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ABSTRACT 

Coal-cleaning r e f u s e ,  l i k e , m o s t  o t h e r  su l f ide -bea r ing  mineral  wastes, is capable  

of o x i d i z i n g  and producing ve ry  poor q u a l i t y  l e a c h a t e s ,  con ta in ing  high concentra- 

t i o n s  of  a c i d i t y ,  s u l f a t e ,  and d i s so lved  metals. Hydrologic  and water q u a l i t y  moni- 

t o r i n g  a t  an  abandoned r e f u s e  d i s p o s a l  s i t e  i n  southwestern I l l i n o i s  was conducted 

s i x  months p r i o r  t o  and fou r  y e a r s  fol lowing g rad ing ,  l iming,  covering,  and revege- 

t a t i n g  t h e  s i te .  Although t h e  c o a l  r e f u s e  l a y  unreclaimed a t  t h e  s i t e  for over 50 

yea r s ,  contaminat ion o f  groundwater from ac id  l e a c h a t e s  was not  d e t e c t e d  more than  

150 m from t h e  gob p i l e .  The h y d r a u l i c  c o n d u c t i v i t y  w a s  low enough and t h e  neu t r a l -  

i z i n g  c a p a c i t y  of  t h e  underlying ca l ca reous ,  s i l t y - c l a y  t i l l  w a s  g r e a t  enough t o  

prevent  f u r t h e r  subsu r face  mig ra t ion  o f  t h e  a c i d  l e a c h a t e s .  The e f f e c t s  of t h e  1977 

s i t e  r e c o n s t r u c t i o n  on groundwater w a s  monitored us ing  47 piezometers  and 16 residen-  

t i a l  wel ls .  Rapid a c i d i f i c a t i o n  of p a r t s  of  t h e  b a s a l  p o r t i o n  of  t h e  graded r e f u s e  

and unde r ly ing  t i l l  were observed. However, some improvements have occurred i n  t h i s  

area s i n c e  1979. Water q u a l i t y  i n  t h e  s l u r r y  d i s p o s a l  a r e a  has  improved s i g n i f i -  

c a n t l y  s i n c e  r ec l ama t ion  and i s  now approaching ambient groundwater q u a l i t y .  

INTRODUCTION 

Coal,  as mined, can c o n t a i n  a s i g n i f i c a n t  amount of rock ,  p y r i t e ,  and o t h e r  min- 

eral  matter. I n c r e a s i n g  rates of  c o a l  product ion,  improved c o a l  c l ean ing  technology, 

and a g r e a t e r  emphasis on c lean  f u e l s  has  l e d  t o  a s t eady  i n c r e a s e  i n  coa l  c leaning 

and c o a l  r e f u s e  p roduc t ion  over  t h e  p a s t  50 yea r s .  Coarse mineral  ma t t e r  (gob) i s  

removed by d e n s i t y  s e p a r a t i o n  and c o n s i s t s  p r i m a r i l y  of  carbonaceous s h a l e ,  p y r i t i c  

c o a l ,  p y r i t e  l e n s e s  and nodules ,  and some sandstone.  F ine  c o a l ,  sand, s i l t ,  and c l a y  

suspended i n  washwater s l u r r y  i s  most o f t e n  disposed of  i n  s e t t l i n g  ponds. In 1975, 

about 97 x lo6 t of r e f u s e  were c r e a t e d  ( r e f .  1 )  and t h e  c u r r e n t  ra te  is  over lo8 t 

annual ly .  The number of  l a r g e  c o a l  r e f u s e  d i s p o s a l  s i t es  i n  t h e  e a s t e r n  United 

S t a t e s  a lone  i s  c o n s e r v a t i v e l y  e s t ima ted  t o  be near  5000, con ta in ing  over  3.3 x lo9 t 
o f  mineral  waste  ( r e f .  2 ) .  Over 80,000 ha have been used i n  t h e  United S t a t e s  f o r  

d i s p o s a l  of  coal-processing wastes du r ing  t h e  pe r iod  1930-1971, w i th  less than 11,000 
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ha having  been rec la imed ( r e f .  3 ) .  Older d i s p o s a l  s i t e s  i n  most c a s e s  were no t  pro- 

p e r l y  des igned  no r  rec la imed because  s t a t e  and f e d e r a l  requi rement  s govern ing  such 

a c t i v i t i e s  were l ack ing .  

The o x i d a t i o n  of p y r i t e  and format ion  o f  a c i d  wa te r  a t  unrec la imed d i s p o s a l  s i t e s  

i s  a seve re  economic and envi ronmenta l  problem. A c i d i t y  (2000-20,000 mg/L), s u l f a t e  

(3000-30,000 mg/L), i r o n  (400-20,000 mg/L), and o t h e r  d i s s o l v e d  me ta l s  i n  t h e  s u r f a c e  

runoff  water  ( r e f s .  4-6) g r e a t l y  e f f e c t  t h e  wa te r  q u a l i t y  and a q u a t i c  b i o t a  of many 

r e c e i v i n g  s t reams throughout  t h e  n o r t h e r n  Appalachian and I l l i n o i s  Basin coa l  f i e l d s .  

With ponded water  commonly found a t  d i s p o s a l  s i t e s  ( r e f .  6 )  and moderate t o  high per- 

m e a b i l i t i e s  i n  c o a l  r e f u s e ,  s u b s t a n t i a l  amounts o f  ac id  water  could  a l s o  be seeping  

i n t o  groundwater a q u i f e r s .  Because t h e  source  of water  supply  i n  much of t h e  r u r a l ,  

coal-mining a r e a s  of t h e  e a s t e r n  and midwestern U.S. i s  sha l low groundwater,  concern 

has  g r a d u a l l y  a r i s e n  over  t h i s  p o t e n t i a l  contaminat ion  problem. 

PRE-RECLAMATION INVESTIGATION 

An abandoned, unreclaimed d i s p o s a l  s i t e  i n  southwes tern  I l l i n o i s  was chosen i n  

1975 t o  conduct a p re l imina ry  hydro log ic  and wa te r  q u a l i t y  survey .  The mine, c o a l  

c l ean ing ,  and r e f u s e  d i s p o s a l  o p e r a t i o n s  w e r e  a c t i v e  from 1904 through 1924, r e s u l t -  

ing  i n  a gob ( c o a r s e  r e f u s e )  p i l e  about 25 m h igh  and 1 .8  h a  i n  a r e a ,  and 4 .5  ha  of  

s l u r r y  m a t e r i a l  impounded i n  an  a r e a  no r th  of t h e  p i l e .  R e s u l t s  from t h e  p re l imina ry  

s tudy  ( r e f s .  7 , 8 )  showed ve ry  a c i d  water  (3000-5000 mg/L) and h igh  c o n c e n t r a t i o n s  of 

s u l f a t e ,  d i s s o l v e d  m e t a l s ,  and suspended sediment i n t e r m i t t a n t l y  flowing from the  

n o r t h  end o f  t h e  s i t e .  Twenty-seven p iezometers  w e r e  i n s t a l l e d  around t h e  s i t e  and 

a c i d  c o n d i t i o n s  were d e t e c t e d  i n  t h e  sha l low groundwater around t h e  p i l e  and along 

t h e  d ra inage  channel  l ead ing  no r th .  Some a c i d  runof f  and sediment flowed from t h e  

p i l e  du r ing  s torms  and c o l l e c t e d  i n  low a r e a s  sou th  and s o u t h e a s t  o f  t h e  p i l e .  Th i s  

s t and ing  wa te r  i n f i l t r a t e d  and caused some degrada t ion  o f  groundwater up t o  180 m 

away from t h e  p i l e .  The d i s p o s a l  s i t e  is u n d e r l a i n  by 18 t o  24 m of a s i l t y - c l a y  

g l a c i a l  t i l l  wi th  sand and g r a v e l  l a y e r s  nea r  t h e  base .  Numerous houses i n  c l o s e  

proximi ty  t o  t h e  s i t e  o b t a i n  t h e i r  water  from l a r g e  d i ame te r  w e l l s  i n  t h e  t i l l ;  one 

d r i l l e d  w e l l  does ex tend  down t o  t h e  Pennsylvanian-age bedrock benea th  t h e  t i l l .  A 

c o l l e c t i o n  of samples from nearby houses ,  w i th  one e x c e p t i o n ,  showed no pe rcep tab le  

e f f e c t s  from t h e  r e f u s e  d i s p o s a l .  The u n a f f e c t e d  w e l l s  were a l k a l i n e ,  calcium- 

c a r b o n a t e - s u l f a t e ,  some of which were ve ry  ha rd .  R e s i d e n t i a l  w e l l  R 1  ( F i g .  l ) ,  lo- 

c a t e d  l e s s  t han  70 m from t h e  gob p i l e  and 30 m from t h e  d r a i n a g e  channe l ,  was some- 

what h ighe r  i n  ca lc ium,  magnesium, sodium, and s u l f a t e  t han  t h e  o t h e r  r e s i d e n t i a l  

w e l l s .  None of t h e s e  w e l l s  had e l e v a t e d  c o n c e n t r a t i o n s  of any d i s s o l v e d  t r a c e  

metals. 

RECLAMATION OF THE SITE 

The s t a t e  o f  I l l i n o i s  appropr i a t ed  funds t o  r e c l a i m  t h e  abandoned s i t e  and work 

A borrow p i t  was dug on  t h e  sou th  s i d e  of t h e  p i l e  and t h e  began i n  September 1976. 
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Fig. 1. Post-construction topographic map showing piezometers, nearby residential 
wells, and elevation contours of the water table. 
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till  was s t o r e d  w h i l e  t h e  gob p i l e  and s l u r r y  area were graded  t o  g e n t l e  s l o p e s ;  much 

of t h e  gob p i l e  was sp read  southward and southwestward i n t o  t h e  borrow p i t .  Overa l l ,  

t h e  p i l e  w a s  reduced  t o  approximate ly  6 m i n  h e i g h t .  The e a r t h e n  dam of t h e  s l u r r y  

itnpoundment was r e c o n s t r u c t e d  and a 0 .5  h a  pond was excavated  a t  t h e  no r th  end of t h e  

s i t e  (F ig .  11, p r i m a r i l y  t o  r educe  peak runof f  f low and sediment t r a n s p o r t  from the  

s i te .  The graded  areas were then  l imed, d i sked ,  and a 0.3-m l a y e r  of t i l l  was spread 

ove r  t h e  area. A f t e r  f e r t i l i z i n g  and seed ing ,  a good growth of v e g e t a t i o n  appeared 

i n  t h e  summer of  1977 where a b s o l u t e l y  none had e x i s t e d  t h e  year  be fo re .  Add i t iona l  

d e t a i l s  o f  t h e  r ec l ama t ion  p r o j e c t  are desc r ibed  i n  r e f e r e n c e s  9 and 10. 

For ty - f ive  new p i e z o a e t e r s  were c o n s t r u c t e d  i n  1977 and used i n  con junc t ion  wi th  

two pre- rec lamat ion  p iezometers  and s i x t e e n  r e s i d e n t i a l  w e l l s  t o  f u r t h e r  c h a r a c t e r i z e  

t h e  groundwater sys tem,  t h e  d i r e c t  i on  and magnitude o f  p o l l u t a n t  t r a n s p o r t  from the  

c o a l  r e f u s e ,  and t o  de te rmine  what changes ,  i f  any, occu r red  as a r e s u l t  of t h e  rec-  

lamat ion  p r o j e c t .  While t h e  gob p i l e  w a s  be ing  graded ,  l a r g e  nodules  of s o l u b l e  i r o n  

s u l f a t e  sa l t s  ( m e l a n t e r i t e ,  j a r o s i t e )  were observed  i n  t h e  i n t e r i o r  of t h e  p i l e .  It 

w a s  no t  expec ted ,  t h e r e f o r e ,  t h a t  r ec l ama t ion  would immediately improve t h e  q u a l i t y  

o f  l e a c h a t e s  seep ing  from t h e  p i l e .  

POST-RECLAMATION MONITORING AND RESULTS 

F igure  1 shows t h e  l o c a t i o n s  o f  mon i to r ing  p i ezomete r s  and nearby  r e s i d e n t i a l  

wel ls  a t  t h e  s i t e .  P iezometers  were d r i l l e d  wi th  a 7.5-cm d iame te r  power auger  and 

cased wi th  3.81-cm PVC p l a s t i c  p ipe .  In some c a s e s ,  t h e  p i ezomete r s  w e r e  i s o l a t e d  i n  

a p a r t i c u l a r  zone; i n  o t h e r  c a s e s ,  t hey  were l e f t  open t h e  e n t i r e  s a t u r a t e d  th i ckness .  

T o t a l  dep ths  o f  p iezometers  ranged from 1 . 5  t o  9 .0  m below t h e  ground s u r f a c e .  Water 

dep ths  i n  t h e  p i ezomete r s  were measured n i n e  times i n  1977 through 1980. Most pre- 

c i p i t a t i o n  occur red  i n  t h e  s p r i n g  of 1978 and 1979 ( F i g .  2B),  and water l e v e l s  i n  t h e  

w e l l s  g e n e r a l l y  responded t o  seasona l  f l u c t u a t i o n s  i n  p r e c i p i t a t i o n .  F igu re  2A shows 

t h e  hydrographs of s e v e r a l  p iezometers  and a r e s i d e n t i a l  w e l l ;  h i g h e s t  wa te r  l e v e l s  

u s u a l l y  occur red  i n  February  through A p r i l .  The amount of r a i n f a l l  i n  t h e  summer of 

1979 and a l l  through 1980 w a s  g r e a t l y  reduced so t h e r e  h a s  been a dampening of t he  

c y c l i c  ampl i tude  and a g e n e r a l  d e c l i n e  i n  groundwater l e v e l s .  E l e v a t i o n s  of water 

l e v e l s  i n  March I979  have been contoured  i n  F igu re  1 and show a mound on t h e  e a s t  

s i d e  o f  t h e  gob p i l e  and a g e n e r a l  f low p a t t e r n  toward t h e  n o r t h .  Water a t  t h e  base 

o f  t h e  gob p i l e ,  and i n  t h e  s l u r r y  b a s i n  t o  t h e  n o r t h ,  may b e  perched above t i l l  

wa te r  l e v e l s .  P o t e n t i a l  g r a d i e n t s  from t h e  t i l l  toward t h e  d r a i n a g e  channel  and new 

pond are e v i d e n t .  P iezometers  P39 and P45 were f lowing  when d r i l l e d  and wa te r  l e v e l s  

were h igh .  The p o t e n t i a l  g r a d i e n t  between R1 and P45 has  d iminished  over  t i m e  (Fig- 

ure 2A) because  o f  g e n e r a l  lowering o f  t h e  wa te r  t a b l e  and home use  o f  water  from R 1 .  

Reve r sa l s  of t h e  p o t e n t i a l  g r a d i e n t  a t  t h i s  l o c a t i o n  a r e  q u i t e  p o s s i b l e  and impl ies  

t h a t  t h e  r e s i d e n t i a l  w e l l  R1 may induce some f low of a c i d  water from t h e  channel 

toward t h e  w e l l .  
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Overa l l ,  t h e  p e r m e a b i l i t y  o f  t h e  t i l l  is  q u i t e  low.  Wells were b a i l e d  f o r  water 
sampling and s e v e r a l  days ,  even  weeks, were sometimes needed f o r  some t o  s u f f i c i e n t l y  

recover .  P iezometer  M19, a l though u s u a l l y  d r y ,  d i d  show h igh  y i e l d  when groundwater 

l e v e l  was h igh .  T h i s  may be  due t o  j o i n t i n g  or sma l l  f r a c t u r e s  i n  t h e  t i l l .  

Water samples were c o l l e c t e d  from t h e  p iezometers  twice  each  yea r .  N o t  a l l  piezo- 

meters were sampled each  t i m e  because  some o c c a s i o n a l l y  went d ry .  Sampling methods 

were: b a i l  t h e  p iezometer ;  measure tempera ture ,  s p e c i f i c  conductance ,  and d i s so lved  

oxygen i n  t h e  p iezometer  a f t e r  a day or more o f  r ecove ry ;  b a i l  a sample and immedi- 

a t e l y  t a k e  measurements on pH and Eh; f i l t e r  and p r e s e r v e  samples a s  r e q u i r e d .  Acid- 

i t y  and a l k a l i n i t y  t i t r a t i o n s  were u s u a l l y  run  w i t h i n  24 hour s  o f  c o l l e c t i o n .  The 

p iezometers  were d iv ided  i n t o  groups and medians o f  a l l  d a t a  are t a b u l a t e d  i n  Table  1 

f o r  each w e l l  group. 

I n  g e n e r a l ,  p iezometers  i n  t h e  base  of t h e  gob showed t h e  poores t  water q u a l i t y  -- 
low pH, v e r y  a c i d ,  and h igh  c o n c e n t r a t i o n s  o f  s u l f a t e  and d i s s o l v e d  me ta l s .  Piezo- 

meters P8, P 7 ,  P14, and P23 a r e  t h e  wors t  w i t h  maximum c o n c e n t r a t i o n s  of a c i d i t y ,  

i r o n ,  aluminum, manganese, n i c k e l ,  z i n c ,  and cadmium o f  141000, 49400, 18300, 855, 

58, 2052, and 32 mg/L, r e s p e c t i v e l y .  Piezometer P23 i s  l o c a t e d  a t  t h e  n o r t h  edge of 

t h e  p i l e  where t h e  gob i s  t h i n  and seeps  occur  a long  t h e  base .  P iezometers  P8, P7, 

and P14 a r e  loca t ed  on t h e  e a s t e r n  and sou the rn  p o r t i o n s  of t h e  p i l e  where t h e  gob 

w a s  moved i n t o  t h e  borrow p i t .  P7 and P14 i n i t i a l l y  had f a i r l y  low a c i d i t y ,  s u l f a t e ,  

and d i s s o l v e d  metals and then  r a p i d l y  a c i d i f i e d  -- f i r s t  P7 and t h e n  P14 ( F i g .  2D). 

A p o s s i b l e  e x p l a n a t i o n  may be  t h a t  t h e  base  of t h e  borrow p i t  is below t h e  n a t u r a l  

water t a b l e ,  t h u s  i t  f i l l e d  a t  f i r s t  w i th  a l k a l i n e ,  good q u a l i t y  t i l l  water .  A s  

l e a c h a t e s  p e r c o l a t e d  down from above and c o n t a c t  t i m e  w i th  p a r t i a l l y  o x i d i z e d  r e f u s e  

inc reased ,  t h e  b a s a l  wa te r  qu ick ly  a c i d i f i e d .  From t r e n d s  o f  q u a l i t y  shown i n  F igure  

2 ,  i t  appears  t h a t  t h e  b a s a l  l e a c h a t e  may be  improving s i n c e  1979, sugges t ing  t h a t  

t h e  r ec l ama t ion  d i s t u r b a n c e  may have caused shor t - te rm worsening  of t h e  l e a c h a t e  

q u a l i t y  and t h a t  g radua l  improvement may be  expec ted  t o  occur  i n  t h e  f u t u r e .  

Water i n  t i l l  benea th  t h e  gob m a t e r i a l  (Group B) i s  a l s o  o f  poor q u a l i t y ,  b u t  con- 

t a i n s  roughly  h a l f  t h e  a c i d i t y ,  s u l f a t e ,  and me ta l s  s een  i n  t h e  l e a c h a t e  (Group A). 

P22, l oca t ed  ve ry  c l o s e  t o  P23 on t h e  no r th  s i d e  of t h e  p i l e ,  has  t h e  poores t  q u a l i t y  

of t h i s  group,  which may r e f l e c t  l eakage  of a c i d i c  l e a c h a t e  a long  t h e  w e l l  c a s ing  

i n t o  t h e  t i l l  below. 

Well groups C and D a r e  loca t ed  i n  t h e  t i l l  a t  v a r i o u s  d i s t a n c e s  from t h e  re -  

claimed gob p i l e .  I n  g e n e r a l ,  t h e  water  q u a l i t y  improves r a p i d l y  wi th  d i s t a n c e  away 

from t h e  p i l e .  Well Group D h a s  g r e a t l y  reduced l e v e l s  of i r o n ,  aluminum, n i c k e l ,  

z i n c ,  and cadmium. Only modera te ly  e l e v a t e d  l e v e l s  o f  i r o n ,  manganese, ca lc ium,  

magnesium, and s u l f a t e  e x i s t  beyond 60 m from t h e  p i l e .  

A t  t h e  n o r t h  end of t h e  s i t e ,  water  q u a l i t y  i n  t h e  s l u r r y  m a t e r i a l  h a s  g r e a t l y  

improved when compared t o  pre- rec lamat ion  c o n d i t i o n s .  The s a t u r a t e d  s l u r r y  (Group E 

w e l l s )  has  less s u l f a t e ,  ca lc ium,  and magnesium t h a n  t i l l  undernea th  (Group F) and 
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TABLE 1 
Post-reclamation groundwater qualitya 

Well groupb A B C D E F G H 

Spec. Cond.c 
PH 
Eh 
Acidity 
Alkalinity 
Bicarbonate 
Sulfate 
Chloride 
Fluoride 
Boron 
Silica 
Ni trate-N 
Ammonia-N 
Ca 1 c iumd 
Magnesium 
Sodium 
Potassium 
A1 uminum 
Arsenic 
Barium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Molybdenum 
Nicke 1 
Strontium 
Zinc 

14,360 
3.49 
+169 

13,900 
0 
0 

20,700 
18 
0.1 
4.7 
94 

0.40 
7.2 
407 
383 
336 
13.4 
1040 

0.0988 
0.0217 

1.58 
0.45 
1.12 
0.19 
3440 
0.37 
47.6 

0.0034 
4.42 
0.52 
168 

8170 
3.88 
+146 
7200 
0 
0 
8750 
13 

0.65 
0.96 
31 

0.03 
1.01 
450 
551 
231 
2.5 
216 

0.0141 
0.0218 
0.386 
0.030 
1.32 
0.060 
1260 
0.20 
75.3 

0.0020 
2.80 
0.81 
55.8 

4360 
6.50 
-30 
364 
220 
268 
2650 
36 

0.63 
0.35 
19 

0.04 
0.76 
455 
42 1 
282 
3.42 
0.39 

0.0024 
0.0280 
0.013 
0.015 
0.10 
0.015 
35 .o 
0.10 
10.9 

0.0032 
0.17 
0.98 
0.77 

2330 
6.70 
-64 
90 
164 
200 
1136 
18 

0.68 
0.25 
22.5 
<0.5 
0.105 
294 
122 

89.3 
0.91 

<o. 10 
<o .0020 
0.0263 

<o .01 
<o .02 
0.06 
0.011 
1.78 
0.09 
2.30 

0.0022 
0.04 
0.60 
0.24 

2350 
6.93 
-1 04 
117 
556 
590 
775 

34.5 
0.59 
0.62 

15 
0.07 
3.02 
20 1 
120 
149 
3.4 

<o. 10 
0.0020 
0.0352 
<0.01 
<o .02 
0.03 

<0.010 
4.16 
0.06 
3.57 

0.0033 
<0.03 
0.59 
0.03 

3246 2500 
7.00 7.00 
-92 -78 
104 140 
582 612 
614 746 
1625 1325 
62 1 7  

0.49 0.57 
0.47 0.23 

17 18 
0.06 0.10 
2.96 1.68 
326 304 
209 272 
287 124 
3.05 4.35 
0.10 

<o .0020 
0.0382 
0.006 
<O .04 
0.05 
0.008 
1.22 
0.05 
4.77 

0.0027 
0.07 
0.50 

0.026 

0.106 
<o .0020 
0.0273 
<0.010 
<0.02 
0.04 
<0.04 
0.61 
0.07 
1.80 

0.0051 
0.07 
0.86 
0.05 

1320 
7.10 
-14 
32.2 
202 
256 
488 
22 
1.0 
0.40 
15.5 
3.5 
0.18 
125 

82.1 
71 
2.2 

<O .09 
<o .0020 
0.0325 
<o .010 

<o .02 
0.02 

<o .02 
0.20 

<O .08 
0.10 

<0.0017 
(0.03 
0.40 
0.05 

aValues are median values of all samples collected; large differences often 

bA = base of reclaimed gob pile (P5-PI1, P14, P23) 
existed for values between wells within a single well group. 

B = till beneath reclaimed gob pile (P4, P13, P15-17, P21, P22) 
C = till less than 30 m from gob pile and affected by acid leachate (P2, P3, P18, 

D = till 25 to 50 m from gob pile and moderately affected by acid leachate (Pl, 

E = saturated slurry material (P27, P28, P31, P32, P36-P41) 
F = till beneath slurry material (P29, P30) 
G = till around reclaimed slurry material (M19, P25, P26, P33-P35, P42) 
H = residential wells (Rl-R5, R7-Rl0, R12-Rl8) 

acidity and alkalinity as mg/L CaC03 equivalent, and other parameters in mg/L. 

P19, P24, P24, P43, P45) 

P12, P20, P44) 

CSpecific conductance is reported as uS/cm at 25"C, pH in standard units, Eh in mV, 

dDissolved cations were analyzed from samples filtered and acidified in the field. 
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till surrounding (Group G) the reclaimed slurry material. However, these piezometers 

in the north end of the site still have slightly greater concentrations of acidity 

and major ions than the median residential well values (Group HI. The slurry wells 

also still have maximum iron and manganese values up to 30 and 10 mg/L, respectively. 

Other heavy metal values are very low and nearly equal to residential wells. 

Groundwater in and around the gob pile is presently in a transition period in 

which water levels and water quality are gradually readjusting since disturbance and 

reclamation in 1977. Some piezometers in and below the gob show that groundwater 

rapidly acidified following reclamation with concomitant rises in sulfate and dis- 

solved metals. Graphs of water quality versus time for some wells in Figure 2 also 

show that most parameter concentrations peaked in 1978 through 1979 and have shown a 

decline in the past year. It is hoped that long-term monitoring of this site will 

show continued improvement in groundwater quality. 

Several mechanisms are important in controlling and attenuating the transport of 

contaminants away from this disposal site. Firstly, the hydraulic conductivity of 

the underlying till is relatively low so infiltration and travel rates are small. 

Secondly, the till is calcareous and capable of neutralizing the acid leachates. 

Since the solubility and mobility of most of the heavy metals (e.g., iron, manganese, 

aluminum, zinc, cadmium) are pH-dependent and favored under acid conditions, neutral- 

ization by reactions with the till results in a rise in pH and causes a majority of 

the metals to precipitate as hydroxides or sulfate salts in the soil. When drilling 

some of the monitoring wells around the pile, portions of the till were found to be 

stained red with iron oxyhydroxide precipitate. Adsorption and cation exchange are 

other important mechanisms controlling migration of pollutants from the site. 

When considering other disposal sites which are many times larger than this study 

site or deposited on permeable soils or bedrock, the potential for degradation of 

groundwater resources is much greater. Such sites are common in the eastern United 

States and elsewhere and should be investigated further. The vast amounts of pyritic 

coal refuse being produced in U . S .  coal fields necessitates effective and timely con- 

trol procedures to keep pyrite oxidation at a minimum and to ensure long-term water 

quality control at the disposal sites. 
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