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ABSTRACT 
. . 

A  13 .8  h a  abandoned c o a l  r e f u s e  s i t e  i n  s o u t h -  

w e s t e r n  I l l i n o i s  was  r e c l a i m e d  by  r e c o n t o u r i n g  t h e  

f e f u s e  mate r i a l .  and c o v e r i n g  it w i t h  a  mirliii~urn 30 c m  of  

s o i l .  .   he' r e c l a m a t i o n  p rocedure  inc luded  d e t e r m i n a t i o n  

o f  t h e  s i t e ' s  f i n a l  l and  u s e ,  c o l l e c t i o n  o f  p r e c o n s t r u c -  

t i o n  environment a 1  d a t a ,  and development and implemen- 

t . a t  i o n  o f  e n g i n e e r i n g  p l a n s .  

The p r o j e c t '  is  d e m o n s t r a t i n g  methods t h a t . c a n  b e  
. . 

u s e d  t o  r e c l a i m  a b a n d o n e d  c o a l  r e f u s e  s i t e s ,  a n d  a  

m u l t i d i s c i p l i n a r y  .approach ' is b e i n g .  used t o  e v a l u a t e '  

p o s  t c o n s t r u c  t i o n  e n v i r o n m e n t  a 1  a n d  econ 'omic  e f f e c t s  

o f  t h e  r e c l a m a t i o n  e f f o r t .  S u r f a c e  wa te r  q u a l i t y  h a s  ' 

shown s i g n i f i c a n t  improvement and p l a n t  c o v e r  i s  becoming 

e s t a b l i s h e d  on t h e  s i t e .  S o i l  m i c r o b i a l  p o p u l a t i o n s  a r e  

d e v e l o p i n g  and w i l d l i f e  h a b i t a t s  a r e  f o r m i n g .  The  

. . economic v a l u e  o f  t h e  s i t e  and a d j a c e n t  p r o p e r t i e s  h a s  . . 

i n c r e a s e d  s u b s t a n t i a l l y '  and t h e  a r e a ' s  a e s t h e t i c  v a l u e  

h a s  been enhanced . .  T h i s  p r o j e c t  i s  p r o v i d i n g  v a l u a b l e  

d e s i g n  d a t a  f o r  f u t u r e  r e c l a m a t i o n  e f f o r t s  o f  t h i s  t y p e .  

U n t i l  r e c e n t  enactment  of s t a t e  and f e d e r a l  r e g u l a t i o n s  on c o a l  

r e f u s e  d i s p o s a l ,  t h e  methods and s i t e s  f o r  d i s p o s i n g  o f  r e j e c t  m a t e r i a l s  

from c o a l  p r e p a r a t i o n  p l a n t s  were u s u a l l y  determined by c o n v e n i e n c e  and 

 h his pro jec t '  is f i n a n c i a l l y  suppor ted  by t h e  f o l l o w i n g  a g e n c i e s  : U.S. . - 

Department of  Energy,  C o n t r a c t  No. W31-109-Eng-38; Abandoned Mined Land 
Reclamat i o n  Counc i l ,  S t a t e  of  I1 l i n o i s ,  P r o j e c t  No. 555-090-004; I l l i n o i s  
I n s t i t u t e  of N a t u r a l  Resources ,  P r o j e c t  No. 80.043.  

. . 



. . . . 

economic c o n s i d e r a t  i o n s .  Coa r se  r e f u s e  (gob)  was, u s u a l l y  dumped n e a r  

t h e  p r e p a r a t i o n  p l a n t ,  which o f t e n  c r e a t e d  l a r g e ,  s t e e p - s i d e d  p i l e s .  

E f f l u e n t  ( s l u r r y )  from t h e  coa l  washeries was pumped i n t o  a  nearby impound- 

ment where s o l i d s  were allowed t o  s e t t l e  ou t .  L i t t l e  thought was given '  t o  
. . 

t h e  long-term environmental consequences of t hese  d i sposa l  methods. 

When p y r i t i c  m a t e r i a l ,  o f t e n  assoc ia ted  with coa l  r e f u s e ,  i s  exposed 
. . . . 

t o  t h e  atmosphere, o x i d a t i o n  and hydro l i za t ion  occur and s t r o n g  a c i d s  .a re  

formed. Acidic runoff  ' from the  r e fuse  s i t e  degrades s u r f a c e  water  ' q u a l i t y  

and c a u s e s  d e t e r i o r a t i o n  o f  t h e  a q u a t i c .  env i ronmen t .  Wate r .  w i t h  h i g h  

concen t r a t  ions of s u l f a t e  and metal ions and low pH may contaminate  t h e  

l o c a l  groundwater sys  tem. The r e fuse  m a t e r i a l  becomes a c i d i c  and c r e a t e s  
. . 

adverse  cond i t i ons  f o r  p l a n t  es tab l i shment  and growth. without ' a  p r o t e c t i v e  . 

v e g e t a t i v e  cover ,  r e f u s e  m a t e r i a l  i s  e a s i l y  e roded ,and  t h e  r e s u l t a n t  s ed i -  

ment i s  c a r r i e d  o n t o  a d j a c e n t .  a r e a s .  T h i s  c y c l e  co'nt i n u e s  a s  e r o s i o n  

exposes ,  unweathered p y r i t i c  m a t e r i a l  f o r  ox ida t ion .  Conceivably, hundreds 

of years  could be requi red  f o r  reclamation of a  coa l  r e f u s e  s i t e  by n a t u r a l  

p roces ses ,  dur ing  which time the  environment would cont inue  t o  be  a d v e r s e l y  

a f f e c t e d .  

Abandoned mine-refuse a r e a s ,  i . e . ,  those  where no one h a s  r ec l ama t ion  

r e s p o n s i b i l i t i e s ,  i n  an unreclaimed condi t ion  have no r e a l  . l a n d  use o r  
. . 

p o t e n t i a l  economic va lue .  Often these  s i t e s  become unauthorized dumps which 

c r e a t e  publ ic  h e a l t h  hazards .  General.ly, r e f u s e  a r e a s  a r e  u n s i g h t l y ,  and 

t h e  a d d i t i o n  of ca s t -o f f  m a t e r i a l s  d e t r a c t s  even more from t h e i r  appearance.  

These cond i t i ons ,  t o g e t h e r  with the  meager environmental s t a t u s  of  t h e  s i t e ,  

c r e a t e  a  depressed economic market f o r  ad jacent  p r o p e r t i e s .  

The. land area.  used f o r  t he  d i sposa l  of coa l  r e f u s e  i s  s i z a b l e ;  i n  

Ind iana ,  f o r  example, unreclaimed coa l  r e f u s e  s i t e s  ,occupy approximate ly  

1300 ha  ( 6 ) ,  and 'in I l l i n o i s ,  i t  i s  es t imated  t h e r e  a r e ' o v e r  3600 ha.  of 

abandoned, exposed coa l  r e f u s e  (11.). From a  r eg iona l  s t andpo in t ,  c o a l  r e f u s e  

s i t e s  r e p r e s e n t ' a  s i g n i f i c a n t  land area: The U.S.  Bureau of Mines e s t i m a t e s  

t h a t  almost 50,000 ha of land were .used i n  Appalachia between 1930 and 

1971 f o r  the  d i sposa l  of deep mine waste m a t e r i a l s  (13 ) .  This  a r e a  i s  ' 

equ iva l en t  t~ 14% o f  t h e  a r ea  d i s tu rbed  by s u r f a c e  mining du r ing  t h e  same 

per iod .  
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. The U.S. Department o f  Energy,  th rough  t h e  Land Rec lamat ion  program* 

a t  Argonne N a t i o n a l  L a b o r a t o r y ,  and . two I l l i n o i s  a g e n c i e s  -- t h e  Abandoned 

1 .  Mined Land Reclamat ion Counci l  and t h e  I n s t i t u t e  o f  N a t u r a l  Resources  -- 
I 

have developed a  c o o p e r a t i v e  p r o j e c t  t o  a d d r e s s  t h e  problems a s s o c i a t e d  ' 

w i t h  r e c l a i m i n g  an abandoned deep  mine r e f u s e - d i s p o s a l  s i t e .  The s t a f f  o f  

t h e  Land Reclamat ion p rogr im i s  made up o f  eng inee rs . ,  l i f e  s c i e n t i s t s ,  and 

p h y s i c a l  s c  i e n t  i s t s  who . r e p r e s e n t .  t h e  va r i0u . s  d i s c  i p l i r i e s  i n v o l v e d  2 n .  t h e  . 

r e c l a m a t i o n  p r o c e s s .  
. . 

A major  o b j e c t i v e  o f  t h e  c o o p e r a t i v e  p r o j e c t  i s  t o  d e v e l b p ,  demon- 

. . s t r a t e ,  and e v a l u a t e  methods f o r  r e c l a i m i n g  abandoned c o a l  r e f u s e  s i t e s  i n  

o r d e r  t o  p r o v i d e  g r e a t e r  b e n e f i t s  a t  1 o w e r . c o s t s .  The c o l l e c t i o n  and 

documentat  i o n  o f  d e t a i l e d  in fo rmat  i o n  on t h e  v a r i o u s  a s p e c t s  o f  t h e  reclama-: 

t i o n  p r o c e s s  i s  p r o v i d i n g  d e s i g n  d a t a  f o r  f e d e r a l  and s t a t e  a g e n c i e s  and t h e  

c o a l  i n d u s t r y .  A d d i t i o n a l  o b j e c t i v e s  of  t h e  p r o j e c t  a r e  common t o  a l l  

r e c l a m a t i o n  e f f o r t s .  They a r e  t o :  a )  r e d u c e  t h e  q u a n t i t y  o f  p o l l u t a n t s  

e n t e r i n g  t h e  env i ronment ,  b )  i n c r e a s e  t h e  economic p o t e n t i a l  of t h e  a r e a ,  

and c )  improve t h e  a e s t h e t i c  v a l u e  o f  t h e  l o c a l i t y .  

The s i t e  s e l e c t e d  f o r  t h e  r e c l a m a t i o n  d e m o n s t r a t i o n  p r o j e c t  was t h e  

abandoned Conso l ida ted  Coal Company's Mine .No. 14  n e a r  S t a u n t o n ,  I l l i n o i s  

( ~ i g u r e  1 ) .  The mine was opened i n  1904 and o p e r a t e d  f o r  a p p r o x i m a t e l y  19 

y e a r s ,  o b t a i n i n g  t h e  H e r r i n  ' (No.  6 )  c o a l  th rough  an 85-m-deep v e r t i c a l  

s h a f t .    he c o a l  was d r y ,  non-gaseous,  and c o n t a i n e d  about  5% s u l f u r .  ' L i k e  

o t h e r  mines o f  the  a r e a ,  Conso l ida ted  No. 14 was n o t e d  f o r  i t s  good r o o f ,  

and s u b s i d e n c e  was n o t  a  problem. Double-entry room and p i l l a r  e x t r a c t i o n  

was u s e d ,  w i t h .  t h e  c o a l  s o r t e d  and loaded by hand underground.  An a v e r a g e  

work f o r c e  o f  500 men e x t r a c t e d  a s  much a s  4550 t o f  c o a l  p e r  day  d u r i n g  t h e  

' p e r i o d .  t h e  mine was i n  f u l l  p r o d u c t i o n .  

The t o t a l  s i t e  i n c l u d e d  13.8  h a ,  o f  which 9 .3  h a  had been  a f f e c t e d  by  

t h e  p a s t  mining o p e r a t i o n  and r e q u i r e d  r e c l a m a t i o n .  .Dramatic,  e v i d e n c e  o f  t h e  

p a s t  mining and c l e a n i n g  o p e r a t i o n  e x i s t e d  i n  t h e  form o f  t h e  g o b  p i l e ,  a  

s t e e p - s i d e d  r e f u s e  heap  t h a t  r o s e  about 25 m above t h e  n a t u r a l  l a n d s c a p e  and 

* The Land Rec lamat ion  Program i s  a  j o i n t  e f f o r t  o f  t h e  Energy and Environ- 
m e n t a l  Systems D i v i s i o n  and t h e  Environmental  Impact S t u d i e s  D i v i s i o n  a t  
Argonne N a t i o n a l  L a b o r a t o r y .  



covered  a l m o s t  ' 2  h a .  I n  t h e  50-odd y e a r s  t h e  mine had been c l o s e d ,  e r o s i o n  

had c u t  d e e p  g u l l i e s  i n t o  t h e  f a c e  o f  t h e  gob p i l e ;  no  v e g e t a t i o n  had become 

e s t a b l i s h e d  on t h e  gob o r  i n  a d j a c e n t  a r e a s  a f f e c t e d  by t h e  a c i d  r u n o f f  and 

s e d i m e n t .  A 55-m-high c o n c r e t e  smokestack,  a  remnant o f  t h e  m i n e ' s  power 

p l a n t ,  was s t i l l  s t a n d i n g ,  b u t  o n l y  t h e  f o u n d a t i o n s  o f  o t h e r ' m i n e  s t r u c t u r e s  

r emained .  The r a i l s  from a  s i d i n g  which s e r v e d  t h e  mine had been  removed, 

b u t  t h e  r ight-of-way was s t i l l  . e v i d e n t  a long  t h e  s o u t h e r n  boundary  o f  t h e  

. p r o p e r t y .  The gob p i l e  and t h e  s i t e  o f -  t h e  o l d  c l e a n i n g  p l a n t ,  t i p p l e ,  and 

r a i l  ya rd  occup ied  about  o n e - t h i r d  of  t h e  t o t a l  p r o p e r t y .  

Before  t h e  mine was opened,  . a  dam had been  b u i l t  a c r o s s  a  d e e p  rav . ine  

n e a r  t h e  s i t e ' s  n o r t h  boundary.  The 4 . 5  h a  impoundment c r e a t e d  b y  t h e  dam 

p r o v i d e d  w a t e r  f o r  t h e  m i n e ' s  power  p l a n t  and c o a l  w a s h i n g  o p e r a t i o n ,  

and a l s o  s e r v e d  a s  a  sump f o r  t h e  s l u r r y  produced by t h e  c o a l  washer .  . A l l  

d r a i n a g e  from t h e  s i t e  was i n t o  t h i s  impoundment, and a f t e r  t h e  mine was 

c l o s e d  t h e  a r e a  con t inued  t o  f i l ' l  w i t h  sediment  from t h e  gob p i l e .  T h i s  

r e f u s e  m a t e r i a l  r e a c h e d  a  maximum d e p t h  o f ,  9 m a n d ,  d u e  t o  i t s  ac  i d i c  

n a t u r e ,  p r e v e n t e d  v e g e t a t i o n  f r o m  b e c o m i n g  e s t a b l i s h e d .  I n  t h e  e a r l y .  
. . 

1 9 4 0 ' s  t h e  dam was b reached ,  r e s u l t i n g  i n  e r o s i o n  o f  t h e  o l d  s l u r r y .  a r e a  and 

g u l l i e s  a s  deep  a s  4 .5  m .  Acid r u n o f f  and sediment  were c a r r i e d  down a  

s m a l l  s t r e a m  about  0.8 km t o  Cahokia Creek.  
. . 

The s i t e  had been used a s  a  g e n e r a l  dump f o r  many y e a r s  and was 

l i t t e r e d  w i t k ' t r a s h  and d e b r i s  ... There  was , ev idence  t h a t  s m a l l  game used t h e  

4 .5  h a '  of  t h e  s i t e  t h a t  was covered w i t h  v o l u n t e e r  s h r u b s ,  g r a s s e s ,  and 

t r e e s .  It was a l s o  e v i d e n t  t h a t  t h e  s i t e  had been used by o f f - r o a d  v e h i c l e s  

and a s  a  t a r g e t  r a n g e  by h u n t e r s .  

' ,  Before  r e c l a m a t i o n  work c o u l d  b e g i n ,  t h e  p r o j e c t  s t a f f  h e l d  d i s c u s -  

s i o n s  w i t h  l o c a l  o f f i c i a l s  and r e g i o n a l  p l a n n e r s  t o  s e l e c t  a  f i n a l  l a n d  

u s e .  S u g g e s t i o n s  o f  an i n d u s t r i a l  p a r k ,  a  commercial  c e n t e r ,  o r  a  h o u s i n g  

d e v e l o p p e n t  were r e j e c t e d  due t o  t h e  i n s t a b i l i t y  o f  t h e  r e f u s e '  m a t e r i a l .  

S i n c e  one o f  t h e  g o a l s  o f  r e c l a m a t i o n  i s  t h e  m i t i g a t i o n  o f  o f f - s i t e  p o l l u t i o n ,  

t h e  a c i d i c  r u n o f f  f r o m  t h e  r e f u s e  m a t e r i a l  'had t o  b e  c o n t r o l l e d  and  a  

v e g e t a t i v e  c o v e r  was e s s e n t i a l  t o  c o n t r o l  e r o s i o n  and r e d u c e  r u n o f f .  F u r t h e r  

i n v e s t i g a t i o n  d e t e r m i n e d  t h a t  t h e  communi ty  h a d  a  n e e d  f o r  a d d i t i o n a l  

r e c r e a t i o n a l  a r e a s  and t h a t  t h i s  use  would b e  c o m p a t i b l e  w i t h  t h e  c o n d i t i o n s  

a t  t h e  s i t e .  Wi th  t h e s e  c o n s i d e r a t i o n s  i n  m i n d ,  a  f i n a l  l a n d  u s e  a s  a  



r e c r e a t i o n a l  ar'ea, w i l d l i f e  h a b i t a t ,  and eco log ica l  educa t ion  a r e a  was 

sel 'ected.  .De ta i l ed  engineering p lans  and s p e c i f i c a t i o n s  were developed t o  

meet t h e  requirements  f o r  t h i s  f i n a l  land use.  

Base1 ine  monitoring was i n s t i t u t e d  t o  a s s e s s  t h e  prerec lamat ion  

environmental c'ondit 'ions of t h e  a r e a .  Monitoring included:  ( a )  determina- 

t i o n '  of groundwater and s u r f a c e  water  q u a l i t y ; .  ( b ) ,  d e t a i l e d  sampling and 

t e s t i n g  o f  s u r f a c e  m a t e r i a l s  t o  d e t e r m i n e  t h e  p h y s i c a l .  p r o p e r t i e s  and 

chemical c h a r a c t e r i s t i c s  of t h e  r e f u s e  m a t e r i a l  and a d j a c e n t '  s o i l s ;  ( c )  a  

w i l d l i f e - u s e  i n v e n t o r y  of  t h e '  s i t e ;  ( d )  d e l i n e a t i o n  and '  e v a l u a t i o n  of 

t h e  a q u a t i c  ecosystem . of . t h e  s i t e ' s ; w a t e r s h e d ;  and ( e )  a  survey of s o i l  , .  

m i c r o b i a l  popula t ions  t h a t  a r e  . i n d i c a t i v e  of  the  f e r t i l i t y  of  t h e  r e f u s e  

m a t e r i a l  and s i t e  so i l ' s  (10 ) .  ~ a b o r a t o r ~  growth-chamber s t u d i e s  a l s o  were. 

conducted t o  i n v e s t i g a t e  t h e  e f f e c t i v e n e s s  of va r ious  s o i l  amendments and t o  

i d e n t i f y  vege ta t ion  spec i e s  t h a t  could be used i n  reclaiming t h e  s i t e  ( 5 ) .  

The b a s e l i n e  monitor ing phase ,provided d a t a  needed ' to  develop p l ans  f o r  t h e  

s i t e ,  and i s  now providing a  means t o  measure the  e f f e c t i v e n e s s  of ' the  

rec lamat ion  e f f o r t .  

SITE DEVELOPMENT 

In  the  l a t e  summer of 1976, the, S t a t e  of  I l l i n o i s  purchased the  

s i t e ,  and on 15 September ,1976 awarded t h e  c o n s t r u c t i o n  c o n t r a c t  t o  Plarle, 

I n c .  of.. S p r i n g f i e l d ,  I l l i n o i s .  The s t a t e  a l s o  con t r ac t ed  t o  have t h e  s t a f f  

of t h e  Land Reclamation Program a c t  a s  r e s i d e n t  engineers  f o r  t h e  p ro j ec t  

dur ing  t h e  s i t e  development phase. 

S i t e  development began immediately with t h e  removal of t h e  smokestack 

a n d ,  mine s t r u c t u r e  foundat ions,  .and the  d i sposa l  of  accumulated d e b r i s .  

The b o r r o w  p i t  was opened ,  and c o v e r  m a t e r i a l  removed and s t o c k p i l e d .  

Within s i x  weeks, grading had reduced the  gob p i l e  t o  approximately one-third 

of i t s  o r i g i n a l  h e i g h t .  Dur'ing grading of t h e  s l u r r y  a r e a ,  t h e  c o n t r a c t o r  

experienced problems moving equipment over t h e  s a t u r a t e d  s l u r r y  m a t e r i a l .  

Appl ica t ion  of a  n e u t r a l i z i n g l s t a b i l  i z i n g  agent ,  and t h e  ' a r r i v a l  . of c o l d e r  

weather t h a t  caused t h e  ground t o  f r e e z e ,  a ided i n  t h e  r econ tou r ing  of t h e  

s l u r r y  a r e a .  As c o n s t r u c t  ion progressed ,  t h e  Staunton a r e a  experienced i t s  

s e v e r e s t  win ter  on r e c o r d . '  Due t o  t h e  extreme weather c o n d i t i o n s ,  a l l  

c o n s t r u c t  ion a c t i v i t i e s  stopped f o r  two weeks i n  February. 



Grading of the  s i t e  was completed a f t e r  c o n s t r u c t i o n  a c t i v i t i e s  

' .  resumed, and t h e  a p p l i c a t i o n  of n e u t r a l i z i n g  m a t e r i a l s  a t  t h e  re fuse /cover -  

m a t e r i a l  i n t e r f a c e  began. The n e u t r a l i z i n g  agents  were incorpora ted  t o  

a minimum d e p t h  o f  1 5  cm i n t o  t h e  ' r e c o n t o u r e d  r e f u s e  m a t e r i a l s  u s i n g  

, . an i n d u s t r i a l  d i s k  harrow. Cover m a t e r i a l  from ' t he  bor'row p i t  was then  

. . placed on the  recontoured r e f u s e  m a t e r i a l  i n  a  30 cm t h i c k  l a y e r .  An appl ica-  

. . t ion  of 11.2 t / h a  of a g r i c u l t u r a l  l imestone,  and 135 kglha each of n i t r o g e n ,  

phos.phorus,  and p o t a s s i u m ' p l a n t  n u t r i e n t s  was made' t o  t h e  r e c o n t o u r e d  

area:  These  amendments were d i s k e d  t o  a  minimum d e p t h  of  1 0  cm d u r i n g  

seedbed p repa ra t ion .  The a r e a  was then  p lan ted  using an  a g r i c u l t u r a l  g r a i n  

d r i l l  wi th  the'  seed mixturp l i s t e d  i n  Table 1. ' Species f o r  t h e  seed mixture  

were chosen f o r  t h e i r  t o l e r a n c e  t o  a c i d i c  and i n f e r t i l e  c o n d i t i o n s .  The rye  

was added t o  provide a  quick  ground cover .  - Seeding, fenc ing  of  t h e  s i t e  
. . 

per imeter ,  and f i n a l  c leanup were completed by the  end of A p r i l .  

During s i t e  development, t h e  following t a s k s  were accomplished: ( a )  

a l l  s l opes  were reduced t o  5 : l  o r  l e s s ;  ( b )  approximately 180,000 m3 of 

r e f u s e  m a t e r i a l  was r e l o c a t e d ;  ' ( c )  an o n - s i t e  borrow p i t  p rovid ing  ' nea r ly  - . 

30,500 m3 of cover  m a t e r i a l  was dug; ( d )  about ,1275 t of n e u t r a l i z i n g 1  

. s t a b i l i z i n g  agents  was appl ied a t  . t h e  refuse/cover-mater ial  i n t e r f a c e ;  ( e l  

a l l  exposed r e f u s e  m a t e r i a l  was covered with 30 cm of cover  m a t e r i a l ;  ( f )  

roughly 103 t of s o i l  amendments ( f e r t i l i z e r  and l imestone)  was incorpo.rated 

i n t o  t h e  s u r f a c e  of t h e  8.9 ha t h a t  was seeded with the  mixture  of  g r a s s e s  

and legumes; (g )  placement o f , a b o u t  100 m of c u l v e r t  p ipe  and t h r e e  conc re t e  

' . water f low c o n t r o l  s t r u c t u r e s ;  (h)  excavat ion of a .  0.5 ha r e t e n t i o n  pond; 

( i )  r e b u i l d i n g  of t h e  o l d  dam; and (j) i n s t a l l a t i o n  of approximately 2240 m 

o f  new f e n c i n g  around t h e  p r o p e r t y .  The c o s t  o f  a c c o m p l i s h i n g  t h e s e  

t a s k s  t o t a l e d  $575,906.45. Figure 2  i s  a  map of t h e  s i t e  a f t e r  t h e  develop- ,  

ment  phase. 

RECLAMATION EVALUATION 

The end of  t h e  p r o j e c t ' s  ' deve lopmen t  phase  c o i n c i d e d . w i t h  t h e  

beginning of the '  pos tcons t ruc  t ion eva lua t ion  phase. . Objec t ives  of t h i s  

f i n a l  phase a r e  t o :  ( a )  develop,  demonstrate ,  and eva lua t e  needed technolo- 

g i e s  f o r  f u t u r e  rec lamat ion  e f f o r t s ' ;  ( b )  p'rovide an o v e r a l l  assessment o£  

t h e  rec lamat ion  e f f o r t  i n  o r d e r  t o  determine i t s  environmental e f f e c t i v e n e s s ;  



( c )  amel iora te  p o t e n t i a l  environmental problems t h a t  may develop a t  t h e  

I s i t e ;  and ( d )  provide t h e  economic assessment .necessary t o  t r a n s f e r  t h e  most 

I c o s t - e f f e c t i v e  rec lamat ion  techniques t o  f u t u r e  p r o j e c t s .  These o b j e c t i v e s  

I a r e  being met by t h e  establ ishment  and maintenance of a  number of i n t e r -  

I r e l a t e d  demonstrat ion subpro jec t s .  . Each subpro jec t  , covers  . a  s p e c i f i c  

po r t ion  of t h e  rec lamat ion  e f f o r t ,  and d a t a  gathered by each subpro jec t  w i l l  

c o n t r i b u t e  t o  an o v e r a l l  assess'ment, of t h e  p r o j e c t . .  The fol lowing i s  a 

. b r i e f  d e s c r i p t i o n  of  t h e s e  ongoing subpro jec t s .  

A major environmental problem a t  t h e  s i t e  be fo re  t h e  rec lamat ion  

I e f f o r t  . s t a r t e d  was s u r f a c e  water q u a l i t y .  A s u r f a c e  water  sampling and 

I a n a l y s i s  program has  ' been underway s i n c e  t h e  p r o j e c t  began. Resu1t.s from 

I .  . .  r e p r e s e n t a t i v e  sampling per iods  of s u r f a c e  water l eav ing  the  s i t e  a r e  shown 

1 i n  Table 2. These ana lyses  i n d i c a t e  a  s u b s t a n t i a l  improvement i n  s u r f a c e  

water  q u a l i t y  a t  t h e  s i t e  due ' t o  t h e  rec lamat ion  e f f o r t .  

' . ' Cer t a in  macro inver tebra tes  i n  t he  aquat ic  ecosystem a r e  known t o  be 

s e n s i t i v e  i n d i c a t o r s  o f  s u r f a c e  w a t e r  q u a l i t y  ( 4 ) .  M a c r o i n v e r t e b r a t e  

sampling i s  done a t  . r e g u l a r  i n t e r v a l s  i n  t he  on - s i t e  pond and i n  Cahokia 

Creek, which d,rains  t h e  s i t e .  Prereclamat ion assessments of t h e  ~ a h o k i a  

Creek ,macro inver tebra te  communities ind ica ted  t h a t  popula t ions  were low. 

Data from . t h e  c r e e k  samples i n d i c a t e  the' impacts from the  s i t e . d r a i n a g e  a r e  

probably too  s u b t l e  t o  be f ac to red  from the  ove r r id ing  . i n f l u e n c e  of o t h e r  

unreclaimed r e f u s e  p i l e s  w i th in  the  watershed. Sampling i n d i c a t e s  t h a t  t he  

new poud is  developing a  s t a b l e  and d i v e r s e  i n v e r t e b r a t e  community (17) .  

A g r o u n d w a t e r  i n v e s t i g a t i o n  was i n i t i a t e d  a t  t h e  s i t e  w i t h  t h e  

i n s t a l l a t i o n  of 47 sha l low (2  t o  12 m) observa t ion  w e l l s .  . Twenty-six of  t h e  

. w e l l s  p r o v i d e  w a t e r  sample.8 from below t h e  r e f u s e  m a t e r i a l ,  w h i l e  t h e  

r e m a i n i n g  21  w e l l s  a r e  i n  t h e  r e f u s e  i t s e l f .  An- a d d i t i o n a l  1 5  n e a r b y  

r e s i d e n t i a l  w e l l s ,  :ranging i n  depth from 4 .5  m t o  12.2 m,  a r e  included i n  

t h e  s tudy .  Because 'ground.water flow i s  r e l a t i v e l y  s low compared t o  s u r f a c e  

. r u n o f f ,  t h e  immediate e f f e c t s  of r ec l ama t ion .  on groundwater q u a l i t y  a r e  

. expected t o  be s u b t l e .  ' However, long-term monitor ing i n  t he  a r e a  i s  expected 

' to  show a  gradual  improvement in  groundwater qua1 i t y  because of r educ t ion  

i n  p y r i t e  ox ida t ion  and leaching  r a t e s  (15.). 



A second p a r t  o f  t h e  groundwater s tudy  i s  an experiment t h a t  u ses  36 . ' 

modified ly s ime te r s  t o  monitor  t he  . .effects  of v a r i o u s  s u r f a c e  t r e a t m e n t s  on 

t h e  q u a n t i t y  and q u a l i t y  of water pe rco la t ing  through 1 m of  r e f u s e  m a t e r i a l .  

The s u r f a c e  t rea tments  involve a  combinat ion of ( a )  ' 0 ,  30 cm, o r  60 cm of 

cover  m a t e r i a l ;  ( b )  a  limed ( a t  a  r a t e  of 224 t / h a )  o r  unlimed r e fuse / cove r -  

m a t e r i a l  i n t e r f a c e ;  and ( c )  a  revegeta ted  o r  ba re  s u r f a c e .  R a i n f a l l  i s  

allowed t o  pe rco la t e  through t h e  ly s ime te r s  and samples a r e  c o l l e c t e d  a t  t h e  

b a s e .  Samples c o l l e c t e d  t o  d a t e  i n d i c a t e  w a t e r  o f  v e r y  poor  q u a l i t y . .  

Leachate pH ranges from 1.6 t o  3.7,  and a c i d i t y  ranges from 6000 t o  66,000 

m g / ~  (CaC03 e q u i v a l e n t ) ;  t h e  lowest a ' c id i ty  va lues  occurred i n  t h e  column 

con ta in ing  a  60 cm a p p l i c a t i o n  of cover  m a t e r i a l .  L i t t l e  d i f f e r e n c e  . i n  

l e a c h a t e  chemistry was observed between limed and unl ime'd columns (15 ) .  

~ a s e l ' i n e  d a t a  on s o i l s  from the  s i t e  have been c o l l e c t e d  i n  o r d e r  t o  

d e t e r m i n e  i f  s i g n i f i c a n t  c h a n g e s  o c c u r , '  o v e r  a  p e r i o d  of  t i m e ,  i n  t h e  
. . 

phys i ca l  and chemical c h a r a c t e r i s t i c s  of t h e  roo t  zone m a t e r i a l .  A p a r t . i a 1  

l i s t i n g  of the  r e s u l t s  from the  chemical a n a l y s i s  of a  r e p r e s e n t a t i v e .  s o i l  

sample i s  given ' i n  Table 3. The heavy a p p l i c a t i o n  of n e u t r a l i z i n g  m a t e r i a l  

a t  t h e  30-46 cm l e v e l  i s  very  ev iden t .  These d a t a  and obse rva t ions  o f  r o o t  

I pene t r a t  ion i n d i c a t e  t h a t  favorable  chemical cond i t i ons  e x i s t  f o r  p l a n t  r o o t  

e s t ab l i shmen t .  a t  t h e  30-46 cm depth.  

S o i l  mic rob ia l  popula t ions  a r e  an i n t e g r a l  p a r t  of t h e  below-ground 

ecosys tem, and communit i e s  involved with t h e  t r a n s  format ion and a v a i l a b i l i t y  

1. o f  p l a n t  n u t r i e n t s  a r e  being monitored. s u b s t r a t e  d isappearance  r a t e s  f o r  

l i t t e r  and c e l l u l o s e  a r e  being, determined and c o r o l l a r y  informat ion  is be ing  

ga thered  on s o i l  r e s p i r a t i o n  and s o i l  enzymes. . A l l  in format ion  i n d i c a t e s  

t h a t  a  func t ioning  saprophyt ic  community has been r e e s t a b l i s h e d .  Changes i n  

s o i l  .m ic rob ia l  popula t ion ,  i . e . ,  b a c t e r i a ,  ' actinomycetes,  and .  , fungi ,  a r e  

a l s o  b e i n g  used a s  a  measu re  o f  r e c l a m a t i o n  s u c c e s s .  A l l  m e a s u r e m e n t s  

i n d i c a t e  t h a t  t hese  organisms have gained a  foot-hold a t  t h e  s i t e  ' ( 9 ) .  

The ' p r i n c i p a l  f a c t o r s  o f  r a i n f a l l ,  s o i l  p r o p e r t i e s ,  s l o p e ,  and 

v e g e t a t i v e  c o v e r  i n  t h e  s o i l - l o s s  e q u a t i o n  ( 1 )  a f f e c t  t h e  q u a l i t y  and 

q u a n t i t y  of s u r f a c e  runoff  water .  Incorporated i n t o  s i t e  development p l ans  

were t h r e e  s tudy  s lopes  with hor izonta l - to-ver t  i c a l  r a t i o s  o'f 3 :1 ,  5:1,  and 

7 : l .  On each of t h e s e  s l o p e s ,  p l o t s  with th ree  depths  of cover  m a t e r i a l  ( 0 ,  

15  cm, and 3 0  cm) were e s t a b l i s h e d .  Rep1 i c a t e d  e r o s  i o n / s e d i m e n t a t  i o n  



monitor ing .devices  were i n s t a l l e d  on the  p l o t s ,  and sampling procedures  ' . ' 

e s t a b l i s h e d .  P ~ e l i m i n a r y  d a t a  , (Table 4 )  i n d i c a t e  t h a t  major d i i i e r e n c e s  , . , 

e x i s t  in  runoff  water  q u a l i t y .  and q u a n t i t y  between t h e  p l o t s  where cover  

m a t e r i a l  was a p p l i e d  and t h o s e  which '  were  l e f t  b a r e .  A d d i t i o n a l  d a t a  

sugges t ,  a s  would b e  expected,  t h a t  runoff  quan t i t y  i nc reases  'as t h e  s lope  

ang le  ' increases  (18) .  The d a t a  gathered from t h i s  rekearc'h, when coupled 

w i t h  c o s t  f a c t o r s  f rom e a c h  s l o p e  and c o v e r  d e p t h ,  will d e t e r m i n e  t h e  

economic and environmental f e a s i b i l i t y  of each t rea tment .  
. . 

The f i r s t  of two r evege ta t ion  s t u d i e s  underway a t  t he  p r o j e c t  s i t e  . . 

d e a l s  with s i te-wide r evege ta t ion  success .  Five s tudy a r e a s  on t h e  s i t e  

. .  were s e l e c t e d  r ep re sen t ing  four  d i s t i n c t  microcl imates .  Areas A and B a r e  

on south- and north-facing 20% ( 5 : l )  s l o p e s ,  r e s p e c t i v e l y ;  a r e a s  C' and E 

a r e  n e a r l y  l e v e l ' a n d  poorly dra ined;  and a rea  D is  on a  wel l-drained g e n t l e  

s lope .  A number of r e p l i c a t e d  quadra ts  (60 cm x  40 cml 'were marked w i t h i n  

each a r e a .  A po in t - in t e rcep t  method i s  used t o  e s t ima te  t he  percentage of  

p l a n t  cover ,  and ind iv idua l  seeded and invader spec i e s  a r e  i d e n t i f i e d .  The 

microc l imat ic  . e f f ec t  on t h e  percent  cover of va r ious  speci'es i s  i l l u s t r a t e d  ' 

by t h e  d a t a  shown i n  Table 5 .  Multip-le spec i e s  c o n t a c t s ,  f o r  any one s i n g l e  

po in t - in t e rcep t  p in ,  a r e  recorded a s  a  s i n g l e  con tac t  f o r  t he  t o t a l  percent  

cover  c a l c u l a t i o n ;  t h e r e f o r e ,  summation of i nd iv idua l  spec i e s  p e r c e n t ,  cover, 

va lues  i n  one column exceed t h e  t o t a l  percent  cover  va lue  f o r  t h e  column. 

The second r e v e g e t a t i o n  s tudy  i s  'determining c o s t - e f f e c t i v e  means of 
. . 

achieving  long-term v e g e t a t i o n  success  on amended refus'e m a t e r i a l .  Repli- 

c a t e d  2 1 . 3  m x  21 .3  m p l o t s  were c o n s t r u c t e d  f o r  e a c h  o'f e i g h t  t r e a t -  

ments. Combinations of four  cover depths  (0 ,  15 cm, 30 cm, . and  61 cm) 

and two l iming r a t e s  (112 t / h a  and 224 t / h a )  a t  t he  re fuse /cover  m a t e r i a l  

i n t e r f a c e  a r e  being eva lua ted .  A mix ture  o f  seven g r a s s  s p e c i e s  and one 

legume was p lan ted  on a l l  p l o t s .  Germination, plant'density,.vegetative 

c o v e r ,  and b iomass  a r e  d e t e r m i n e d  f o r  each  t r e . a t m e n t .    are r e f u s e  was 

i n e f f e c t i v e  i n .  e s t a b l i s h i n g  any p lan t ,  s p e c i e s ,  although t h i s  may have been 

due t o  d r y  cond i t i ons  f o r  approximately s i x  weeks fol lowing p l a n t i n g .  A 

d e t a i l e d  d i s c u s s i o n  of t h i s  s tudy  i s  given i n  r e f e rence  3. 



One of t h e  s e l e c t e d  'land uses  f o r  t h i s  s i t e  i s  t h a t  of a  w i l d l i f e  

h a b i t a t .  F i e l d  s t u d i e s  a r e  being c o n d ~ c t e d  t o  c h a r a c t e r i z e  t h e  v e r t e b r a t e  

fauna of  t h e  s i t e  and ad jacent  h a b i t a t s .  ~ e ~ t i l e s  common t o  t h e  a r e a  have 

been observed on t h e  s i t e ,  and reproducing amphibian popu la t i ons  a r e  p r e s e n t  . 

' 

i n  t h e  pond. Live t r a p p i n g  has  recorded t h e  white-footed mouse ( ~ e r o m ~ s c u s  

leucopus) ,  meadow v o l e  ( ~ i c r o t u s  pennsyl vanicus)  , and p r a i r i e  v o l e  ( ~ i c r o t u s  

. . ochrogas t e r )  a s  common r e s i d e n t s  of t h e  s i t e .  Thirty-seven s p e c i e s ' o f  b i r d s  

I 
i have been o b s e r v e d a t  , t h e  s i t e .  Eas t e rn  c o t t o n t a i l s  ( ~ y l v i l a ~ u s  f l o r i d a n u s )  
! a r e  a  common s i g h t  and muskrats (Ondatra z i b e t h j c u s )  have bee.n observed i n  

t h e  pond. Numerous s i g n s  of wh i t e - t a i l ed  dee r  (Odecoi leus  L i r g i n i a n u s )  a r e  
, . 
I . ' presen t  on t h e  s i t e .  These f i e l d  obse rva t ions  o f , w i l d l i f e  on t h e  s i t e '  

i n d i c a t e  t h a t  h a b i t a t s  a r e  ' be ing  e s t a b l i s h e d  (14 ) .  

Cos t /bene f i t  ana lyses  f o r  t h i s  type  o f  reclamat-ion e f f o r t  a r e  u s u a l l y  

d i f f i c u l t .  I n  t h i s  p r o j e c t  it i s  r e l a t i v e l y  s imple t o  add t h e  c o s t  o f  l and  

a c q u i s i t i o n  ($10,000) ,  , development of p l ans  and ' s p e c i f i c a t i o n s  ($30,000) ,  

a c t u a l  c o n s t r u c t i o n  ($576 ,0001 ,  and r e s i d e n t  e n g i n e e r i n g  ( $ 3 0 , 0 0 0 )  t o  

de te rmine  t h e  t o t a l  expendi tures  ($646,000). T h e o r e t i c a l l y ,  t h i s  t o t a l  c o s t .  

can  be  d iv ided  by a  convenien t .  u n i t ,  such a s  a r e a  reclaimed (13.8 ha) o r  
. . 

volume of r e f u s e  . r e loca t ed  . (180,000 m3), t o  c a l c u l a t e  t h e  average  u n i t  

c o s t  o f  r e c l a m a t i o n .  , Using  t h i s  method ,  t h e  c a l c u l a t e d  cos ' t  f o r  t h i s  

p r o j e c t  would be  approximately $46,800 per  h e c t a r e  o r  about $3.59 p e r  cubic  

meter  o f  r e f u s e .  These c o s t s ,  however, a r e  misl 'eading bec'ause o f  t h e  g r e a t  

phys i ca l  v a r i a t i o n s  ' w i t h i n  t h e  s i t e .  Likewise,  extensi'on of t h e s e  u n i t  

c o s t s  t o  o t h e r  p r o j e c t s  must be  done with c a u t i o n ,  because of i n t e r - s i t e  

d i f f e r e n c e s .  

Even more d ' i f f i c u l t  t o  a s s e s s  a r e  t h e  b e n e f i t s  o f  r e c l a m a t i o n .  

One approach'  i s  t h e  comparison of pre-reclamation v a l u e s ,  a s se s sed  

. . t a x  va lues ,  o r  economic growth of  t h e  a r e a  wi th  post-reclamat ion  v a l u e s .  A 
. . 

pre-reclamation a p p r a i s a l  determined t h a t  t h e  s i t e  had an average  market  

va lue  of  $300 p e r  h e c t a r e .  A second a p p r a i s a l , '  made two ' yea r s  l a t e r  'and 

o n e  y e a r  a f t e r  s i t e  deve lopmen t  e f f o r t s  were  c o m p l e t e d ,  e s t i m a t e d  t h e  

average  market v a l u e  a t  about $1885 per  h e c t a r e ,  an i n c r e a s e  i n  market 

voluo of almost 578 percen t  ( 2 ) ;  The assessed  t a x  v a l u e s  of  p r o p e r t i e s  i n  

t h e  immediate v i c i n i t y  of  t h e  s i t e  have increased  and a r e  l i k e l y  t o  con t inue  

t o  do s o  ( 7 ) .  Economic growth of  t h e  a r e a  i s  ind.icated by t h e  c o n s t r u c t i o n  



o f  a  new home on a  t r a c t  n e a r  t h e  s . i t e ;  t h e  owner h a s  s t a t e d  t h a t  t h e  ( 
I $60,000 home would no t  have been b u i l t  i f  t h e  rec lamat ion  e f f o r t  no t  t aken  

I p l a c e  (16 ) .  

The c o s t - e f f e c t i v e n e s s  of some rec lamat ion  techniques  i s  a v a i l a b l e  i n  

p re l imina ry  form. Cons t ruc t  ion c o s t  f o r  applying, '30 cm of cover  m a t e r i a l  

t o .  one h e c t a r e  of  recontoured r e f u s e  m a t e r i a l  was approximately $12,150 
. . .  

(3000' m3 a t  $4.05 pe r '  .m3). Data from t h e  reveg.etat ion s t u d i e s  i n d i c a t e  

15  cm of cover  m a t e r i a l  may be  s u f f i c i e n t  t o  e s t a b l i s h  an  accep tab l e  vegeta-  

t i v e  cover;  a d d i t i o n a l  d a t a  from t h e  e ros  ion / runof f  s tudy  suppor t  t h i s  

f i n d i n g .  Thus ,  a  s a v i n g s  o f  $6075 p e r  h e c t a r e  o f  r e c o n t o u r e d  r e f u s e  

m a t e r i a l .  covered may have been poss ib l e .  Addi t iona l  d a t a  c o l l e c t e d  by . . 

ongoing r e sea rch  e f f o r t s  a t  t h e  s i t e  w i l l  determine t h e  e f f e c t i v e n e s s  o f  t h e  

o t h e r  rec lamat ion  techniques .  

SUMMARY 

The reclamat  ion process  involves  b i o l o g i c a l  systems which r e q u i r e  

t ime t o  become e s t a b l i s h e d  and s e l f - s u s t a i n i n g .  Other requirements  o f  

s u c c e s s f u l  reclamat  ion u s u a l l y  inc lude  phys ica l  c o n t r o l  of t h e  s i t e ,  favor- 

a b l e  n a t u r a l  c o n d i t i o n s ,  and o f t e n  a  cons ide rab l e  c a p i t a l  investment .  Th i s  

p r o j e c t  ha s  been designed t o  provide d a t a  on many a spec t s  of t h e  r ec l ama t ion  

p r o c e s s .  , I n f o r m a t i o n  c o l l e c t e d  t o  d a t e  i n d i c a t e s  t h a t  a s i g n i f i c a n t  

improvement has  been made i n  t h e  o v e r a l l  environmental q u a l i t y  o f  t h e  s i t e ,  

and t h a t  t h e r e  i s  a  g e n e r a l  r educ t ion  i n  t h e  q u a n t i t y  of,  a c i d , m i n e  drainage. ,  

heavy me ta l s ,  sediment', and .  o t h e r  p o l l u t a n t s  e n t e r i n g  t h e  environment. 

Economic e v a l u a t i o n  d a t a  suggest  a  s u b s t a n t i a l  i nc rease  i n  t h e  economic 

p o t e n t i a l  of t h e  s i t e  and ad j acen t  p r o p e r t i e s .  The r e a c t i o n  of  v i s i t o r s  and 

l o c a l  r e s i d e n t s  t o  t h e  s i t e  impl ies  a  'genuine enhancement of  ' t h e  e n t i r e  

a r e a ' s  a e s t h e t i c  va lue .  This  p r o j e c t ,  wh i l e  s e rv ing  t o  r e c l a i m  t h i s  one 

s i t e ,  i s  a l s o  provid ing  a.much broader  b e n e f i t  by fu rn i sh ing  t h e  necessary  
. . 

des ign  d a t a .  f o r  f u t u r e  rec lamat ion  e f f o r t s  of t h i s  type .  . . .  
, . . .  
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Table 1 .  Seeding Mixture. Applied t o  the S i t e ,  
Spring of 1977 

Species  kg/ha 

. . 
' . ~ e e d  canarygrass (Pha lar i s  arundinacea L. 1' . 1 1 . 2  

16.8 T a l l  fescue  (Festuca arundinacea ~ c h r e b . )  

Birds foot  t r e i o i l  (Lotus cornicula tus  L .  ) 

Ladino c lover  ( ~ r i f o l i u m  repens L .  ) 

Cereal r y e  ( ~ e c a l e  c e r e a i e  L .  22.4  



T a b l e  2. Water Qua l i t y  o f . S u r f a c e  Wat.er Samples C o l l e c t e d  
a t  t h e  S i t e  During Various Phases of t h e  P r o j e c t  

P recons t ruc t ion  Cons t ruc t ion  Pos rcons t ruc t ion  

Parametera 4/14/76 3/18/77 
. . 

5/11/77 7/14/77 8/16/77 

PH 3.9 3  .'8 .. 4.1 7.2 8.4 

A l k a l i n i t y  0.0 

Ac id i ty  3596 . 393 288 6.3 0.0 

S u l f a t e  7095 1850 1200 788 500 

Iron 

Zinc 

Cadmium 0.59 0.44 0.20 0.02 .<0.01 

. . SOURCE: Reference No. 12. 

aAl l  u n i t s  except  PH a r e  i n  mg/L. 



Table 3. Chemical Analysis  of a ~ e ~ r e s e n t a t i v e  S o i l  
Sample Collected on t h e  S i t e  i n  June 1977 

Exchangeable - E x t r a c t a b l e  E l e c t r i c a l  
Depth Ca Mg Zn Conductance N e u t r a l i z a t i o n  

cm PH PPm PPm PPm mhos/cm Pot'ent i a l a  

46-61 2.4 3700 ' 120 92.0 13.6 -2 2 

at CaC03/1000 t m a t e r i a l .  



Table 4 .  Surface  Runo'ff Water Qua l i t y  and Percent  Runoff 
of a 4 .6  cm R a i n f a l l  on a 3 : l  Slope 

. . 

Zn Fe ~ c i d i t y ~  S u l f a t e  Pe rcen t  Cover Depth 
(cm) pH mg/L . mg/L mg /L mg/L Runoff 

, . 

0 3.3 8.9 103.2 837.5 1454 43 .0  

aCaC03 equ iva l en t  . . 

Source: Reference No. 18. 



cc .., * . - a  - 

.Table 5. ;percentage of P l an t  Cover a s  ~ s t i m a t ' e d  by t h e  Po in t - In t e rcep t  
Method During August 1977 on .Five Study Areas a t  t h e  S i t e  . . 

Mean Percent  Cover 
. . 

Species  Area A Area B Area C Area D '  Area.  E 

Cerea l  Rye 0.2 2.0 0.0 0.7 0.5 

Reed Canarygrass 0.0 . ' .  ' 1 .8 .  . 33.6 ,4 .6 . ' 13.0 

T a l l .  Fescue 0.2 7.9 0.2 20.0 , ' 29.1 
' \ 

Birds  foot  T r e f o i l  .1.7 . . 41.5 9.1 . . 19.9 24.3 
. . 

 ad ino' C1.over 0.0 , . 0.0 2.3 3.0 12 .O 

' Invading Monocot 65.8 14.2 98.5 ' ' 30.6 5.0 

Invading Dicot 8 .1 1.7 60.4 9.1 6.2 

T o t a l  Percent  Cover 69.9 : 58.1 100.0 59.5 61.6 

SOURCE: Reference No. 8.  
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Figure  1. .Location of t h e  Refuse 
.Reclamation S i t e  . . . . . . 
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Figure 2 .  Map of the S i t e  After the 1 

S i t e  Development Phase I 




