u s u a l l y  severa l  t imes 
o r  r o t o - t i l l  i n g .  
The amount o f  f e r t i l i z e r  and t h e  type o f  f e r t i l i z e r  
w i l l  vary  from s i t e  t o  s i t e  and w i l l  depend upon 
1  abora tory  ana lys is .  Capp (1 978) (1  ) recomnends 
t h a t  genera l ly ,  a  minimum o f  1,000 1  bs lac re  o f  10: 
10:lO ana l ys i s  f e r t i l i z e r  be used. 
Seeding o f  herbaceous species o r  grass i s  u s u a l l y  
c a r r i e d  o u t  w i t h  a g r i c u l t u r a l  machinery o r  w i t h  a  
hydroseeder. Th i s  should be done i n  e a r l y  sp r i ng  
o r  f a l l  f o r  bes t  r e s u l t s .  The seed mix shown i n  
Table 1  has been found by Capp t o  be successful  ( 1 ) .  
Note t h a t  i t  conta ins  1  legume (Lotus co rn i cu la tus ) .  
Th is  mix was u s u a l l y  app l i ed  a t  t he  r a t e  o f  46 l b s /  
acre  (52 kg/ha) and mulching i s  recommended (1 ) .  
I n  o t h e r  f i e l d  experiments i n  revege ta t i ng  unre- 
c la imed sur face mine spo i l s ,  8 grasses and 7 legumes 
were t r i e d  o u t  on a  s p o i l  w i t h  a  pH o f  2.5-3.0. F l y  
ash was app l i ed  a t  t h e  r a t e  o f  600 tons lac re  produc- 
i n g  a  s p o i l  w i t h  a  pH o f  3.5-4.5 and a  10:10:10 
f e r t i l i z e r  a t  800 l b s l a c r e  was app l ied .  Su rv i va l  o f  
Kentucky 31 fescue, rye,  redtop, orchard  grass and 
b i  rds foot  t r e f o i  1  occur red i n  sca t te red  patches. Two 
hundred tons/acre  more f l y  ash app l i ed  r e s u l t e d  i n  
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F l y  ash, a  waste product  from coa l -burn ing power p lan ts ,  orphan l a n d  and i n  p r o v i d i n g  t reatment  f o r  t o p s o i l  sub- 
has been used t o  improve the  t e x t u r e  and t h e  water-  s t i t u t e s .  I n  these s i t u a t i o n s ,  due t o  t h e  v a r i a t i o n s  i n  
ho ld ing  capac i t y  o f  s p o i l  o r  coa l  refuse, t o  r a i s e  t h e  t h e  c h a r a c t e r i s t i c s  o f  bo th  f l y  ash and s p o i l ,  each 
pH o f  a c i d  s p o i l ,  and t o  reduce the  sur face temperature a p p l i c a t i o n  must be i n d i v i d u a l l y  planned and w i l l  r e q u i r e  
o f  coal  r e fuse  by l i g h t e n i n g  i t s  co lo r .  It may be es- s p e c i f i c  approval f rom t h e  RA. Th is  makes t h e  p r a c t i c e  
p e c i a l l y  usefu l  i n  s i t u a t i o n s  where the re  i s  l i t t l e  o r  no u n a t t r a c t i v e  t o  most opera tors .  
t o p s o i l  a v a i l a b l e  f o r  reclamat ion, i .e., i n  rec la im ing  
APPLICABILITY 

Th is  p r a c t i c e  i s  app l i cab le  f o r  use i n  rec la im ing  most i n g  orphan l and  where the re  i s  l i t t l e  o r  no t o p s o i l  
sur face min ing s i t e s  b u t  on l y  as a  "one-o f f "  opera t ion .  a v a i l a b l e  f o r  rec lamat ion .  
It appears t o  have spec ia l  p o t e n t i a l  f o r  use i n  rec la im-  
REVELANT SECTIONS OF THE REGULATIONS 

Sect ion  816.25 (Topso i l  : N u t r i e n t s  and s o i l  amendments) F l y  ash may a l so  be used together  w i t h  f e r t i l i z e r ,  
makes no re ference t o  t he  poss ib le  use of  f l y  ash. " S o i l  p r o v i d i n g  t h a t  i t s  chemical cons t i t uen ts  are known. 
amenqhnents i n  the  amounts determined by s o i l  t e s t s  s h a l l  Th is  requ i res  approval of  t he  RA. 
be a p p l i e d  t o  t he  r e d i s t r i b u t e d  sur face s o i l  layer . "  
DISCUSSION & DESIGN GUIDELINES 

(Due t o  t he  v a r i a b i l i t y  o f  bo th  s p o i l  and f l y  ash, u s u a l l y  assoc ia ted w i t h  low pH values. 

- 



DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
s p o i l  w i t h  pH values o f  6.7-7.0 ( t h e  pH o f  t he  f l y  
ash i n  t h i s  case was 9.9).  It was noted t h a t  n o d i l e  
format ion on the  r o o t s  of t h e  b i r d s f o o t  t r e f o i l  
assoc ia ted w i t h  i t s  n i t r ogen  f i x i n g  capac i ty ,  had 
s i g n i f i c a n t l y  improved w i t h  a d d i t i o n  o f  f l y  ash. 

(TABLE 1 )  
[ECOMMENDED SEED MIX FOR UNRECLAIMED SPOILS TREATED WITH 

FLY ASH 

Species % by Weight 

:entucky 31 Fescue.. . (Festuca arundinaceae) 35 

ledtop Grass . . . . . . (Ag ros t i s  a1 ba) 14 

l rchard Grass . . . . (Dactyl  i s  g lomerata) 18 

!ye Grass . . . . . . . (Lo1 ium perenne) 28 

, i r d s f o o t  T r e f o i l . .  . . (Lotus c o r n i c u l a t u s )  5 

ource: (1 )  
0. Trees p lanted on s i t e s  t h a t  were t r e a t e d  w i t h  f l y  ash 

had a h igh  f a i l u r e  r a t e  i n  experiments c a r r i e d  ou t  by 
t h e  Bureau o f  Mines and the  U.S. Fores t  Serv ice  (1).  
The cause o f  t h e  h igh  fa i l - u re  r a t e  i s  n o t  conc lus ive  
b u t  probab ly  was n o t  due t o  t h e  h igh  a c i d i t y  o f  t h e  
s p o i l .  It i s  more l i k e l y  t o  have been due t o  a 
chemical i n t e r a c t i o n  between t h e  ash and the  s p o i l  
poss ib l y  a f f e c t i n g  t he  a v a i l a b i l i t y  of t r a c e  elements. 
However, a f t e r  a p e r i o d  of  5 years,  s u r v i v a l  was good 
and i t  i s  l i k e l y  t h a t  weather ing and leach ing o f  t he  
t r e a t e d  s p o i l  was l a r g e l y  respons ib le  f o r  t he  improved 
s u r v i v a l .  Species w i t h  s u r v i v a l  r a t e s  h igher  than 
50% a f t e r  t h ree  growing seasons a re  shown i n  Table 2. 

I. COSTS 
he costs  o f  us ing f l y  ash i n  rec la im ing  a d i f f i c u l t  
2-acre (25-ha s i t e )  by t h e  Dept. o f  Natura l  Resources 
n West V i r g i n i a  a re  shown i n  Table 3 (1 ) .  Capp notes 
ha t  f l y  ash f o r  t h i s  p r o j e c t  was obta ined f r e e  o f  
harge. Because of t h e  cos t  o f  t r anspo r ta t i on ,  t he  
o s t  of  u t i l i z i n g  f l y  ash w i l l  vary  cons iderab ly  f rom 
i t e  t o  s i t e .  Operators must t he re fo re  a d j u s t  t h e  cos ts  
hen us ing Table 3. 

-- - - -- 

(TABLE 2) 
SURVIVAL OF TREE SPECIES ON MINE SPOIL TREATED WITH 

FLY ASH 

Species Su rv i va l  Rate 
( 3  growing seasons) 

Crab Apple .. . . . . (Malus sp . )  100% 

Red Oak . . . . . . . . (Quercus b o r e a l i s )  67% 

European A lde r  . . . (Alnus g l  u t i nosa )  58% 

Scotch Pine .... . (Pinus s y l v e s t r i s )  58% 

Norway Spruce . . . (P icea ab ies )  50% 

Black Walnut . . . . (Juglans n i g r a )  50% 

Source: (1 )  
TABLE 3 

COST OF UTILIZATION OF FLY ASH IN RECLAIMING SURFACE 
MINE SPOILS (a)  

I tem Cost/Acre Cost/ ha. 

F l y  ash (b )  $187.65 $463.68 

Spreading and r i p p i n g  ( c )  178.07 440.00 

F e r t i l i z e r  (d)  75.00 185.33 

Seed (e)  26.53 65.56 

F e r t i l i z e r  and Seeding 16.50 40.77 

TOTAL $498.75 $1,232.41 
Source: (1 )  

( a )  Land a c q u i s i t i o n ,  Grading and Superv is ion  n o t  i n c l  ud- 
ed. 

(b )  133 tons/acre  (336 tons/ha) a t  d e l i v e r e d  c o s t  10 
m i l e s  (16 km) f rom power s t a t i o n  a t  $1.08/ton ( f l y  
ash prov ided a t  no cos t ) ;  $0.27/ton l oad ing  fee. 

( c )  8.1 machine hours/acre (20 hrs/ha) a t  $22/hour. 
( d )  1,000 l bs /ac re  (1,120 kg/ha) o f  10:10:10 f e r t i l i z e r .  
( e )  46 l bs /ac re  (52 kg/ha) seed mix. 

I )  Capp, J.P., 1978, "Power P l a n t  F l y  Ash U t i l i z a t i o n  f o r  Land Reclamation i n  t he  Eastern Un i ted  States," Proc. 
Reclamation o f  D r a s t i c a l l y  D is turbed Lands Symp., Schal l e r ,  F.W. and Sutton, P., (Eds. ) ,  ASA, CSSA, Madison, W I .  

!) Adams, L.M. e t  a l . ,  Apr 1971, "Reclamation of  A c i d i c  Coal Mine Spo i l  w i t h  F l y  Ash," Report on an I n v e s t i g a t i o n  
7504, U.S. Dept. o f  t he  I n t e r i o r ,  Bureau o f  Mines. 

$)  Capp, J.P. and Adams, L.M., 1971 1 "Reclamation of  Coal Mine Wastes and S t r i p  Spo i l  w i t h  F l y  Ash," Morgantown 
Energy Research Center, Bureau o f  Mines, Morgantown, WV. 
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PROBLEM & PURPOSE 

It i s  impor tant  t o  p r o t e c t  seeded areas du r i ng  t h e  p e r i o d  f rom r a i n  impact and reduce s o i l  c r u s t  fo rmat ion  (2 ) .  
o f  seed germinat ion  and growth. When t h e  s o i l  surface i s  Mulches i n t e r c e p t  and d isperse much o f  t he  r a d i a n t  energy 
h i g h l y  suscep t i b l e  t o  eros ion and d r y i n g  out ,  mulches r e -  of  sunshine and t h e  k i n e t i c  energy o f  r a i n f a l l .  They 
duce erosion. They reduce evapora t ion  and increase s o i l  a l so  reduce evapora t ion  from t h e  s o i l  sur face so i n -  
mois ture  a v a i l a b i l i t y  t o  young p lan ts ;  a lso ,  they  modify c reas ing the  a v a i l a b i l i t y  o f  water p a r t i c u l a r l y  f o r  small 
temperature extremes a t  t he  s o i l  surface. Mulches pro-  seedl ings.  Mulches reduce t h e  v e l o c i t y  o f  r u n o f f  and 
v ide  a smal l  amout o f  p l a n t  n u t r i e n t s  upon decomposit ion. hence i t s  e ros i ve  capac i ty .  
Cover crops (Sheet 7 : l l )  o r  mulch w i l l  p r o t e c t  t h e  s o i l  
APPLICABILITY 

The use o f  mulches i s  app l i cab le  (and i s  requ i red  by t h e  more r e a d i l y  a v a i l a b l e  and cheaper. 
Regu la t ions)  t o  a l l  sur face mine s i t e s .  There a re  many On h i g h l y  e r o d i b l e  s i t e s  (steep o r  l ong  s lopes) ,  mulches 
mulch m a t e r i a l s  which can be used depending on the  a v a i l -  a re  e s p e c i a l l y  impor tant  i n  ach iev ing e f f e c t i v e  vegeta- 
a b i l i t y  i n  t he  area and t h e  p r i c e .  I n  a g r i c u l t u r a l  areas t i o n  cover w i t h o u t  erosion. The use o f  mulches i s  par -  
i n  t h e  c e n t r a l  coal  province, s t raw and hay w i l l  p robab ly  t i c u l a r l y  usefu l  i n  t he  rec lamat ion  o f  orphaned l a n d  
be t h e  most r e a d i l y  ava i l ab le .  But i n  Appalachia, where when t h e  growing cond i t i ons  i n  t he  s p o i l  may be extremely 
many t imber  opera t ions  e x i s t ,  wood bark and ch ips  may be unfavorab le  t o  p l a n t  growth. - 
REVELANT SECTIONS OF THE REGULATIONS 

The Regulat ions s p e c i f i c a l l y  r e q u i r e  mulching du r i ng  chemica l ly  anchored t o  t he  s o i l  sur face [816.114(b)]. 
t he  revege ta t i on  process on a l l  s i t e s  as p a r t  o f  Cover crops can a l s o  be used, alone o r  i n  con junc t i on  
Sect ion  816.114. (Revegetat ion:  Mulching and o t h e r  w i t h  another mulch, i f  approved by t h e  RA (see Sheet 
S o i l  S t a b i l i z i n g  P rac t i ces )  "Su i t ab le  mulch and o t h e r  7 : l l )  and chemical s o i l  s t a b i l i z e r s  can a l s o  be used i n  
s o i l  s t a b i l i z i n g  p r a c t i c e s  s h a l l  be used on a l l  r e -  con junc t i on  w i t h  vege ta t i ve  covers approved f o r  t he  
graded and t o p s o i l e d  areas t o  c o n t r o l  e ros ion,  promote post-mining l a n d  use [816.114(d)]. 
germinat ion  o f  seeds, o r  i!crease the mois ture- re ten-  Sect ion  816.114 does n o t  spec i f y  a minimum amount o f  
t i o n  capac i t y  o f  the  s o i l .  It should be noted t h a t  mulch t h a t  must be used. Th is  i s  because i t  was f e l t  
t he  RA may suspend the  requirements f o r  mulch i f  i t  t h a t  t h i s  should be l e f t  t o  the  d i s c r e t i o n  o f  t he  RA 
can be demonstrated t h a t  mulching i s  n o t  requ i red.  The t o  s p e c i f y  on a s i t e - t o - s i t e  bas i s  because of  t he  
RA may a l s o  r e q u i r e  t h e  mulch t o  be mechan ica l ly  o r  w ide l y  d i f f e r i n g  needs f o r  mulch on d i f f e r e n t  s i t e s .  
DISCUSSION & DESIGN GUIDELINES 

(Mulches are  u s u a l l y  organ ic  waste ma te r i a l s  (straw, t h a t  w i t h  no mulch. The ~ h o t o q r a ~ h s  (F iqu re  1 )  show 
>ark, e t c .  ) b u t  may a l s o  occas iona l l y  be i no rgan i c  
n a t e r i a l s .  Spread over  the  sur face o f  bare s o i l s ,  they  
promote r a p i d  and e f f e c t i v e  growth o f  vegeta t ion  by 
reducing eros ion and by reduc ing the  l o s s  o f  mois ture  
from the sur face o f  t he  s o i l  (where young p l a n t s  a re  
rooted) .  They a l s o  modi fy  extremes i n  t h e  sur face tem- 
pera ture  o f  the  s o i l  which i s  very  impor tant  du r i ng  the  
germinat ion o f  seed. Mulches should be app l i ed  w i t h  
add i t i ona l  f e r t i l i z e r s  as the b a c t e r i a  which break down 
the mulch m a t e r i a l  w i l l  u t i l i z e  much o f  t he  n u t r i e n t  i n  
t he  s o i l  and p l a n t s  may s u f f e r  as a r e s u l t .  P a r t i a l l y  
r o t t e d  mulch w i l l  n o t  cause t h i s  problem. A g r i c u l t u r a l  
and f o r e s t  ~ r o d u c t  residues a re  t he  most commonly used 
mulches. 
I. AGRICULTURAL RESIDUES 
Straw and hay a re  probab ly  t he  most w ide l y  used mulches 
i n  t he  Un i ted  States.  Other a g r i c u l t u r a l  res idues i n -  
c lude peanut h u l l s ,  mushroom compost, and corn  cobs. 
The use w i l l  depend p r i n c i p a l l y  on a v a i l a b i l i t y  i n  each 
area. A g r i c u l t u r a l  res idue mulches a re  1 i k e l y  t o  be 
cons iderab ly  more expensive than f o r e s t  p roduct  res idues 
i n  h i l l  t e r r a i n .  Hay and straw w i l l  p robab ly  be de- 
l i v e r e d  i n  bales, e i t h e r  standard ba les  o r  b i g  bales.  
The l a t t e r  can be handled w i t h  a f ron t -end loader  b u t  
spreading may be more expensive w i t h o u t  spec ia l i zed  
equipment. Straw and hay a r e  chopped before  app l i ca -  
t i o n  i f  a hydroseeder i s  used. They should be app l i ed  
a f t e r  the  area has been seeded and f e r t i l i z e d  and should 
be 'c r imped '  i n t o  the  ground w i t h  a d i s k  (mechanical 
anchor ing may be requ i red  by the  RA). Sometimes aspha l t  
o r  a chemical s t a b i l i z e r  i s  sprayed over  the  mulch t o  
h o l d  i t  i n  p lace du r i ng  windy cond i t i ons .  The e f f e c -  
t i veness  o f  s t raw mulch was demonstrated i n  experiments 
on steep slopes us ing  s i x  d i f f e r e n t  a p p l i c a t i o n  ra tes .  
Rates o f  o n l y  0.2 tons/ac (0.56 m tons/ha) and 0.45 tons/ 
ac (1.12 m tons/ha) reduced s o i l  l o s s  t o  l e s s  than 1 /3  o f  
t h a t  from unmulched areas du r i ng  a se r i es  o f  in tense 
s imula ted r a i n f a l l s .  0.90 tons/ac (2.24 m tons/ha) de- 
creased s o i l  l o s s  t o  17% o f  t h e  l o s s  w i t h  no mulch and 
1 .8  tons/ac (4.48 m tons/ha) and 3.6 tons/ac (8.96 m 
tons/ha) reduced i t  t o  l e s s  than 5%. Runoff v e l o c i t y  

mulch r a t e s  as they  appeared f o l l o w i n g  5' (12.7 cm) of 
i n tense  s imula ted r a i n f a l l  ( 6 ) .  The e f f e c t  o f  t h e  straw 
mulch r a t e  on eros ion and r u n o f f  v e l o c i t y  i s  i n d i c a t e d  
i n  t he  f o l l o w i n g  tab le .  The s o i l  i s  unplowed Fox loam 
w i t h  a s lope o f  15% and l e n g t h  o f  s lope 35.1 ft (10.7 m) 

TABLE 1 
EROSION RATES & RUNOFF VELOCITIES FOR VARIOUS RATES 

OF STRAW MULCH 

Mulch r a t e  Erosion V e l o c i t y  
tons/ac m. tons/ha tons/ac m. tons/ha f t / s e c  cm/sec 

0 0 24.9 62.3 0.46 13.9 
0.2 0.56 8.0 20.1 0.23 7.1 
0.45 1.12 7.8 19.4 0.23 6.9 
0.9 2.24 4.6 11.5 0.18 5.6 
1 .i! 4.48 1 .O 2.5 0 0 
3.6 8.98 0.6 1.5 0 0 

Source: ( G )  
*Averaqe f o r  p l o t  sec t i on  from 12.5' (3.81111 t o  

2. 24 MT/hr 4.48 M T h  8.96 MT/L 
Figure  1. Mulch r a t e s  as they  appeared f o l l o w i n g  5" 
(12.7 cm) o f  in tense simulated r a i n f a l l .  Photographs 
taken near  to^ o f  ~ l o t s .  (Source: 5 ) .  was ;lowed by 0.22 tons/ac (0.56 m tons/ha) t o  h a l f  of 
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ihredded-chipped v e g e t a t i o n  i s  h i g h l y  s u i t a b l e  f o r  oper -  
I t i o n s  i n  s teep  f o r e s t e d  t e r r a i n  where c l e a r a n c e  o f  
r e g e t a t i o n  i s  made necessary  b y  t h e  R e g u l a t i o n s  w h i c h  
.equ i re  t o p s o i l  t o  be removed. Even when t h e  s i t e  i s  
ogged f o r  saw t i m b e r  o r  p u l p ,  t h e r e  w i l l  be  c o n s i d e r -  
~ b l e  amounts o f  s l a s h  and d e b r i s  wh ich  can be c h i p p e d  
~ n d  e i t h e r  a p p l i e d  i m m e d i a t e l y  t o  contemporaneous r e -  
: l a m a t i o n  a reas  o r  s t o c k p i l e d  f o r  f u t u r e  use. P l a s s  
~ o t e s  t h a t  t h e  concern  shown i n  t h e  p a s t  o v e r  t o x i n s  
n hardwood b a r k s  has been over-emphasized and t h a t  i t  
s an e x c e l l e n t  mulch.  Woodchips and sawdust may cause 
iemporary n i t r o g e n  d e f i c i e n c i e s  p a r t i c u l a r l y  when t h e y  
I r e  f r e s h .  P a r t i a l l y  r o t t e d  woodchips and sawdust a r e  
 referred as t h e y  t e n d  t o  be w a t e r l o g g e d  and l e s s  sus-  
: e p t i b l e  t o  be b e i n g  b lown away. I f  s u s c e p t i b l e  t o  wind,  
:h ips  o r  b a r k  mulches may be sprayed  w i t h  a s p h a l t  o r  a 
:hemica1 s t a b i l i z e r .  Bark mu lch  was found  t o  g i v e  
l e t t e r  p r o t e c t i o n  t h a n  s t r a w  a g a i n s t  s o i l  e r o s i o n  on (2a)  and a s t r a w  mulched p l o t  ( 2 b )  a f t e r  4 months o f  
i t e e p  s l o p e s  ( F i g u r e  2 ) .  There was s i g n i f i c a n t l y  b e t t e r  " in ter  weather- Source: ( 5 )  
. e v e g e t a t i o n  on b o t h  p l o t s  w i t h  s t r a w  o r  b a r k  mu lch  t h a n  
,n t h e  unmulched c o n t r o l  p l o t s .  i s  s i m i l a r l y  a p p l i e d .  A p p l i c a t i o n  r a t e s  a r e  f rom 0.45 
-0 spread  b a r k  o r  c h i p s  q u i c k l y ,  s p e c i a l i z e d  equipment  tons /ac  (1,120 kg/ha)  and 0.67 tons /ac  (1,680 kg/ha) .  
s  necessary  w h i c h  may reduce t h e  a t t r a c t i v e n e s s  o f  B o t h  m a t e r i a l s  a r e  a p p l i e d  w i t h  a c o l o r  dye wh ich  h e l p s  

:hese m a t e r i a l s .  B u t  f a c e d  w i t h  c o n t i n u o u s  a v a i l a b i l i t y  t h e  o p e r a t o r  j u d g e  t h e  evenness of  t h e  a p p l i c a t i o n .  
;nd assured  s u p p l y  of  t h e s e  m a t e r i a l s ,  i t  may be  w o r t h -  Neyerheuser  recommends a minimum r a t e  o f  ~ e l l ~ l 0 S e  
l h i l e  t o  purchase equipment  o r  t o  a d a p t  an o l d  farm manure f i b e r  mu lch  o f  1,200 l b s / a c r e  on s l o p e s  f l a t t e r  than  
ip reader  f o r  t h e  purpose.  P l a s s  sugges ts  t h a t  a p p l i c a t i o n  l v : 4 h  o r  1,500 - 2,000 l b s / a c r e  on s t e e p e r  s l o p e s  ( 7 ) .  
-ate5 o f  29-50 cu yds /ac  (56-94 c u  i n / h a )  g i v e s  adequate Hydroseeder c o n t r a c t o r s  w i l l  have e x p e r i ~ n c e  i.,itll t h e s e  
n - o t e c t i o n  on most  s i t e s  ( 1  ) . The r e s u l t s  o f  some exper -  r i i a t e r i a l  s. Truck-mounted hydroseeders c o v e r  20 a d l o a d ,  
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7 1  1 RECLAMATION AND REVEGETATION I HANDBOOK . FOR 

PROBLEM & PURPOSE 

The purpose o f  s o i l  s t a b i l i z e r s  i s  s i m i l a r  t o  t h a t  a l though the  use o f  chemical b inders  o r  s t a b i l i z e r s  i n  
o f  mulches, i .e., t o  prevent  e ros ion  and sometimes hydroseed mixes i s  normal p r a c t i c e  by most cont rac tors .  
improve cond i t i ons  f o r  seed germinat ion  and growth. Genera l ly  opera tors  would n o t  be advised t o  use chemical 
They cause s o i l  p a r t i c l e s  t o  adhere t o  one another s t a b i l i z e r s  alone unless successful  r e s u l t s  have been 
forming a c r u s t  which can be penet ra ted by water  and obta ined i n  s i m i l a r  near-by s i t u a t i o n s  o r  unless a 
germinat ing  seedl ings.  The use o f  s o i l  s t a b i l i z e r s  i s  manufacturer i s  prepared t o  c a r r y  out  t r i a l  t e s t s  on the  
a comparat ively new technique and n o t  w e l l  proven, s i t e .  
APPLICABILITY 

App l i cab le  t o  a l l  sur face min ing opera t ions  where agent. Th is  i s  va luab le  f o r  windy s i t e s  and f o r  
t he  use o f  mulch i s  app rop r i a te  bu t  gene ra l l y  should be anchor ing l i g h t  mulches on steep s i t e s  where anchor ing 
used i n  combinat ion w i t h  an organ ic  mulch, as a b i n d i n g  w i t h  a d i s k  harrow i s  n o t  f eas ib le .  
REVELANT SECTIONS OF THE REGULATIONS 

Chemical s o i l  s t a b i l i z e r s  a re  pe rm iss ib le  f o r  use [816.114(d)]. Al though t h e  Regulat ions pe rm i t  t h e  use 
i n  revege ta t i ng  reclaimed sur face mined s i t e s  under o f  chemical s t a b i l i z e r s  alone, research r e s u l t s  do n o t  
Sect ion  816.114 o f  t he  performance standards. "Chemical appear t o  i n d i c a t e  conc lus i ve l y  t h e i r  e f f ec t i veness ,  
s o i l  s t a b i l i z e r s  alone, o r  i n  combinat ion w i t h  appro- and use as a b inde r  o r  " t ack "  i n  combinat ion w i t h  a 
p r i a t e  mulches, may be used i n  con junc t i on  w i t h  vege- chopped straw, bark, woodchip o r  o t h e r  vege ta t i ve  mulch 
t a t i v e  covers approved f o r  post-mining l a n d  use" may be more r e l i a b l e .  

CHEMICAL STABILIZERS 

r a t i o n  o f  r a i n  water i n t o  t he  s o i l  no r  should they  
e s t r i c t  the  emergence o f  seed1 ings  a f t e r  germinat ion.  
ormat ion o f  t o o  dense a c r u s t  may be h i g h l y  e f f e c t i v e  
n eros ion c o n t r o l  y e t  p revent  emergence o f  seedl ings.  
oo t h i n  a c r u s t  may n o t  be e f f e c t i v e  i n  c o n t r o l l i n g  
ros ion.  

S o i l  s t a b i l i z e r s  e i t h e r  penet ra te  t he  s o i l ,  fo rming 
sur face c rus t ,  o r  they  form a t h i n  f i l m  over  t h e  s o i l  

u r face.  They have v a r i a b l e  d u r a b i l i t y ,  gene ra l l y  de- 
omposing a f t e r  severa l  months. They tend t o  be r a t h e r  
o s t l y  and t h e i r  performance under t he  h i g h l y  v a r i a b l e  
ondi  t i o n s  o f  sur face mine s i t e s  ( e s p e c i a l l y  on orphaned 
l ine  land)  i s  d i f f i c u l t  t o  p r e d i c t .  I n  t h e  absence o f  
e l i a b l e  l o c a l  f i e l d  t r i a l s  o f  t h e  product, opera tors  
hou ld  request  manufacturers t o  c a r r y  o u t  f i e l d  t e s t s  
n t he  product  i n  o rde r  t o  eva luate  t h e  e f f ec t i veness  
nd determine a p p l i c a t i o n  ra tes ,  e tc .  Research o f f i c e s  
f l a r g e r  min ing companies may a l s o  be a source of good 
oca l  da ta  on t h e  use o f  s o i l  s t a b i l i z e r s .  

Un l i ke  mulches, s o i l  s t a b i l i z e r s ,  f e r t i l i z e r s  and 
eed can be app l i ed  i n  one opera t ion  u s u a l l y  us ing a 
ydroseeder. Plass a l s o  notes t h a t  s t a b i l i z e r s  he lp  t o  
educe seed l o s s  due t o  sur face r u n o f f  as they  a re  h e l d  
n p lace  u n t i l  germinat ion  occurs (1).  Chemical s o i l  
t a b i l i z e r s  a re  sometimes used t o  spray on mulches t o  
o l d  them i n  place. Aspha l t  emulsion i s  a l s o  c l a s s i f i e d  
s a chemical s o i l  s t a b i l i z e r .  I t s  use i s  f a i r l y  w e l l  
roven bo th  as a t ack  f o r  o rgan ic  mulches, and as a 
o i l  s t a b i l i z e r .  Wood f i b e r  o r  ce lu lose  mulch may be 
e r y  e f f e c t i v e l y  combined w i t h  a chemical s o i l  s t a b i l i z e r  
nd app l i ed  s imul taneous ly  w i t h  a hydroseeder. Th is  i s  

SMAUMINE 
OPERATORS 

~ ~ ~ l i c a t i o n  rate; va ry  cons iderab ly  f o r  d i f f e r e n t  
products and f o r  d i f f e r e n t  s o i l  cond i t ions .  I n  a l l  cases 
t h e  manufacturers recomnendations, supplemented w i t h  data 
f rom any l o c a l  f i e l d  t r i a l s ,  should be used. I n  most 
cases i t  i s  suggested t h a t  smal l  opera tors  should use 
more t r a d i t i o n a l  and more proven p r a c t i c e s  unless r e c l a -  
mat ion i s  be ing c a r r i e d  o u t  by con t rac to rs .  

A h e l i c o p t e r  system named t h e  hydrospyder was de- 
veloped by Amcem Products, Inc., w i t h  Pennl ine Serv ice  
Inc., Scot tda le ,  PA. It uses a chemical mulch (Hyvet ro l  
by Amcem) w i t h  f e r t i l i z e r  and seed i nc luded  i n  t h e  mix. 
Coverage was good i n  d i f f i c u l t  t e r r a i n  and t h e  ope ra t i on  
was c a r r i e d  o u t  extremely q u i c k l y  ( 2 ) .  The h i g h  c o s t  
pe r  g a l l o n  f o r  h e l i c o p t e r  a p p l i c a t i o n  makes t h e  use o f  
chemical s t a b i l i z e r s  more economic than us ing organ ic  
mu1 ches. 

Reinco I n d u s t r i e s  o f  P l a i n f i e l d ,  NJ, used a b inder -  
tack  c a l l e d  t e r r a - t a c h  which i s  mixed w i t h  wood f i b e r  
mulch and seed and sprayed together  w i t h  hydroseeding 
equipment. 
EFFECTIVENESS OF SOIL STABILIZERS IN  FIELD TRIALS 

I n  f i e l d  t r i a l s ,  i t  was found t h a t  s t a b i l i z e r s  were 
n o t  necessary f o r  vege ta t i on  es tab l ishment  and t h a t  i n  a 
number o f  cases germinat ion  was i n h i b i t e d .  Sediment l oss  
however was reduced i n  some cases b u t  s o i l  s t a b i l i z e r s  
were n o t  more e f f e c t i v e  than convent iona l  mulches. These 
experiments were recorded by Plass and compared vegeta- 
t i o n  es tab l ishment  and e ros ion  l o s s  f o l l o w i n g  t h i r t y  
t reatments w i t h  var ious  mulches and twe lve  s o i l  s t a b i -  
l i z e r s  (3) .  

..L. -..-..-- 
(1)  Plass, W.T., 1978, "Use of Mulches and S o i l  S t a b i l i z e r s  f o r  Land Reclamation i n  t h e  Eastern Un i ted  States," 

Reclamation o f  D r a s t i c a l l y  D is turbed Lands Symp., Schal l e r ,  F.W. and Sutton, P., (Eds.), ASA, CSSA, SSSA. 
( 2 )  Davis, H., J u l y  1977, "Spec ia l ized Tools f o r  F i n a l  Touches," Coal Age, pp. 112-118. 
( 3 )  Plass,  W.T., 1972, "Chemical S o i l  S t a b i l i z e r s  f o r  Surface Mine Reclamation," Nor theastern  Fo res t  Experimental 

S ta t i on ,  Pr inceton, WV. 
( 4 )  Weid, W.W., Feb 1978, "An Ana lys is  of Procedures, S o i l  Mediums and P l a n t  Types o f  Nor th  Idaho T a i l i n g s  Embank- 

ments and T a i l  i n g ~  Pond's ," HECLA Min ing Company, Wallace, ID. 
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mine s i t e s ,  f o r  p r o t e c t i n g  t o p s o i l  storage p i l e s  and 
temporary s p o i l  heaps. They a re  a l s o  use fu l  f o r  p ro-  
t e c t i n g  areas which have been regraded and t o p s o i l e d  b u t  
t h e  season i s  n o t  r i g h t  f o r  seeding permanent vegeta t ion .  
I n  t h i s  way cover crops enable t he  opera tor  t o  meet t h e  
requirements o f  t he  Regulat ions f o r  contemporaneous 
rec lamat ion  even du r i ng  these per iods.  

These measures a r e  impor tant  i n  t he  f o l l o w i n g  
ji tua t i ons :  

1. Where the  min ing ope ra t i on  r e s u l t s  i n  l a r g e  
q u a n t i t i e s  o f  s p o i l  be ing s to red  tempora r i l y  ou t -  
s i de  t he  p i t .  An open-p i t  where t h e  coa l  i s  deep 
i s  an example. 
2. On steep o r  h i g h l y  e r o d i b l e  s i t e s  where i t  i s  
feared t h a t  t he  speed o f  growth o f  a permanent c rop 
may n o t  g i v e  t h e  necessary eros ion p ro tec t i on .  I n  
these cases t h e  annual cover c rop may be under- 
p lan ted  w i t h  t h e  permanent seed mix. 
3. On s i t e s  where t o p s o i l  s u b s t i t u t e s  a re  being 
used, a two-step rec lamat ion  may g i v e  more r e l i a b l e  
r e s u l t s .  A cover crop i s  seeded onto  t h e  rearaded 

necessary s o i l  amendments.' I n  l a t e  summer t h e  cover 
c rop i s  then d isked i n t o  t h e  s o i l  s u b s t i t u t e  and the  
permanent vegeta t ion  seeded immediately. Th i s  
technique increases t h e  organ ic  ma t te r  i n  t h e  s o i l  
s u b s t i t u t e  ma te r i a l  a; J w i l l  a l s o  i n d i c a t e  any 
t r o u b l e  spots. 
4. On s i t e s  w i t h  h i g h l y  v a r i a b l e  phys i ca l  condi-  
t i o n s  and on orphan l a n d  where l i t t l e  o r  no t o p s o i l  
i s  ava i l ab le ,  cover crops a re  extremely use fu l  as 
i n d i c a t o r  crops. They w i l l  show up areas where 
s o i l  cond i t i ons  are  n o t  f avo rab le  f o r  p l a n t  growth 
enab l ing  s e l e c t i v e  measures t o  be taken. On 
orphan l a n d  cover crops d isked i n t o  t h e  s o i l  be fore  
seeding permanent vegeta t ion  should improve growing 
cond i t i ons  f o r  t h e  permanent cover. 
5. I n  some cases, where a s i t e  has been regraded 
b u t  immediate t o p s o i l  r e d i s t r i b u t i o n  i s  n o t  poss i -  
b l e ,  i t  may be des i rab le  t o  seed a cover c rop onto  
t h e  regraded s p o i l  i f  i t  i s  capable o f  suppor t ing  
p l a n t  growth. 

PROBLEM & PURPOSE 

Cover crops a re  used t o  g i v e  temporary vegeta t ion  crops a re  being used t o  g i v e  r a p i d  vegeta t ion  e s t a b l i s h -  
p r o t e c t i o n  t o  areas which are  prone t o  e ros ion  b u t  a re  ment on permanently regraded s i t e s ,  t he  cover c rop i s  
n o t  y e t  ready f o r  permanent revegeta t ion ,  such as tem- bes t  k i l l e d  w i t h  a h e r b i c i d e  a p p l i c a t i o n  and t h e  perma- 
porary  s p o i l  p i l e s  o r  s t o c k p i l e s  of  t o p s o i l .  Many farm nent  vegeta t ion  seeded d i r e c t l y  i n t o  t he  dead crop, 
crops make good temporary cover and l o c a l  a g r i c u l t u r a l  which then ac t s  as a mulch. Cover crops on s torage p i l e s  
p r a c t i c e s  and e x p e r t i s e  can be used. Standard farm o f  t o p s o i l  may a l s o  he lp  t o  prevent  n u t r i e n t s  be ing 
machinery can a l s o  be used t o  p l a n t  cover crops and, i f  leached o u t  o f  t he  s o i l  du r i ng  t h e  s torage per iod .  
appropr ia te ,  harvest  them. However, i n  cases where cover 
APPLICABILITY 

The use of cover crops i s  app l i cab le  t o  a l l  sur face area a f t e r  app ly inq  the  t o p s o i l  s u b s t i t u t e  and 

I 
REVELANT SECTIONS OF THE REGULATIONS 

11. P r o t e c t i o n  o f  topso i  1 du r i ng  storage. Sec t i on  816.23 
requ i res  t h a t  t o p s o i l  w h i c h - i s  s t o c k p i l e d  t empora r i l y  
i s  p ro tec ted  by an " e f f e c t i v e  cover o f  nonnoxious 
quick-growing annual and perenn ia l  p l an t s ,  seeded o r  
p lan ted  du r i ng  t h e  f i r s t  normal pe r i od  a f t e r  removal," 
o r  o t h e r  methods approved by t he  RA [816.23(b) ( l ) ( i ) ] .  
C lea r l y ,  i f  the  s t o c k p i l e  i s  t o  remain i n  p lace f o r  
more than one season, perenn ia l  vegeta t ion  must be 
used i n  t h e  seed mix. Apparent ly t h e  RA may r e q u i r e  
a cover c rop t o  be seeded a f t e r  o n l y  a p o r t i o n  o f  t h e  
s t o c k p i l e d  m a t e r i a l  i s  i n  p lace ''if i t  i s  requ i red  
f o r  s t a b i l i t y  and t o  keep impor tant  n u t r i e n t s  f rom 
break ing down and l each ing  out . "  

2. Sect ion  816.113 IReveaetat i0n:Timina) s ta tes  t h a t  

d i s tu rbed  area s h a l l  be seeded o r  planted, as con- 
temporaneously as p rac t i cab le .  . . w i t h  a temporary 
cover o f  small g ra ins ,  grasses o f  legumes u n t i l  a 
permanent cover i s  es tab l ished. "  

3. The use o f  cover crops as a mulch s u b s t i t u t e  i s  
r e f e r r e d  t o  i n  Sect ion  816.114 (Revegetat ion:  
Mulching and o t h e r  s o i l  s t a b i l i z i n g  p r a c t i c e s ) .  
"Annual grasses and g ra ins  may be used alone as an 
i n - s i t u  mulch o r  i n  con junc t i on  w i t h  another mulch, 
when the  r e g u l a t o r y  a u t h o r i t y  determines t h a t  they  
w i l l  p rov ide  adequate s o i l  e ros ion  c o n t r o l  and w i l l  
l a t e r  be rep laced by perenn ia l  species approved f o r  
t h e  post-mining l and  use" [816.114(c)]. Note t h a t  
t he  use o f  a cover c rop i n  t h i s  case must have the  

I "when necessary t o  e f i e c t i v e l ~  c o n t r o l  erosion, any approval  of  t h e  RA. 
DISCUSSION & DESIGN GUIDELINES 

General ly,  quick-growing annual grasses o r  cerea ls  l imed (6 ) .  I n  some cases, where permanent cover i s  re -  
a re  used fo r  cover crops i n c l u d i n g  Rye (Secale cerea le) ,  qu i red,  i ns tead  o f  sowing perenn ia l  species w i t h  t h e  
Wheat ( T r i  t i cum aestivum) , Japanese M i l l e t  (Echinochola cover crop, t h e  cover c rop should be seeded f i r s t ,  then 
crusga l  li var.  frumentacea) and F o x t a i l  M i l l e t  (Se ta r i a  k i l l e d  w i t h  he rb i c i de  and permanent vegeta t ion  seeded 
i t a l i c a )  (1) .  Often they are  seeded i n  combinat ion w i t h  i n t o  t h e  decaying crop us ing a c h i s e l  plow. 
~ e r e n n i a l  s ~ e c i e s  i n  which case care  should be taken t o  
i n s u r e  t h a t ' t h e  cover c rop ' s  v i gou r  o r  shade does n o t  
s e r i o u s l y  i n h i b i t  t he  perenn ia l  species. Rye has been 
found t o  be t o l e r a n t  t o  h igh  l e v e l s  o f  aluminum and 
manganese i n  t h e  s o i l ,  a common occurrence on sur face 
mine spoi  1 s. The Soi 1 Conservat ion Serv ice  (Maryland) 
recommend the  f o l l o w i n g  seeding r a t e s  and p l a n t i n g  
seasons f o r  cover c rop (Table 1 ) .  

The seed should be app l i ed  un i fo rmly  w i t h  a cyclone 
seeder, a seed d r i l l ,  c u l t i p a c k e r  o r  hydroseeder (6 ) .  
The use o f  w i n t e r  wheat as a cover c rop and i n d i c a t o r  
c rop i s  i l l u s t r a t e d  i n  t he  case study descr ibed below. 

Adequate f e r t i  1 i z e r  and, where necessary, 1 ime 
should be app l i ed  p r i o r  t o  seedings t o  g i v e  r a p i d  growth, 
unless s o i l  t e s t s  i n d i c a t e  t o  t he  cont rary .  Temporary 
seedings should be accompanied by 400 l bs /ac re  o r  
10 lbs/1,000 sq. ft. o f  10:20:20 f e r t i l i z e r  o r  equivalent. 
S o i l s  which a re  known t o  be h i g h l y  a c i d i c  should be 

Table 1 Reconended Cover Crops (Western Maryland) 

Grass Above 1800 Below 1800 Seeding Rate ft eleve ft e lev .  

I t a l i a n  40 1 bs/acre Mar 15-Sept 1 Mar 15-Aug 1, 
Rye Grass Aug 1-Aug 15 

Oats 3 bu/acre Mar 15-Sept 1 Mar 15-June 1 

Rye 24 bu/acre Mar 15-0ct  1 Mar 15-June 1, 
A u ~  1-Oct 31 

Weeping 3 l bs /ac re  May 1-Ju ly  15 
Love Grass 

Source: (6)  



DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
Stud ies  a t  t he  Northeastern Fo res t r v  Exoerimental Germinat ion o f  c l o v e r  and arasses was e x c e l l e n t  and sub- 

S t a t i o n  showed t h a t ,  even du r i ng  t h e  summer months, 
herbaceous cover can be es tab l i shed  us ing sumner annuals 
which enables seeding t o  take p lace immediately a f t e r  
regrad ing and t o p s o i l i n g  (2 ) .  I n  B r i t a i n ,  Germany and 
some o the r  coal  -producing coun t r i es ,  r a p i d l y  growing 
legumes and grasses and o the r  "green manure crops" a re  
grown t o  be plowed i n t o  t he  s o i l  t o  increase t h e  organ ic  
content  and improve tex ture ,  mois ture-ho ld ing capac i t y  
and n u t r i e n t  a v a i l a b i l i t y  o f  t he  s o i l  p r i o r  t o  t he  l and  
be ing u t i l i z e d  f o r  more i n t e n s i v e  t i l l a g e  crop produc- 
t i o n .  

A two-step procedure f o r  t he  rec lamat ion  o f  orphaned 
l and  was found t o  be successful i n  an experiment i n  West 
V i r g i n i a  t o  rec la im  an a c i d  s p o i l  (pH 3.8-4.0). The 
experiment i nvo l ved  seeding Rye w i t h  f e r t i l i z e r  i n  
September and i n  May t h e  f o l l o w i n g  yea r  t he  Rye was 
k i l l e d  w i t h  he rb i c i de  and 1.5 tons/acre (3.8 m. tonnes/ha) 
o f  do lomi te  1 imestone and 45:94: 111 l b s l a c r e  (56: 118: 

sequent y i e l d s  were a l s o  Resul ts showed t h a t  
fo rage legumes on a c i d  s p o i l  can produce good ground 
cover and y i e l d  us ing t h i s  procedure. I t  i s  a l s o  
promis ing f o r  opera t ions  i n v o l v i n g  t h e  rec lamat ion  o f  
orphaned l and  i n  con junc t i on  w i t h  sur face mine opera t ions  

As an example of t he  use of cover crops t o  e s t a b l i s h  
vegeta t ion  on mine s p o i l s  p r i o r  t o  t h e  1977 Act  t he  f o l -  
lowing case i s  descr ibed. I n  rec lamat ion  opera t ions  
a f f e c t i n g  6,000 acres o f  o l d  s p o i l  l and  a t  t he  #19 mine 
i n  Cherokee County, KS, t h e  P i t t s b u r g  and Midway Min ing 
Company seeded t h e  s p o i l  a f t e r  regrad ing and adding l i m e  
and f e r t i l i z e r ,  w i t h  w i n t e r  wheat a t  2 bu/acre expect ing  
a y i e l d  o f  20 bu/acre. Wheat was grown n o t  o n l y  f o r  t h e  
2,000-4,000 l bs /ac re  o f  o rgan ic  ma t te r  which the  c rop 
re tu rns  t o  t he  s o i l .  It was a l s o  an i n d i c a t o r  c rop t o  
show up any t r o u b l e  spots which needed spec ia l  t rea tment  
on the  s i t e .  A f t e r  t h i s  t h e  company f i n a l i z e d  t h e  d ra in -  
age, touched up any rough spots and f i n a l l y  p lan ted  the  
s i t e  w i t h  permanent grass species (3 ) .  
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h a d  upon water  resources i n  t he  p a s t  and which orphan areas designated as pr ime farmland, t h e  cond i t i ons  i n  
l a n d  cont inues t o  have upon water  resources i s  due t o  P a r t  823 apply.  Note t h e  use o f  t he  word " e f f e c t i v e . "  
f a i l u r e  t o  revegeta te  worked-out areas. Th is  i s  taken t o  mean t h a t  t he  vegeta t ion  must be e f f e c -  
S e c t i o n  816.11 1 o f  t h e  performance standards requ i res  t i v e  i n  s t a b i l i z i n g  t he  regraded s i t e ,  p revent ing  e ros ion  
t h a t  each person who conducts sur face m in ing  a c t i v i t i e s  and r e s t o r i n g  t he  hyd ro log i c  balance. The use o f  n a t i v e  
" s h a l l  e s t a b l i s h  on a l l  a f f e c t e d  l and  a d iverse,  e f f e c -  p l a n t  species i s  a l s o  noted and the  obvious i n t e n t i o n  o f  
t i v e ,  and permanent vege ta t i ve  cover o f  t h e  same seasonal t he  performance standards i n  r e e s t a b l i s h i n g  a p l a n t  
v a r i e t y  n a t i v e  t o  t he  area o f  d i s tu rbed  l a n d  o r  species comnunity cons i s ten t  w i t h  t h e  ecology o f  t he  l o c a l i t y .  
APPLICABILITY 

The requirement t o  revegeta te  sur face mine s i t e s  t o  land. However, t he  cond i t i ons  on s i t e s  reclaimed t o  
a p p l i c a b l e  t o  a l l  opera t ions .  There a re  some v a r i a t i o n s  t he  performance standards o f  t he  new Regulat ions w i l l  
i n  t he  Regulat ions according t o  the  planned post -min ing be f a r  supe r i o r  t o  t he  growing cond i t i ons  on unre- 
l a n d  use. c la imed mine s p o i l .  The s e l e c t i o n  o f  species which 
1 t  should be noted t h a t  most o f  t he  research i n  t he  pas t  have some to le rance  t o  t h e  severe cond i t i ons  o f  unre- 
has been on the  revege ta t i on  o f  unreclaimed min ing claimed s p o i l s  w i l l  tend t o  g i v e  good r e s u l t s  on re -  
s p o i l s ,  sometimes s p o i l  which has had minimal regrad ing claimed s i t e s  p a r t i c u l a r l y  i n  cond i t i ons  o f  t h i n  s o i l s ,  
b u t  a lmost never w i t h  any t o p s o i l  a p p l i c a t i o n .  The re-  comnon t o  Appalachia. I t should be remembered however 
s u l t s  o f  t h i s  research the re fo re  have some a p p l i c a b i l i t y  t h a t  many of t he  species which a r e  most successful  on 
t o  t h e  rec lamat ion  o f  orphan lands and t o  s i t e s  be inq mine s p o i l s  a re  n o t  na t i ves  o f  t he  U.S. 

PERMANENT REVEGETATION - GENERAL 

s p e c i f i c  i n  respect  o f  revegeta t ion ;  Revegetat ion must 
be c a r r i e d  o u t  prompt ly  and, genera l ly ,  species o f  t h e  
same "seasonal v a r i e t y "  n a t i v e  t o  the  area must be used. 
The same "seasonal v a r i e t y "  means t h a t  i t  must c o n s i s t  
o f  a m ix tu re  o f  species comparable t o  those n a t u r a l l y  
occu r r i ng  du r i ng  each season o f  t he  year.  The vege ta t i ve  
cover must be capable o f  s t a b i l i z i n g  t he  s o i l  f rom ero-  
s i o n  [ 8 l 6 . l l  ( b ) (2 ) ] .  Only i f  approved by RA may i n -  
t roduced species be s u b s t i t u t e d  f o r  n a t i v e  species 
C816.1121 and then o n l y  a f t e r  app rop r i a te  f i e l d  t r i a l s  
have demonstrated t h e  d e s i r a b i l i t y  o f  t h e  s u b s t i t u t i o n .  
The requirements t h a t  revege ta t i on  be c a r r i e d  o u t  prompt- 
l y  means t h a t  i s  should be done du r i ng  t k e  f i r s t  "normal 
pe r i od  f o r  f avo rab le  p l a n t i n g  cond i t i on .  The Sect ion  
o f  t he  performance standards dea l i ng  s p e c i f i c a l l y  w i t h  
t i m i n g  o f  r evege ta t i on  [816.113] notes t h a t  i t  may be 
necessary t o  use a temporary cover c rop t o  achieve a 
r a p i d  cover o f  vegeta t ion  (see Sheet 7: 11).  
As p a r t  o f  t he  a p p l i c a t i o n  procedure, a p l a n  f o r  re -  
vege ta t i on  must be submit ted t o  t he  RA [780.181. The 
revege ta t i on  p lan  must i nc lude  a schedule o f  revegeta- 
t i o n  w i t h  species and amounts pe r  acre  o f  seeds and 
seed l ings  t o  be used and t h e  methods t o  be used i n  
p l a n t i n g  and seeding. Any mulching, i r r i g a t i o n ,  pes t  
o r  d isease c o n t r o l  t h a t  i s  planned must be spec i f i ed ;  
and a l so  measures proposed t o  be used t o  determine the  
success o f  r evege ta t i on  should be noted as p a r t  o f  t h e  
in format ion  requirements t h a t  accompany t h e  app l i ca t i on .  
The RA may a l s o  r e q u i r e  t h e  opera tor  t o  submit a de- 
s c r i p t i o n  o f  e x i s t i n g  p l a n t  communities w i t h i n  t he  pro- 
posed pe rm i t  area and w i t h i n  any proposed " re ference 
area." These a re  used as a bas i s  f o r  j udg ing  t h e  success 
of  revegeta t ion .  The methods f o r  judg ing t h e  success o f  
r evege ta t i on  a r e  very  s p e c i f i c  [816.116]. For  pe rm i t  
areas o f  l e s s  than 40 acres however, t he  methods a r e  
somewhat s impler  ( t h i s  o n l y  app l i es  t o  s i t e s  w i t h  an 
average annual p r e c i p i t a t i o n  o f  more than 26 inches, 
i .e. ,  a l l  areas covered bv t h i s  Handbook) r816.116(d) l .  

SMALL MINE 
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must sus ta in  a ground cover of 70% f o r  5 f u l l  consecut ive 
years. Areas p lan ted  w i t h  a m ix tu re  o f  herbaceous and 
t rees  and shrubs must sus ta in  a ground cover of  70% f o r  
5 consecut ive years  and 400 woody p l a n t s  pe r  acre  a f t e r  
5 years (except on steep slopes wehre 600 woody p l a n t s  
pe r  acre  a re  requ i red) .  On s i t e s  l a r g e r  than 40 acres, 
t h e  methods f o r  determin ing success a r e  cons iderab ly  
more complex and vary  w i t h  t h e  proposed post-mining 
l a n d  use. The use o f  " re ference areas" i s  requ i red  
a l though the  RA may approve the  use of  o t h e r  procedures 
(Technical  guidance procedures pub1 i shed by USDA on t h e  
revegeta ted area must be equal t o  t h e  ground cover an! 
p r o d u c t i v i t y  o f  p l a n t s  on an approved " re ference area 
c lose  t o  t h e  s i t e .  When t h i s  l e v e l  i s  achieved a " p e r i -  
od  o f  extended r e s p o n s i b i l i t y "  begins which l a s t s  on a l l  
s i t e s  w i t h  more than 26 inches o f  r a i n f a l l  ( those covered 
by t h i s  Handbook) f o r  n o t  l e s s  than 5 years.  A t  t h e  end 
o f  t h i s  "pe r i od  o f  r e s p o n s i b i l i t y "  t h e  opera tor  w i l l  be 
re leased from h i s  bond p r o v i d i n g  t h e  q u a l i t y  of t h e  veg- 
e t a t i o n  remain s a t i s f a c t o r y .  
Sect ion  816.116 does no te  however t h a t ,  where p rev ious l y  
mined lands a re  r e a f f e c t e d  by sur face min ing opera t ions ,  
t h e  ope ra to r  may use d i f f e r e n t  standards f o r  success. 
"As a minimum, t he  ground cover o f  l i v i n g  p l a n t s  s h a l l  
n o t  be l e s s  than can be supported by the  best  a v a i l a b l e  
t o p s o i l  o r  o t h e r  s u i t a b l e  m a t e r i a l s  i n  t he  r e a f f e c t e d  
area, s h a l l  n o t  be l e s s  than the  ground cover e x i s t i n g  
before r e d i  sturbance, and s h a l l  be adequate t o  c o n t r o l  
e ros ion"  [816.116(b) ( 3 ) ( i ) ] .  Th is  Sect ion  a l s o  makes 
s p e c i f i c  al lowance f o r  s i t e s  f o r  which the  proposed post-  
min ing l a n d  use i s  i n d u s t r i a l  o r  r e s i d e n t i a l  and f o r  
s i t e s  t o  be used f o r  c rop land. Sect ion  816.117 dea ls  
w i t h  t h e  revege ta t i on  o f  l a n d  f o r  commercial f o r e s t r y .  
The essen t i a l  requirement o f  t h i s  sec t i on  i s  t h a t  t h e  
area s h a l l  have a minimum s tock ing  o f  450 t r e e s  o r  
shrubs pe r  acre  o f  which a minimum o f  75% s h a l l  be 
commercial t imber  species. 

PROBLEM & PURPOSE 

'Much o f  t he  adverse impact which sur face coal  min inq has t h a t  supports the  approved post-mining l a n d  use." Fo r  1 

lworked i n  con junc t i on  wi'th t he  rec lamat ion  o f  orphan- 
RELEVANT SECTIONS OF THE REGULATIONS 

The performance standards of  t he  Regulat ions a re  very  Areas which a r e  rep lan ted  o n l y  t o  herbaceous species 

. - . .- 
DISCUSSION & DESIGN GUIDELINES 
I. RESEARCH RESULTS herbaceous cover u n t i l  r e c e n t l y  when the  emphasis o f  
Formal research i n t o  revege ta t i on  o f  mine s p o i l s  has been research has tended t o  s h i f t  i n  t h i s  d i r e c t i o n .  Th i s  
going on i n  t he  Un i ted  Sta tes  f o r  a t  l e a s t  40 years b u t  s h i f t  was i n  response t o  S ta te  sediment and e ros ion  
the  emphasis o f  e a r l y  research was t o  i d e n t i f y  t r e e  c o n t r o l  requirements o f  sur face mine s p o i l s .  The present  
species w i t h  a h igh  r a t e  o f  s u r v i v a l  and growth on sur -  Regulat ions a l so  r e q u i r e  herbaceous cover t o  c o n t r o l  
face mine s p o i l s  w i t h  l i t t l e  o r  no regrad ing o r  top-  erosion; there fore ,  we can expect a cont inued emphasis 
s o i l i n g  and minimal a d d i t i o n s  o f  f e r t i l i z e r  o r  l ime. on the  e f f ec t i veness  o f  herbaceous cover i n  research i n  
Vogel notes i n  h i s  summary of rec lamat ion  research t h a t  t he  near f u tu re .  
very  l i t t l e  a t t e n t i o n  was p a i d  t o  t h e  establ ishment o f  I n  a d d i t i o n  t o  c o n t r o l l i n g  eros ion and sedimentat ion,  



DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
( e f f e c t i v e  revege ta t i on  a l so  w i l l  he lp  t o  r e s t o r e  t he  ~ h o r u s  a v a i l a b i l i t v  on mine s o o i l s  ( 7 ) .  

I hydro log ic  balance. Mining w i l l  tend t o  cause an i n -  
crease i n  t h e  peak f l o w  r a t e  i n  streams d r a i n i n q  t h e  
mine s i t e .  Two-f ive t imes t h e  volume o f  pre-mining 
peak f l ows  may be expected i n  moderate1 y steep t e r r a i n .  
Vogel notes t h a t  one Fores t  Serv ice  study showed t h a t  
peak runoff  r a t e s  were c u t  i n  h a l f  by t e r r a c i n g  and 
revege ta t i on  (1 ). 
Because approval i s  requ i red  from t h e  RA i f  in t roduced 
species a re  t o  be s u b s t i t u t e d  f o r  n a t i v e  species, some 
o f  t he  research c a r r i e d  ou t  i n  t h e  pas t  on t h e  r e l a t i v e  
growth and s u r v i v a l  o f  in t roduced species on mine 
s p o i l s  w i l l  no t  be re levan t .  However, on s i t e s  t h a t  
have been p rev ious l y  a f f ec ted  by min ing and i n  cases 
where combined sur face min ing opera t ions  and reclama- 
t i o n  o f  orphan l and  i s  t a k i n g  place, t h i s  research w i l l  
be o f  value. 
11. FACTORS AFFECTING SURVIVAL AND GROWTH OF VEGETATION 

ON SURFACE MINE SITES 
The f a c t o r s  which a f f e c t  t he  s u r v i v a l  and growth o f  veg- 
e t a t i o n  on reclaimed mine s i t e s  w i l l  change d rama t i ca l l y  
when regrad ing and t o p s o i l i n g  occur. The major f a c t o r s  
l i m i t i n g  p l a n t  growth and s u r v i v a l  on unreclaimed mine 
s p o i l s  a r e  t h e  s t a b i l i t y  o f  t he  spo i l s ,  t h e  pH and 
n u t r i e n t  a v a i l a b i l i t y ,  and a l s o  t h e  water a v a i l a b i l i t y  
i n  t h e  sur face o f  t h e  s p o i l .  A f t e r  regrad ing and top- 
s o i l i n g ,  t he  main f ac to rs  l i m i t i n g  growth w i l l  p robab ly  
i nc lude  s o i l  compaction and drainage. C lea r l y ,  t h e  
f a c t o r s  which a re  impor tant  on unreclaimed s p o i l s  a re  
n o t  n e a r l y  as ser ious  on regraded and t o p s o i l e d  s i t e s .  
The slope c h a r a c t e r i s t i c s  w i l l  p ro found ly  a f f e c t  t h e  
chances o f  s u r v i v a l  o f  vegeta t ion .  Th is  i nc ludes  both  
t h e  steepness of t h e  s lope and t h e  aspect of t h e  s lope. 
Steep, south-facing slopes w i l l  be very  much warmer and 
d r i e r  than nor th- fac ing slopes. Th is  can be e a s i l y  
observed by t he  r e l a t i v e  s u r v i v a l  o f  vo lun tee r  p l a n t  
growth on no r th -  and south- fac ing slopes on orphan land. 
Even on s i t e s  where t h e  opera tor  meets a l l  t he  re -  
grad ing and t o p s o i l i n g  requirements o f  t he  new Regula- 
t i ons ,  t he re  are  l i k e l y  t o  be d i f f i c u l t  spots where 
vegeta t ion  f a i l s .  These a re  u n l i k e l y  t o  be t h e  r e s u l t  
o f  one f a c t o r  b u t  o f  a complex o f  i n t e r a c t i n g  f ac to rs ,  
causing the  f a i l u r e .  On p a r t i c u l d r l y  d i f f i c u l t  s i t e s ,  
i t  may be app rop r i a te  t o  grow a quick-growing i n d i c a t o r  
c rop (which can a l s o  be a cover c rop)  t o  show up any 
problem spots.  
Al though low pH cond i t i ons  rece ived a l o t  of  a t t e n t i o n  
i n  pas t  revege ta t i on  research, a c i d i t y  i s  i n  i t s e l f  
very  r a r e l y  a l i m i t i n g  f a c t o r  t o  p l a n t  growth on orphan 
land. Good growth has been found on s p o i l  w i t h  pH 
values as low as 3.4. I n d i r e c t  e f f e c t s  o f  t he  a c i d i t y ,  
such as t h e  l i b e r a t i o n  and m o b i l i z a t i o n  of t o x i c  e le -  
ments, i s  p robab ly  more ser ious .  An example i s  
aluminum which i s  re leased from c l a y  and, i n  a c i d  con- 
d i t i o n s ,  forms aluminum phosphate, making phosphorus 
unava i l ab le  t o  p l a n t s  (9 ) .  The d e f i c i e n c y  o f  phosphor- 
us i s  f r e q u e n t l y  a l i m i t i n g  f a c t o r  t o  p l a n t  growth on 
orphan land. Herbaceous species and b lack  l o c u s t  have 
been found p a r t i c u l a r l y  suscept ib le .  It was found t h a t  
t he  performance of legumes i s  a good i n d i c a t o r  o f  phos- 

 he adverse impact "0 f  compaction and consol i d a t i o n  on 
the s u r v i v a l  and growth o f  t r e e  species was demon- 
s t r a t e d  i n  experiments i n  Kansas, I l l i n o i s ,  and 
Missour i .  Besides having a much b e t t e r  s u r v i v a l  and 
growth, t he re  was a g rea te r  and more r a p i d  accumula- 
t i o n  o f  p l a n t  l i t t e r  and improvement o f  s o i l  cond i t i ons  
on ungraded p l o t s .  A good herbaceous and shrub under- 
s t o r y  was observed on ungraded p l o t s  b u t  n o t  on graded 
p l o t s  (8) .  
111. COVER CROPS 
The use o f  cover crops may be necessary where prompt 
seeding o f  perenn ia l  vege ta t i on  i s  n o t  poss ib le  (see 
Sheet 7 : l l ) .  However, t h e  use o f  cover crops i s  n o t  
l i m i t e d  t o  s i t u a t i o n s  where a qu ick  vegeta t ion  cover 
i s  requ i red.  Cover crops, k i l l e d  w i t h  he rb i c i de  be- 
f o r e  seeding, and permanent vegeta t ion  o r  cover crops 
plowed i n t o  t he  sur face s o i l  can s i g n i f i c a n t l y  improve 
growing cond i t i ons  f o r  permanent vegeta t ion .  These 
management methods are  p r a c t i c e d  w ide l y  on rec lamat ion  
s i t e s  i n  B r i t a i n  and Western Germany which are  t o  be 
used f o r  a g r i c u l t u r e  as a post-mining l and  use. On 
s i t e s  t o  be reclaimed f o r  a g r i c u l t u r e  t he  c r e a t i o n  o f  
s o i l  cond i t i ons  by such management p r a c t i c e s  i s  impor- 
t a n t .  
I V .  COMPETITION BETWEEN HERBACEOUS AND TREE SPECIES 
Work i s  be ing c a r r i e d  o u t  a t  t he  Nor theast  Fores t  Ex- 
per imental  S t a t i o n  a t  Berea, KY, t o  i n v e s t i g a t e  t h e  
e f f e c t  of compet i t ion  of herbaceous species on t h e  
s u r v i v a l  o f  t rees .  I t  has been found t h a t  t h e  e f f e c t  
of  compet i t ion  was t o  reduce growth of  t r e e s  considera- 
b l y  bu t  n o t  t he  s u r v i v a l  r a te .  Experiments w i t h  a l t e r -  
na te  s t r i p s  o f  grasses and legumes 5.25' wide (1.6 m) 
and h y b r i d  pop la r  c u t t i n g s  3 '  wide (0.9 m) are  a l s o  i n  
progress, and the  s u r v i v a l  and srowth o f  t h e  pop lars  
have been found t o  be good (1 ) .- 
V. NATIVE SPECIES 
It has been mentioned t h a t  t h e  performance standards 
r e q u i r e  t h a t  n a t i v e  species be used unless in t roduced 
species a re  s p e c i f i c a l l y  approved by t he  RA. I n  t h e  
case o f  herbaceous species, t he  opera tor  may have some 
d i f f i c u l t y  i n  o b t a i n i n g  seed which g ives  a reasonable 
d i v e r s i t y  o f  p l a n t  ma te r i a l s .  The t o p s o i l  s t r i p p e d  and 
r e d i s t r i b u t e d  w i l l  con ta in  seeds o f  species p rev ious l y  
on the  s i t e  and w i l l  r e s u l t  i n  cons iderab ly  more 
d i v e r s i t y  than would be obta ined from the  seed mix alone. 
Mulch hay f o r  reseeded areas w i l l  a l s o  o f t e n  con ta in  
cons iderab le  q u a n t i t i e s  o f  seeds o f  var ious  herbaceous 
species. Mulch w i l l  improve the  d i v e r s i t y  o f  t h e  vege- 
t a t i o n .  
V I  . SEED INOCULATION, SOIL MICROORGANISMS 
Some experiments r e c e n t l y  have t e s t e d  the  use o f  inocu- 
l a t i o n  o f  seed and i n j e c t i o n  o f  t he  s o i l  w i t h  b a c t e r i a  
o f  f ung i  t o  speed t h e  bu i l dup  o f  m i c r o b i a l  organisms i n  
t h e  s o i l  and t o  increase format ion  o f  nodules o f  t h e  
r o o t s  of legumes. I t  w i l l  be some years  before  t h i s  
p r a c t i c e  can be recommended f o r  general use. The ab- 
sence o f  s o i l  microorganisms i n  t o p s o i l  s u b s t i t u t e s  f rom 
overburden m a t e r i a l s  may r e s u l t  i n  poor vegeta t ion  
growth f o r  several  years.  
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PROBLEM & PURPOSE 

I n  t he  pas t  much o f  t he  emphasis o f  r evega ta t i ng  amount and type o f  t r e e  p l a n t i n g  on rec la imed 
mine s p o i l s  was on t r e e s  and shrubs. However, they  a re  s i t e s  should r e f l e c t  t h e  landscape charac ter -  
n o t  as impor tant  as herbaceous cover i n  c o n t r o l l i n g  i s t i c s  o f  t he  area. 
eros ion and s t a b i l i z i n g  t he  hyd ro log i c  balance i n  mined When the approved post-mining l and  use i s  f o r  
areas. The Regulat ions t he re fo re  gene ra l l y  r e q u i r e  non-commercial f o r e s t  uses (which i nc lude  w i l d l i f e  
t r e e  and shrub p l a n t i n g  which: management, r ec rea t i on ,  s h e l t e r b e l t s ,  e t c .  ) o r  com- 

1. i s  app rop r i a te  f o r  t he  approved postmining merc ia l  f o r e s t  use, t he  requirements o f  t he  Regulat ions 
uses o f  t he  s i t e  and a re  q u i t e  s p e c i f i c  r e l a t i n g  t o  t he  s tock ing  r a t e  and 

2. i s  cons i s ten t  w i t h  t he  v a r i e t y  and d i v e r s i t y  cover o f  t r e e  and shrub species. 
o f  t he  surrounding p l a n t  communities. The 

7 1  

APPLICABILITY 
The ex tent ,  type and species o f  t r ees  p lan ted  on On many o f  t he  remote, smal l ,  steep s i t e s  i n  

reclaimed s i t e s  w i l l  vary  w i t h  proposed post-mining Appalachia t h e  approved post-mining l a n d  use i s  l i k e l y  
use o f  t he  l and  and t h e  c h a r a c t e r i s t i c s  and d i s t r i b u t i o n  t o  i nc lude  e i t h e r  commercial o r  non-commercial f o r e s t r y .  
o f  f o r e s t  l and  i n  t h e  l o c a l i t y .  Tree p l a n t i n g  i s  Fo r tuna te l y  t he re  has been cons iderab le  work i n  t he  
app l i cab le  f o r  a lmost a l l  sur face mine s i t e s  even i n  pas t  on t h e  s u r v i v a l  and growth o f  t r e e s  and shrubs 
cases where the  approved post-mining l and  use inc ludes on mine spo i l s .  
no f o r e s t r v  o r  woodland. 

I 
-. 

I 
REVELANT SECTIONS OF THE REGULATIONS 

RRECLAMATIOII AND REVEGETATION 

PERMANENT REVEGETATION - TREES AND SHRUBS 

The emphasis o f  t h e  Regulat ions i s  on ach iev ing an 
e f f e c t i v e  herbaceous ground cover f o r  e ros ion  c o n t r o l  on 
a l l  s i t e s .  The requirements o f  t h e  Regulat ions f o r  t r e e  
and shrub p lan t i ng ,  s tock ing  and success a re  q u i t e  
s p e c i f i c  on l and  where the  approved post-mining use i s  
commercial o r  non-commercial f o r e s t  [816.1171. 

As p a r t  o f  t he  a p p l i c a t i o n  procedure, t he  RA may 
r e q u i r e  a  vegeta t ion  map [779.19] d e l i n e a t i n g  and 
desc r i b i ng  e x i s t i n g  vegeta t ion  types w i t h i n  t he  pe rm i t  
area and any proposed "reference area." Th is  enables 
t he  RA t o  judge the  appropr iateness o f  t he  proposed 
p l a n t i n g  on the rec lamat ion  plan, and a l s o  prov ides a  
bas i s  f o r  judg ing the  success o f  revegeta t ion .  The 
rec lamat ion  p lan  [780.18] must i nc lude  a  l i s t  o f  species 
and seedl ings t o  be used. Sect ion  816.112 spec i f i es  
t h a t  in t roduced species may be s u b s t i t u t e d  f o r  n a t i v e  
soecies o n l v  w i t h  t he  aooroval o f  the  RA. Conseauentlv 
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growth on orphan l and  may n o t  be app rop r i a te  f o r  use on 
reclaimed s i t e s  under t he  present  performance standards 
w i t h o u t  spec ia l  approval .  

The requirements o f  t he  Regulat ions w i t h  respect  t o  
s tock ing  r a t e  and species o f  t r ees  and shrubs vary  f o r  
s i t e s  planned f o r  commercial f o r e s t r y  use [816.117(b) 1 
and f o r  s i t e s  planned f o r  f o r e s t r y  uses o the r  than com- 
merc ia l  f o r e s t r y  such as w i l d l i f e  management, r ec rea t i on ,  
and s h e l t e r  b e l t s  [ 816 . l l 7 ( c ) ] .  

Small mine opera tors  should note  t h a t ,  i f  approved 
by t he  RA, a  s impler  method f o r  j udg ing  the success of  
r evege ta t i on  than the  " re ference area" i s  permiss ib le .  
Th is  app l i es  on l y  t o  pe rm i t  areas o f  l e s s  than 40 acres. 
[816.116(d)]. "Areas p lan ted  w i t h  a  m ix tu re  o f  herba- 
ceous and woody species s h a l l  sus ta in  . . . 400 woody 
p l a n t s  per  acre  a f t e r  f i v e  years. On steep slopes, t h e  
minimum number o f  woody p l a n t s  s h a l l  be 600 pe r  acre . "  . . 

I t he  in t roduced species hh i ch  have good s u r v i v a l  and 
- 

DISCUSSION & DESIGN GUIDELINES 
11. FACTORS AFFECTING SURVIVAL AND GROWTH AND THE CHOICE The a v a i l a b i l i t v  o f  water i s  one o f  t he  most im- 

OF TREE SPECIES 
Much o f  t he  e a r l y  research i n t o  sur face mine r e c l a -  

mat ion d e a l t  w i t h  t he  s u r v i v a l  and growth o f  t r e e  species 
on reclaimed mine s p o i l s .  A1 though some research was 
begun more than 40 years ago, few experiments on t r e e  
p l a n t i n g  a re  much more than 10 years o ld .  A t  p resent  t he  
Northeast Fores t  Experimental S t a t i o n  a t  Berea, KY, i s  
eva lua t i ng  t he  s u r v i v a l  and success o f  t r e e  species on 
mine s p o i l s  i n  Indiana, Ohio, I l l i n o i s ,  Missour i ,  Kansas 
and Oklahoma ( 3 ) .  E a r l y  research produced 1  i s t s  o f  
recommended species f o r  var ious  cond i t i ons  which were 
o f t e n  r e l a t e d  t o  t h e  pH. It seems from the  pub l ished 
r e s u l t s  t h a t  much o f  t he  emphasis o f  t he  e a r l y  research 
was on the  to le rance  o f  species t o  low pH l e v e l s  w h i l e  
o t h e r  s p o i l  cond i t i ons  p a r t i c u l a r l y  phys ica l  cond i t ions ,  
water -ho ld ing capac i ty ,  etc. ,  rece ived l i t t l e  a t t e n t i o n .  
There has been specu la t ion  amongst researchers t h a t  i n -  
d i v i d u a l  p l a n t s  which su rv i ve  i n  very  adverse cond i t i ons  
a re  g e n e t i c a l l y  d i f f e r e n t  f rom those which f a i l .  How- 
ever  t h i s  hypothesis i s  n o t  substant ia ted.  I t  i s  d i f f i -  
c u l t  t o  g i ve  a  r e l i a b l e  pH range a t  which t rees  o f  v a r i -  
ous species w i l l  surv ive .  With herbaceous species, i t  
i s  poss ib le  t o  be more p rec i se  bu t  depending on o t h e r  
growth cond i t ions ,  p a r t i c u l a r l y  mois ture-ho ld ing capac- 
i t y  and n u t r i e n t  a v a i l a b i l i t y ,  some t r e e s  w i l l  t o l e r a t e  
w ide l y  vary ing pH values. I n  f a c t  i t  i s  u n l i k e l y  t o  be 
the  pH which a c t u a l l y  determines the  s u r v i v a l  o f  the  
p l a n t  species b u t  some s ide e f f e c t  which pH has, f o r  
instance, on n u t r i e n t  a v a i l a b i l i t y  o r  t o x i c i t y .  There- 
f o re ,  t he  pH ranges g iven i n  Table 1  should be used 
w i t h  caut ion .  

p o r t a n t  f a c t o r s  e f f e c t i n g  t h e  s u r v i v a l  o f  young t r e e  
seed l ings  i n  compet i t ion  o f  herbaceous cover, f o r  l ack  
o f  both water and n u t r i e n t s  may s e r i o u s l y  i n h i b i t  growth 
o f  young seedl ings.  Larger  t r ees  may a l s o  have d i f f i -  
c u l t y  o b t a i n i n g  the  necessary s o i l  moisture.  On Sheet 
7:12 ment ion was made o f  methods o f  avo id ing herbaceous 
compet i t ion  w i t h  t r e e s  by seeding a l t e r n a t e  s t r i p s  of  
grass and t rees  (F igures  1 and 2).  I t  should be noted 
t h a t  p ines are  more gene ra l l y  t o l e r a n t  o f  d r y  cond i t i ons  
than hardwoods because, though they take up about t he  
same amount o f  water i n  optimum growing cond i t i ons ,  the  
r a t e  o f  uptake f a l l s  more r a p i d l y  i n  p ines under d r y  
cond i t ions .  

F igure  1. Experimental P lan t i ngs  o f  A l t e r n a t e  S t r i p s  o f  
Hybr id  Pop lar  and Herbaceous Cover. Trees a r f  
4  Months Old. Source: (9,  



i gu re  2. Experimental P lan t i ns  o f  A l t e r n a t e  S t r i p s  o f  
Hybr id  Pop lar  and Herbaceous Cover. Trees a re  
34 Years Old. Source: ( 9 )  

Trees d i f f e r  w ide l y  i n  t h e i r  a b i l i t y  t o  t o l e r a t e  
xcess water and poor drainage. The most t o l e r a n t  
pecies are  gene ra l l y  hardwoods, w i t h  t he  except ion  o f  
pruce (Picea),  and i nc lude  w i l l o w s  ( S a l i x ) ,  Cotton 
ood (Populus), Sycamore (P la tanus)  Sweetgum (L iqu id -  
mber) ( 2 ) .  It should a l s o  be noted t h a t  where a i r  
o l l u t i o n  i s  a  problem broad leaf  species tend t o  be 
o r e  t o l e r a n t  than con i fe rous species. Bennett  notes 
h a t  r e d  maple (Acer rubrum) and sugar maple (A. 
accharum) were t o l e r a n t  o f  most a i r  p o l l u t a n t s  (2 ) .  A  
a j o r  d i f f i c u l t y  t h a t  i s  l i k e l y  t o  be encountered i n  
s t a b l i s h i n g  t r e e  species i s  compet i t ion  from herbaceous 
egeta t ion .  There are  var ious  approaches t o  t r y i n g  t o  
nsure t h a t  herbaceous vegeta t ion  does n o t  severe ly  i n -  
i b i t  t he  s u r v i v a l  and growth o f  t r ees  and shrub species. 
he f i r s t  i s  t h a t  a l ready mentioned o f  sowing a l t e r n a t e  
t r i p s  o f  herbaceous p l a n t s  and p l a n t i n g  t he  i n t e r -  
e d i a t e  s t r i p s  w i t h  t r e e  seedl ings.  The second i s  t o  
ow the  whole s i t e  t o  a  f a s t  growing cover crop fo l lowed 
y  a  he rb i c i de  a p p l i c a t i o n  t o  k i l l  t he  crop a f t e r  i t  i s  
e l l  es tab l ished.  When t h i s  has been done, permanent 
erbaceous vegeta t ion  can be seeded i n t o  t he  dead vege- 
a t i o n  i n  s t r i p s ,  t he  i n te rmed ia te  s t r i p s  p lan ted  w i t h  
ree seedl ings.  The s u r v i v a l  o f  these should be good 
nd b e n e f i t  from the  mulching e f f e c t  o f  t he  dead vegeta- 
ion.  Operators may a l s o  have some d i f f i c u l t y  i n  
b t a i n i n g  some o f  t he  recommended species. 

n o t  been verv  successful  on reclaimed sur face mined 
s i t e s  and the re fo re  i t  i s  recommended t h a t  surface 
opera tors  w ish ing t o  e s t a b l i s h  t r e e  and shrub species 
should p l a n t  these as seedl ings.  Th is  can be done by 
hand o r  us ing p l a n t i n g  machinery. Tree species recom- 
mended f o r  use on reclaimed mine s i t e s  a re  l i s t e d  i n  
Table 1 .  Shrub species a re  l i s t e d  on Table 2. 
11. PLANTING METHODS AND MACHINERY 

On s i t e s  planned f o r  non- fores t  uses where t h e  
amount o f  t r e e  p l a n t i n g  i s  smal l ,  seed l ings  may be 
p lan ted  by hand. Th is  i s  probab ly  bes t  c a r r i e d  o u t  i n  
t h e  sp r i ng  f o l l o w i n g  seeding o f  herbaceous vegeta t ion ,  
b u t  i f  the  herbaceous vegeta t ion  i s  v igorous, t he  t r e e  
seed l ings  may n o t  be ab le  t o  compete f o r  n u t r i e n t s  and 
s o i l  moisture,  r e s u l t i n g  i n  poor growth. Th is  however 
may n o t  s e r i o u s l y  reduce t h e  s u r v i v a l  r a t e .  I n  cases 
where herbaceous vegeta t ion  i s  smothering t r e e  and shrub 
seedl ings,  a p p l i c a t i o n  o f  he rb i c i de  around each seed l ing  
may be des i rab le .  The seed l ing  i t s e l f  must be p ro tec ted  
by a  spray guard w h i l e  app l y i ng  t h e  he rb i c i de .  

Where t e r r a i n  i s  s u i t a b l e  f o r  t he  use o f  p l a n t i n g  
machinery, when the  number o f  seed l ings  t o  be p lan ted  i s  
l a r g e  o r  where p l a n t i n g  i s  being c a r r i e d  o u t  by con- 
t r a c t o r s ,  p l a n t i n g  machines w i l l  p robab ly  be used. There 
are  var ious  types o f  t r e e  p l a n t e r s  a v a i l a b l e .  The 
W h i t f i e l d  t r e e  p l a n t e r  (Kentucky Reclamation Assoc ia t ion)  
has a  smal l  o s c i l l a t i n g  device l i k e  a  snow-plow d i r e c t l y  
i n  f r o n t  o f  t he  r i p p e r  which c l e a r s  a  path,  removing 
sur face rocks which would h inder  t he  proper  s e t t i n g  o f  
t h e  seedl ing.  Behind are  two packing wheels which are  
independent ly mounted so s o i l  can be un i f o rm ly  compacted 
around the  seedl ing.  The Northeast Fores t  Experimental 
S t a t i o n  has developed a  fu r row seeder p u l l e d  by a  smal l  
c rawler  t r a c t o r ,  designed t o  operate on rough land. 
There i s  a l s o  a  Canadian development c a l l e d  a  p l a n t i n g  
gun which i n s e r t s  t he  t r e e  i n  a  p l a s t i c  b u l l e t ,  con- 
t a i n i n g  the  seed l ing  i n  a  s o i l  medium. The s ides o f  t h e  
b u l l e t  a re  s l i t  t o  a l l o w  t h e  r o o t s  o f  t he  seed l ing  t o  
penet ra te  t he  s o i l .  The Canadian Fores t  Serv ice  ca lcu-  
l a t e s  a  p l a n t i n g  r a t e  o f  9L5 t rees  pe r  minute. Genera l ly  
t r e e  p l a n t i n g  w i l l  be c a r r i e d  ou t  by con t rac to rs  and 
the re fo re  t he  choice and purchase o f  machinery w i l l  n o t  
be a  concern o f  t he  mine opera tor .  

TABLE 1 - TREE SPECIES RECOMMENDED FOR USE ON RECLAIMED MINE SITES 

Acer saccharihum 

Acer saccharinum 

Yes 

Yes 

Alnus g l u t i n o s a  

Eastern (E) o r  
mnon Name L a t i n  Name Na t i ve  I n t e r i o r  ( I )  Comments 

Province 

ed Maple Acer rubrum Yes E/ I More common where the  so i l -mo is tu re  condi-  
t i o n s  a re  extreme - e i t h e r  very  wet o r  q u i t e  
dry .  It i s  a  poor s o i l - b u i l d e r .  Wood some- 
t imes used f o r  f u r n i t u r e .  

i l v e r  Maple Most common where the re  i s  a  good mois ture  
supply throughout t he  growing season. A 
bottom-land species.  

Jgar Maple Thr ives  o n l y  on f e r t i l e ,  mois t ,  and w e l l -  
d ra ined s o i l s .  Most commonly grows on s o i l s  
w i t h  a  pH range o f  4.5-7.0. One o f  t he  most 
va luab le  hardwood t rees :  products a re  maple 
syrup and lumber. 

uropean A1 der A very  r a p i d  growing n i t r o g e n  f i x i n g  t r e e  
w i t h  wide adapta t ion  t o l e r a n t  o f  very low pH 
(as low as 3 .5) .  May have some economic v a l -  
ue f o r  pu lp  wood and can su rv i ve  i n  very  d ry  
and i n  very  wet cond i t i ons  adapted t o  s lopes 
o f  a l l  aspects.  

i v e r  B i r c h  Betu la  n i g r a  Yes E/ I Bottom land  species. 
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DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
TABLE 1 (CONTINUED) - TREE SPECIES RECOMMENDED FOR USE ON RECLAIMED MINE SITES 

Eastern (E) o r  
Common Name L a t i n  Name Na t i ve  I n t e r i o r  (I) Conunents 

Province 

European White B i r c h  

Chinese Chestnut 
White Ash 

Green Ash 

Black Walnut 

iuropean Larch 
Japanese Larch 

Sweet Gum 

Vorway Spruce 
Jack Pine 

Short  Leaf  Pine 

4us t r i an  Pine 

Longleaf Pine 

Red Pine 

' i t c h  Pine 

Ias te rn  White Pine 

Betu la  pendula No E/ (Nor th)  
I / ( N o r t h )  

Castanea mol iss ima No E 
Fraxinus americana Yes E/ 1 

Fraxinus pennsyl vanica Yes E/ 1 

Juglans n i g r a  Yes E /  I 

L a r i x  decidua No E 
L a r i x  l e p t o l e p i s  No E 

Liquidambar s t y r a c i f l  ua Yes E/ 1 

L i r i odend ron  t u l  i p i f e r a  Yes E/ (Central  
and South) 
I / (South)  

Picea ab ies  No E 
Pinus banksiana Yes E/ I 

Pinus ech inata  Yes E/(South) 
I/ (South) 

Pinus n i g r a  No E 

Pinus p a l u s t r i s  Yes E 

Pinus res inosa Yes E 

Pinus r i g i d a  Yes E 

Pinus s t robus Yes E/(North) 
I 

A species t o l e r a n t  o f  a wide range of  s o i  1 
drainage cond i t i ons .  May a l s o  spread by 
s e l f  seeding and grows i n  pH values 4.5 and 
6.5. It has poor l e a f  l i t t e r  and poor sur -  
face coverage. 
- 
Develops bes t  on moderate1 y we1 1 -dra ined 
s o i l s .  I t i s  c o m ~ a r a t i v e l v  t o l e r a n t  o f  
temporary f l ood ing .  ~ r o v i l d e s  hard, s t rong,  
durab le  t imber .  
A very  promis ing species f o r  use on a l l  
s lopes p r e f e r s  loams and c lays .  
Grows best  on deep, we1 1-drained, n e a r l y  
n e u t r a l  (pH) s o i l s .  Reaches g rea tes t  s i z e  
and va lue along streams and a t  t h e  base o f  
no r th -  o r  eas t - f ac ing  slopes. Heavy, s t rong  
durab le  heartwood e a s i l y  worked. 
Both Japanese and European Larch have been 
used success fu l l y  on rec la imed mined land. 
I f  the s o i l  cond i t i ons  a r e  r i g h t ,  growth i s  
rap id .  But la rches a re  o f t e n  damaged by 
severe exposure and sometimes by l a t e  f r o s t s  
They are  a l so  s e n s i t i v e  t o  compacted s o i l s .  
Both species prov ide good l e a f  l i t t e r .  
Thr ives  on the  r i c h ,  moist ,  a l l u v i a l  c l a y  an1 
loam s o i l s  o f  r i v e r  bottoms. Best growth i s  
made on i m p e r f e c t l y  and p o o r l y  dra ined s o i l s  
having a h igh  c l a y  content .  Timber products  
used wide ly .  
Grows w e l l  o n l y  i n  moderately moist ,  w e l l -  
drained, loose- tex tured s o i l s .  Usua l l y  founl 
i n  v a l l e y s  and stream bottoms. Wood e a s i l y  
worked; used f o r  sh ing les ,  boats, pu lp .  
Uplands species. 
Makes reasonably good growth on s o i l s  w i t h  
a pH o f  4.5-6.6. Can ma in ta in  i t s e l f  on ver. 
d r y  sandy o r  g r a v e l l y  s o i l s .  Produces poor 
t imber  b u t  widespread i n  some no r the rn  areas 
t h a t  o therwise would suppor t  no t r e e  growth. 
The optimum pH range i s  4.5-6.0. W i l l  n o t  
t o l e r a t e  a h i g h  pH. I t i s  i n t o l e r a n t  o f  
shade b u t  o therwise i s  adaptable and w i l l  
grow on a wide v a r i e t y  o f  a c i d  s p o i l s .  It 
has some i n s e c t  problems b u t  w i l l  sp rou t  
f r e e l y  i f  c u t  o r  f i r e  k i l l e d  when young. 
Good marketable t imber.  
Can be p lan ted  on slopes o f  any aspect. 
P l a n t  i n  banks o r  blocks.  When p lan ted  
near b lack  l ocus t ,  deer cause browse damage. 
Grows on s o i l s  low i n  organ ic  mat ter ,  l i g h t -  
co lored,  sandy i n  t he  su r face  po r t i on ,  and 
medium t o  s t r o n g l y  ac id .  Drainage i s  o f t e n  
good t o  excessive. May be worked f o r  t u r -  
pent ine  and r o s i n  i n  combinat ion w i t h  
t imber  product ion .  
Suscept ib le  t o  saw f l y  damage i n  some areas. 
To le ran t  o f  s lopes o f  a l l  aspects. 
Deep roo ted  and a c i d  t o l e r a n t .  Can su rv i ve  
f i r e  i n j u r y .  Small seed l ings  a re  suscep- 
t i b l e  t o  deer browsing. P l a n t  i n  bands o r  
blocks.  
Adapted t o  no r the rn  Appalachians. 
P re fe rs  humid cond i t i ons  w i t h  a pH of be- 
tween 4.5 and 6.0. Can su rv i ve  a wide range 
o f  s o i l  cond i t i ons  and a l i t t l e  shade du r i ns  
i n i t i a l  growth. 
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onimon Name L a t i n  Name 
Eastern (E) o r  

Na t i ve  I n t e r i o r  ( I )  Comments 
Province 

cotch Pine 

o b l o l l y  Pine 

i r g i n i a  Pine 

,merican Sycamore 
as te rn  Cottonwood 

y b r i d  Pop1 a r  

l h i t e  Oak 

:o r the rn  Red Oak 

; lack  Locust 

Pinus s y l v e s t r i s  

Pinus taeda 

Pinus v i r g i n i a n a  

Platanus occ identa l  i s  
Popul us de l  t o i des  

Populus spp. 

Quercus a lba 

Quercus rub ra  

Robinia pseudo-acacia 

No 

Yes 

Yes 

Yes 
Yes 

N/ A 

Yes 

Yes 

Yes 

Very t o l e r a n t  o f  a c i d  cond i t i ons  (4.0-7.5) 
and slopes o f  any aspect and steepness. 
A very  promising species w i t h  r a p i d  e a r l y  
growth and a marketable t imber .  Survives 
pH 4.4-7.5 b u t  i s  suscep t i b l e  t o  i c e  and 
snow damage. 
Adapted t o  t h e  southeast States.  Optimum pH 
5.0-6.0 b u t  w i l l  grow on s o i l s  w i t h  pH as 
low as 4.6. F a i r l y  t o l e r a n t  o f  d r y  condi-  
t i o n s  below 1,000 ft. I n t o l e r a n t  o f  shade 
b u t  responds w e l l  t o  f e r t i l i z e r .  It has a 
t a l l  narrow growth and i s  good i n  combina- 
t i o n  w i t h  b lack  l ocus t .  
Bottom land  species. 
Bottom land  species. A des i rab le  t r e e  w i t h  
good cover and r a p i d  growth. 
Rapid growth and good s u r v i v a l  a t  low pH. 
Marketable t imbe r  a f t e r  20 years .  Cannot 
w i t hs tand  grass compet i t ion .  
Survives and grows w e l l  on most s o i l  types 
except wet bottom and optimum pH range 
5.5-8.0. F a i r l y  t o l e r a n t  o f  n u t r i e n t  
d e f i c i e n c i e s  and some shade. 
Survives on a wide range o f  s o i l  types b u t  
i s  s e n s i t i v e  t o  d e f i c i e n c i e s  i n  s o i l  mois- 
t u r e  when young. pH range 5.0-7.0. Slow 
i n i t i a l  growth. 
Optimum pH range 6.0-7.6. W i l l  o f t e n  grow 
on pH o f  lower values. P re fe rs  l imestone 
s o i l .  Not t o l e r a n t  o f  poor drainage o r  
compet i t ion .  P l a n t  below 3,500 f t  i n  t he  
Appalachians. It i s  spread by suckers and 
was used ex tens i ve l y  on s p o i l  banks. 
Suscept ib le  t o  damage by t he  l ocus ts  bo re r  
which a l s o  l i m i t s  m a r k e t a b i l i t y  o f  t h e  
t imber.  Good l e a f  l i t t e r .  

TABLE 2 - SHRUB SPECIES RECOMMENDED FOR USE ON RECLAIMED MINE SITES 

onunon Name L a t i n  Name Height  Na t i ve  Category Comments 

u l l - l e a f  Indigobush Amorpha f r u t i c o s a  Yes 10 ' -20 '  Legume which su rv i ve  w e l l  i n  a c i d  
cond i t i ons .  Forms dense t h i c k e t s  - 
spreads s lowly .  

omnon Buttonbush Cephalanthus o c c i d e n t a l i s  Yes 10 ' -20 '  Shal low ponds and wet shores. 

horny 01 i ve Elaeagnus pungens 10 ' -20 '  - 
ek in  Cotoneaster Cotoneaster a c u f i f o l i a  10 ' -20 '  - 
utumn-01 i v e  Elaeagnus umbel lata No 10 ' -20 '  Non-legume b u t  f i x e s  atmospheric 

n i t r ogen .  Good f o r  w i l d l i f e  and 
h i g h l y  adaptable. 

mur P r i v e t  L igust rum amurense No 10 ' -20 '  F r u i t  p rov ides food f o r  w i l d l i f e .  
.................................................................................................................... 
apanese Pol ygonum Pol ygonum cuspi  datum - 3 ' -10 '  Q u i t e  adaptable - p re fe rs  mo is t  
1 ower s i t e s  b u t  su rv i ves  a c i d  cond i t i ons .  

o r a l  b e r r y  Symphoricarpos o r b i c u l a t u s  Yes 3 ' -10 '  Old f i e l d s  and open woods. 

h e r r y  01 i ve Elaeagnus mu1 ti f l o r a  - 3 ' -10 '  

uropean Barber ry  Berber i  s vu l  g a r i  s No 3 ' -10 '  B i r d s  e a t  f r u i t s .  

1 ueberry Vacci n i  um spp. Yes 3 ' -10 '  Ac id -so i l  f r u i t .  p l an t s ;  t as t y ,  e d i b l e  
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PROBLEM & PURPOSE 

A good cover o f  herbaceous vege ta t i on  p r o t e c t s  regraded doned mine s p o i l s .  Th is  i s  l a r g e l y  i n  response t o  S ta te  
and t o p s o i l e d  areas from eros ion.  The performance s tan-  requirements t o  c o n t r o l  e ros ion on sur face mine s i t e s  
dards o f  the  Regulat ions p lace s t rong  emphasis on the  and t h i s  i s  a l s o  a requirement o f  t he  present  Regulat ions.  
need t o  e s t a b l i s h  an e f f e c t i v e  cover o f  herbaceous vege- The h ighes t  sediment y i e l d s  f rom mined areas occur  du r i ng  
t a t i o n  as soon as i s  p r a c t i c a b l e  t o  p rov ide  e ros ion  the  f i r s t  s i x  months o f  mining, and i t  has been shown 
c o n t r o l .  Recent ly t he re  has been cons iderab le  research t h a t  a good vege ta t i ve  cover can ha lve  t he  y i e l d  o f  sed i -  
i n t o  t he  es tab l ishment  o f  herbaceous vegeta t ion  on aban- ment w i t h i n  s i x  months ( 4 ) .  
APPLICABILITY 

The requirements o f  t he  Regulat ions t o  e s t a b l i s h  an be used (see Sheet 7 : l l ) .  The need t o  p r o t e c t  regraded 
e f f e c t i v e  herbaceous cover as soon as p r a c t i c a b l e  a f t e r  and t o p s o i l e d  areas i s  most urgent  on s i t e s  which a re  
regrad ing and t o p s o i l i n g  app l i es  t o  a l l  sur face mine h i g h l y  suscep t i b l e  t o  erosion, and a delay cou ld  be 
s i t e s .  I n  cases where i t  i s  n o t  f e a s i b l e  t o  sow per -  c o s t l y  i n  terms o f  f a i l u r e  t o  meet t he  standards f o r  

lmanent species, a quick-growing annual cover crop. should succ&s f o r  revegeta ted areas. I 
REVELANT SECTIONS OF THE REGULATIONS 

The r e l e v a n t  sec t i ons  o f  t he  Regulat ions have been men- mate ly  equal t o  t h a t  o f  s i m i l a r  non-mined lands f o r  
t i o n e d  f o r  revege ta t i on  gene ra l l y  on Sheet 7:13. Sec- a t  l e a s t  the  l a s t  two f u l l  years o f  l i a b i l i t y  r equ i red  
t i o n s  816.111-816.117 o f  t he  performance c o n t r o l s  con ta in  under Sect ion  816.116(b). The standards f o r  success 
the  requirements f o r  r evege ta t i ng  mine s i t e s .  I n  o f  r evege ta t i on  a re  covered i n  Sect ion  816.116. Th i s  
Sect ion  816.111 i t  i s  s t a t e d  t h a t  " t he  vege ta t i ve  cover requ i res  t h a t  "ground cover and p r o d u c t i v i t y  o f  l i v i n g  
s h a l l  be capable o f  s t a b i l i z i n g  t h e  s o i l  sur face from p lants . .  . . s h a l l  be equal t o  t he  ground cover and pro-  
eros ion. "  Sect ion  816.113 requ i res  t h a t  "seeding and d u c t i v i t y  o f  l i v i n g  p l a n t s  on the  approved re ference 
p l a n t i n g  o f  d i s tu rbed  areas s h a l l  be conducted du r i ng  area." On mine s i t e s  w i t h  a pe rm i t  area o f  l e s s  than 
the  f i r s t  normal p e r i o d  f o r  f avo rab le  p l a n t i n g  con- 40 acres, t he  RA may approve a herbaceous cover o f  
d i t i o n s . "  That sec t i on  a l s o  requ i res  a temporary 70% susta ined f o r  5 consecut ive years  r a t h e r  than 
cover to,,be used "when necessary t o  e f f e c t i v e l y  c o n t r o l  us ing  a re ference area f o r  judg ing success. Mine 
eros ion.  Sect ion  816.11 5 ( revege ta t i on  - graz ing)  opera tors  should make sure  t h a t  Sect ion  816.1 16 i s  
s ta tes  t h a t  when t h e  approved post-mining l a n d  use i s  f u l l y  understood as i t  app l i es  t o  t h e i r  s i t e  and 
range o r  pasture  land, the  rec la imed l and  must be used approved post-mining l a n d  use. 
f o r  l i v e s t o c k  g raz ing  a t  a g r a z i n g  capac i t y  approxi-  
DISCUSSION & DESIGN GUIDELINES 
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Herbaceous vegeta t ion  shows r a p i d  response t o  n u t r i e n t  
d e f i c i e n c y  o r  t o x i c i t y .  A t  low pH, s u f f i c i e n t  molyb- 
denum may n o t  be a v a i l a b l e  f o r  r h i z o b i a  i n  t he  r o o t  
nodules o f  legumes. Th is  p a r t i a l l y  accounts f o r  t he  
low to le rance  which legumes have f o r  s p o i l s  w i t h  a low pH. 
"F ind ing legumes t h a t  w i l l  grow and nodu la te  on ex t remely  
a c i d  s p o i l s  i s  more d i f f i c u l t  than f i n d i n g  grasses." The 
more t o l e r a n t  legumes a re  B i rds food  T r e f o i l  (Lotus co r -  
n i c u l a t u s )  , Sericea lespedeza (Lespedeza coneata) , and 
annual Lespedeza (L. s t i pu lacea )  (10).  Aluminum and man- 
ganese come i n t o  s o l u t i o n  i n  i nc reas ing  amounts as 
a c i d i t y  increases. These appear t o  be the  main cause o f  
t o x i c i t y  t o  p lan ts ,  and Vogel suggests t h a t  grasses and 
legumes t o l e r a n t  o f  a c i d  s p o i l s  a re  probab ly  those which 
a re  m s t  t o l e r a n t  o f  aluminum and manganese t o x i c i t y  (10).  
Most orphan mine s p o i l s  a re  d e f i c i e n t  i n  phosphate which 
i s  another reason f o r  the  low to le rance  o f  legumes t o  
s t r i p  mine s p o i l  cond i t i ons .  The problem probab ly  a r i s e s  
w i t h  f e r r i c  hydroxide, a product  o f  the  weather ing o f  
p y r i t e  which can s p e c i f i c a l l y  absorb l a r g e  q u a n t i t i e s  
o f  phosphate making i t  unava i l ab le  f o r  p l a n t s  (8 ) .  On 
manv s i t e s  a f a i r l y  heavy dress ing o f  phosphate f e r t i l i z e r  
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w i l i  be necessary.- var ibus  r e s e a k h e r s  have shown t h a t  
mine s p o i l s  i n  t h e  eastern  USA are  f r e q u e n t l y  d e f i c i e n t  
i n  phosphorus and n i t r o g e n  b u t  t h a t  potash i s  no rma l l y  
adequate. Phosphorus i s  p a r t i c u l a r l y  impor tan t  i n  es- 
t a b l i s h i n g  legumes which a re  u s u a l l y  recomnended t o  
reduce the  long-term requirement f o r  n i t r o g e n  f e r t i l i z e r  
because o f  t h e i r  a b i l i t y  t o  f i x  atmospheric n i t r ogen .  
R e f e r t i l  i z a t i o n  i s  f r equen t l y  necessary and observant,  

;irgatum), and i(&tucky 31 t a l l  f e s i u e  ( ~ e s t u c a  arun- 
dinaceae).  Lovegrass, when f e r t i l i z e d ,  was supe r i o r  
on a c i d  s p o i l s  and even 70-90% cover was obta ined i n  
one season on s p o i l s  w i t h  a pH 4.0-4.5 when o t h e r  
species made ha rd l y  any growth (10) .  The S o i l  Con- 
se rva t i on  Serv ice  (MD) recommends t h e  f o l l o w i n g  
seed mixes f o r  use rec la imed mine s p o i l s  (Table 1 ) .  

TABLE 1 
SEEDING MIXES & PLANTING SEASONS FOR USE ON RECLAIMED 

MINE SITES 

Rate Seeding dates 
Species Lbs/Ac Below 1800' Elev 

1. B i r d s f o o t  t r e f o i l ,  "V i k i ng "  10 Mar. 5 - Jan. 1 
( t r i p 1  e i nocu la ted )  & 
"Kentucky 31" t a l l  fescue 50 A u g . 1 - O c t . 1  
Canada bluegrass 10 

2. Crownvetch ( t r i p l e  i n -  10 Mar. 5 - June 1 
ocu la ted)  & 
"Kentucky 31" t a l l  fescue 50 Aug. 1 - Oct. 1 

3. B i r d s f o o t  t r e f o i  1 ( t r i p l e  10 
i nocu la ted )  
Weeping lovegrass (on s i t e ,  3 
w i t h  lower  pH than Crownvetch) 

4. Crownvetch ( t r i p l e  inoc-  15 
u l  a ted )  
Weeping lovegrass 3 

and responsive management i s  e s s e n t i a l  t o  c o r r e c t  n u t r i -  5. w e e p i n g  lovegrass* 
e n t  d e f i c i e n c i e s  t o  o b t a i n  v igorous herbaceous veg- 
et-at inn.  6. red to^ 

Jun. 1 - A u g .  1 

Jun. 1 - Aug. 1 

3 J u n . 1 - A u g . 1  

5 Mar. 5 - Jun. 1 - - - - . - . . . 
11. TIMING & 
The importance o f  c o r r e c t  t i m i n g  i n  sowing cover must be Aug. 1 - Oct. 1 
emphasized. Even du r i ng  summer months qu i ck  temporary 
cover crops (see Sheet 7 : l l )  can be prov ided by summer Source: (1 ) 
annuals g i v i n g  e f f e c t i v e  eros ion c o n t r o l  a t  an e a r l y  date.  *Add b r i s k l y  l ocus t ,  b l ack  l ocus t ,  autumn o l i v e  O r  Russia 
111. RECOMMENDED SPECIES o l i v e  t o  mix a t  1 t o  2 1 bs/ac. 
I n  f i e l d  t r i a l s  on a c i d  s p o i l s  i n  Kentucky, t h ree  grasses 
performed e s p e c i a l l y  we1 1 : Weeping lovegrass (Era- 
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i randt  recommends t h e  f o l l o w i n g  legumes f o r  revege ta t i ng  The fo l lowinc l  Tables l i s t  and descr ibe  s ~ e c i e s  of urasses 
l ined lands i n  t he  I n t e r i o r  coal  province: a l f a l f a  

- 
smal l  g r a i n  and legumes which a re  f r equen t l y  used i n  s o i l  

Medicago s a t i v a ) ,  Yel low sweet c l o v e r  ( M e l i l o t u s  o f f i c -  conservat ion.  Var ious mixes o f  these species w i l l  be 
anal  i s ) ,  B i r d s f o o t  t r e f o i l  (Lotus co rn i cu la tus )  , Annual s u i t a b l e  f o r  var ious  condi tons on d i f f e r e n t  mine s i t e s ,  
espedeza (Lespedeza s t i pu laceae )  , Perennial  lespedeza and l o c a l  expe r t i se  and exper ience should be used i n  
Lespedeza cuneata) . choosing a  s u i t a b l e  mix, f e r t i l i z e r  r a t i o  and l i m e  re -  

quirement f o r  each s i t e .  

TABLE 2 - GRASSES COMMONLY USED IN  SOIL CONSERVATION 

ommon Name L a t i n  Name Comments 

leepi ng E rag ros t i  s  
ovegrass cu rvu la  

ermuda Grass Cvnodon 
ars .  

a l l  Fescue 

hewings 
escue 

ed Top 

wi tchgrass  

o l o n i a l  
entgrass 

reep ing 
en tgrass  

e l  v e t  
entgrass 

i g  b l  uestem 

. i t t l e  
11 uestem 

;roomsedge 
11 uestem 

Festuca 
arundinaceae 

Festuca 
rub ra  

Ag ros t i s  a lba  

Panicum 
v i rgatum 

Agros t i s  
tenu ius  

Ag ros t i  s  
pa l  u s t r i s  

Ag ros t i s  
can i  na 

Andropogon 
ge ra rd i  

Andropogon 
scopar ius 

Andropogon 
v i rg in i cum 

A perenn ia l  bunch grass 5 '  (1.5 m) t a l l ,  w i t h  an ex tens ive  b u t  sha l low f i b r o u s  
r o o t  system p r o v i d i n g  good, quick,  and e f f e c t i v e  e ros ion  c o n t r o l .  W i l l  t o l e r a t e  
pH as low as 4.0. It has low n u t r i e n t  requirements b u t  i s  responsive t o  f e r t i l e  
s o i l .  It i s  hardy i n  a l l  reg ions and i s  propogated by seed. Some values as a  
fo rage crop. 

A fas t ,  spreading perenn ia l  grass w i t h  deep, spreading rhizomes and s to lons.  
Very e f f e c t i v e  i n  eros ion c o n t r o l .  W i l l  t o l e r a t e  pH l e v e l s  as low as 3.5. Re- 
sponsive t o  n i t r o g e n  i n  t he  s o i l .  P re fe rs  l i g h t e r  s o i l s .  Not hardy n o r t h  o f  
Ind iana and Pennsylvania. It i s  propogated by seeding o r  by p l a n t i n g  rhizomes 
and s to lons.  A good forage crop. 

A perenn ia l  bunch grass, deep-rooted and va luab le  f o r  e ros ion c o n t r o l ,  e s p e c i a l l y  
i n  combinat ion w i t h  legumes. To lera tes  pH of  4.5. N, P, K, C, Mg must be a v a i l -  
ab le  f o r  good s u r v i v a l .  T a l l  fescue i s  d rough t - res i s tan t  b u t  p r e f e r s  moist ,  me- 
dium t o  heavy s o i l .  It i s  hardy i n  a l l  zones and i s  propagated by seed. Used 
ex tens i ve l y  on mine s p o i l s .  

A  fine-stemmed grass w i t h  a  deep f i b r o u s  r o o t  system, very  e f f e c t i v e  f o r  e ros ion 
c o n t r o l .  To lera tes  pH above 4.5. N, P, K, Ca, Mg must be a v a i l a b l e  f o r  s u r v i v a l .  
Drought - res is tant  and hardy i n  a l l  zones. Propagat ion by seed and used w ide l y  i n  
s o i  1  conservat ion.  

Perennial  grass w i t h  u p r i g h t  and creep ing stems and a  f i b r o u s  r o o t  system. Good 
f o r  eros ion c o n t r o l .  To le ran t  o f  low pH l e v e l s  and surv ives  w i t h  low n u t r i e n t s  
b u t  responds w e l l  t o  f e r t i l e  s o i l .  To lera tes  poor drainage. Should n o t  be grown 
i n  t he  southern Appalachians. Propagated by seed and f a i r l y  t o l e r a n t  o f  shade 
and wear. 

A  perenn ia l ,  b road leaf  grass reaching 5 '  (1.5 m) t a l l .  Produces dense sod, makin 
i t  h i g h l y  e f f e c t i v e  f o r  e ros ion c o n t r o l .  To lera tes  pH above 4.5 and low f e r t i l i t  
though i t  responds w e l l  t o  f e r t i l i z e r .  Drouqht - to le rant  b u t  p r e f e r s  mo is t  s o i l .  
Used i n  c e n t r a l  and eastern  s ta tes  on ly .  Propagated by seed. Spreads s low ly  by 
s h o r t  rhizomes. As a  forage, i t  has low n u t r i t i o n a l  va lue b u t  i s  used f o r  hay on 
some mined areas. 

Genera l ly  s i m i l a r  c h a r a c t e r i s t i c s  t o  Ag ros t i s  a1 ba. 

Genera l ly  s i m i l a r  c h a r a c t e r i s t i c s  t o  Ag ros t i s  alba. 

Genera l ly  s i m i l a r  c h a r a c t e r i s t i c s  t o  Ag ros t i s  a lba.  

A grass reach ing 5 '  (1.5 m) i n  he ight ,  w i t h  a  s t rong  and deep r o o t  system produc- 
i n g  a  dense sod, h i g h l y  e ros ion - res i s tan t .  To lera tes  pH above 6.0 and surv ives  
i n f e r t i l e  s o i l ,  though responds w e l l  t o  f e r t i l i z e r .  Best on mois t ,  we l l - d ra ined  
s o i l s  and i s  hardy i n  a l l  zones. 

Reaches 3 '  (0.9 m) i n  he ight ,  producing a  dense underground r o o t  system r e s i s t a n t  
t o  eros ion.  To lera tes  pH o f  4.5, surv ives  i n f e r t i l e  s o i l s  b u t  i s  more drought 
r e s i s t a n t  than B i g  bluestem. Hardy i n  a l l  zones. D i f f i c u l t  t o  e s t a b l i s h  and the  
seed may be d i f f i c u l t  t o  ob ta in .  

A  grass w i t h  a  sha l low r o o t  system, n o t  good f o r  eros ion c o n t r o l  b u t  may be usefu 
on s o i l s  w i t h  a  very  low pH (3 .5) .  It i s  a l s o  t o l e r a n t  o f  very  poor s o i l s  and i s  
hardy i n  a l l  zones. Forage i s  o f  low q u a l i t y .  

(1 
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TABLE 3 - SMALL GRAINS COMMONLY USED IN  SOIL CONSERVATION 

Common Name L a t i n  Name Comments 

Rye Secal e An u p r i g h t  annual, n o t  spreading, w i t h  a f a i r l y  sha l low r o o t  system, g i v i n g  a 
cerea l  e r a p i d  cover. Valuable as a temporary cover crop. It i s  t h e  most p roduc t i ve  smal l  

g r a i n  on a c i d  s o i l s  and a l s o  can t o l e r a t e  low f e r t i l i t y  and poor drainage. Hardy 
i n  a l l  zones and propagated by seed. 

Bar1 ey Hordeum spp. Annual, up r i gh t ,  w i t h  sha l low r o o t  system g i v i n g  a r a p i d  cover. D i f f e r e n t  var-  
i e t i e s  of va ry ing  pH to le rance  b u t  gene ra l l y  s e n s i t i v e  o f  s o i l  f e r t i l i t y  o r  d ra in -  
age problems. Hardy i n  a1 1 zones, propagated by seed. 

Oats Avena Annual, up r i gh t ,  w i t h  sha l low r o o t  system g i v i n g  a qu i ck  cover. It has a wide 
s a t i v a  range o f  pH to le rance  b u t  requ i res  f a i r l y  f e r t i l e  s o i l s .  It i s  more t o l e r a n t  of 

poo r l y  dra ined s o i l s  than b a r l e y  b u t  pre fers  c o o l e r  zones. Propagated by seed. 

Wheat T r i  t i cum Annual, up r i gh t ,  w i t h  sha l low r o o t  system g i v i n g  a r a p i d  cover. Has narrow pH 
aes t  i vum to le rance  range and requ i res  f e r t i l e  and we l l - d ra ined  s o i l s .  Hardy i n  a l l  zones 

and propagated by seed. 

TABLE 4 - FORAGE LEGUMES 

Common Name L a t i n  Name Comments 

Medicago 
s a t i v a  

T r i f o l  ium 
repens 

A deep-root ing legume, good f o r  eros ion con t ro l ,  p a r t i c u l a r l y  i n  a grass mix ture .  
To le ran t  pH between 6-7. Good f e r t i l i z a t i o n  and drainage a r e  essen t i a l .  Hardy i n  
most zones and propagated by seed. Exce l l en t  forage. 

A deeply-rooted legume, always used i n  combinat ion w i t h  grass, g i v i n g  good e ros ion  
c o n t r o l .  The pH range i s  6-7. P re fe rs  f e r t i l e  and we l l - d ra ined  s o i l s .  Hardy i n  
a l l  zones and propagated by seed. Ex tens i ve l y  used i n  rec lamat ion  o f  d i s tu rbed  
areas. 

Nh i te  Clover 

A legume w i t h  both  t ap  r o o t s  and f i b r o u s  roo ts .  It has a r a p i d  f a l l  growth and 
i s  va luab le  f o r  e ros ion c o n t r o l .  The pH range i s  5.5-8. Good f e r t i l i z a t i o n  i s  
essen t i a l  f o r  e f f e c t i v e  cover. Genera l ly  o n l y  used i n  southeastern s ta tes .  Prop- 
agated by seed and used ex tens i ve l y  f o r  d i s tu rbed  areas. Provides good w i n t e r  
grazing. 

Crimson Clover T r i f o l  ium 
incarnatum 

B i r d s f o o t  
t r e f o i l  

Lo tus  
co rn i cu la tus  

A perenn ia l  legume w i t h  t ap roo t  which penet ra tes  t o  3 '  (0.9 m) i n  depth w i t h  a 
l a t e r a l  r o o t  system p r o v i d i n g  good eros ion c o n t r o l .  To le ran t  o f  low pH and a l s o  
t o l e r a n t  o f  s o i l s  w i t h  low f e r t i l i t y  and poor drainage. Used i n  nor theastern  and 
no r th -cen t ra l  s ta tes .  Propagated by seed. A use fu l  fo rage crop used ex tens i ve l y  
w i t h  a grass m ix tu re  on a c i d  s p o i l s .  

Ser i  cea 
1 espedeza 

Lespedeza 
cuneata 

Perennial  5 ' -13 '  (1.5-2 m) t a l l  w i t h  deep t a p r o o t  system. Good f o r  eros ion con- 
t r o l ,  w i t h  a pH range o f  4.5-6.5. To le ran t  o f  f a i r l y  low s o i l  f e r t i l i t y  and 
drought. Used main ly  i n  southeastern s ta tes ,  propagated by seed. Used f o r  hay 
and pasture.  

An annual lespedeza, deep-rooted and good f o r  e ros ion  con t ro l .  The pH range i s  
4.5-6.5. To le ran t  o f  low f e r t i l i t y  b u t  responds w e l l  t o  f e r t i l i z e r .  A l so  used 
mos t l y  i n  southeastern s ta tes .  

Annual 
lespedeza 

Red Clover 

Lespedeza 
s t  ipu lacea 

T r i f o l i u m  
pratense 

Perennial ,  deep, taprooted legume w i t h  dense f i b r o u s  r o o t  system, e f f e c t i v e  i n  
eros ion c o n t r o l .  To le ran t  o f  pH as low as 4.5. P e r f o m s  bes t  on f e r t i l e  s o i l s  
which a re  we l l -d ra ined.  Mos t l y  used i n  nor theastern  s t a t e s  and propagated by 
seed, o f t e n  w i t h  a nurse crop o f  smal l  g ra in .  

Crownvetch Coroni 11 a Perennial  legume, w i t h  a r o o t  system which i s  spreading b u t  a l s o  w i t h  a deep 
taproot .  Very good f o r  eros ion c o n t r o l  and t o l e r a t e s  a low pH, b u t  bes t  when 
pH i s  above 6.0. P re fe rs  f e r t i l e  s o i l s  though i s  t o l e r a n t  o f  low f e r t i l i t y  and 
drought cond i t i ons .  Hardy i n  a l l  zones and propagated by  seed though i t  i s  slow 
t o  es tab l i sh .  It i s  used w ide l y  f o r  s t a b i l i z i n g  highway embankments. 

v a r i a  

V i c i a  v i l  

La thyrus  
s y l  v e s t r i  

H a i r y  vetch 1 osa 

S 

A perenn ia l  legume w i t h  a mat growth. Very f a s t  t o  spread. E f f e c t i v e  i n  eros ion 
c o n t r o l .  A pH range o f  4.8-8.2. Lime i s  needed on a c i d  s p o i l .  It i s  hardy i n  
a l l  zones and propagated by seed. Good f o r  l i v e s t o c k  forage. 

T a l l  c l i m b i n g  perenn ia l ,  good f o r  eros ion c o n t r o l .  A pH range o f  4.8-5.0, Re- 
sponsive t o  f e r t i  1 i zer. Drought - to le rant ,  used mos t l y  i n  t he  nor theastern  s ta tes .  
Propagated by seed and good f o r  w i  1 d l  i f e  cover. 

Lathco 
f l a t p e a  
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DISCUSSION & DESIGN GUIDELINES (CONTINUED) 
TABLE 5 - AGRICULTURAL AND LAWN GRASSES FOR POSSIBLE USE IN  RECLAMATION 

Common Name L a t i n  Name Comments 

Bromegrass Bromus 
i nermi s  

A cool  season grass. Spread by rhizomes and producing a  deep r o o t  system and a  
heavy sod. Exce l l en t  i n  eros ion c o n t r o l  e s p e c i a l l y  i n  combinat ion w i t h  a  legume. 
The pH range i s  5-6, bes t  on f e r t i l e  s o i l s .  F a i r l y  d rough t - res i s tan t .  Should 
o n l y  be p lan ted  i n  t he  eastern  s ta tes .  Propagat ion by seeds. Forage i s  h i g h l y  
pa la tab le .  

Timothy 

3rchard grass 

'erennai a1 
ryegrass 

I t a l i a n  
ryegrass 

(entucky 
11 uegrass 

:anadian 
11 uegrass 

teed 
:anarygrass 

lahiagrass 

Japanese 
lawn grass 

Phleum 
pratense 

Dacty l  i s  
g l  omerata 

Lo1 i um 
perenne 

Lo1 i um 
mu1 t i f l o r u m  

Poa 
p ra tens i s  

Poa 
compressa 

P h a l a r i s  
arundinanceae 

Paspal um 
notatum 

Zoysia 
japon ica  

Cool season grass, fo rming a  dense sod, e x c e l l e n t  f o r  e ros ion c o n t r o l ,  t o l e r a n t  
o f  pH above 5  i f  n u t r i e n t s  a re  ava i l ab le .  Not t o l e r a n t  o f  poor s o i l s .  Do n o t  
p l a n t  i n  southern s ta tes .  Propagated by seeds and may produce a  va luab le  hay 
crop. 

Good f o r  eros ion c o n t r o l  e s p e c i a l l y  i n  combinat ion w i t h  legumes. Has a  pH t o l -  
erance range o f  4.5 t o  7. To le ran t  o f  i n f e r t i l e  s o i l s  b u t  responds w e l l  t o  
f e r t i  1  i z e r .  Hardy i n  a1 1  zones, propagated by seed. Produces va luab le  fo rage 
and graz ing pasture  of b e t t e r  qua1 i t y  mine s p o i l s .  

A  bunch grass va luab le  f o r  e ros ion c o n t r o l  because o f  t h e  r a p i d  cover i t  provides. 
Has a  pH to le rance  range o f  5.5 t o  7  b u t  i s  n o t  t o l e r a n t  o f  low f e r t i l i t y  no r  
drought. Not hardy i n  t he  no r the rn  and nor theastern  s ta tes .  Propagated by seed 
and use fu l  f o r  pas ture  hay o r  s i l age ,  a lone o r  i n  combinat ion w i t h  o the r  grasses 
o r  legumes. 

A bunch grass, n o t  creeping, b u t  used f o r  eros ion c o n t r o l  i n  combinat ion w i t h  
o t h e r  species.  S i m i l a r  c h a r a c t e r i s t i c s  t o  ryegrass  and used t o  g i v e  r a p i d  cover 
du r i ng  c o l d  months. 

Gives r a p i d  cover. Perennial  w i t h  dense rhizome sod. R a p i d i t y  o f  cover and 
dens i t y  o f  sod make i t  e x c e l l e n t  f o r  e ros ion c o n t r o l .  To le ran t  o f  pH as low as 
5.5. Best on h i g h l y  f e r t i l e  s o i l s  b u t  t o l e r a n t  o f  poorer s o i l s .  P re fe rs  cool  
mo is t  cond i t i ons  and no r the rn  exposure. 

Perennial  grass no t  as r a p i d  as Kentucky bluegrass b u t  g i v i n g  good eros ion con- 
t r o l .  The lower l i m i t  o f  pH range i s  5.0. Grows w e l l  on s o i l s  d e f i c i e n t  i n  
n i t r o g e n  and phosphorus and d rough t - res i s tan t .  P re fe rs  cool  cond i t i ons  and nor+ 
e r l y  exposures. Propagated by seed. 

T a l l ,  coarse, coo l  season grass forming a  sod w i t h  a  dense r o o t  system g i v i n g  good 
eros ion c o n t r o l .  The pH range i s  4.9-8.2. Responds w e l l  t o  f e r t i l i z e r  and i s  
t o l e r a n t  o f  wet cond i t i ons .  Useful i n  most of t h e  no r the rn  Appalachians and the  
no r th -cen t ra l  s ta tes .  Propagated by seed o r  by d i v o t s  spread w i t h  a  manure 
spreader and d i s k  harrowed. Good f o r  waterway s t a b i l i z a t i o n .  

A  warm-season perenn ia l  w i t h  a  deep-rooted rhizomatous sod. Exce l l en t  i n  t he  
southeastern s t a t e s  f o r  e ros ion  c o n t r o l .  P re fe rs  pH between 5.5 and 6.5. To l -  
e ran t  of low f e r t i l i t y  s o i l s  and t o l e r a n t  o f  drought. Propagated by seed. Only 
f o r  use i n  southern s ta tes .  

A  low-growing rhizomatous grass, good f o r  eros ion c o n t r o l .  Once es tab l i shed  
responds w e l l  t o  f e r t i l i z e r  b u t  a l s o  t o l e r a n t  o f  low f e r t i l i t y .  Most ly  conf ined 
t o  t he  southeastern s ta tes .  Spread by rhizomes. 

- - - - -  
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