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ABSTRACT . '  
, . 

~n inhe ren t  'problem in. t he  d i s p o s a l  . o f  s o l i d  waste 
on land i s  the, p o s s i b i l i t y  of  groundwater contaminat ion 
by l e a c h a t e s  from the  was te .  In  t h e  few studies con- 
ducted on t h e  e f f e c t ' s  of c o a l  r e f u s e  d i s p o s a l  on ground- 

. w a t e r  q u a l i t y ,  s i g n i f i c a n t  impacts have been observed.  
, Based on p a s t  and p re sen t  r a t e s  of  c o a l  r e f u s e  d i s p o s a l  

and c u r r e n t  knowledge of water  chemistry of runoff  and 
' seeps from r e f u s e  p i l e s ,  s i g n i f  ic 'ant groundwater contam- 
i n a t i o n  may be occu r r ing  i n  t he  e a s t e r n  and midwestern 
United S t a t e s .  

Following a review of prev ious  s t u d i e s  and a d iscus-  
s i o n  of water  q u a l i t y  problems r e l a t e d  t o  coa l  ' r e f u s e  
d i s p o s a l ,  r e s u l t s  from a three-year  i n v e s t i g a t i o n  of  an 
o r p h a n  d i s p o s a l  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  a r e  
d i scussed .  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  f o r  over  50 y e a r s ,  contaminat ion of  groundwater 
from ac id  l e a c h a t e  extended l e s s  than  200 m from the  
gob p i l e  i n  t h e  under ly ing  ca l ca reous ,  s i l t y - c l a y  till. 
Reclamation of  t h e  s i t e  i n  1977 d id  not  have immediate 
e f f e c t s  upon groundwater q u a l i t y ,  but  long-term changes 
a r e  l i k e l y  t o  occu r .  S l i g h t l y  increased  i n f i l t r a t i o n  
i n t o  t h e  gob p i l e  i s  c a u s i n g  g r e a t e r  f l o w s  o f  a c i d  



seeps  from t h e  base of t h e  p i l e ,  which may be h inde r ing  
p l a n t  g r o w t h  a n d  i n c r e a s i n g  e r o s i o n  o f  s o i l  c o v e r  
around t h e  base. Fu r the r  hydro logic  and geochemical 
r e s e a r c h  i s  needed  t o  a s s e s s  t h e  f u l l  m a g n i t u d e  of 
g r o u n d w a t e r  c o n t a m i n a t i o n  p rob lems  r e l a t e d  t o  c o a l  
r e f u s e  d i s p o s a l  a t  o t h e r  s i t e s  and t o  develop d i s p o s a l  
and rec lamat ion  c r i t e r i a  t h a t  a r e  p r a c t i c a l  and e f f e c -  
t i v e  i n  preserv ing  long-term water  q u a l i t y  a t  d i s p o s a l  
sites. 

COAL REFUSE AND ITS DISPOSAL 

Because c o a l  o f t e n  con ta ins  a cons ide rab le  amount of 
rock  and mine ra l  m a t t e r ,  a s i g n i f i c a n t  p ropor t ion  of 
c o a l  mined i n  t h e  U n i t e d  S t a t e s  i s  c l e a n e d  p r i o r  t o  
use. Thinner seams, h ighe r  p y r i t e  and s h a l e  c o n t e n t ,  
and g r e a t e r  percentage  of .  underground mining of e a s t e r n  
and midwestern U.S. c o a l s  r e q u i r e  more of t h i s  c o a l  t o  be 
c leaned  than  i n .  t h e  West. . IF 1974, about  574 m i l l i o n  
m e t r i c  ' t ons  (574 Mt) ' of: c o a l  were .produced i n  t h e  U.S. 
Of t h a t .  amount, approximately ' ' 60% . (330 ~t ) underwent 
mechanical c l ean ing ,  r e s u l t i n g  * i n .  89 M t  of coal' r e fuse  
(1) .  I n  1975, about  97.2 M t  of r e f u s e  were c r e a t e d  (2 ) .  

Coarse r e f u s e  is sepa ra t ed  from c o a l  a t  p r e p a r a t i o n  
f a c i l i t i e s  by some fo rm of  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,  c l ays tone ,  and some sand- 
s t o n e  and l imestone.  Un t i l  r ecen t  enactment of s t a t e  
and f e d e r a l  c o a l  waste d i s p o s a l  r e g u l a t i o n s  and guide- 
l i n e s ,  s e l e c t i o n s  of d i s p o s a l  methods and , s i t e s  were 
u s u a l l y  determined by convenience and economic consi-  
d e r a t i o n s ,  w i t h  l i t t l e  o r  no thought g iven  t o  long-term 
environmental  consequences (3) .  Dumping u s u a l l y  occurred  
a d j a c e n t  t o  p r e p a r a t i o n  p l a n t s ,  which o f t e n  w a s  down t h e  
n e a r e s t  h i l l s i d e  o r  i n t o  t h e  n e a r e s t  s t r e a m  v a l l e y .  
Refuse p i l e s  can  cover  a r e a s  from less than  1 ha t o  more 
than  400 ha ,  range from 3 m t o  more than  100 m i n  he igh t  
o r  depth ,  and occupy a volume up t o  1,200,000 m3 (4).  

The f i n e  c o a l  and m i n e r a l  m a t t e r  suspended  i n  t h e  
washwater s l u r r y  i s  pumped from c o a l  c l ean ing  f a c i l i t i e s  
i n t o  impoundments where  t h e  s e d i m e n t  i s  a l l o w e d  t o  
s e t t l e ;  t h e  c l a r i f i e d  water  i s  then  decanted o r  pumped 
from t h e  ponds. There a r e  two common types  of s l u r r y  



impoundments: a )  l a r g e  shallow ponds enclosed by low 
levees  and ground i r r e g u l a r i t i e s ,  and usua l ly  loca ted  i n  
1 e v e l . t o  g e n t l y  r o l l i n g  t e r ra in , ,  and b)  deep impoundments 
located  behind r e l a t i v e l y  high dams const ructed  ac ross  
stream v a l l e y s  and ravines  i n  h i l l y  country. S l u r r y  
m a t e r i a l  can con ta in  s i g n i f i c a n t  q u a n t i t i e s  of f i n e  c o a l ,  
wi th  the  remainder genera l ly  cons i s t ing  of sand, s h a l e  
fragments , s i l t  , c l a y ,  and some p y r i t e  . When ,abandoned, 
t h e  dams o r  berms of the  ponds g radua l ly  erode, a r e  o f t e n  
breached, and eros ion of the  s l u r r y  m a t e r i a l s  can ensue. 

The number of s i z a b l e  a c t i v e  o r  abandoned w a s t e  
p i l e s  and impoundments i n  t h e  e a s t e r n  U.S. a l o n e  i s  
conservat ive ly  est imated t o  be 3000 t o  5000, containing 
over 3000 M t  of r e fuse  (5). The U.S. Bureau of Mines 
( 6 )  has est imated t h a t  over 80,000 ha i n  the  U.S. have 
been used f o r  the  d i s p o s a l  of coal-processing .wastes 
during the  period 1930-1971, wi th  only 10,700. ha having 
been reclaimed; More than 1050 ha of gob 'and.660 ha of 
s l u r r y  ma te r i a l  i n  Indiana (7.) and approximately 2480 ha :' . 
of gob and 1630 ha of s l u r r y  m a t e r i a l '  i n  I l l i n o i s  (8,9) ; 
presen t ly  l i e  unreclaimed. . Pas t  coa l  refuse  d i sposa l  . ' 
s i t e s ,  i n  most cases ,  were n e i t h e r  properly designed nor. ' 

reclaimed because s t a t e  and f e d e r a l  requirements govern- . 

ing  such a c t i v i t i e s  were , lacking.  
, "  

The e n v i r o n m e n t a l  problems a s s o c i a t e d  w i t h  c o a l  
r e fuse  d i sposa l  s i t e s  a r e  many: s l i d i n g ,  dam f a i l u r e s ,  
b u r n i n g  p i l e s ,  a c i d  w a t e r ,  s i l t a t i o n .  of  s t r e a m s  and 
r e s e r v o i r s ,  and land property devaluat ion.  Because of 
p y r i t e  ox ida t ion  and d i s s o l u t i o n ,  ac id  water formation i s  
u b i q u i t o u s  and d i f f i c u l t  t o  c o n t r o l  a t  most r e f u s e  
d i s p o s a l  s i t e s  i n  t h e  e a s t e r n  and midwestern  U.S. 
' R a i n f a l l  and snowmelt on t h e  r e f u s e  a r e a s  r e s u l t  i n  
c o n t i n u o u s  o r  i n t e r m i t t e n t  e f f l u e n t s  due . t o  d i r e c t  
s u r f a c e  r u n o f f  and p e r c o l a t i o n  of  w a t e r  t h r o u g h  t h e  
r e f u s e .  T a b l e  I i s  a summary of w a t e r  q u a l i t y  d a t a  
c o l l e c t e d  by s e v e r a l  i n v e s t i g a t o r s  a t . c o a 1  re fuse  s i t e s  
throughout the  East and Midwest. The pH i s  genera l ly  low 
and values  of most l i s t e d  parameters a r e  q u i t e  high. The 
d i f f e r e n c e s  between su r face  water q u a l i t y  (ponds, s u r f a c e  
runof f ,  and seeps combined) and seep water q u a l i t y  a r e  
not  s i g n i f i c a n t .  The a c i d i c  d ischarges  from unreclaimed 
d i sposa l  s i t e s  usua l ly  a r e  a se r ious  detr iment  t o  water 
q u a l i t y  and a q u a t i c  b i o t a  i n  r e c e i v i n g  s t reams ' ,  and 
numerous r e p o r t s  and p a p e r s  document t h e s e  impac t s .  



S p e c i f i c  
Refuse Water No. of  Cond uc - Source 

Locat i o n  Typea ~ ~ ~ e b  Samples pHC Acid i ty  t ance  SO; Fe Mn A1 Zn o f  Data 

I I l l i n o i s  G Su 41 2.6 3500 4200 3900 430 17 200 (8 )  

I I l l i n o i s  S Su 21 2.4 2600 4 4 0 0  . 3500 510 14 170 ( 8 )  

Macoupin Co . , G, S Su 36 2.8 11475 
I l l .  Su 7-1 1 

New Kathleen G Su >200 2.2 13520 12740 14340 3860 
Mine, Ill. 

I Pennsylvania  G,S Su 7 2.9 13294 7 5 1 6  15535 2304 103 515 (12)  

I West V i r g i n i a  G,S Su 4 3.1 8550 63 28 1367 43  7 3 0.2 (13)  

11 Kentucky G Su 3 2.5 3947 4715 1344 34 231 3 . 8  (13)  

Ind iana  Su 8 2.5 . 6263 8720 2129 35 112 4.4 (13)  

MacoupinCo.,  G,S Sp 5 3.1 6280 2891 3757 (10)  
I l l .  

New Kathleen G Sp >I20  2.5 19062 16158 20641 5991 
Mine, Ill. 

G Sp 3-6 3.7 Pana, Ill. 5787 1867 703 260 4 .3  (14)  

Pennsylvania  G SP 2 3.0,4.1 - 3700 ' 2300 15 .3  7 0 68 2.6 (13)  

West V i r g i n i a  G SP 1 4.9 5000 3800 260 9 3.6 0.2 (13)  

Kent uc ky G SP 2 3.8,6.9 1080 878 4 . 3  5.8 35.9 0.6 (13)  

Ind i ana G SP 1 2.3 1200 15000 4500 5 6 (13)  
- .  

a~ -- gob; S -- s l u r r y  m a t e r i a l  

b ~ u  -- s u r f a c e  water  ( r u n o f f ,  ponds, and seeps  combined); Sp -- seeps  and s p r i n g s  on ly  
. . 

CMedian pH i n  s tandard  u n i t s ;  mean s p e c i f i c  conductance i n  p~nhos/cm a t  25OC; o t h e r  parameters  a r e  
mean va lues  i n  mg/L. 



Table No. I .  . . 
Water Quality of Runoff and Seeps from Coal Refuse 

P i l e s  i n  the Eastern and Midwestern U.S. 



With ponded water commonly found a t  d i sposa l  s i t e s  
( 8 )  and moderate pe rmeab i l i t i e s  i n  coal  r e fuse ,  substan- 
t i a l  amounts of ,acid water could be seeping i n t o  the  
subsurface.  A t  t he  New Kathleen s i t e  i n  I l l i n o i s ,  i t  was 
determined t h a t  about 20% t o  60% of r a i n f a l l  i n f i l t r a t e d  
i n t o  the  unreclaimed coa l  r e fuse  (15,16). Thus, t h e r e  
e x i s t s  a d e f i n i t e  p o t e n t i a l  f o r  groundwater contamination 
near  c o a l  r e fuse  d i sposa l  sites, but  no s t u d i e s  a s  y e t  
have s e r i o u s l y  addressed this p o s s i b i l i t y  i n  the  U.S. 

Lib ick i  (17) has repor ted  on two d i s p o s a l  sites i n  
Poland. Approximately 1500 m3 of gob and f l y  a s h  were 
disposed of a t  the  f i r s t  s i te  overlying a shal low sand 
a q u i f e r ,  and 11 monitoring wel ls  were i n s t a l l e d  wi th in  
and around the  d i sposa l  area.  A t  the  second d i sposa l  
s i te ,  a t o t a l  of 500,000 m3 of gob were placed i n  a p i t  
a t  a r a t e  of 20,000 t o  30,000 m3/month, and four teen  
monitoring w e l l s  were i n s t a l l e d  i n  sand and g rave l  around 
t h e  p i t .  Tota l  d issolved minera ls  i n  the  shallow a q u i f e r  
beneath the  f i r s t  s i t e  began t o  inc rease  two months a f t e r  
d i s p o s a l  o p e r a t i o n s  began. I n i t i a l l y ,  i n c r e a s e s  i n  
p o l l u t a n t  concentra t ion  were r e l a t e d  t o  i n t e n s i t y  of 
p r e c i p i t a t i o n ,  i n d i c a t i n g  e p i s o d i c  p u l s e s  of  w a t e r  
pe rco la t ing  down through the  d i sposa l  p i t .  Migration of 
d i s s o l v e d  c o n s t i t u e n t s  down-gradient  of t h e  p i t  was 
c l e a r l y  e v i d e n t  a f t e r  s e v e n  months. The f o l l o w i n g  
parameters were seen t o  increase  i n  water down-gradient 
of t h e  f i r s t  s i t e  a s  compared t o  ambient water q u a l i t y :  
s p e c i f i c  conductance, t o t a l  dissolved s o l i d s ,  ch lo r ide ,  
s u l f a t e ,  sodium, potassium, calcium, magnesium, ammonium, 
phosphate, cyanide, phenols, cadmium, strontium, copper, 
molybdenum, and boron. No no t i ceab le  inc reases  i n  i r o n ,  
manganese, aluminum, o r  chromium occurred, nor were t h e r e  
any apparent  changes i n  pH. Observed impacts t o  ground- 
water  q u a l i t y  a t  the  second s i t e ,  where only gob was 
dumped, were s i m i l a r .  Increases  i n  molybdenum, s t ront ium,  
and c y a n i d e  d i d  n o t  o c c u r ,  b u t  i n c r e a s e d  c o n c e n t r a -  
t i o n s  of aluminum, chromium, and i r o n  were observed. 

In the  Yorkshire c o a l f i e l d  of England, Nicholls  (18) 
repor ted  the  s teady gradual  dec l ine  of water q u a l i t y  i n  a 
p u b l i c  w a t e r  s u p p l y  w e l l  a b o u t  700 m from a n  a c t i v e  
c o l l i e r y  gob p i l e  and s l u r r y  pond. The very extens ive  
gob p i l e  was deposi ted ac ross  a n  outcrop of t h e  Bunter 
Sands tone  a q u i f e r  and o n t o  sand and g r a v e l  d e p o s i t s  
overlying the  sandstone, thus  enabling seepage water t o  
e a s i l y  pe rco la te  i n t o  the  a q u i f e r  from which t h e  w e l l  



obta ined  i t s  water .  Table I1 shows water  q u a l i t y  i n  
t h e  s l u r r y  pond, s e e p s  from gob, and t h e  w e l l  water  over  
a per iod  of n e a r l y  50 years .  

Table No. I1 
E f f e c t s  of Coal Refuse Disposal  on a 
Well i n  Yorkshi re  Coa l f i e ld ,  England ( 1 8 )  

S l u r r y  
Pond Gob 

Well Water 

Water Seepage 1919 1925 1933 1965 

To ta l  
Hardnessa 1090 - .  126 163 414 2060 

Sodium 1200 1750-3400 . - - - - 
Chlor ide  2550 1300-3009 12.9 25.7 337 2925 
S u l f a t e  ,480 2600-5500 - -- - - 
? A l l  va lues  i n  mg/L. 

. . . 9 

Judging by t h e  seepage ' .water  chemis t ry  (e.g., near- 
n e u t r a l  pH and r e l a t i v e l y '  low concen t r a t ions  of i r o n  
a n d  manganese )  of t h e s e  European  examples ,  t h e  c o a l  
r e f u s e  a t  those  d i s p o s a l  s i t e s  probably had ve ry  low 
p y r i t e  con ten t .  I n  Canada and the  wes tern  U.S., however, 
t h e r e  a r e  examples '&ere seepage waters  frord su l f ide -o re  
mine ra l  wastes  a r e  ex t remely  low i n  pH; i n  some of  t h e s e  
c a s e s ,  contaminat ion  of groundwater q u a l i t y  h a s  been 
documented (19,20,21,22,23,24,25,26). 

I n  1975, t h e  I l l i n o i s  General Assembly c r e a t e d  t h e  
Abandoned, Mined Lands Reclamation Council t o  d e s i g n a t e  
h igh -p r io r i t y  abandoned mined' l ands  t o  be acqui red  and 
reclaimed by t h e  state and t o  e s t a b l i s h  p r i o r i t i e s  t o  
guide  t h e  s e l e c t i o n  process .  ~ e n n s y l v a n i a  and o t h e r  
s t a t e s  have taken s i m i l a r  s t e p s  t o  rec la im abandoned 
l ands  where mining companies a r e  n o t  he ld  r e s p o n s i b l e  f o r  
environmental problems (e.g., Operat ion S c a r l i f t  P r o j e c t s  
i n  Pennsylvania) .  With the  'enactment of t h e  Su r face  
Mining Cont ro l  and Reclamation A c t  of 1977 (P.L. 95-87) 
by t h e  f e d e r a l  government, funding and a d m i n i s t r a t i o n  f o r  
t h e  rec lamat ion  of abandoned l ands  has  been de l ega ted  t o  
t h e  Abandoned Mine Land Reclamation Program and Rural  
Abandoned Mine Program of t h e  Of f i ce  of Surface  Mining. 
Because a c i d  d ra inage  i s  a major problem a t  many d i s p o s a l  
s i t e s ,  r ec l ama t ion  techniques  a r e  needed t o  e f f e c t i v e l y  



con t ro l  water movement and q u a l i t y  i n  p y r i t i c  mine s p o i l s  
and coal  refuse .  To da te ,  however, very l i t t l e  f i e l d  
research  has been conducted t o  determine moisture move- 
ment, pe rco la t ion ,  subsurface  p y r i t e  oxidat ion ,  leaching 
processes,  o r  groundwater p o l l u t a n t  t r a n s p o r t  and a t t en -  
ua t ion  mechanisms r e l a t i v e  t o  t h i s  p a r t i c u l a r  probleru. 

To a s s e s s  the  na tu re  and magnitude of water q u a l i t y  
problems r e s u l t i n g  from an abandoned unreclaimed coal  
r e f u s e  d i s p o s a l  a r e a ,  h y d r o l o g i c  and w a t e r  q u a l i t y  
monitoring began i n  November 1975 a t  a  s i t e  near  Staunton, 
I l l i n o i s ,  approximately 66 km nor theas t  of S t .  Louis, 
Missouri. Six months a f t e r  the  i n v e s t i g a t i o n  was i n i -  
t i a t e d ,  r econs t ruc t ion  and reclamation of the  s i t e  was 
begun i n  accordance with design and engineering plans 
developed by Argonne National Laboratory 's  Land Reclama- 
t i o n  Program. This work included grading and liming of 
t h e  coa l  r e fuse ,  covering wi th  a ca lcareous ,  s i l t y - c l a y  
t i l l ,  and f e r t i l i z i n g  and s e e d i n g  t h e  p r o j e c t  a r e a  
( 2 7 , 2 8 ) .  Thus, i t  was p o s s i b l e  t o  s t u d y  n o t  o n l y  
t h e  g roundwate r  q u a l i t y  problems a t t r i b u t a b l e  t o  a n  
unreclaimed "orphan" re fuse  d i sposa l  a r e a ,  but a l s o  any 
modif ica t ions  t o  the  hydrologic system and changes i n  
w a t e r  q u a l i t y  ( b o t h  s u r f a c e  w a t e r  and g r o u n d w a t e r )  
brought about by the  reclamation a c t i v i t i e s .  Only the  
g roundwate r  a s p e c t s  of  t h e  r e s e a r c h  program w i l l  b e  
discussed i n  t h i s  paper. 

DESCKIPT I O N  OF DISPOSAL s'ITE 

The Consolidated Coal Company Mine No. 14 opened i n  
1904 and operated u n t i l  about 1924. Underground mining 
of the  1 . 8 3 - t h i c k  Herrin (No. 6 )  c o a l ,  and crude clean- 
ing opera t ions  near  the  mine mouth r e s u l t e d  i n  the  accu- 
mulation of a  l a r g e  gob p i l e  (about 25 m high and 1.8 ha 
i n  a r e a )  and 4.5 ha of s l u r r y  ma te r i a l  nor th  of the  p i l e  
F i g  1 Extreme e ros ion  occurred on the  s i t e  i n  the  50 
y e a r s  f o l l o w i n g  mine c l o s u r e ;  t h e  gob p i l e  had deep 
gu l l eys  cu t  i n t o  i t s  s t e e p  s i d e s  and a l a r g e  quan t i ty  of 
sediment had washed i n t o  adjo in ing lowland areas.  The 
impoundment dam was breached by eros ion,  and runoff water 
from the  e n t i r e  s i t e  gradual ly  wore down the  low po in t  i n  
the  dam, r e s u l t i n g  i n  c l i f f s  of exposed s l u r r y  m a t e r i a l  
a s  much a s  4.5 m i n  height .  During rainstorms a por t ion  
of runoff water from the  gob p i l e  flowed i n t o  lowland 
a r e a s  surrounding the  p i l e  and underwent extended periods 
of evaporat ion and i n f i l t r a t i o n .  



The disposal site before 
reclamation, showing lo- 
cations of wells. Figure 
No. 1. 



Between September 1976 and A p r i l  1977, t h e  c o a l  r e f u s e  
was graded t o  g e n t l e  s lopes .  Ground a g r i c u l t u r a l  l ime- 
s t o n e  (175 t of CaC03 e q u i v a l e n t 1  h a )  w a s  then  d isked  
i n t o  t h e  gob m a t e r i a l  and a mixture  of l imes tone  and 
q u i c k l i m e  ( 1 7 5  t o f  CaC03 e q u i v a l e n t l h a )  was d i s k e d  
i n t o  t h e  s l u r r y  m a t e r i a l .  A 0.3- l a y e r  of ca l ca reous ,  
s i l t y - c l a y  t i l l  w a s  t h e n  placed over  t h e  regraded r e f u s e  
material and t h e  a r e a  w a s  f e r t i l i z e d  and seeded (Fig.  2). 
The e a r t h  dam of  t h e  s l u r r y  impoundment was r econ-  
s t r u c t e d  and a 0.5 ha pond w a s  excavated a t  t h e  n o r t h  end 
of t h e  d i s p o s a l  s i t e ,  p r i m a r i l y  t o  reduce  peak runoff  
f l ow and sediment t r a n s p o r t  from t h e  site. Add i t iona l  
d e t a i l s  o f  t h e  r e c l a m a t i o n  p r o j e c t  a r e  d e s c r i b e d  by 
Zellmer (27 )  and Wilkey and Z e l l m e r  (28).  

PRE-RECLAMATION GROUNDWATER QUALITY 

Light  r a i n f a l l s  produced ' l i t t l e  o r  no runoff  a t  the  
S taunton  s i t e  p r i o r  t o  rec lamat ion  and i n t e r m i t t e n t  seeps  
were observed a t  t h e  base  of t h e  gob p i l e  and s l u r r y  
m a t e r i a l .  Thus, c l e a r  ev idence  was a v a i l a b l e  t h a t  some 

V i e w  of t h e  reclaimed d i s p o s a l  s i t e  looking  nor th .  
F igure  No. 2. 



degree of s a t u r a t e d  condi t ions  e x i s t e d  a t  the  base of the  
r e fuse  ma te r i a l s .  Heavy i n c r u s t a t i o n s  of metal '  s u l f a t e  
and oxyhydrox ide  m i n e r a l s  formed where s e e p  w a t e r s  
evaporated . 

Twenty-two shallow ( <  4.6 m) monitoring wel ls  were 
i n s t a l l e d  i n  the  g l a c i a l  t i l l  surrounding the  r e fuse  p i l e  
and s l u r r y  a r e a ,  and f i v e  w e l l s  were p l a c e d  i n  t h e  
sa tu ra ted  s l u r r y  ma te r i a l  (Fig. 1 ) .  Within 0.6 km of the  
r e fuse  si te,  r e s i d e n t s  r e l y  on shallow, hand dug w e l l s  
and one d r i l l e d  w e l l  f o r  t h e i r  w a t e r  s u p p l i e s .  I n  
a d d i t i o n  t o  the  27 w e l l s  i n s t a l l e d  a t  the  r e fuse  s i t e ,  13  
r e s i d e n t i a l  w e l l s  were monitored during the  prereclama- 
t i o n  study. 

Pumping t e s t s  a r e  planned f o r  the f u t u r e ,  but i s  i s  
a l ready  apparent  t h a t  the  permeabil i ty of the  till i s  low 
throughout most of the  s i t e  area .  A l l  monitoring w e l l s  
were ba i l ed  p r i o r  t o  sampling and recovery r a t e s  were 
low. In  some cases ,  seve ra l  weeks were required f o r  a 
wel l  t o  recover two t o  th ree  meters. Most of t h e  residen- 
t i a l  wel ls  a l s o  had low s p e c i f i c  c a p a c i t i e s  and poor 
recovery r a t e s  a f t e r  heavy use. A few wel l s ,  however, 
e x h i b i t e d  g r e a t e r  p e r m e a b i l i t y  ( e - g . ,  M19) and t h e  
reasons f o r  t h i s  a r e  t o  be inves t iga ted  f u r t h e r .  A few 
t h i n ,  discontinuous sand l e n s e s  i n  the  t i l l  were found i n  
the  nor th  p a r t  of the  s i t e  and may se rve  a s  zones of 
increased permeabil i ty.  J o i n t i n g  and f r a c t u r e s  i n  the  
till may a l s o  provide avenues of increased groundwater 
f low (29). The water t a b l e  i n  the  t i l l  was genera l ly  
l e s s  than 3 m below the  land su r face  near  the  r e fuse  p i l e  
and sloped g e n t l y  away from the p i l e  i n  a l l  d i r e c t i o n s .  
For the  e n t i r e  a r e a ,  however, t h e  water t a b l e  i n  the  
g l a c i a l  ma te r i a l  sloped toward the nor th  and northwest 
(30). 

Chemical a n a l y s e s  of  w a t e r  samples  c o l l e c t e d  from 
monitoring and r e s i d e n t i a l  wells during 1976 before  s i te  
reclamation a r e  summarized i n  Table 111. The wel ls  a r e  
grouped i n  the  t a b l e  according t o  s i m i l a r i t y  of l o c a t i o n  
and water chemistry. In  an  a r e a  l e s s  than 30 m from the  
nor th ,  west,  and south  s i d e s  of the  gob p i l e  (wel l  group 
A), t h e  median groundwater pH was 3-10 and ranged from 
6.38 down t o  2.27; the  average a c i d i t y  was 4000 mg/L. 
Concentrations of s u l f a t e  and most d issolved metals  were 
extremely high and some parameters exceeded recommended 
drinking water s tandards  by s e v e r a l  o rde r s  of magnitude. 



Well Group A B C D E F G H 

No. of Samples 10 7 5 15 3 3 3 16 

Spec. condb 
Median pH 
Min. pH 
Acidity 
Max. Acidi ty 
Alka l in i ty  
Bicarbonate 
S u l f a t e  
CalciumC 
riagnes i u m  
Sodium 
Potassium 
Strontium 
A 1  uminum 
Cadmium 
Chromium 
Copper 
Iron 
Max. I ron  
Manganese 
Max. Mtl 

Nickel 
Zinc 
Max. Zinc 

- -- -- - - 

a A l l  chemical parameters a r e  repor ted  as  mean concentrat  ions ,  except pH 
which i s  a median; minimum pH and maximum a c i d i t y ,  i r o n ,  manganese, and 
z inc  a r e  a l s o  repor ted  f o r  most wel l  groups. 

b ~ p e c i f i c  conductance i s  repor ted  a s  pmhos/cm a t  25OC, pH i n  standard 
u n i t s ,  a c i d i t y  and a l k a l i n i t y  a s  mg/L CaC03 equivalence,  and o the r  
parameters a r e  reported i n  mg/L. 

CDissolved c a t i o n s  were analyzed from f i l t e r e d ,  a c i d i f i e d  samples. 

Well Group Locations - Pre-Reclamation Monitoring 

A. < 30 m from N ,  S, and W s i d e  of gob p i l e  ( ~ 6 , ~ 7 , M l l , M 1 2 , ~ 1 3 ) .  

B. < 30 m from E s i d e  of gob p i l e  (Ml,.M2). 

C. 30-60 m SW and W of gob p i l e  (~10,~14,~15,~16,~17,Ml8). 

D. 60-190 m S of gob p i l e  ( ~ 3 , ~ 4 , ~ 5 , ~ 8 , ~ 9 ) .  

E. In sa tu ra ted  s l u r r y  ma te r i a l  away from main drainage channel (M24,~26).  

F. In sa tu ra ted  s l u r r y  ma te r i a l  near  main drainage channel ( ~ 2 2 ~ ~ 2 3 ) .  

G. Located ' in  alluvium downstream of d i sposa l  s i t e  ( ~ 2 7 ) .  

H. A l l  r e s i d e n t i a l  wel ls  (R1 through R13). 



Table No. 111 
Averagea h-e-Reclamation Groundwater Qua1 i t y  



Of p a r t i c u l a r  concern were the  concentra t ions  of aluminum, 
cadmium, chromium, i r o n ,  manganese, and z inc .  A t  d i s -  
tances  of 30 t o  60 m south and west of the  gob p i l e  (well  
g roup  C ) ,  t h e  g roundwate r  had a  median pH of  5 .60 ,  
average a c i d i t y  of 207 mg/L, and lower l e v e l s  of  most 
major and minor c o n s t i t u e n t s  r e l a t i v e  t o  group A we l l s .  
Concentrations of  aluminum, i ron ,  cadmium, manganese, and 
z i n c ,  however, were s t i l l  much higher than the  residen- 
t i a l  wel ls  of the  a r e a  (group H). Groundwater on t h e  
sou theas t ,  south ,  and west s i d e s  of  the  p i l e  could have 
been contaminated by groundwater migra t ion  from the  p i l e  
(subsurface  t r a n s p o r t )  and su r face  water running o f f  the  
p i l e  and ponding i n  lowland a reas  ( su r face  t r a n s p o r t )  
w i t h  s u b s e q u e n t  i n f i l t r a t i o n .  Both p r o c e s s e s  were 
occurr ing ,  but the  r e l a t i v e  importance of each has not  
y e t  been q u a n t i f i e d .  

A t  d i s t a n c e s  g r e a t e r  than 60 m sou theas t ,  south ,  and 
west  o f  t h e  p i l e  ( w e l l  g r o u p  Dl, c o n c e n t r a t i o n s  o f  
a c i d i t y  and most dissolved metals  were g r e a t l y  reduced. 
However, moderately high s p e c i f i c  conductance, a c i d i t y ,  
s u l f a t e ,  aluminum, i r o n ,  manganese, and z inc  p e r s i s t e d  i n  
a  few w e l l s  a t  d i s t a n c e s  up t o  200 m from t h e  p i l e .  

, . Water q u a l i t y  i n  the  f i e l d  e a s t ' o f  the  p i l e  (well  group B 
and well  R2) was a l k a l i n e  with low concentra t ions  of 
s u l f a t e  and most metals  ( i r o n  and manganese were s l i g h t l y  
h igh) .  Based on d a t a  from the  pre-reclamation monitoring 
we l l s ,  shal low groundwater q u a l i t y  was not  s i g n i f i c a n t l y  ' 

a f f e c t e d  a t  d i s t a n c e s  g r e a t e r  t h a n  200 m s o u t h . a n d  ' 

west of the  gob p i l e  and 30 m e a s t  of  the  p i l e .  The till 
underlying the  gob p i l e  had a  low permeabi l i ty  and the  
h y d r a u l i c  g r a d i e n t  o f  t h e  w a t e r  t a b l e  was a l s o  low; 
t h e r e f o r e ,  f l o w  v e l o c i t y  o f  groundwater  was low and 
t r anspor t  d i s t a n c e  of  contaminants was n o t  g r e a t .  A s  t h e  
ac id  leachate  flowed through the  calcareous till,  neutra-  
l i z a t i o n  of the  water took p lace  and p r e c i p i t a t i o n  of 
metals  probably occurred. An i n s u f f i c i e n t  number of 
wel ls  .were located nor th  of t h e  p i l e  t o  determine ground- 
water q u a l i t y  p a t t e r n s  i n  t h i s  d i r e c t i o n .  

Groundwater i n  the  sa tu ra ted  s l u r r y  ma te r i a l  exhibi ted  
d ive r se  chemis t r ies  . Water i n  s l u r r y  m a t e r i a l  adjacent  
t o  the  drainage channel leading away from the  gob p i l e  
(wel l  group F) had concentra t ions  of a c i d i t y ,  meta ls ,  and 
s u l f a t e  s i m i l a r  t o  acid su r face  drainage from the  p i l e .  
Monitoring wel ls  i n  s l u r r y  ma te r i a l  loca ted  f a r t h e r  away 
from the  main drainage channel (group E) had water with 



much lower  s p e c i f i c  c o n d u c t a n c e ,  s u l f a t e ,  and m e t a l  
concentra t ions ,  and a n e t  a l k a l i n i t y .  This suggests  t h a t  
su r face  water dra in ing from the  gob p i l e  a r e a  was recharg- 
ing the  s l u r r y  ma te r i a l  along the  main channel.  Well M27 
( g r o u p  G), l o c a t e d  i n  t h e  a l l u v i u m  of  t h e  d r a i n a g e  
channel leading away from the  s i t e  ( s e e  Fig. l ) ,  had 
water with a high s p e c i f i c  conductance, high a l k a l i n i t y ,  
and high concentra t ions  of calcium and magnesium r e l a t i v e  
t o  r e s i d e n t i a l  wells and r e l a t i v e  t o  t h e  su r face  dra inage  
water .  This i n d i c a t e s  groundwater d ischarge ,  r a t h e r  than 
recharge,  along t h e  streambed, thus  causing d i l u t i o n  and 
n e u t r a l i z a t i o n  of acid water i n  the  stream (30) .  

Water i n  r e s i d e n t i a l  we l l s  (group H) within  0.6 km of 
t h e  d i sposa l  s i t e  contained pr imar i ly  calcium, magnesium, 
sodium, s u l f a t e ,  and bicarbonate ions  ( a  normal assemblage 
f o r  t h i s  a rea )  and low concentra t ions  of t r a n s i t i o n  and 
heavy meta ls .  . The presence of zinc i n  some wel ls  was 
probably due t o  the  use of galvanized s t e e l  p ipes  i n  the  
we1 1s. 

POST-RECLAMATION GROUNDWATER QUALITY 

A l l  of the  pre-recl&nation monitoring wel ls  e x c e p t '  
MI9 and M27 were d e s t r o y e d  d u r i n g  t h e  r e c l a m a t i o n  
a c t i v i t i e s .  I n  1977,  45 new m o n i t o r i n g  w e l l s  were 
d r i l l e d  i n  the  study a rea :  10 i n  the  reclaimed gob p i l e ,  
16 i n  the  till surrounding the  gob p i l e ,  12 i n  the  s l u r r y  
m a t e r i a l ,  and 7 i n  the  till surrounding the  s l u r r y  a r e a  
(Fig .  3 ) .  The wel ls  range i n  depth from 2 m t o  12 m. 
Monitoring of water l e v e l s  and c o l l e c t i o n  of samples from 
the  45 new monitoring we l l s ,  2 pre-reclamation monitoring 
wel ls ,  and 15 r e s i d e n t i a l  wel ls  was performed twice i n  
1978 ( s p r i n g  and f a l l )  and once  i n  1979 ( w i n t e r ) .  
More monitoring wel ls  and a b e t t e r  d i s t r i b u t i o n  of we l l s  
allowed f o r  a more complete study of t h e  groundwater 
system following reclamation.  Chemical analyses of 1978 
wel l  samples a r e  summarized i n  Table I V .  

Ten monitoring wel ls  (group I) were d r i l l e d  t o  the  
base of the  reclaimed gob p i l e  and showed a sa tu ra ted  
zone of 0.4 t o  4.7 m. Or ig ina l ly ,  i t  was assumed t h a t  
grading the  p i l e  and reducing the  s t eep  s lopes  would 
g r e a t l y  increase  i n f i l t r a t i o n  r a t e s  i n t o  the  p i l e ,  but no 
s i g n i f i c a n t  changes i n  the  basa l  sa tu ra ted  zone have y e t  
been observed. The sa tu ra ted  basa l  zone has a l a r g e  



Locations of wel ls  a f ter  reclamation. Figure No. 3.  



--- -- - 

Well Group I J K L M N 0 P Q 

No. of Samples 20 12 15 6 19 17 2 1 2 9 

Spec. condb 
Median pH 
Min. pH 
Ac id i ty  
Max. Acid i ty  
A l k a l i n i t y  
Bicarbonate  
Boron 
Chlor ide  
S u l f a t e  
S i l i c a  
C a l  c iumC 
Magnesium 
Sodium 
Potassium 
Stront ium 
Aluminum 
Arsenic  
Barium 
Cadmium 
Cobalt  
Chromium 
Copper 
I r o n  
Max. I ron  
Mang ane s e  
Max. lvln 
Nic ke 1 
Lead 
Zinc 
Max. Zinc 

13  62 
7.09 
6.32 
44.2 
114 
21 2 
25 9 
.68 
26 
ouu 
17.9 
202 
104 
8 0 
3.27 
.68 
< . l o  
< .002 
.0178 
<.010 
.034 
.04 
< . O 1  
1.20 
12.0 
.20 
1.68 
. O 1  
.042 
.083 
.590 

a A l l  chemical parameters  a r e  r epo r t ed  a s  mean concen t r a t ions ,  except  pH 
which is  a median; minimum pH and maximum a c i d i t y ,  i r o n ,  manganese, and 
z inc  a r e  a l s o  r epo r t ed  f o r  most we l l  groups. 

b ~ p e c i f i c  conductance i s  r epor t ed  a s  pmhos/cm a t  25OC, pH i n  s tandard  
u n i t s ,  a c i d i t y  and a l k a l i n i t y  a s  mg/L CaC03 equiva lence ,  and o t h e r  
parameters a r e  r epo r t ed  i n  mg/L. 

CDissolved c a t i o n s  were analyzed from f i l t e r e d ,  a c i d i f i e d  samples. 

Well Group Locat ions - Post-Reclamation Monitoring 

I. In base of gob m a t e r i a l  (P5-Pll,P14,P21,P23). 

J. In till beneath o r  < 5 m from gob p i l e  ( ~ 4 , ~ 1 3 , ~ 1 6 , ~ 1 7 , ~ 2 2 , ~ 2 4 ) .  

K. 5-30 m from gob p i l e  (~3,~12,~15,~18,~19,~20,~43). 

L. > 30 m W and N of gob p i l e  (Pl ,P2,P44).  

. In s a t u r a t e d  s l u r r y  m a t e r i a l  (P27,~28,P31,~32,~36-~41). 

N. ' ~ n '  till around s l u r r y  m a t e r i a l  ( ~ 2 5 , ~ 2 6 , ~ 2 9 ,  ~ 3 0 ,  ~ 3 3 - 3 5 , ~ 4 2 , ~ 1 9 ) .  

0. In s a t u r a t e d  s l u r r y  m a t e r i a l  < 5 m from main dra inage  channel  (P45) .  I 
P. In al luvium downstream of d i s p o s a l  s i t e  (M27). 

Q.  A l l  r e s i d e n t i a l  w e l l s  (Rl through ~ 1 5 ) .  



Table No. IV 
Averagea Post-Reclamation Groundwater Quality 



d i v e r s i t y  of  w a t e r  q u a l i t y  c h a r a c t e r i s t i c s ,  w i t h  pH 
varying between 2.56 and 6.46.and s p e c i f i c  conductance 
between 2700 and 36,900 pmhos/cm. In genera l ,  t he  basa l  
water has a low pH ( <  4.30) and very  high concentra t ions  
o f  a c i d i t y ,  b o r o n ,  s u l f a t e ,  s i l i c a ,  and d i s s o l v e d  
c a t i o n s .  P a r t i c u l a r l y  h i g h  a r e  magnesium, sodium, 
aluminum, cadmium, c o b a l t ,  chromium, i r o n ,  manganese, 
n i c k e l ,  and z inc .  Also found i n  high concentra t ions  a r e  
lead and a r s e n i c ,  which were not analyzed during pre- 
reclamation s t u d i e s .  Groundwater i n  till beneath the  
p i l e  o r  l e s s  than 5 m from the  p i l e  (well  group J) has  
s l i g h t l y  h igher  pH, lower a c i d i t y  , lower spec i f  i c  conduc- 
tance ,  and concentra t ions  of most ion ic  c o n s t i t u e n t s  of 
about one-half t h a t  found i n  the  r e fuse  l eacha te .  A t  
d i s t ances  of 5 m t o  30 m from the  p i l e  (wel l  group K), a 
marked improvement i n  water q u a l i t y  i s  no t i ceab le .  A t  
d i s t ances  g r e a t e r  than 30 m west and nor th  of the  p i l e  
(wel l  group L)., groundwater i n  the  till approaches the  
average r e s i d e n t i a l  well  q u a l i t y  (well  group Q) with the  
exception of s u l f a t e ,  sodium, and manganese, which a r e  
moderately h igher .  

During grading of the  p i l e  a t  the  beginning of the  
reclamation phase, the  r e fuse  was spread over a l a r g e r  
a r e a ,  t h e r e b y  c o v e r i n g  most o f  t h e  a r e a  s o u t h e a s t ,  
south,  and west of the  former p i l e  where groundwater was 
contaminated. Post-reclamation wel ls  P15 and P18 (wi th in  
30 m south of the  new p i l e  edge) a r e  i n  an a rea  t h a t  
formerly had r e l a t i v e l y  good water q u a l i t y ,  but now show 
prel iminary s igns  of a c i d i f i c a t i o n  s ince  the  reclamat ion  
p r o j e c t .  It is l i k e l y  t h a t  the  groundwater q u a l i t y  i n  
t h i s  a r e a  w i l l  t ake  severa l  years  t o  r ead jus t  t o  the  new 
physical  and hydrological  condi t ions .  

Since the  r econs t ruc t ion  of  the  dam and the  f i l l i n g  of 
the  new pond wi th  low-acidity water ,  groundwater l e v e l s  
i n  the  s l u r r y  m a t e r i a l  (wel l  group M) have r i s e n  and 
groundwater  q u a l i t y  h a s  g r e a t l y  improved,  w i t h  o n l y  
boron, sodium, i r o n ,  and manganese s l i g h t l y  e levated  
above ambient l e v e l s  ( r e s i d e n t i a l  we l l s ) .  The average 
water q u a l i t y  f o r  these  we l l s  i s  very s i m i l a r  t o  t h a t  of 
the  group E pre-reclamation s l u r r y  we l l s .  The exception 
i s  w e l l  P45 ( g r o u p  O), l o c a t e d  n e a r  t h e  c e n t e r  o f  
the  s i t e  next t o  the  drainage channel.  A s  i n  some of the  
pre-reclamation s l u r r y  wel ls  (group F), t he  water q u a l i t y  
of  t h i s  well  r e f l e c t s  the  acid water chemistry i n  the  
channel leading from the  p i l e  and ind ica tes  t h a t  the  



s l u r r y  ma te r i a l  i s  being recharged t o  some ex ten t  from 
the  channel.  

Downstream of the  dam i n  the  channel alluvium, monitor- 
ing wel l  M27 (group P) has lower concentra t ions  of  most 
c o n s t i t u e n t s  r e l a t i v e  t o  p r e - r e c l a m a t i o n  c o n d i t i o n s  
(group G). This may be due e i t h e r  t o  seasonal  e f f e c t s  
and time of  the  s i n g l e  sample c o l l e c t i o n  o r  t o  the  l a r g e  
reduct ion  of t o t a l  d issolved s o l i d s  i n  the  s i t e  d ischarge  
which i s  mixing with groundwater i n  the  alluvium down- 
stream of the  s i t e .  

Water q u a l i t y  of r e s i d e n t i a l  wel ls  (group Q) has  not 
changed s i g n i f i c a n t l y  s ince  reclamation of  the  d i sposa l  
s i t e .  Although q u i t e  hard and high i n  s u l f a t e  i n  some 
c a s e s ,  the  r e s i d e n t i a l  wel ls  do not  appear t o  have been 
a f fec ted  by e i t h e r  coal  r e fuse  d i sposa l  o r  s i t e  reclama- 
t i o n .  Res idep t i a l  wel l  R 1  i s  c l o s e s t  t o  the  d i sposa l  
s i t e  (Fig .  3 )  and has only s l i g h t l y  h igher  concentra t ions  
o f  a c i d i t y ,  b o r o n ,  s u l f a t e ,  and c a l c i u m  r e l a t i v e  t o  
o t h e r  r e s i d e n t i a l  wel ls .  

SUMMARY OF SITE INVESTIGATION 

Groundwater q u a l i t y  wi th in  60 m of the  gob p i l e  has 
not  improved s ince  reclamation and ,' i n  some c a s e s ,  has 
decl ined because the  p i l e  was spread over a  l a r g e r  a rea .  
Although not  y e t  quan t i f i ed ,  i t  a l s o  appears t h a t  an 
increased amount of water i n f i l t r a t i n g  i n t o  the  top and 
s i d e  t e r r a c e s  of the  p i l e  is causing g r e a t e r  flow of ac id  
water seeping from the  base of the  p i l e  and probably 
i n c r e a s e d  r e c h a r g e  o f  g roundwate r  by t h e  l e a c h a t e .  
Concentrations of a c i d i t y  and most metals i n  groundwater 
decrease with d i s t a n c e  away. from the  p i l e  and approach 

. . ambient l e v e l s  a t  a  d i s t a n c e  of l e s s  than 200 m. Surface 
flow of a c i d i c  water t o  lowland a reas  around the  p i l e  may 
have been a  s i g n i f i c a n t  t r anspor t  mechanism i n  the  spread 
of contaminants t o  the  groundwater system. 

Groundwater  q u a l i t y  h a s  g r e a t l y  improved i n  t h e  
reclaimed s l u r r y  a r e a  (nor th  pa r t  of s i t e )  because the  
a c i d  d r a i n a g e  from t h e  gob p i l e  i s  now d i l u t e d  and 
p a r t i a l l y  neu t ra l i zed  i n  the  pond t o  c r e a t e  improved 
su r face  water q u a l i t y .  Interchange of water between t h e  
pond and the  sa tu ra ted  s l u r r y  m a t e r i a l ,  t h e r e f o r e ,  may be 
improving the  groundwater q u a l i t y .  Also, with c r e a t i o n  



of t h e  pond,  w a t e r  l e v e l s  have  r i s e n  i n  t h e  s l u r r y  
ma te r i a l  and may be reducing the  subsurface oxidat ion  
r a t e  of p y r i t e  by t h e  exclusion of atmospheric oxygen. 

It appears t h a t  n e i t h e r  coal  r e fuse  d i sposa l  a t  the  
s i t e  i n  t h e  e a r l y  1 9 0 0 ' s  n o r  t h e  r e c e n t  r e c l a m a t i o n  
p ro jec t  have a l t e r e d  t h e  r e l a t i v e l y  good water q u a l i t y  i n  
r e s i d e n t i a l  wells wi th in  0.6 km of the  s i t e .  Well R 1 ,  
loca ted  c l o s e s t  t o  the  s i t e ,  may have s l i g h t l y  h igher  
concentra t  ions of a c i d i t y ,  boron, s u l f a t e ,  and calcium 
than the  "average" r e s i d e n t i a l  we l l ,  but f u r t h e r  i n v e s t i -  
ga t ion  i s  necessary t o  determine i f  the  well  i n t e r c e p t s  
groundwater from the  d i sposa l  s i t e .  

NEEDS FOR FURTHER RESEARCH 

Water samples c o l l e c t e d  from the  sa tu ra ted  base of a 
c o a l  r e f u s e  (gob)  p i l e  c a n  b e  e x t r e m e l y  a c i d i c  and 
conta in  very  high concentra t ions  of boron, s u l f a t e ,  and 
t r a n s i t i o n  and heavy meta ls .  Although the  coa l  r e fuse  
l a y  unreclaimed a t  the  Staunton s i t e  f o r  over 50 yea r s ,  
t h e  spread of contaminants i n  the  shallow groundwater 
system occurred only i n  an a rea  wi th in  200 m from the  
p i l e  and adjacent  t o  the  channel t h a t  c a r r i e d  su r face  
water from the  gob p i l e .  However, a t  o t h e r  s i t e s  i n  the  
country where coal  r e fuse  has been deposi ted on sand and 
gravel  ( e .g . ,  g l a c i a l  outwash mate r i a l  o r  alluvium) o r  i n  
a reas  where bedrock a q u i f e r s  a r e  exposed a t  the  su r face ,  
t h e  g r e a t e r  p e r m e a b i l i t i e s  of  t h e s e  m a t e r i a l s  c o u l d  
permit impacts t o  groundwater systems much g r e a t e r  than 
those observed a t  the  Staunton s i t e .  Such cases  a r e  of 
concern and should be inves t iga ted  f u r t h e r .  

The mechanisms o f  r e t a r d a t i o n  o r  a t t e n u a t i o n  of  
contaminants a s  coa l  r e fuse  l eacha te  t r a v e l s  through the  
groundwater system a r e  important processes t h a t  must be 
b e t t e r  understood. The mobi l i ty  of t h e  contaminants may 

. be con t ro l l ed  by a v a r i e t y  of  adsorpt ion  processes ( e .g . ,  
c a t i o n  exchange and adsorpt ion  by c o l l o i d s ,  amorphous 
hydrous metal oxides,  and organic m a t t e r ) ,  p r e c i p i t a t i o n ,  
and c o p r e c i p i t a t i o n .  These processes have been i n v e s t i -  
g a t e d  f o r  n u c l e a r  was te  d i s p o s a l  s i t e s '  ( 2 9 , 3 1 )  and 
municipal r e fuse  d i sposa l  s i t e s  (32,33,34). A s tudy of 
r e a c t i o n s  between acid coal  mine water and a v a r i e t y  of  
s o i l s  i n  Pennsylvania showed t h a t  h igher  va lues  of base 
s a t u r a t i o n ,  c a t  i o n  exchange c a p a c i t y ,  pH,  and CaC03 



equivalent  of the  s o i l s  r e s u l t e d  i n  g r e a t e r  amounts of 
a c i d i t y ,  i r o n ,  z inc ,  aluminum, copper, and manganese 
being removed from the  mine water (35) .  I n  add i t ion ,  
s p e c i f i c  conductance of the  water was reduced by reac- 
t i o n s  with the  s o i l ,  i nd ica t ing  t h a t  p r e c i p i t a t i o n  of 
d issolved spec ies ,  a s  well  a s  c a t i o n  exchange and adsorp- 
t i o n  phenomena, was occurr ing .  With a b e t t e r  understand- 
ing of these  processes,  f u t u r e  d i sposa l  s i t e s  can be 
chosen with s u f f i c i e n t  carbonate content  and adsorpt ion  
capac i ty  t o  adequately r e t a r d  contaminant migrat ion.  

S tudies  involving the  movement of water wi th in  the  
p i l e s  a r e  a l s o  recommended. F u t u r e  p l a n s  f o r  t h i s  
research  p r o j e c t  include i n v e s t i g a t i o n  of i n f i l t r a t i o n ,  
m o i s t u r e  movement, and p e r c o l a t i o n  o f  w a t e r  th rough  
unreclaimed and reclaimed re fuse  ma te r i a l .  It i s  apparent 
t h a t  water i s  perching on the  gob-soil cover i n t e r f a c e  
wi th in  the  reclaimed gob p i l e  a t  Staunton. Chemical 
bonding by t h e  ground limestone o r  a  t e x t u r a l  discon- 
t i n u i t y  a t  t h a t  i n t e r f a c e  may be t h e  cause.  Subsurface 
movement of  water along the  i n t e r f a c e  on the  s i d e s  of the  
gob p i l e  may have  c o n t r i b u t e d  t o  s l o u g h i n g ,  p i p i n g  
f a i l u r e ,  and increased eros ion of  the  s o i l  cover on some 
a reas  of the  h i l l s i d e s .  

One ques t ion  t h a t  a r i s e s  and may take  many years  t o  
answer i s  whether the  covering of coal  r e fuse  with a s o i l  
l a y e r  w i l l  con t ro l  the  subsurface oxidat ion  and leaching 
of p y r i t e .  A t  p resen t ,  s u b s t a n t i a l  amounts of so lub le  
s u l f a t e  s a l t s  a r e  present  wi th in  the  Staunton re fuse  p i l e  
and w i l l  produce an ac id  l eacha te  f o r  a  cons iderable  
length  of time. Theore t i ca l ly ,  i f  p y r i t e  ox ida t ion  is 
e l i m i n a t e d  by r e c l a m a t i o n ,  t h e n  t h e  a c i d i t y  o f  t h e  
l eacha te  w i l l  g radual ly  diminish a s  the  s a l t s  a r e  flushed 
from the  p i l e .  However, i f  t he  ox ida t ion  process is  
c o n t i n u i n g ,  t h e n  t h e  l e a c h i n g  of  a c i d ,  m e t a l s ,  and 
s u l f a t e  from the  re fuse  w i l l  p e r s i s t .  A t  some a c t i v e  
coal  r e fuse  d i sposa l  s i t e s ,  where concurrent  reclamation 
i s  taking p lace ,  seeps from the  re fuse  have been repor ted  
t o  be n e u t r a l  t o  s l i g h t l y  a l k a l i n e .  Whether t h i s  is  
common and whether reclamation techniques can e f f e c t i v e l y  
prevent acid l eacha te  formation under long-term s i t u a t i o n s  
should rece ive  f u r t h e r  sc ru t iny .  

The projec ted  growth of coal  production and c leaning 
w i l l  r e s u l t  i n  an est imated 155 M t  of coa l  r e fuse  being 
produced a n n u a l l y  by 1985 ( 3 6 ) .  P r e s e n t  and f u t u r e  



d i sposa l  s i t e s  w i l l  be regula ted  through the  Off ice  of 
Surface Mining and s t a t e  agencies.  In add i t ion ,  the  
poss ib le  c l a s s i f i c a t i o n  of coal  r e fuse  a s  a hazardous o r  
spec ia l  waste under provis ions  of the  Resource Conserva- 
t i o n  and Recovery Act of 1976 could lead t o  add i t iona l  
d i sposa l  r egu la t ions  by the  U.S. EPA. Also, the  Off ice  
of Surface Mining, together  with s t a t e  o rgan iza t ions ,  
w i l l  undertake numerous reclamation p r o j e c t s ,  cos t ing  
m i l l i o n s  of d o l l a r s ,  t o  c o r r e c t  hazards and environmental 
problems assoc ia ted  with abandoned d i sposa l  s i t e s .  With 
add i t iona l  research  i n t o  the  hydrology and geochemistry 
of these  d i sposa l  s i t e s ,  va luable  information may be used 
t o  d e v e l o p  r e c l a m a t i o n  t e c h n i q u e s  t h a t  w i l l  r e d u c e  
in£ i l t r a t  ion,  p y r i t e  ox ida t ion ,  and ac id  leachate  forma- 
t i o n ,  a s  w e l l  a s  i d e n t i f y  s i t i n g  c r i t e r i a  t h a t  w i l l  
maximize r e t a r d a t i o n  o f  c o n t a m i n a n t s  a s  t h e y  t r a v e l  
through groundwater flow systems. From the  research  
c u r r e n t l y  being conducted a t  the  Staunton research  s i t e ,  
i t  appears t h a t  f u t u r e  coal  r e fuse  d i sposa l  w i l l  not  
present  s i g n i f i c a n t  groundwater problems i f  loca ted  on a 
ca lcareous ,  low t o  moderately permeable m a t e r i a l ,  and i f  
reclamation i s  c a r r i e d  out  according t o  cu r ren t  regula-  
t ions .  
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