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ABSTRACT 

S t r i p  mine s c a r s ,  c o a l  r e f u s e  p i l e s  and f l y  ash  dumps a r e  s o l i d  
w a s t e s  r e s u l t i n g  from t h e  mining and combustion of  c o a l .  
unreclaimed a r e a  r e s u l t i n g  from these w a s t e s  is over  2 m i l l i o n  a c r e s .  
D i s p o s i t i o n  of t h e s e  was tes  is  obvious ly  a monumental problem. Large- 
s c a l e  f i e l d  experiments  i n  the rec lamat ion  of  a c i d  surface-mined c o a l  
l a n d s  and r e f u s e  p i l e s  with raw f l y  a s h  from bi tuminous-coa l - f i red  
powerplants  were conducted a t  s e v e r a l  s i tes  i n  Northern West V i r g i n i a .  
P l o t s  were t r e a t e d  w i t h  v a r y i n g  tonnages o f  f l y  ash  from a r e a  powerplan ts  
and were p lan ted  w i t h  a v a r i e t y  of g r a s s e s ,  legumes, trees and shrubs .  
G r e a t e s t  p o t e n t i a l  f o r  growth and s u r v i v a l  under  harsh  s o i l  c o n d i t i o n s  
was shown by Kentucky 31 f e s c u e ,  rye and red  t o p  g r a s s e s  and by b i r d s f o o t  
t r e f o i l ,  a legume. A p p l i c a t i o n  of f l y  a s h  to t h e  a c i d  m a t e r i a l s  i n c r e a s e d  
t h e  pH t o  a range t o l e r a b l e  t o  p l a n t  growth, improved t h e  t e x t u r e  of t h e  
soil, increased  t h e  water -hold ing  c a p a c i t y  o f  t h e  r e s u l t i n g  m i s t u r e ,  and 
added t r a c e  n u t r i e n t s  t o  t h e  s o i l .  

The t o t a l  

I INTRODUCTION 

S o l i d  was tes  from t h e  mining and combustion of c o a l  a r e  s e r i o u s  

Es tab l i shment  o f  v e g e t a t i v e  cover  
environmental  problems of v i t a l  concern t o  t h e  producers  and u s e r s  of 
c o a l  a s  w e l l  a s  t h e  g e n e r a l  publ ic .  
on each of t h e s e  a r e a s  through rec lamat ion  procedures  i s  e s s e n t i a l  t o  
m a i n t a i n  e f f e c t i v e  c o n t r o l  o v e r  e r o s i o n  and stream p o l l u t i o n .  

> 

Vegeta t ion  of  a r e a s  where adverse  c o n d i t i o n s  ( s t e e p  slopes, h i g h l y  
a c i d  s o i l  m a t e r i a l ,  e t c . )  p r e v a i l  i s  not  always p o s s i b l e .  I n  such c a s e s ,  
it may b e  necessary  t o  modify t h e  s i tes  w i t h  a s o i l  amendment such  a s  
l i m e ,  mulch, a d d i t i o n a l  n u t r i e n t s  i n  t h e  form o f  f e r t i l i z e r  and even 
was te  m a t e r i a l s  such a s  composted garbage,  processed  sewage, and b a r k  
may be employed. I f  f l y  ash  can be used a s  a s o i l  amendment on a c i d  
s p o i l  and r e f u s e ,  it might be p o s s i b l e  t o  achieve  a good b a l a n c e  of  
p h y s i c a l ,  chemical  and b i o l o g i c a l  f a c t o r s  e s s e n t i a l  t o  the s u c c e s s  of 
the rec lamat ion  e f f o r t .  
q u a n t i t i e s  of f l y  ash  i n  a manner t h a t  i s  u s e f u l  t o  t h e  environment  i n  
c o a l  mining a r e a s .  

An a d d i t i o n a l  b e n e f i t  i s  the d i s p o s a l  of l a r g e  
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Researchers  a t  t h e  Bureau 's  Morgantown (W. Va.) Energy Research 
Center  a r e  i n v e s t i g a t i n g  t h e  t e c h n i c a l  f e a s i b i l i t y  of  u t i l i z i n g  power- 
p l a n t  f l y  ash  t o  r e c l a i m  c o a l  mine r e f u s e  and s u r f a c e  mine s p o i l s .  L, 

SCOPE OF FLY ASH DISPOSAL PROBLEM 

Within 10 t o  15 y e a r s ,  c o a l - f i r e d  power g e n e r a t i n g  s t a t i o n s  w i l l  
be producing about  40 m i l l i o n  t o n s  of ash  annual ly  i n  t h e  United S t a t e s ,  
and t h i s  could  double  i f  l i m e  o r  l imes tone  i n j e c t i o n  becomes wide ly  used 
t o  c o n t r o l  s u l f u r  oxide emiss ions .  Most of t h i s  a s h  w i l l  be e n t r a i n e d  i n  
t h e  s t a c k  gases  and ,trapped a s  f l y  ash.  
of t h e  f l y  ash  have been developed,  mainly i n  t h e  c o n s t r u c t i o n  i n d u s t r y ,  
t h e  b u l k  of it i s  t r a n s p o r t e d  e i t h e r  i n  s l u r r y  o r  d r y  form t o  d i s p o s a l  
a r e a s  a t  c o n s i d e r a b l e  cost t o  t h e  power companies and t h e r e f o r e  t o  t h e  
publ ic .  The accompanying economic l o s s  i n  terms of  unused raw m a t e r i a l s  
and d i s p l a c e d  land is  n o t  a s  obvious b u t  i s  j u s t  a s  s i g n i f i c a n t .  

Although u s e s  f o r  about  10 p e r c e n t  

SCOPE OF SURFACE M I N E  RECLAMATION PROBLEM 

Another envi ronmenta l  problem of c o n s i d e r a b l e  magnitude i n  t h e  United 
S t a t e s  and one t h a t  is  c l o s e l y  r e l a t e d  to  t h e  s u r f a c e  mining o f  c o a l  is  t h e  
rec lamat ion  of  t h e  d i s t u r b e d  s p o i l  m a t e r i a l s  t h a t  remain a f t e r  t h e  m i n e r a l  
i s  recovered.  
S t a t e s  has  land d i s t u r b e d  by s t r i p  mining of one k ind  o r  a n o t h e r .  

According t o  D. M. Whit&, t a b l e  1, every  s t a t e  i n  t h e  United 

The t o t a l  a r e a  r e q u i r i n g  rec lamat ion  (over  2 m i l l i o n  a c r e s )  i s  almost  
a s  l a r g e  a s  Yellowstone Nat iona l  Park. 
c o o p e r a t i n g  F e d e r a l  a g e n c i e s  t h a t  r e v e a l s  t h e  f o l l o w i n g  f a c t s :  

mitt reviews a s t u d y 3 b y  s e v e r a l  

1. About 91 p e r c e n t  of  t h e  a f f e c t e d  acreage  is  i n  p r i v a t e  owner- 
s h i p ,  and n e a r l y  h a l f  of t h a t  i s  i n  s m a l l  s c a t t e r e d  ownerships .  

More than  80 p e r c e n t  of t h e  mined land surveyed was a m i l e  o r  
more from t o m s  of 200 o r  more people .  
t h e  mined land  was more t h a n  5 miles from towns o f  t h i s  s i z e .  
I n  o t h e r  words, most d i s t u r b e d  land i s  i n  r u r a l  a r e a s .  

2. 
About 40 p e r c e n t  of  

LAdams,  L. M. ,  J .  P. Capp and E .  E i s e n t r o u t .  Reclamation o f  A c i d i c  
Coal-Mine S p o i l  w i t h  F l y  Ash, BuMines Rept. of Inv .  7504, A p r i l  1971, 
29 PP. 

?,Whitt, D. M. Surface-mined land. S o i l  Conserva t ion ,  v. 33,  No. 6 ,  
January 1968, pp. 123-125. 

a u d a l l ,  S tewar t  L. Study of s t r i p  and s u r f a c e  mining i n  Appalachia .  
An i n t e r i m  r e p o r t  o f  t h e  S e c r e t a r y  of t h e  I n t e r i o r  t o  t h e  Appalachian 
Regional  Commission, June 30, 1966, 78 pp. 
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3.  About o n e - t h i r d  of t h e  land d i s t u r b e d  by s u r f a c e  mining 
has  been r e h a b i l i t a t e d .  Some of t h i s  was r e s t o r e d  by 
n a t u r a l  s e e d i n g s ,  b u t  more than  h a l f  was t r e a t e d  through 
t h e  e f f o r t s  o f  p r i v a t e  owners. 

4 .  Restored surface-mined land can serve s e v e r a l  u s e f u l  purposes .  
A survey  i n  1966 by t h e  S o i l  Conserva t ion  S e r v i c e  i n  14 s t a t e s  
showed t h a t  t h e  g r e a t e s t  p o t e n t i a l  u s e s  were woodland product ion  
and w i l d l i f e  h a b i t a t .  

The s t u d y  recommended t h a t  t h e  a p p r o p r i a t e  Federa l  a g e n c i e s  
demonstrate  l e a d e r s h i p  w i t h  t e c h n i c a l  and f i n a n c i a l  a i d  working through 
l o c a l  c o n s e r v a t i o n  d i s t r i c t s  and t h a t  " r e s e a r c h  s t u d i e s ,  and f i e l d  
demonst ra t ions  be expanded." 

More t h a n  50 m i n e r a l s  a r e  produced by s u r f a c e  mining i n  t h e  United 
S t a t e s .  
c m o d i t i e s ,  a s  shown i n  f i g u r e  1. 

About 95 p e r c e n t  of  t h e  acreage  d i s t u r b e d  by 1965 was f o r  seven 

SCOPE OF THE COAL REFUSE PROBLEM 

For many y e a r s ,  b u r n i n g  c o a l  r e f u s e  banks have b l i g h t e d  c o a l -  
producing a r e a s  of t h i s  c o u n t r y ,  pos ing  a h e a l t h  hazard t o  l o c a l  p o p u l a t i o n s ,  
producing l o c a l  d e f o l i a t i o n  of  v e g e t a t i o n  and c a u s i n g  o t h e r  losses i n  . 
p r o p e r t y  damage. F u r t h e r ,  t h e r e  a r e  hundreds of  non-burning r e f u s e  p i l e s  
which a r e  p o t e n t i a l l y  dangerous;  moreover, a d d i t i o n a l  annual  accumulat ion 
o f  c o a l  r e f u s e  amounts t o  approximately 70 m i l l i o n  tons .  

Recent ly  much a t t e n t i o n  has  been focused on t h i s  s i t u a t i o n .  Renewed 
e f f o r t s  have been made by t h e  c o a l  i n d u s t r y ,  by s t a t e  c o n t r o l l i n g  agencies  
and by r e s e a r c h  o r g a n i z a t i o n s  t o  prevent  t h e  spontaneous h e a t i n g ,  i g n i t i o n  
and burn ing  of r e f u s e  banks,  and even f i n d  u s e s  f o r  t h e  hugh q u a n t i t i e s  of 
r e f u s e  m a t e r i a l .  

C u r r e n t l y ,  a c t i v e  dumps a r e  leveled, covered w i t h  s o i l ,  and p l a n t e d  
w i t h  g r a s s  a n d / o r  trees w i t h  v a r y i n g  degrees  of success .  

EXPERIMENTAL PROCEDURE 

The s u r f a c e  mine rec lamat ion  f i e l d  experiments  were s t a r t e d  by t h e  
Morgantown Energy Research Center  i n  1965 and have cont inued through 1971 
on so-ca l led  orphaned s t r i p  mines t h a t  f a l l  i n t o  the c a t e g o r y  of a r e a s  
t h a t  r e q u i r e  c o n s i d e r a b l e  t r e a t m e n t  i n  o r d e r  t o  suppor t  v e g e t a t i o n .  
Table 2 summarizes t h e  Bureau ' s  program and shows t r e a t m e n t  a t  t h e  v a r i o u s  
s i t e s .  
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The c o a l  r e f u s e  bank o r  "gob p i l e "  rec lamat ion  e f f o r t  was done on 
a l e v e l e d  r e f u s e  dump t h a t  was owned by a l a r g e  c o a l  company. Both t y p e s  
of  m a t e r i a l  ( i .e . ,  s p o i l  and gob) were a c i d i c  due t o  t h e  presence  of 
p y r i t i c  minera ls  a s s o c i a t e d  w i t h  t h e  c o a l  and t h e  overburden w i t h  s o i l  
pH v a l u e s  most ly  i n  t h e  range of  2 .5  t o  3.5. 

A l l  t h e  sites were d r o u g h t y 5 a n d  g e n e r a l l y  devoid of p l a n t  cover  
and n u t r i e n t s .  Routine s o i l  t e x t u r a l  c l a s s i f i c a t i o n s  i n d i c a t e d  t h a t  t h e  
m a t e r i a l s  were loams, sandy loams o r  c l a y  loams. However, the s u r f a c e s  
of t h e s e  a r e a s  were covered w i t h  s c a t t e r e d  p i e c e s  or r o c k ,  s h a l e  or c o a l ,  
ranging  i n  s i z e  from pebbles  t o  b o u l d e r s .  A chemical  a n a l y s i s  of  t h e  
s p o i l  m a t e r i a l s  i s  given i n  t a b l e  3. 

Although t h e  f l y  ash  f o r  t h e s e  exper iments  was o b t a i n e d  from 
s e v e r a l  l o c a l  powerplan ts ,  t h e  l a r g e s t  tonnage used came from the F o r t  
Mar t in  power s t a t i o n  because of t h e  easy  a v a i l a b i l i t y ,  t h e  l a r g e  d a i l y  
product ion ,  and c o n s i s t e n t  q u a l i t y .  A t y p i c a l  a n a l y s i s  of t h i s  ash  i s  
g iven  i n  t a b l e  4. This  f l y  a s h  has  a pH of 12 and an a l k a l i n e  s o i l  
r e a c t i o n  when mixed w i t h  a c i d  so i l s .  Since l imes tone  normally is used 
t o  n e u t r a l i z e  a c i d  s o i l s ,  a comparison of t h e  l imes tone  requirement  f o r  
a p a r t i c u l a r  s t r i p  s p o i l  and t h e  f l y  ash  t o  g ive  t h e  same e f f e c t  shows 
t h a t  approximately 10 t i m e s  more f l y  a s h  may be r e q u i r e d .  

The a p p l i c a t i o n  r a t e  of  f l y  a s h  a c t u a l l y  used i n  the  f i e l d  was 
determined i n  the l a b o r a t o r y  by measuring t h e  pH of e q u i l i b r a t e d  s o i l -  
w a t e r  mixtures  on a 1:l by weight  b a s i s .  The r a t i o  of  f l y  a s h  t o  s p o i l  
was a d j u s t e d  e m p i r i c a l l y  t o  o b t a i n  a n e a r  n e u t r a l  c o n d i t i o n .  The r a t i o  
was t h e n  used t o  c a l c u l a t e  t h e  f l y  ash  a p p l i c a t i o n  r a t e  based on a 6- inch  
plow l a y e r  depth  o f  s o i l  m a t e r i a l .  These a p p l i c a t i o n s  v a r i e d  between 150 
and 800 tons p e r  a c r e  depending upon t h e  f l y  ash  used ,  t h e  t y p e  of s p o i l  
and i t s  b u f f e r i n g  c a p a c i t y ,  and t h e  depth  of mixing a n t i c i p a t e d .  

The type of machinery used f o r  s p r e a d i n g  and mixing f l y  ash  w i t h  
t h e  s p o i l  o r  r e f u s e  depended p r i m a r i l y  upon t h e  r e l a t i v e  roughness  of  
t h e  s u r f a c e .  Convent ional  farm equipment was used a t  some s i tes  w h i l e  
l a r g e  earthmoving machines were r e q u i r e d  a t  o t h e r s .  A f t e r  t h e  a r e a  was 
prepared ,  f e r t i l i z e r  and seed were a p p l i e d  a t  t h e  d e s i r e d  r a t e s .  

One t y p i c a l  seed mixture  was used,  a s  shown i n  t a b l e  5 ,  a t  t h e  
r a t e  of 43-47 l b s / a c r e .  Kentucky 3 1  f e s c u e  was almost  always inc luded  
i n  t h e  mixture  because of t h e  h i g h  degree  of s u c c e s s  exper ienced  w i t h  
t h i s  g r a s s .  

4, Gravimetr ic  mois ture  d e t e r m i n a t i o n s  of s p o i l  and r e f u s e  i n d i c a t e d  t i -a t  
mois ture  c o n t e n t  was g e n e r a l l y  a t  o r  near  w i l t  p o i n t .  See d i s c u s s i o n  
of Chemical and P h y s i c a l  B e n e f i t s  of f l y  a s h ,  l a s t  paragraph.  
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F e r t i l i z e r  ( g r a n u l a r ,  10-10-10-analysis)  was app l i ed  a t  1,000 l b s  
per a c r e  i n  most cases  b u t  h i g h e r  r a t e s  were o c c a s i o n a l l y  employed f o r  
s p e c i a l  purposes.  

The Morgantown Energy Research Center  p r e s e n t l y  has two la rge-  
s c a l e  demonst ra t ion  s i t e s  under t r ea tmen t .  One is  a s u r f a c e  mine s p o i l  
a r ea  ( S t r i p  S i t e  No. 4 )  c o n s i s t i n g  of about 65 a c r e s ,  h a l f  of which h a s  
been t r e a t e d  w i t h  f l y  ash .  Approximately 12 a c r e s  have a v e g e t a t i v e  
cover  c o n s i s t i n g  most ly  of Kentucky 31 f e scue  and rye  g r a s s .  Seve ra l  
v a r i e t i e s  of t r e e s ,  sh rubs ,  v a r i o u s  g r a s s e s  and legumes have a l s o  been 
p l an ted  expe r imen ta l ly  on sma l l  p l o t s  f o r  s u r v i v a l  and growth s t u d i e s .  

The o the r  s i t e  i s  a one-acre  a r e a  (Coal Mine Refuse S i t e  No. 1) 
t h a t  was l a i d  o u t  i n  t h e  middle of a l e v e l  c o a l  r e f u s e  dump. A s u c c e s s f u l  
g r a s s  cover  has been e s t a b l i s h e d  t h a t  c o n s i s t s  of t h e  f i r s t  f o u r  g r a s s e s  
shown i n  t h e  mix tu re  i n  t a b l e  5. 

Most of t h e  d a t a  d i scussed  i n  t h e  next  s e c t i o n  was ob ta ined  a t  
s t r i p  s i t e s  1, 2 and 3 ,  and r e p r e s e n t s  accumulated expe r i ence  s i n c e  t h e  
s t a r t  of t h e  work i n  1965. The c o l l e c t i o n  and a n a l y s i s  of d a t a  a t  t hese  
s i t e s  i s  con t inu ing  and i t  i s  expec ted  t h a t  s i m i l a r  in format ion  w i l l  be 
for thcoming from t h e  two l a r g e - s c a l e  demonst ra t ion  s i t e s  p r e s e n t l y  be ing  
rec la imed wi th  f l y  ash .  

RESULTS AND DISCUSSION 

Dry Mat t e r  Y ie lds  

Dry m a t t e r  (hay)  y i e l d s  a r e  i n d i c a t i v e  of t h e  b e n e f i c i a l  e f f e c t s  
of f l y  ash  t r ea tmen t .  A t  s i t e  No. 1 an average y i e l d  of 1.09 t o n s / a c r e  
was ob ta ined  from t h e  f l y  a s h - t r e a t e d  a r e a s ;  a l imes tone - t r ea t ed  c o n t r o l  
p l o t  a t  t h e  same s i t e  produced on ly  0.54 t on /ac re .  A t  s i t e  No. 2 t h e  
y i e l d s  ranged from 1 .6  t o  2 . 3  t ons  p e r  a c r e ,  a s  shown i n  t a b l e  6 .  S i m i l a r  
y i e l d s  were obta ined  a t  s i t e  No. 3 .  

During t h e  t h i r d  y e a r  a t  s i t e  No. 2 ,  f e r t i l i z e r  (N ,  P and K) r a t e s  
were inc reased .  S ince  n i t r o g e n  i s  the  most e a s i l y  l o s t  by l each ing ,  i t  
was app l i ed  i n  e q u a l  p o r t i o n s  of 70 pounds p e r  a c r e  a s  urea  i n  the  spr ing  
and a f t e r  t h e  f i r s t  two c u t t i n g s .  
90 pounds p e r  a c r e  o f  P ( a s  P,O,) and 180 pounds o f  K ( a s  %O) from 0-15-30 
a n a l y s i s  g ranu la t ed  f e r t i l i z e r .  Th i s  t r ea tmen t  i nc reased  y i e l d s  and 
pe rmi t t ed  t h r e e  c u t t i n g s  i n s t e a d  o f  t h e  u s u a l  one o r  two per  yea r .  Average 
d r y  m a t t e r  y i e l d s  from a l l  t h e  p l o t s  f o r  each  c u t t i n g  a r e  given In t a b l e  6 .  
The o v e r a l l  average y i e l d s  f o r  t h e  t h r e e  c u t t i n g s  a r e  4 4 ,  34 and 22 percent  
of t he  season  t o t a l ,  which i s  comparable wi th  those  ob ta ined  a t  t h e  West 
V i r g i n i a  Un ive r s i ty  Agronomy Farm, Reedsv i l l e ,  W. V a . ,  i n  h i g h - f e r t i l i z a t i o n -  
r a t e  exper iments .  Fur thermore ,  t h e  t o t a l  average  y i e l d  of about 4 t ons  per 
a c r e  f o r  t h e  t h i r d  y e a r  a t  s i t e  2 was t y p i c a l  of t he  y i e l d s  obta ined  du r ing  
West V i r g i n i a  U n i v e r s i t y ' s  p a s t u r e  exper iments  w i th  t h e s e  same p e r e n n i a l  
t a l l  g r a s s e s .  

Sp r ing  a p p l i c a t i o n s  of P and K were 
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Chemical and P h y s i c a l  B e n e f i t s  from Fly  Ash 

P e r i o d i c  pH de t e rmina t ions  were made f o r  t h r e e  consecu t ive  y e a r s  
a t  two of t he  expe r imen ta l  s i t e s  and p l o t t e d  t o  show long-range changes ,  
f i g u r e  2. The un t r ea t ed  c o n t r o l s  i n  both c a s e s  show a s l i g h t  i n c r e a s e ,  
bu t  it would r e q u i r e  many yea r s  be fo re  c o n d i t i o n s  would become f a v o r a b l e  
f o r  p l an t  s u r v i v a l .  F ly  a s h - t r e a t e d  p l o t s  on t h e  o t h e r  hand show s l i g h t  
dec reases  i n d i c a t i n g  t h e  need f o r  a d d i t i o n a l y  f l y  a sh  a p p l i c a t i o n  o r  t h e  
a p p l i c a t i o n  o f  smal l  q u a n t i t i e s  of lime p e r i o d i c a l l y  t o  ma in ta in  accep tab le  
s o i l  pH l e v e l s  f o r  long-range use .  

1 

\ 

\ 

\ 

Mixing l a r g e  q u a n t i t i e s  of f l y  ash  w i t h  s p o i l  a l s o  produced phys ica l  
changes t h a t  enhanced p l a n t  s u r v i v a l  and growth. 
mix tu res  was decreased  by t h e  l a r g e  a d d i t i o n s  of t h e  l i gh t -we igh t  amendment. 
Decreased bu lk  d e n s i t y  v a l u e s  r e s u l t e d  i n  g r e a t e r  pore  volume, g r e a t e r  
mois ture  a v a i l a b i l i t y ,  and h i g h e r  a i r  c a p a c i t y ,  and hence b e t t e r  c o n d i t i o n s  
f o r  roo t  p e n e t r a t i o n  and growth. 

Bulk d e n s i t y  of t h e  

S o i l s  c o n s i s t  of sand ,  c l a y  and s i l t - s i z e d  mine ra l  f r a c t i o n s  and 
t h e  r e l a t i v e  p r o p o r t i o n  of t h e s e  v a r i o u s  f r a c t i o n s  d e f i n e s  a s p e c i f i c  s o i l  
t e x t u r e  c l a s s i f i c a t i o n .  For  example, t h e  plow l a y e r  (6 inches  deep and 
weighing 1,000 t o n s  p e r  a c r e )  o f  a t y p i c a l  c l a y  loam h a s  t h e  f o l l o w i n g  
a n a l y s i s  p e r  a c r e :  Clay ,  350 tons ;  sand ,  350 tons ;  and s i l t ,  300 tons .  
A t y p i c a l  s i l t  loam has  t h e  fo l lowing  p e r  a c r e  a n a l y s i s :  Clay ,  150 t o n s ;  
sand ,  200 t o n s ;  s i l t ,  650 tons .  (Obviously c o n s i d e r a b l e  changes i n  t h e s e  
amounts would be r equ i r ed  t o  change from one c l a s s i f i c a t i o n  t o  ano the r . )  

Although s o i l  s c i e n t i s t s  cons ide r  a l t e r a t i o n  of t e x t u r e  v i r t u a l l y  
imposs ib le  under o r d i n a r y  c i r cums tances ,  t h i s  s tudy  showed t h a t  adding  
f l y  ash t o  s u r f a c e  mine s p o i l  changed t h e  t e x t u r a l  c l a s s i f i c a t i o n .  (See 
f i g u r e  3.) 

Spo i l  t e x t u r e  i n f l u e n c e s  t h e  amount of moi s tu re  a v a i l a b l e  f o r  
p l a n t  growth. In  g e n e r a l ,  s p o i l  composed l a r g e l y  of sand h a s  good a e r a t i o n  
bu t  i s  a p t  t o  be droughty .  Clay  banks compact e a s i l y  and crust ove r  du r ing  
dry  pe r iods .  Loams and s i l t y  s h a l e s  u s u a l l y  have enough f i n e  m a t e r i a l  t o  
ho ld  mois ture .  

F igure  4 ,  which compares t h e  w i l t  p o i n t  and f i e l d  c a p a c i t y  o f  
d i f f e r e n t  t ex tu red  so i l s ,  f u r t h e r  i l l u s t r a t e s  t h i s  p o i n t .  The c a p a c i t y  
of t he  s o i l  t o  hold  wa te r  i s  r e l a t e d  t o  s u r f a c e  a r e a ,  pore-space  volume, 
and c o n t i n u i t y  of t h e  pore  space .  Water-holding c a p a c i t y  is t h e r e f o r e  
r e l a t e d  t o  s t r u c t u r e  a s  w e l l  a s  t o  t e x t u r e .  It can  b e  seen  i n  f i g u r e  4 
t h a t  f i n e - t e x t u r e d  soi ls  have t h e  maximum t o t a l  wa te r  ho ld ing  c a p a c i t y ,  
bu t  t h a t  maximum a v a i l a b l e  wa te r  is he ld  i n  medium-textured s o i l s .  Research 
has shown t h a t  a v a i l a b l e  wa te r  i n  many s o i l s  i s  c l o s e l y  c o r r e l a t e d  wi th  t h e  
con ten t  of s i l t  and very  f i n e  sand. 
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F l y  ash ,  which i s  mos t ly  i n  the  s i l t  s i z e  range ,  was app l i ed  a t  
r a t e s  o f  150 t o  800 tons  p e r  a c r e .  Th i s  proved t o  be a s u f f i c i e n t  q u a n t i t y  
of a sh  ( p a r t i c u l a r l y  a t  t h e  h i g h e r  r a t e s )  t o  produce a t e x t u r a l  chan e by 
s h i f t i n g  the a n a l y s i s  toward t h e  s i l t  s i d e  of t h e  t e x t u r a l  t r i ang le . -  P 

Fur the r  ev idence  o f  t h e  b e n e f i c i a l  e f f e c t  t h a t  t h e  use  of f l y  a sh  
has  on t h e  water  c a p a c i t y  of t h e  s p o i l  and t h e  a v a i l a b i l i t y  of t h i s  mois ture  
is  i n d i c a t e d  by f i g u r e  5. This f i g u r e  g i v e s  q u a n t i t a t i v e  moi s tu re  v a l u e s  
f o r  t h e  undis turbed  c o n t r o l  p l o t  and a p l o t  t r e a t e d  wi th  800 t o n s / a c r e  o f  
f l y  ash  a t  s t r i p  s i t e  No. 2. 
t h e s e  p l o t s ,  i n d i c a t e d  i n  the  f i g u r e  by dashed l i n e s ,  s h o w  how t h e  a v a i l a b l e  
w a t e r  range  co r re spands  t o  t h e  a c t u a l  mo i s tu re  con ten t  under f i e l d  con- 
d i t i o n s .  Heavy s p r i n g  r a i n s  b u i l t  up a s i g n i f i c a n t  r e s e r v o i r  of mois ture  
i n  t h e  f l y  a sh - t r ea t ed  p l o t  and cont inued  t o  be a v a i l a b l e  even d u r i n g  t h e  
summer d r y  pe r iod ,  as t h e  b a r  graph  i n d i c a t e s .  On t h e  o t h e r  hand, t h e  
c o n t r o l  p l o t  r e t a i n e d  l i t t l e  mo i s tu re  from t h e  s p r i n g  r a i n s  and d u r i n g  t h e  
d r y  pe r iod  mois ture  was n o t  i n  t h e  a v a i l a b l e  range f o r  p l a n t s  f o r  s e v e r a l  
weeks. Since the  a c t u a l  m o i s t u r e  con ten t  of t h e  c o n t r o l  s p o i l  remains a t  
o r  nea r  t h e  w i l t  p o i n t  v a l u e ,  most of t h e  w a t e r  t h a t  f e l l  on t h i s  a r e a - a s  
r a i n  probably r an  ot'f and was not  absorbed. 

F i e l d  c a p a c i t y  and w i l t  po in t  v a l u e s  f o r  

SUMMARY 

These exper iments  demonst ra te  t h e  f e a s i b i l i t y  of d i s p o s i n g  of l a r g e  
q u a n t i t i e s  o f  power p l a n t  f l y  ash on a c i d  s u r f a c e  mine s p o i l  and c o a l  
r e f u s e  dumps. The b e n e f i t s  t h a t  r e s u l t  a r e :  

1) A c i d  m a t e r i a l s  a r e  p a r t i a l l y  n e u t r a l i z e d  and so i l  c o n d i t i o n s  
improved to a t o l e r a n t  l e v e l  f o r  some g r a s s e s  and legumes. 

2)  The g r a s s e s  and legumes e s t a b l i s h  an immediate cover  t h a t  
resists e r o s i o n  and hence reduces  s t r eam p o l l u t i o n  p o t e n t i a l .  

Soil t e x t u r e  changes  i n c r e a s e  mois ture  ho ld ing  c a p a c i t y ,  
i nc rease  pore space  and improve r o o t  growth cond i t ions .  

Yie lds  of f o r a g e  and hay from reclaimed lands  a r e  comparable 
t o  y i e l d s  from undis turbed  p a s t u r e s  and meadows a s  r epor t ed  
by t h e  West V i r g i n i a  Coopera t ive  Crop Repor t ing  Service.% 

3)  

4 )  

% T e x t u r a l  changes d i s c u s s e d  i n  t h i s  t e x t  r e f e r  t o  t h e  "plow l aye r "  o r  
t o p  6 inches  of m a t e r i a l .  

E/ West Vi rg in i a  Department of A g r i c u l t u r e ,  Div. of S t a t i s t i c s ,  Cha r l e s ton ,  
W .  Va., Ju ly  12,  1968, Monthly Farm Report .  

I 

I 
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Although rec lamat ion  of s t r i p  s p o i l  w i t h  f l y  ash  appears  t e c h n i c a l l y  
f e a s i b l e ,  p r a c t i c a l  a p p l i c a t i o n  and widespread acceptance  depend on a number 
of o t h e r  c o n s i d e r a t i o n s .  
and e s t h e t i c s  and s t r i p  mining laws w i l l  a l s o  p l a y  impor tan t  r o l e s .  Sur face  
mining d o u b t l e s s  w i l l  cont inue  t o  be  a major  f a c t o r  i n  r e c o v e r i n g  m i n e r a l s  
v i t a l  t o  t h e  n a t i o n ' s  economy, hence t h e r e  is cont inued  i n c e n t i v e  t o  evolve  
b e t t e r  rec lamat ion  techniques  and develop methods of  r e c o v e r i n g  m i n e r a l s  
w i t h  minimum damage t o  s u r f a c e  a r e a s  and s t reams.  

Economic j u s t i f i c a t i o n  w i l l  be a major  f a c t o r ,  
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TABLE 1. - Condition of surface-mined land, 
by state, January 1, 1965 

IIn lhousnnds 01 ncros] 

Lnnd Lmdnot  
Slnlr needin& riredlnp Total lruid 

trcnt- trrnt- cilslurbcd 2 
mrntn nicnt I 

Alabama- .................. 
Alaska- ..................... 
Arizona- ................... 
Arkansas- .................. 
California- ................. 
Colorado- .................. 
Connecticut ................ 
Delaware.. ................. 
Florida.. ................... 
Georgia-. .................. 
Hara i i  3.. ................... 
Idaho ...................... 
Illinois.. .................. 
Indiana- ................... 
Iowa ....................... 
Kansnx-. .................. 
Kentucky- ................. 
Louisiana. .................. 
Maine- .................... 
Maryland- ................. 
Nassachusetts .............. 
Michigan.. ................. 
Minnesota.. ................ 
Mississippi- ................ 
Missouri- .................. 
Montana ................... 
Nebraska .......... ~ . .  ...... 
Nevada- ................... 
New Hnmpshire.. ........... 
New Jersey.. ............... 
New Mexico ................ 
New York .................. 
North Carolina .............. 
North Dakota .............. 
Ohio ....................... 
Oklahoma.. ................ 
Oregon--. .................. 
Pennsylvania- .............. 
Rhode Island ............... 
South' Carolina. ............. 
South Dakota ............... 
Tennessee.. ................ 
Texns.. .................... 
Utah- ..................... 
Vermont ................... 
I'irginia- ................... 
Washington. ............... 
West Virginia- .............. 
Wisconsin. ................. 
Wyoming- ................. 

83. 0 
6. 9 
4. 7 

16. 6 
107. 0 
40. 2 
10. 1 
3. 5 

143.5 
13. .5 

30. 7 
88. 7 
27. 6 
35. 5 
50. 0 
79. 2 
17. 2 
21. 6 
18. 1 
25. 0 
26. 6 
71. 5 
23. 7 
43. 7 
19. 6 
16. 8 
20. 4 
5. 1 

21. 0 
2. 0 

50. 2 
22. 8 
22. I) 

171.6 
22. 2 
5. 8 

229.5 
2. 2 

19. 3 
25. 3 
62. 5 

136. 4 
3. 4 
4. 2 

111.4 
27. 4 
6. 4 

. . - - - - - . 

3T. 1 
3. i) 

50. 9 
4. 2 

27. 7 
5. 8 

66. 1 
14. 8 
G. 2 
2. 2 

45. 3 
8. 2 

10. 3 
54. 4 
97. 7 
8. 9 
9. 5 

48. 5 
13. 6 
13. 2 
7. 1 

15. 3 
10. 3 
43. 9 
5. 9 

15. 4 
7. 3 

12. 1 
12. 5 
3. 2 

12. 8 
4. 5 
7. 5 

14. 0 
14. 0 

105. 1 
5. 2 
3. 6 

140. 7 
1. 4 

13. 4 
8. 0 

38. 4 
20. 9 
2. 1 
2. .i 

23. 1 
3. 3 

84. 1 
8. 2 
4. 0 

- . . - - . . 

133. 9 
11. 1 
32. 4 
22. 4 

174. 0 
56. 0 
16. 3 
5. 7 

188.8 
21. 7 

...... 
41. 0 

143. 1 
125. 3 
44. 4 
59. 5 

127. 7 
30. 8 
34. 8 
25. 2 
40. 3 
36. 9 

115. 4 
29. 6 
50. 1 
26. 9 
28. 9 
32. 9 

8. 3 
33. 8 

6. 5 
57. 7 
36. 8 
36. 9 

276. 7 
27. 4 
0. 4 

370. 2 
3. 6 

32. 7 
34. 2 

100.9 
166. 3 

.I. 5 
6. 7 

60. 8 
8. 8 

195. 5 
3.5. 6 
10. 4 

Total ................ ' 2,040.6 1, 147. 2 3, 187. 8 
~ 

I Compiled from dnta sup licd by Soil Conscrvation 
Service, US. Department of &riculturc. 

Compiled from dnta supplied bv US. Dcpartmcnt of 
the Interior; from Soil Conscrvatibn Scrvicc; and from 
studygroup estimates. ' Less than 100 acres. 

' Does not include 108,000 :ICTCS of National Forest lnnrl 
needing treatment. 

TABLE 2. - Description of sur face  mine spoil s i t e s  
t rea ted  with f l y  ash 

1965 

3.1-4.7 

TABLE 3. - Chemical a n a l y s i s  of surface 
mine s p o i l  a t  s i t e s  1, 2 and 3L 

Const i tuent  Weixht-Per< 
S i t e  1 ] S i t e  2 
18.0 24.0 A120, 

s io, 69.3 59.7 
Fe2 4 
Pa 0, 
T i 4  
CaO 
MgO 
KaO 
Ne, 0 
S 
Ha 
C 
Bulk dens i ty ,  d c c  

. 3  

.8 
1.7 
1.4 

9.2 
.1 
. 7  

1.0 
. 5  

3.5 
. 5  
.6 

1.0 
5.0 
1.6 

nt 

21.4 
62.1 

7.7 
.-I 
.a 
. 5  
.8 

3.1 
. 5  
.1 

2.9 
_ -  
-- 

L S s m p l e  cores  were taken t o  depth of 
6 inches and composited for analys is .  
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Cons t i tuen t  

S io2 
A1203 
Fez 03 
CaO ' 
MgO 
Na, 0 
K20 

/I Major  elements 

I 

T iO?  

N . D .  
p2 0, 

'\ LO I 
Trace elements 

B 
cu 
Mn 
Mo 
Zn 

i 

Bulk d e n s i t y  g / c c  

Year 
F i r s t  (1967) 
Second (1968) 
Third  (1969) 

f 

47.7 
23.6 
15.6 
3.5 
1.5 
1.9 
2.2 
2.7 

.6 

Dry we igh t ,  t o n s l a c r e  
1s t  C u t t i n g  2nd C u t t i n g  3 rd  C u t t i n g  T o t a l  
Date Yie ld  Date Yie ld  Date Yield Yie ld  

June  1 1.6 -- None -- None 1.6 
June 5 1.4 Sep t .  5 .9 -- None 2.3 
June  2 1.7 J u l y  29 1.2 Sep t .  30 .9 3.8 

. 7  
3.6 

450 ppm 

200 pprn 
40 PPm 

20 PPm 
9 0  PPm 
1.15 

Seed mix tu re  I W t  p c t  

Kentucky 31 f e scue  

Red t o p  g r a s s  

Orchard g r a s s  

Rye g r a s s  

B i rds  f o o t  t re f o i 1 

(Fes tuca  a rundinacea  sh rebe )  

(Agros t i s  a l b a )  

(Da c t y  1 i s  g 1 ome rt a s ) 

(Lolium perenne) 

(Lotus c o r n i c u l a t u s )  

35 

14 

18 

28 

5 

100 
- 
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C o a l .  41 pct 

\ Sand & Gravel \ / 
26 oct 

FIGURE 1. - Surface  mining i n  USA by mineral  
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FIGURE 2 .  - Untreated s p o i l  remains a c i d i c ,  pH o f . s p o i 1 -  
f l y  a s h  m i x t u r e s  remain s u f f i c i e n t l y  h i g h  to 

m a i n t a i n  p l a n t  life 
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F I G U R E  3 .  - F l y  ash changes spoil t o  
s i l t  loam c l a s s i f i c a t i o n  

F I G U R E  5. - Moisture a v a i l a b i l i t y  o f  
fly ash-modif ied soi l  
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F I G U R E  4 .  - Water-holding c a p a c i t i e s  of 
d i f f e r e n t  t ex tured  s o i l s  
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