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ABSTRACT 

Coal wastes a r e  the mineral matter rejected from coal during cleaning 
operations.  The refuse consis ts  mainly of shale,  clay,  pyr i te ,  and 
waste coal.  At many disposal s i t e s  i n  I l l i n o i s ,  considerable quan t i t i e s  
of sediment, ac idi ty ,  sulphate, and dissolved metals have been washed 
from these s i t e s  and have contributed to  the degradation i n  qua l i ty  of 
the receiving streams. 

Hydrologic and water-quality da ta  were gathered from three abandoned, 
unreclaimed, coal-waste disposal s i t e s  i n  southwestern I l l i n o i s .  Two 
of the  disposal s i t e s  were recontoured, limed, covered with 30 cm of 
g l a c i a l  till and loess ,  f e r t i l i z e d ,  and seeded. Data collected one t o  
two years a f t e r  renovation of these s i t e s  indicated that :  (1) runoff 
r a t e s  were s ignif icant ly  increased because the s o i l  cover was l e s s  
permeable than  t h e  coa l  waste ;  (2 )  peak runof f  r a t e s  d id  no t  seem 
t o  be af fected;  and (3)  ac id i ty ,  sulphate,  and metal concentrations i n  
surface runoff waters were r"educed by about 80-90% following reclama- 
t i o n .  However, gradual  i n c r e a s e s  i n  a c i d i t y ,  s u l p h a t e ,  and me ta l  
concentrations i n  runoff water a t  the Staunton s i t e  have occurred two 
years a f t e r  reclamation and may continue t o  r i s e  in  the future.  This 
indicates  t h a t  the pyr i te  and i ron sulphate s a l t s  contained i n  the  coal 
Nastes w i l l  make reclamation a gradual long-term process -- one t h a t  
cannot be solved immediately by grading, liming, and covering with s o i l .  

INTRODUCTION 

Coal inevi tably  contains some amount of rock and mineral matter when i t  
i s  mined. Sulphur i n  coal i s  undesirable because it i s  converted during 
combustion to  sulphur dioxide, causing a i r  pollution and acid deposi- 
t ion. Shale, clay,  and other mineral matter a r e  a l so  undesirable in  
t h a t  they cause slagging and fouling problems i n  a bo i l e r  and contr ibute  
t o  excessive par t icula te  matter i n  stack gases. Therefore, several  
types of densi ty  separation methods a r e  commonly used to  clean coal 
p r i o r  t o  i t s  use.  I n  1974, 553 x lo6 t of  c o a l  were mined i n  t h e  
U.S.; of t h a t  amount, approximately 241 x 106 t 144%) of coal were 
produced from mechanical c l ean ing ,  r e s u l t f n g  i n  89 x lo6 t of 



coa l -c lean ing  wastes  [ I ] .  I n  1975, about 97 x lo6 t o f  coal-cleaning 
was te  were produced 121. Presen t  p roduc t ion  r a t e  of  coa l  wastes  i s  
about  110 x lo6 t per  year  and i s  l i k e l y  t o  con t inue  i n c r e a s i n g  i n  t h e  
f u t u r e .  

Two d i f f e r e n t  types  of  wastes  a r e  c r e a t e d  by most coal-cleaning methods. 
The c o a r s e  dense mineral  wastes  a r e  depos i ted  i n  l a r g e  p i l e s  o r  v a l l e y  
f i l l s .  Once c o a l  i s  removed, t h e  remaining washwater c o n t a i n s  f i n e  coa l  
and suspended mineral  mat te r .  Th is  s l u r r y  m a t e r i a l  ( f i n e  waste)  i s  
pumped t o  impoundments where it  i s  allowed t o  s e t t l e  ou t  o f  suspension.  
P r i o r  t o  t h e  1970s, coal-waste d i s p o s a l  s i t e s ,  i n  most cases ,  were 
n e i t h e r  p r o p e r l y  d e s i g n e d  n o r  r e c l a i m e d  b e c a u s e  s t a t e  and f e d e r a l  
requirements  governing such a c t i v i t i e s  were inadequate.  Abandoned, 
unreclaimed c o a l  wastes  cover approximately 70,800 h a  i n  t h e  U.S. [ 3 ] .  
I n  I l l i n o i s  a lone ,  2040 ha  of waste p i l e s  and 6615 ha  of  s l u r r y  m a t e r i a l  
l i e  unreclaimed [ 4 ] .  

The v a s t  amounts of  coa l  wastes t h a t  have amassed over  t h e  p a s t  century 
a r e  causing cons iderab le  h e a l t h ,  s a f e t y ,  environmental ,  and a e s t h e t i c  
problems, p a r t i c u l a r l y  in t h e  n o r t h e a s t e r n  and midwestern U. S.  Mass 
movement of waste p i l e s  ( s l i d e s )  on occas ion  have k i l l e d  people,  de- 
s t r o y e d  homes, and devas ta ted  stream v a l l e y s .  Erosios, of  wastes has  
caused sed imenta t ion  of s treams,  p s e m ~ t u r e  f i l l i n g  o f  r e s e r v o i r s ,  and 
d e s t r u c t  ion s f  a q u a t i c  b i o t a ,  Another p e r s i s t e n t  e n ~ i r o m e r ~ b a l  problew 
i s  caused by t h e  ox ida t ion  of p y r i t e .  Coal. r e f u s e  can contarn up t o  25% 
p y r i t e  (by w e i g h t ) ,  whictt i s  ox id ized  and taydrolyzed when exposed t o  
oxygen and mois tu re .  When water  comes i n  con tac t  with t h e  p y r i t e  oxida- 
t i o n  products  ( i r o n  su lpha ta  s a l t s ) ,  the  r e s u l t i n g  ruackf water  or  sub- 
s u r f a c e  l e a c h a t e s  usua l ly  have a very low pH 61.8-3.5) and very  high 
c o n c e n t r a t i o n s  of a c i d i t y ,  s u l p h a t e ,  and d i sso lved  meta l s  ( a l k a l i ,  a lka-  
l i n e  e a r t h ,  t r a n s i t i o n ,  arid heavy).  Drainage from coal-waste d i s p o s a l  
s i t e s  has caused innumerable cases  of s e r i o u s  water  q u a l i t y  degradat ion 
i n  s treams [ 5 , 6 ] .  Trace meta l s  i n  t h e  runof f  water  a r e  o f t e n  a t  concen- 
t r a t i o n s  many orders  of  magnitude g r e a t e r  than  l i m i t s  recommended f o r  
a q u a t i c  b i o t a  o r  allowed f o r  d r ink ing  wate r .  Erosion caused by t h e  run- 
o f f  of  s u r f a c e  water g radua l ly  removes weathered m a t e r i a l  from t h e  sur-  
f a c e  of waste p i l e s ,  thus  exposing f r e s h  p y r i t e  and enab l ing  cont inua l  
long-term oxida t  ion,  ac id  product ion ,  and leach ing  problems t o  p e r s i s t .  

I n  1976, t h i s  s tudy  of  I l l i n o i s  coal-waste d i s p o s a l  s i t e s  was i n i t i a t e d  
t o  ( 1 )  ga in  more information on t h e  n a t u r e  and magnitude of  hydrologic 
and wate r -qua l i ty  problems assoc ia ted  with o ld  abandoned d i s p o s a l  s i t e s  
and ( 2 )  determine t o  what e x t e n t  t h e  problems could be mi t iga ted  by 
g rad ing  and covering t h e  coa l  wastes  wi th  a s o i l  and v e g e t a t i v e  cover.  
Based on information c o l l e c t e d  from unreclaimed and reclaimed d i sposa l  
s i t e s ,  an at tempt was made t o  d i s c e r n  how grad ing ,  covering with s o i l ,  
and v e g e t a t i n g  coal-waste d i sposa l  a r e a s  a f f e c t e d  ( I )  r a t i o s  of sur face  
runof f  t o  r a i n f a l l ,  ( 2 )  peak runof f  r a t e s ,  and ( 3 )  water  q u a l i t y  of 
s u r f a c e  r u n o f f .  

The term "reclamation" i n  t h i s  paper  i s  used broadly t o  mean t h e  grad- 
i n g ,  l iming ,  covering wi th  s o i l ,  f e r t i l i z i n g ,  and seeding of  a  coal-  
r e f u s e  d i s p o s a l  s i t e .  I d e a l l y ,  though, rec lamat ion  should a l s o  mean 
r e c u p e r a t i o n  o f  a  s i t e  o v e r  a  l o n g  t i m e  p e r i o d  -- w i t h  v e g e t a t i o n  
r e 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 ,  wi th  e r o s i o n  c o n t r o l l e d  t o  an  accept-  
a b l e  l e v e l ,  and wi th  water  q u a l i t y  near  t h e  ambient l e v e l s  of adjacent  



undisturbed areas .  Whether the  current  methods of r e s t o r a t i o n  can 
r e s u l t  i n  wholly successful  reclamation of a s i t e  i s  a topic  of  i n t e r e s t  
and g r e a t  debate.  Certainly,  i n  cases of d isposa l  a reas  t h a t  have s t eep  
s lopes  and conta in  py r i t e ,  t o t a l  reclamation of the  s i t e  may be an 
i n d e f i n i t e l y  long process. 

The main a r e a  of study was loca ted  i n  t h e  upper Cahokia Creek watershed 
i n  southwestern I l l i n o i s .  Ra in fa l l ,  runoff ,  and water-quality d a t a  were 
co l l ec t ed  from the  unreclaimed Superior washery s i t e  and the  reclaimed 
Staunton s i t e  [7,8].  I n  addi t ion ,  numerous grab samples from the  Staun- 
ton  s i t e  i n  1976, p r io r  t o  reclamation,  and from other  d isposa l  a r ea s  i n  
t h e  Cahokia Creek watershed were col lec ted  and analyzed fo r  t h i s  study.  

Data from e a r l i e r  inves t iga t ions  [5,6,9-121 have been included i n  t he  
p r e s e n t  i n v e s t i g a t i o n  t o  broaden i t s  geog raph ic  coverage  o f  w a t e r  
q u a l i t y  and provide addi t ional  hydrologic d a t a  fo r  comparative pur- 
poses. These da t a  were col lec ted  from t h e  New Kathleen d isposa l  s i t e ,  
before and a f t e r  the  s i t e ' s  reclamation, by Consolidation Coal Co. [9 ,  
101 and Ohio S t a t e  Universi ty 1111. Water-quality d a t a  of d isposa l  s i t e  
runoff have a l s o  been col lec ted  i n  the  pa s t  by the  I l l i n o i s  Environ- 
mental P ro t ec t  ion Agency i n  southwestern I l l i n o i s  [12] and throughout 
t he  s t a t e  by researchers  from Southern I l l i n o i s  Universi ty 161. These 
d a t a  w i l l  be discussed and evaluated i n  t h i s  paper, along with da t a  
co l l ec t ed  dur ing  our own inves t iga t ion .  

DESCRIPTION OF DISPOSAL SITES 

The t h r e e  primary s i t e s  i n  southwestern I l l i n o i s  where da t a  were col- 
l e c t ed  a r e  known as New Kathleen, Staunton and Superior. A former mine 
a t  the  New Kathleen s i t e  was an underground opera t ion ,  running from 1943 
t o  1955. Coal was mined from the  Herrin No. 6 seam 34 m deep. The 
o r i g i n a l  waste p i l e  covered an a r ea  of 16.2 ha,  stood 19.8 m a t  i t s  
h ighes t  po in t ,  and contained about 1.5 x 106 m3 of refuse  (Fig.  1-a) . 
Slopes of t h e  p i l e  edge ranged between 34' and 45' and were deeply 
gu l l i ed  i n  most places.  Surface drainage from the  p i l e  was genera l ly  
west toward a l oca l  creek,  which i s  dry  during much of the  summer. An 
add i t i ona l  20.2 ha were occupied by a s l u r r y  d isposa l  area.  

I n  t h e  summer of 1970, New Kathleen's  waste p i l e  was p a r t i a l l y  re loca ted  
and graded so  t h a t  a l l  s lopes were 18" o r  l e s s ,  ag r i cu l t u r a l  limestone 
was added t o  t h e  sur face  a t  a r a t e  of 34 t i h a ,  and t h e  refuse  was then 
covered with 30 cm of na tu ra l  s o i l  ma te r i a l  ( ~ i g .  1-b). I n  drainage 
areas  2 and 3,  addi t ional  s o i l  cover was added -- a t o t a l  cover of 
60 and 90 cm, respect ive ly .  F e r t i l i z e r ,  seed,  addi t ional  limestone 
(13 t / h a ) ,  and mulch were applied t o  the  s i t e  i n  t h e  f a l l  of 1970 1101. 

An abandoned mine located near Staunton, Ill., was operated from 1904 t o  
about 1924. Herrin No. 6 coal  was mined underground, 85 m below the  
sur face ,  and cleaned on s i t e .  The steep-sided waste p i l e  was 1.4 ha i n  
a r ea ,  about 25 m t a l l  a t  i t s  h ighes t  poin t ,  deeply eroded, and bar ren  of 
vegeta t ion .  Beneath t he  oxidized sur face  zone, t o t  a1 sulphur content of 
t he  waste ma te r i a l  ranged from 5.5 t o  8.5% (by weight) ,  with p y r i t i c  
sulphur ranging from 4 t o  6%. S lu r ry  ma te r i a l ,  deposited i n  a former 
sedimentation pond located nor th  of the  p i l e ,  occupied an a r ea  of about 
4.5 ha. It, too,  was deeply eroded and nea r ly  barren of vegeta t ion .  



Fig. 1-a Drainage Areas and Flow Monitoring Points at 
New Kathleen S i te ,  Prior to I t s  Reclamation 

Fig. 1-b Drainage Areas and Flow Monitoring Points at 
New Kathleen S i te ,  Following I t s  Reclamation 



I n  e a r l y  1977, t he  s t a t e  of I l l i n o i s  provided funds t o  grade t h e  Staun- 
ton  d i sposa l  a r ea s ,  neu t r a l i z e  t h e  sur face  of  t h e  r e fu se  with 168 t / h a  
(caC03 equiva len t )  of  a g r i c u l t u r a l  l imestone and hydrated lime, and 
cover t h e  a r ea s  with 30 cm of g l a c i a l  till and l oe s s .  The s o i l  cover 
was f e r t i l i z e d  and seeded i n  Apr i l  1977 (131. During regrading opera- 
t i o n s ,  t he  waste p i l e  he ight  was reduced t o  about 5 m, and s lopes  were 
reduced t o  l e s s  than 12'. To t a l  a r ea  of t he  p i l e  was increased from 
1.4 ha t o  3.5 ha (Fig.  2). I n  t h e  nor thern  a r ea ,  t he  s l u r r y  ma te r i a l  
was graded, limed, covered, and seeded. A r e t e n t i o n  pond was excavated 
i n  g l a c i a l  t i l l  nex t  t o  t h e  s l u r r y  m a t e r i a l  f o r  sed iment  c o n t r o l .  
Surface runoff  from most of  t he  reclaimed waste p i l e  and a l l  s l u r r y  
ma te r i a l s  flows i n t o  the  pond and then d ischarges  i n t o  a stream flowing 
northwest t o  Cahokia Creek (Fig.  2 ) .  

At a washery s i t e  operated by Superior Coal Co., loca ted  15.4 km no r th  
of Staunton,  coa l  was cleaned from four nearby underground mines. When 
these  mining and washing opera t ions  ceased i n  1954, about 688,000 m3 
of wastes had been produced, covering 23.5 ha. The two main p i l e s  i n  
t he  cen t e r  of t he  s i t e  stand 13.7 m high and cover an  a rea  of 1.5 ha a t  
t h e i r  base.  The r e s t  of the  d isposa l  s i t e  conta ins  f l a t ,  graded wastes 
over ly ing  s l u r r y  mater ia l  (Fig.  3) .  The southern two-thirds of  t h e  s i t e  
d r a i n s  i n t o  a channel  f l owing  s o u t h e a s t  toward Sp r ing  Creek.  The 
nor thern  po r t i on  of t he  d isposa l  s i t e  d r a in s  i n t o  a channel flowing 
no r thea s t ,  a l s o  i n to  Spring Creek (Fig.  3 ) .  The s i t e  i s  present ly  
unreclaimed, devoid of vegeta t ion ,  and d ischarg ing  l a r g e  quan t i t i e s  of 
sediment, a c i d i t y ,  sulphate,  and dissolved meta ls  i n t o  the  watershed. 

HYDROLOGY 

Ra in fa l l  and runoff  d a t a  from t h e  t h r ee  d i sposa l  s i t e s  were analyzed 
f o r  t he  following time periods:  t h e  reclaimed Staunton s i t e  (July-Dec. 
19771, t h e  unreclaimed Superior washery s i t e  (19781, and the  New Kath- 
l e en  d i sposa l  s i t e  (pre-reclamation, 1970; post-reclamation, 1972). 
H-type flumes and water-level recorders  measured runoff from th r ee  
sub -d ra inage  a r e a s  on t h e  p r e - r ec l ama t ion  p i l e  a t  New K a t h l e e n  
(Fig. 1-a) . The same type of equipment was used on t h r ee  sub-drainage, 
a r e a s  o f  t h e  pos t - r ec l ama t ion  p i l e  ( F i g .  1-b) and a l s o  a t  a p o i d t  
represent ing  discharge from the  e n t i r e  p i l e  (Area 4 ) .  P r ec ip i t a t i on  
was recorded on s i t e  during both phases. 

Two 90 ' V-not ch we i r s  and water- l eve l  recorders  cont inuous 1 y measured 
d ischarge  from both the  southern and nor thern  drainage areas  a t  t he  
Staunton s i t e  (Fig.  2) .  The southern dra inage  a r ea  included t h e  re-  
claimed waste p i l e ,  small por t ions  of ad jacent  farm f i e l d s ,  and road 
d i t che s .  Drainage through t he  nor thern  weir included runoff from the  
southern drainage a r ea ,  the  e n t i r e  s l u r r y  d isposa l  a r ea ,  and some addi- 
t i o n a l  farm lands (Fig.  2 ) .  P r e c i p i t a t i o n  was recorded on s i t e  us ing  
a t ipping-bucket r a i n  gauge. An H-type flume with water-level recorder  
and tipping-bucket gauge measured runoff  and r a i n f a l l  a t  the  Superior 
s i t e  (F ig .  3 ) .  

Hydrographs from Staunton and Superior s i t e s  were d i g i t i z e d ,  converted 
t o  flow r a t e s  using the  appropr ia te  weir o r  flume equation,  and in te -  
gra ted  us ing  an IBM fourth-order Runge-Kutta va r i ab l e  s t ep  rou t i ne  [14] 
t o  determine t o t a l  flow volumes f o r  each storm. The runoff c o e f f i c i e n t ,  
C, was ca lcu la ted  f o r  ind iv idual  storm events a t  a l l  t h r ee  s i t e s  by 





d iv id ing  t o t a l  storm runoff  volume by t o t a l  storm r a i n f a l l .  An adjus ted  
peak f low r a t e ,  M, was ca l cu l a t ed  by d iv id ing  each storm peak flow r a t e  
(m3/s) by storm r a i n f a l l  amount (cm) and dra inage  a r e a  (m2), i n  order  
t o  f a c i l i t a t e  comparison between s i t e s  and t o  e l imina te  t h e  v a r i a b l e  of  
r a i n f a l l  amount. Values f o r  t he se  parameters a r e  shown i n  Table 1 .  

The topography of the  drainage a r ea s  appeared t o  have some e f f e c t  on t he  
runoff  c o e f f i c i e n t ,  C. When comparing t he  unreclaimed s i t e s ,  t he  aver- 
age runoff  c o e f f i c i e n t  f o r  Supe r io r ' s  southern  dra inage  area  (0.09) was 
lower than  f o r  Areas 1, 2 ,  and 6 a t  the  New Kathleen s i t e  (0.17, 0.23, 
and 0.45, r e spec t i ve ly ) .  The waste p i l e  a t  Superior had s lopes  up t o  
45",  but  it occupied only 10% of t he  southern dra inage  area ;  t he  r e s t  of  
t h e  a r e a  was r e l a t i v e l y  f l a t .  Areas 1 ,  2 ,  and 6 a t  New Kathleen, how- 
e v e r ,  were  l o c a t e d  e n t i r e l y  on  t h e  s t e ep - s loped  p i l e  ( ~ i g .  l - a ) .  
Therefore,  t h e  s teep  slopes a t  t he  unreclaimed New Kathleen s i t e  could 
accoun t  f o r  a h i g h e r  r u n o f f  r a t i o  t h a n  t h e  one found a t  Supe-r ior .  

Comparisons of  runoff  c o e f f i c i e n t s  for  t he  reclaimed s i t e s  (Table 1) 
show t h a t  the  average va lues  f o r  New Kathleen sub-basins were gene ra l l y  
g r e a t e r  than  those  f o r  Staunton. The average va lue  f o r  Area 4 of New 
Kathleen ( represent ing  runoff  from t h e  e n t i r e  p i l e )  was 0.36; t h e  aver- 
age runoff  c o e f f i c i e n t  f o r  the  Staunton reclaimed p i l e  (southern dra in-  
age) was 0.31. For the  reclaimed a r ea s ,  t he  s t e epe r  slopes a t  t h e  New 
Kathleen s i t e  appeared t o  account f o r  g r e a t e r  runoff  r a t i o s .  I n  addi- 
t i o n ,  the  waste p i l e  a t  Staunton occupied only about 20% of t he  southern 
dra inage  a r ea .  

Comparison of  average runoff  c o e f f i c i e n t s  between reclaimed and unre- 
claimed s i t e s  shows t h a t  the  reclaimed s i t e s  gene ra l l y  had h igher  runoff  
r a t i o s  than t he  unreclaimed s i t e s .  The average runoff  coe f f i c i en t  f o r  
New Kathleen (ca lcu la ted  on da t a  from a l l  sub-basins) increased from 
0.28 f o r  the  pre-reclamation phase t o  0.40 f o r  t he  post-reclamation 
phase ,  a n  i n c r e a s e  o f  43%.  Comparing t h e  t o p o g r a p h i c a l l y  s i m i l a r  
Superior and Staunton s i t e s ,  t he  Superior (unreclaimed) c o e f f i c i e n t  
was 0.09 and t he  Staunton post-reclamation c o e f f i c i e n t  was 0.30. The 
increased runoff  c o e f f i c i e n t s  observed a t  t h e  two reclaimed s i t e s  a r e  
due t o  the  placement of s o i l  cover ( g l a c i a l  till and l o e s s ) ,  which i s  
l e s s  permeable than the  coal  wqstes. These increases  occurred d e s p i t e  
reduct  ion i n  s lopes  and es  tablishment of vegeta t ion ,  a c t  ions t h a t  should 
have t h e  e f f e c t  of decreasing runoff .  The ove ra l l  increase  i n  su r f ace  
water  runoff  due t o  reclamation a c t i v i t i e s  i s  balanced by decreased 
water  seepage i n t o  the  buried coa l  wastes.  

Average ad jus ted  peak flow r a t e s  f o r  one unreclaimed s i t e  (Superior)  and 
two reclaimed ones (New Kathleen, Staunton) were ca lcu la ted  (Table 1 ) 
and ranged from 9 x 1 0 ' ~  t o  4 x 10-7 m3/s per cm of r a i n  per m2 of 
drainage a r ea .  Based on the  l imi ted  amount of  da t a ,  no s i g n i f i c a n t  
d i f f e r ence  could be de tec ted  between t he  t h r ee  s i t e s .  

WATER QUALITY 

Important goa ls  of any e f f o r t  t o  rec la im coal-waste p i l e s  a r e  reduct ions  
i n  t he  a c i d i t y ,  tox ic  meta ls ,  and t o t a l  s o l u t e  concent ra t ions  contained 
i n  s u r f a c e  w a t e r  r u n o f f .  When w a s t e  m a t e r i a l s  a r e  exposed t o  t h e  
atmosphere, sulphide minerals  such a s  p y r i t e  and s p h a l e r i t e  became 
oxidized and form acid metal su lphate  s a l t s .  Water from r a i n f a l l  and 





snowmelt can dissolve these oxidation products and transport  them e i t h e r  
through the  waste material  (emerging as seeps a t  the  base of t he  p i l e )  
o r  a s  ove r l and  flow. Fur the r  l each ing  and d i s s o l u t i o n  of a l k a l i ,  
a lka l ine  ea r th ,  t r ans i t i on ,  and heavy metals from the shales and c lays  
i n  the  coal wastes subsequently occurs. The r e su l t ing  highly acidic  
water can contain potent ia l ly  toxic  concentrations of iron, manganese, 
and t r a c e  m e t a l s ,  and i t  may t h e r e f o r e  cause  s e v e r e  environmental  
degradation t o  surrounding vegetation and streams. 

The qua l i ty  of runoff water from unreclaimed disposal s i t e s  has been ex- 
tens ively  documented [5,6,8,12,15]. Table 2 summarizes data  reported 
by Nawrot e t  a l .  [6] and Prodan e t  a l .  181 fo r  drainage from abandoned 
disposal  s i t e s  i n  I l l i n o i s .  I n  both cases,  drainage from these s i t e s  i s  
c h a r a c t e r i z e d  by low pH, h igh a c i d i t y ,  and moderate t o  ext remely 
high concentrations of iron and sulphate. Where data  a r e  avai lable ,  
concentrations of other metals such as manganese and aluminum a re  a l s o  
high (up t o  145 and 3100 mg/L, respect ively) .  Although the quality,of 
surface water runoff var ies  considerably from s i t e  t o  s i t e ,  the  da ta  i n  
Table 2 c l ea r ly  indicate  the  potent ia l  adverse impact these runoff 
waters can have on the  local  environment. 

Reclamation e f f o r t s  t o  control ac idic  runoff from the New Kathleen and 
Staunton coal-refuse s i t e s  have focused on three  areas of ac t iv i ty .  

1. Chemical treatment of the waste mater ia l  surf ace with neutra l iz ing 
amendments . 

2. Prevention or minimization of water contact with the waste mater ia l  
by decreasing i n f i l t r a t i o n  (using a s o i l  cover of r e l a t ive ly  low 
permeability) and increasing t rans  p i r a t  ion during the summer by 
es tabl ishing vegetation. 

3. Creation of an oxygen ba r r i e r  a t  the surface of the  waste p i l e ,  by 
es tabl ishing a s o i l  and vegetative cover -- the  s o i l  ac t s  a s  a 
physical ba r r i e r  and root respi ra t ion consumes oxygen. 

While the  application of these reclamation pr inciples  has shown short- 
term effect iveness  i n  controll ing acidic  runoff from research p lo t s  and 
under laboratory conditions,  very few data  a r e  avai lable  t o  demonstrate 
long-term success under ac tual  f i e l d  conditions.  Water-quality da ta  
from the  two demonstrat ion s i t e s  that  were reclaimed (New Kathleen, 
Staunton) and the unreclaimed "control" s i t e  (Superior) were evaluated 
during t h i s  investigation t o  determine i f  s ign i f i can t  long-term temaoral 
t rends  had occurred as a r e su l t  of reclamation e f fo r t s .  

Water-quality data  from the  New Kathleen s i t e  have been previously 
pub l i shed  [9 ,10 ] .  During a 15-month pe r iod  preceding r ec l ama t ion  
a c t i v i t i e s  , water qual i ty  was sampled a t  the discharge measuring points 
d e s c r i b e d  above. Samples were analyzed f o r  pH, a c i d i t y ,  s p e c i f i c  
conductance, t o t a l  and ferrous iron, and sulphate. Following regrading 
of the  p i l e  and application of an ear th  cover in  1970, sampling of 
runoff water was conducted fo r  a three-month period i n  1972 (no r e l i a b l e  
d a t a  were c o l l e c t e d  i n  1971).  During t h i s  s h o r t  aos t - r ec l ama t ion  
period, samples were only analyzed fo r  ac idi ty .  





During a six-month ba se l i ne  study i n  1976 a t  t he  Staunton s i t e ,  grab 
samples of  runoff  leaving the  s i t e  (North Weir, Fig.  2)  were analyzed 
f o r  pH, a c i d i t y ,  spec i f i c  conductance, su lphate ,  and an a r r ay  of metals  
and t r a c e  e l emen t s  i n c l u d i n g  aluminum, i r o n ,  manganese,  and z i n c .  
Sampling was a l s o  conducted during recons t ruc t ion  a c t i v i t i e s  a t  t he  s i t e  
i n  e a r l y  1977, and t he  process continued f o r  a 44month  period following 
reclamation.  With few exceptions,  t he  same parameters as  l i s t e d  above 
f o r  pre-reclamation were a l s o  analyzed f o r  each sample during the  post- 
reclamation phase. 

F ina l l y ,  i n  conjunct ion with the  groundwater-quality research being con- 
ducted a t  t he  Scperior s i t e  [ 1 5 ] ,  samples were obtained of sur face  water  
runoff  a t  two loca t ions  ( s t a t i o n s  SCS and SCN, Fig.  3 )  on the  s i t e .  
These samples, co l lec ted  over a 29-month period i n  1978-80, were ana- 
lyzed f o r  t h e  same parameters a s  t h e  Staunton samples. 

Because recontouring s f  t h e  waste p i l e  a t  the  New Kathleen s i t e  r e su l t ed  
i n  v a s t l y  d i f f e r e n t  ind iv idual  sub-basins monitored f o r  flow volume and 
water q u a l i t y ,  d i r e c t  comparison of s p e c i f i c  pre- and post-reclamation 
gortione; of the p i l e  could not be made. Therefore,  the  two l a r g e s t  
a rea& monitored d u r i n g  both periods were chosen f o r  comparison on the- 
b a s i s  of most  c l o s e l y  r e p r e s e n t i n g  o v e r a l l  e f f l u e n t  from t h e  p i l e  
( ~ l n w  Point E F i g *  ? - a ;  Plow Point 4 ,  F ig .  1-b). I n  addi t ion ,  s i nce  
only a c t d i t y  of water banples was determined  a f t e r  r e c l a m a t i o n  a t  
the Xev Kathleen site, t h i s  was t h e  only parameter used for  ana ly s i s  of 
c o n d i t i o n s  aL ~ a c h  s i t e .  Acidity l eve l s  genera l ly  r e f l e c t  t he  degree 
and r a t e  af formation of sulphide mineral ox ida t ion  products,  so  t h i s  
was cons~de red  a v a l i d  irndicator o f  recl.amatisn success a t  each s i t e .  

Frgs,  4-8 ,  4-b, and 4-6 show concent ra t ions  of a c i d i t y  p lo t ted  aga in s t  
tima f o r  rile New Kathleen, Staunton,  and Superior waste d isposa l  s i t e s ,  
r e spec t i ve ly .  I n  Figs.  4-a and 4-b, a c i d i t y  l e v e l s  appear t o  show a 
dramatic dec l i ne  i n  samples co l l e c t ed  a f t e r  reclamation a c t i v i t i e s  com- 
pared t o  those  co l lec ted  before.  This dec l i ne  seems t o  i nd i ca t e  t h a t  
p lac ing  an e a r t h  cover, adding neu t r a l i z i ng  amendments, and e s t ab l i sh ing  
a vege t a t i ve  cover can cause a t  Peast  a  short-term reduct ion  i n  so lu t i on  
and t r an spo r t  of oxidation products i n  sur face  water runoff .  Fur ther  
evidence of t h i s  i s  shown i n  Table 2 ,  which summarizes water q u a l i t y  
a t  the  Staunton s i t e  before and a f t e r  reclamation.  For each parameter 
l i s t e d ,  s i g n i f i c a n t  dec l ines  i n  average concent ra t ion  have occurred 
following reclamation.  A s  expected, no such dec l i ne s  i n  concentrat ions 
of a c i d i t y  (F ig .  4-c) or  o the r  parameters were seen a t  the  Superior 
s i t e ,  where no reclamation a c t i v i t i e s  took place.  A co r r e l a t i on  of 
a c i d i t y  concent ra t ions  with flow r a t e s ,  y ie ld ing  t o t a l  acid loads from 
the  s i t e s  r a t h e r  than absolute concent ra t ions ,  would more accura te ly  
cha r ac t e r i z e  oxida t ion  and mass leaching r a t e s  of the  p i l e s  before  and 
a f t e r  reclamation.  Unfortunately,  we lack  the  d a t a  necessary t o  perform 
t h i s  more de t a i l ed  ana lys is .  

Although the  r e s u l t s  of t h i s  simple ana lys is  of t he  e f f e c t s  of reclama- 
t i o n  on w a t e r  q u a l i t y  a r e  encou rag ing ,  s e v e r a l  f a c t o r s  p r ec lude  a 
p o s i t i v e  statement of long-term t rends .  F i r s t ,  post-reclamation da t a  
from t h e  New Kathleen s i t e  a r e  extremely l imi ted  (Fig.  4-a) both i n  
quan t i t y  of  samples obtained and i n  v a r i e t y  of cons t i t uen t s  analyzed. 
Second, al though a s i gn i f i c an t  reduct ion  i n  concentrat ions of a c i d i t y  
have  o c c u r r e d  a t  bo th  t h e  New K a t h l e e n  and S t aun ton  s i t e s ,  t h e s e  
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post-reclamation concentrations s t i l l  remain high r e l a t i v e  t o  those i n  
runoff from undisturbed land (usual ly  a lkal ine) .  The da ta  for  Staunton 
(Fig. 4-b) a r e  especia l ly  d is turbing because it appears tha t  runoff 
qua l i ty  has deter iora ted substant ia l ly  during 1979-80. The deteriora- 
t i o n  i s  due,  i n  p a r t ,  t o  reexposure  of waste  m a t e r i a l s  i n  e r o s i o n  
g u l l i e s  and the  road di tch  on the  northern s ide  of the recontoured 
p i l e .  

CONCLUSIONS 

Abandoned, unreclaimed coal-waste  d i s p o s a l  s i t e s  i n  southwestern  
I l l i n o i s  a r e  usually devoid of vegetation and deeply eroded. They a r e  
a l s o  major contributors of sediment, ac id i ty ,  sulphate,  and dissolved 
metals t o  nearby streams. The success of current reclamation techniques 
used t o  control hydrologic and water-quality problems was evaluated 
using da ta  from three  disposal s i t e s .  The following conclusions have 
been drawn. (1) Covering coal refuse  with s i l t y  c lay  g l ac i a l  till and 
loess  increased runoff r a t e s .  (2)  The adjusted peak runoff r a t e s ,  
however, d id  not appear to  be affected. (3) Water qua l i ty  during one t o  
two years following reclamation was great ly  improved, with a c i d i t y  
l eve l s  reduced by about 90%. (4) Runoff water appears t o  be returning 
t o  h ighly  ac idic  conditions a f t e r  two t o  three  years. 

The decl ine  i n  water qual i ty  shor t ly  a f t e r  reclamation i s  probably 
a t t r ibu tab le  t o  three  causes. (1) The neutra l iza t ion potent ia l  of 
lime and limestone applied t o  the surface of the  coal wastes has been 
reduced. ( 2 )  Erosion g u l l e y s  have reexposed sma l l  a r e a s  of waste  
mater ia ls .  (3) Iron sulphate s a l t s  were common throughout the p i l e s  
p r io r  t o  reclamation and continue t o  produce acidi ty ,  sulphate, and i ron 
i n  leachates from the p i l e s  long a f t e r  reclamation. Only long-term 
monitoring of these waste p i l e s  w i l l  determine whether pyr i te  oxidation 
and acid  leachate production have been successfully reduced -- and t rue  
"reclamation" ac tual ly  achieved. 
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