
International Journal o f  Mine Water, vo l .  5 ( 4 1 ,  ( 1 9 8 6 )  49 - 56 
P r i n t e d  i n  Madr id ,  S p a i n  

GROUND WATER RECOVERY PROBLEMS 
ASSOCIATED WITH OPEN PIT RECLAMATIQN 

I N  THE WESTERN U.S.A. 

V.  S t r a s k r a b a  
HYDRO-GEO CONSULTANTS, Denver, Colorado,  U.S.A. 

INTRODUCTION 

Coa l  consumption and p r o d u c t i o n  i n c r e a s e d  i n  t h e  Uni ted  
S t a t e s  i n  1985.  W h i l e  t h e  c o a l  p r o d u c t i o n  i n  t r a d i t i o n a l  
coa l -p roduc ing  s t a t e s  i n  t h e  Appalachian  r e g i o n  ( P e n n s y l v a n i a ,  
Ohio and W e s t  V i r g i n i a )  i s  d e c r e a s i n g ,  t h e  c o a l  p roduc t ion  i n  
t h e  w e s t e r n  r e g i o n  i n c r e a s e d  i n  1 9 8 5  by  3 .4%.  The  l a r g e s t  
o p e n  p i t  m i n e  c o a l  p r o d u c t i o n  i n  t h e  w e s t e r n  U.S. a r e  
c o n c e n t r a t e d  i n  Wyoming, Montana, North Dakota, Co lo rado  and 
New Mexico. Wyoming produced 125 M t  of  c o a l  i n  1985. 

The r a n k  o f  c o a l  mined by  open  p i t s  i n  t h e  w e s t e r n  U.S. 
r a n g e s  from l i g n i t e  t o  h i g h  v o l a t i l e  A. bi tuminous.  The h e a t  
v a l u e  r a n g e s  f r o m  7 ,500 t o  1 2 , 0 0 0  BTU p e r  pound,  a n d  t h e  a s h  
a n d  s u l f u r  c o n t e n t s  a r e  t y p i c a l l y  low. Most  o f  t h e  c o a l  i s  
mined by  d r a g l i n e  a n d  t r u c k  a n d  s h o v e l  me thods .  P r o d u c t i o n  
r a t e s  r e a c h e d  up  t o  11 M t  p e r  y e a r  i n  some o f  t h e  Wyoming 
mines.  

C o a l  m i n i n g  i n  t h e  w e s t e r n  U.S. i s  c o n t r o l l e d  by  s t r i c t  
e n v i r o n m e n t a l  l a w s .  T h e  S u r f a c e  M i n i n g  C o n t r o l  a n d  
Rec lama t ion  A c t  of  1977 e s t a b l i s h e d  p rocedures  f o r  o b t a i n i n g  a  
" p e r m i t  t o  mine"  a n d  f o r  d e v e l o p i n g  p l a n s  f o r  r e c l a m a t i o n  
a f t e r  c o m p l e t i o n  o f  m i n i n g .  A f e d e r a l  a g e n c y ,  ' O f f i c e  o f  
S u r f a c e  Min ing"  was e s t a b l i s h e d  t o  r e g u l a t e  t h e  open  p i t  
m i n i n g  i n  t h e  U.S. I n  a d d i t i o n ,  e a c h  s t a t e  h a s  i t s  own 
d e p a r t m e n t  r e s p o n s i b l e  f o r  r e g u l a t i n g  m i n i n g  w i t h i n  t h e  
p a r t i c u l a r  s t a t e .  F e d e r a l  a n d  S t a t e  r e g u l a t i o n s  r e q u i r e  a n  
a n a l y s i s  o f  t h e  e n v i r o n m e n t a l  i m p a c t s  o f  m i n i n g .  Of 
p a r t i c u l a r  concern  i n  t h e  s emi -a r id  r e g i o n  of  t h e  wes t e rn  U.S. 
i s  t h e  i m p a c t  of  open  p i t  m i n i n g  o f  s u r f a c e  a n d  g r o u n d  w a t e r  
r e s o u r c e s .  A d e t a i l e d  e v a l u a t i o n  of  t h e  pre-mining h y d r o l o g i c  
c h a r a c t e r i s t i c s  a n d  t h e  p o t e n t i a l  e f f e c t s  o f  m i n i n g  on  t h e  
h y d r o l o g i c  b a l a n c e  i n  t h e  a r e a  a f f e c t e d  b y  m i n i n g  a r e  
i m p o r t a n t  componen t s  o f  t h e  s t u d i e s  f o r  e a c h  p r o p o s e d  mine  
s i te .  

HYDROGEOLOGY OF THE COAL M I N I N G  DISTRICTS 

Most  o f  t h e  c o a l  b e a r i n g  s t r a t a  i n  t h e  w e s t e r n  U.S. were 
d e p o s i t e d  d u r i n g  e i t h e r  t h e  Cre t aceous  Pe r iod  o r  t h e  T e r t i a r y  
P e r i o d .  C r e t a c e o u s  a n d  T e r t i a r y  c o a l - b e a r i n g  f o r m a t i o n s  



c o n t a i n  numerous  c o a l  s e a m s  s e p a r t e d  f r o m  o n e  a n o t h e r  b y  
s t r a t a  o f  c l a y s t o n e ,  s i  l t s t o n e ,  s h a l e  o r  s a n d s t o n e .  The  
s a n d s t o n e  a n d  c o a l  s t r a t a  a r e  t y p i c a l l y  w a t e r - b e a r i n g .  I n  
many a r e a s  of  t h e  w e s t e r n  U.S. t h e  c o a l  seams a r e  s i g n i f i c a n t  
a q u i f e r s  s u p p l y i n g  w a t e r  f o r  d o m e s t i c  and  s t o c k  pu rposes .  The 
c o a l  s t r a t a  a r e  s i t u a t e d  p r e d o m i n a n t l y  i n  s y n c l i n a l  b a s i n s  
and ,  t h e r e f o r e ,  a q u i f e r s  a r e  uncon f ined  n e a r  t h e  o u t c r o p s  and  
c o n f i n e d  i n  t h e  d e e p e r  a r e a s  of t h e  b a s i n s .  P e r m e a b i l i t i e s  of 
b o t h  s a n d s t o n e  a n d  c o a l  a q u i f e r s  a r e  r e l a t i v e l y  low.  B o t h  
m a t e r i a l s  h a v e  a v  r a g e  h y d r a u l i c  c o n d u c t i v i t i e s  o f  
app rox ima t  l y  2 x  lo- '  cm/sec and s t o r a g e  v a l u e s  on t h e  o r d e r  % o f  5 x 1 0 -  . T h e s e  v a l u e s  w e r e  o b t a i n e d  b y  d e t a i l e d  s t u d i e s  
o f  1 2  m i n i n g  d i s t r i c t s  i n  Mon tana ,  Wyoming a n d  N o r t h  D a k o t a  
(Rehm, e t .  a l ,  1 9 8 0 ) .  The s a n d s t o n e  a n d  c o a l  s t r a t a  a r e  
t y p i c a l l y  r e c h a r g e d  a t  o u t c r o p s  by t h e  d i r e c t  i n f i l t r a t i o n  o f  
p r e c i p i t a t i o n  a n d  s n o w m e l t  a n d  by  t h e  i n f i l t r a t i o n  o f  w a t e r  
f r o m  s u r f a c e  s t r e a m s  a n d  r e s e r v o i r s .  F l o w  p a t t e r n s  a r e  
c o n t r o l l e d  by g e o l o g i c  g r a d i e n t s  and  s t r u c t u r e s .  Waters  from 
s a n d s t o n e  and c o a l  a q u i f e r s  i n  t h e  w e s t e r n  U.S. c o n t a i n  a  wide  
r a n g e  o f  c o n c e n t r a t i o n s  o f  m o s t  c o n s t i t u e n t s .  T h e  
c o n c e n t r a t i o n  of  t o t a l  d i s s o l v e d  s o l i d s  t y p i c a l l y  r a n g e s  from 
500 t o  5 ,000  mg / l .  I n  m o s t  w a t e r s  s o d i u m  i s  t h e  p r i n c i p a l  
c a t i o n  and  b i c a r b o n a t e  i s  t h e  p r i n c i p a l  an ion .  However, l a r g e  
a m o u n t s  o f  c a l c i u m ,  magnes ium a n d  s u l f a t e  a r e  f o u n d  i n  m o s t  
a q u i f e r s  . 

I n  t h e  w e s t e r n  U.S. w h e r e  t h e  c o a l  s u l f u r  c o n t e n t  i s  
t y p i c a l l y  low ((0.7%) t h e  a c i d  mine d r a i n a g e  p rob l em i s  n o t  a s  
pronounced a s  i n  t h e  Appa l ach i an  r e g i o n  where a b o u t  6,000 t o n s  
o f  s u l f u r i c  a c i d  a r e  b e i n g  produced d a i l y  t h rough  o x i d a t i o n  of  
p y r i t e  (Ahmad, 1974).  

MINING IMPACTS AND REGULATIONS 

Open p i t  m in ing  of c o a l  d i s t u r b s  t h e  pre-mining  p h y s i c a l  
c h a r a c t e r i s t i c s  o f  t h e  l a n d  on  w h i c h  it  o c c u r s .  M a t e r i a l s  
r e m o v e d  f r o m  o v e r b u r d e n  a n d  i n t e r b u r d e n  o f  mined  c o a l  s e a m s  
a r e  r e p l a c e d  a f t e r  t h e  m i n i n g  o p e r a t i o n .  The  o r i g i n a l  
a q u i f e r s  i n  s a n d s t o n e  a n d  c o a l  s t r a t a  a r e  d i s t u r b e d  a n d  
r e p l a c e d  b y  m i n e  s p o i l s .  P h y s i c a l  a n d  c h e m i c a l  
c h a r a c t e r i s t 8 i . c ~  o f  t h e  mine s p o i l s  a r e  d i f f e r e n t  f rom t h e  p r e -  
m i n i n g  a q u i f e r  p r o p e r t ' i e s .  H y d r a u l i c  p a r a m e t e r s  o f  m i n e  
s p o i l s ,  p e r m e a b i l i t y  a n d ' p o r o s i t y ,  i n  p a r t i c u l a r ,  a r e  
d i f f e r e n t  from t h e  o r i g i n a l  a q u i f e r s .  Chemica l  e q u i l i b r i u m  i n  
t h e  pre-mining  h y d r o l o g i c  sy s t em i s  d i s t u r b e d  by  d i s p o s i n g  new 
c h e m i c a l  c o n s t i t u e n t s  a v a i l a b l e  f o r  d i s s o l u t i o n  i n  t h e  mine 
s p o i l s .  

P r e d i c t i o n  o f  p o s t - m i n i n g  s u r f a c e  a n d  g r o u n d  w a t e r  
c o n d i t i o n s  i s  a  p a r t  o f  p l a n n i n g  f o r  a n y  s u r f a c e  m i n i n g  
o p e r a t i o n  i n  t h e  U.S. The d e t e r m i n a t i o n  o f  t h e  p r o b a b l e  
h y d r o l o g i c  c o n s e q u e n c e s  o f  p r o p o s e d  o p e n  p i t  m i n i n g  a n d  
r e c l a m a t i o n  o p e r a t i o n s  i s  r e q u i r e d  by  l a w  a n d  i s  p a r t  o f  t h e  
a p p l i c a t i o n  f o r  a  p e r m i t  t o  mine. The components  o f  t h e  mine 



impact s t u d i e s  inc lude :  

o  d e s c r i p t i o n  o f  b a s e l i n e  ( p r e - m i n i n g )  
h y d r o l o g i c  c o n d i t i o n s ;  

o  p r e d i c t i o n  o f  t h e  e f f e c t s  on  t h e s e  
b a s e l i n e  c o n d i t i o n s  i n  t h e  a r e a  of t h e  
m i n e  p l a n  a n d  a d j a c e n t  a r e a s  b y  t h e  
p r o p o s e d  open p i t  m i n i n g  and r e c l a m a t i o n  
o p e r a t i o n s .  

The purpose  of t h e s e  s t u d i e s  i s  t o  i n s u r e  t h a t  t h e  mining 
a n d  r e c l a m a t i o n  p l a n s  a r e  d e v e l o p e d  t o  min imize  h y d r o l o g i c  
impacts.  The s t u d i e s  of mining impacts  must a l s o  a d d r e s s  t h e  
p r o b a b l e  cu rnmula t ive  i m p a c t s  i n  a r e a s  where  s e v e r a l  m i n i n g  
o p e r a t i o n s  a r e  proposed. 

The hydrology b a s e l i n e  s t u d i e s  f o r  a  mine s i t e  t y p i c a l l y  
c o n s i s t  of a n  a n a l y s i s  of r e g i o n a l  and s i t e  s p e c i f i c  g e o l o g i c ,  
and s u r f a c e  and ground wa te r  h y d r o l o g i c  da ta .  Gaging s t a t i o n s  
on  s u r f a c e  w a t e r  s t r e a m s  a r e  i n s t a l l e d  and s t r e a m s  a r e  
monitored t o  determine s e a s o n a l  s t reamflow c h a r a c t e r i s t i c s  and 
w a t e r  q u a l i t y .  Ground w a t e r  b e a r i n g  s t r a t a  a r e  t e s t e d  f o r  
p e r m e a b i l i t y ,  s t o r a t i v i t y  and wa te r  q u a l i t y  and a  network of 
m o n i t o r i n g  w e l l s  i s  e s t a b l i s h e d .  Samples  of o v e r b u r d e n  a r e  
c o l  l e c t e d  d u r i n g  d r i  1 l i n g  programs and ana lyzed  f o r  physica  1 
a n d  c h e m i c a l  p r o p e r t i e s .  Most o f  t h e  s t a t e s  i n  t h e  w e s t e r n  
U.S. r e q u i r e  a t  l e a s t  one y e a r  of moni tor ing d a t a  p r i o r  t o  t h e  
commencement of mining. 

P r e d i c t i o n  of m i n i n g  i m p a c t s  on t h e  l o c a l  h y d r o l o g i c  
b a l a n c e  a r e  b a s e d  on h y d r o l o g i c  b a s e l i n e  s t u d i e s  and t h e  
p r o p o s e d  m i n i n g  a n d  r e c l a m a t i o n  methods .  S e v e r a l  compute r  
models f o r  s i m u l a t i o n  of t h e  p r o b a b l e  hydro log ic  consequences 
o f  open  p i t  m i n i n g  w e r e  d e v e l o p e d  by f e d e r a l  a g e n c i e s ,  
u n i v e r s i t i e s  and c o n s u l t i n g  f i r m s  (Day, e t .  a l ,  1984; Schwartz 
and Crowe, 1984; La11 and Sorenson, 1984). 

MINE RECLAMATION EXPERIENCE 

Open p i t  c o a l  m i n i n g  i n  t h e  w e s t e r n  U.S. h a v e  been 
d e v e l o p e d  e x t e n s i v e l y  i n  t h e  l a s t  1 0  - 1 3  y e a r s  a n d ,  
t h e r e f o r e ,  moni tor ing r e c o r d s  of t h e  ground water  r ecovery  i n  
the r ec la imed  p i t s  a r e  r e l a t i v e l y  s h o r t  i n  comparison wi th  t h e  
e a s t e r n  U.S. a n d  E u r o p e .  However ,  d u e  t o  t h e  r a p i d  
d e v e l o p m e n t  o f  min ing ,  s t r i c t  e n v i r o n m e n t a l  l a w s ,  and  t h e  
h i s t o r i c a l  s h o r t a g e  of s u r f a c e  and ground water  r e s o u r c e s  i n  
t h e  m o s t l y  s e m i - a r i d  c l i m a t e  of  t h e  w e s t e r n  U.S., e x t e n s i v e  
h y d r o l o g i c  s t u d i e s  of t h e  r ec la imed  open p i t  c o a l  mines have 
been performed i n  t h e  p a s t  decade. 

S t u d i e s  o f  m i n e  r e c l a m a t i o n  c o n c e n t r a t e d  on t h e  
p r e d i c t i o n  and post-mining t e s t i n g  and moni tor ing of p h y s i c a l  
a n d  c h e m i c a l  p r o p e r t i e s  o f  s p o i l s  a n d  g r o u n d  w a t e r .  
P r e d i c t i o n  of post-mining wa te r  q u a l i t y  i n  s p o i l s  a r e  based on 



p r e - m i n i n g  w a t e r  q u a l i t y  a n d  c h e m i s t r y  o f  t h e  o v e r b u r d e n  
m a t e r i a l s .  The  w a t e r  c o n t a m i n a t i o n  p o t e n t i a l  o f  s p o i l s  i s  
b a s e d  on t h e  a v a i l a b i l i t y  o f  b o t h  w a t e r  a n d  c o n t a m i n a n t s  
w i t h i n  t h e  r e c l a i m e d  p i t s .  Based  on t h e  a s s u m p t i o n  t h a t  t h e  
minimum c o n t a m i n a n t  p o t e n t i a l  of t h e  s p o i l s  i s  i n d i c a t e d  by  
t h e  q u a n t i t i e s  o f  w a t e r  s o l u b l e  c a t i o n s  a n d  a n i o n s  p r e s e n t ,  
t h e  s a t u r a t e d  p a s t e  me thod  was  d e v e l o p e d  t o  c h e m i c a l l y  
c h a r a c t e r i z e  t h e  s p o i l s  (He rge t ,  1971) .  T h i s  t e s t  c o n s i s t s  of  
s a t u r a t i n g  c ru shed  s p o i l  s amp le s  w i t h  d i s t i l l e d  w a t e r  f o r  1 6  
hou r s .  The w a t e r  i s  t h e n  removed from t h e  s a t u r a t e d  p a s t e  by 
vacuum e x t r a c t i o n  and a n a l y z e d  f o r  v a r i o u s  c a t i o n s  and a n i o n s .  
A l t h o u g h  t h i s  me thod  d o e s  n o t  e x p r e s s  t h e  i n f l u e n c e  o f  s u c h  
f a c t o r s  a s  w e a t h e r i n g ,  m i c r o b e  a c t i v i t i e s ,  c a t i o n  e x c h a n g e  
c a p a c i t i e s  and n o n e q u i l i b r i u m  chemica l  r e a c t i o n s ,  t h e  r e s u l t s  
o f  w a t e r  q u a l i t y  e s t i m a t e s  based  on t h e  s a t u r a t e d  p a s t e  method 
c o r r e l a t e  w e l l  a t  s e v e r a l  m i n i n g  s i t e s  w i t h  q u a l i t y  o f  t h e  
g r o u n d  w a t e r  i n  mine  s p o i l s  (McWhor t e r ,  e t .  a l ,  1 9 7 4 ,  a n d  
1 9 7 9 ) .  I n  some c a s e s  l e a c h i n g  t e s t s  a r e  p e r f o r m e d  o n  t h e  
s p o i l s  m e t e r i a l s .  T h i s  t y p e  o f  t e s t  c o n s i s t s  o f  p a s s i n g  
d i s t i l l e d  w a t e r  t h r o u g h  c o l u m n s  o f  s p o i l ,  c o l l e c t i n g  t h e  
l e a c h a t e  i n  t i m e  i n c r e m e n t s  a n d  m e a s u r i n g  t h e  s p e c i f i c  
conduc t ance ,  o r  o t h e r  chemica l  component, of  e a c h  i nc remen t .  

R e s u l t s  of  s a t u r a t e d  p a s t e  and l e a c h i n g  t e s t s  on s p o i l s  
i n  t h e  Edna mine i n  w e s t e r n  Co lo rado  i n d i c a t e d  t h a t  2.4 kg of  
s o l u b l e  s a l t s  would be  removed from e a c h  c u b i c  m e t e r  of  s p o i l s  
b e f o r e  t h e  c o n c e n t r a t i o n  o f  t h e  p e r c o l a t e  i s  r e d u c e d  t o  a  
n e g l i g i b l e  l e v e l  (McWhor t e r ,  1 9 7 4 ) .  The m a j o r  c h e m i c a l  
c o n t a m i n a n t s  were  found t o  be  c a l c i u m ,  magnesium and s u l f a t e .  
M o r e  d e t a i l e d  d e s c r i p t i o n s  o f  o v e r b u r d e n  t e s t i n g  a n d  
e v a l u a t i o n  c a n  b e  f o u n d  i n  C a r u c c i o  a n d  G e i d e l  ( 1 9 8 1 ) ,  Van 
V o a s t ,  e t .  a 1  ( 1 9 7 8 ) ,  a n d  McWhor ter ,  e t .  a 1  ( 1 9 7 4 ,  1 9 7 9 ) .  

T h e  h y d r a u l i c  p r o p e r t i e s  o f  s p o i l ' s ,  h y d r a u l i c  
c o n d u c t i v i t y ,  s t o r a g e  and p o r o s i t y ,  a r e  v e r y  i m p o r t a n t  f a c t o r s  
i n  a q u i f e r  r e s t o r a t i o n  d u r i n g  a n  o p e n  p i t  r e c l a m a t i o n  . 
Numerous s t u d i e s  o f  t h e  h y d r a u l i c  c h a r a c t e r i s t i c s  o f  s p o i l s  
h a v e  b e e n  p e r f o r m e d  i n  r e c l a i m e d  o p e n  p i t s  i n  C o l o r a d o ,  
Wyoming, Mon tana  a n d  N o r t h  Dako ta .  Rehm, e t .  a 1  ( 1 9 8 0 )  
summar i zed  a v a i l a b l e  d a t a  p e r t i n e n t  t o  u n d i s t u r b e d  a n d  
r e c l a i m e d  p i t s  f r o m  f i v e  m i n i n g  a r e a s  i n  t h e  N o r t h e r n  G r e a t  
P l a i n s .  H i s  s t u d y  conc luded  t h a t  t h e  h y d r a u l i c  p r o p e r t i e s  of  
t h e  s p o i l s  v a r y  o v e r  b o t h  t h e  a r e a  of r e c l a i m e d  l a n d  and  w i t h  
t ime .  T h i s  s t u d y  i n d i c a t e d  t h a t  t h e  h y d r a u l i c  c o n d u c t i v i t y  o f  
mine s p o i l s  h a s  a  s i x  o r d e r  of  magni tude  r a n g e  w i t h  a  mean of  
8.0 x. cm/sec. V a r i a b i l i t y  of  s p o i l s  p e r m e a b i l i t y  i s  due  
t o  s p a t i a l  v a r i a t i o n  o f  o v e r b u r d e n  l i t h d l o g y ,  t h e  me thod  o f  
min ing  and  s p o i l s  h a n d l i n g ,  and  t h e  t i m e  o f  y e a r  d u r i n g  which 
t h e  s p o i l  i s  h a n d l e d .  S e v e r a l  s t u d i e s  i n d i c a t e d  t h a t  
p e r m e a b i l i t y  o f  s p o i l s  h a n d l e d  b y  a  d r a g l i n e  i s  h i g h e r  t h a n  
t h a t  o f  s p o i l s  r e p l a c e d  by a  t r u c k  and s h o v e l  o p e r a t i o n .  

Van Voas t ,  et .  a 1  (1978 and 1985)  conduc t ed  a n  e x t e n s i v e  
e v a l u a t i o n  of  t h e  p r e -  and  pos t -mining  ground w a t e r  reg ime i n  
s e v e r a l  o p e n  p i t  m i n e s  i n  t h e  Powder  R i v e r  B a s i n  o f  Mon tana .  



H e  f o u n d  t h a t  g r o u n d  w a t e r  r e - e n t e r s  s p o i l s  s h o r t l y  a f t e r  
m i n i n g  a n d  t h a t  t h e  h y d r a u l i c  c o n d u c t i v i t y  o f  s p o i l s  i s  
s t a t i s t i c a l l y  s i m i l a r  t o  t h a t  o f  c o a l  beds .  Van V o a s t ' s  
s t u d i e s  i n d i c a t e d  t h a t  a  con f ined  t y p e  of a q u i f e r  d e v e l o p e d  a t  
t h e  mine  f l o o r  w h e r e  more  c o a r s e  s p o i l s  a q c u m u l a t e d  d u r i n g  
b a c k f i l l i n g  o f  t h e  open  p i t s  n e a r  t h e  Decke r  a n d  C o l s t r i p  
a r e a s  o f  Montana .  A c o n f i n i n g  o r  s e m i - c o n f i n i n g  bed  i s  
d e v e l o p e d  by f i n e r - g r a i n e d  s p o i l s .  T h i s  h a s  been conf i rmed by 
t h e  v a l u e s  o f  s t o r a g e  c o e f f i c i e n t  (1 - 3 x  1 0 " ~ )  r e s u l t i n g  
from pumping tests i n  s p o i l s .  Post-mining w a t e r  l e v e l s  were 
found t o  be s i m i l a r  t o  pre-mining l e v e l s .  

Comparison of w a t e r  q u a l i t y  i n  pre-mining s a n d s t o n e  and 
c o a l  a q u i f e r s  w i t h  w a t e r  q u a l i t y  i n  s p o i l s  of  r e c l a i m e d  p i t s  
a r e  a v a i l a b l e  f rom many m i n e s  i n  C o l o r a d o ,  Wyoming, Montana  
and North Dakota. Most of  t h e  mon i to r ing  d a t a  i n d i c a t e s  t h a t  
t h e  c h e m i s t r y  of  s p o i l s  w a t e r s  i s  h i g h l y  v a r i a b l e ,  r e f l e c t i n g  
t h e  l i t h o l o g i c  a n d  g e o c h e m i c a l  v a r i a b i l i t y  o f  o v e r b u r d e n  
m a t e r i a l s .  Research  comple ted  i n  t h e  c o a l  and s p o i l s  of  t h e  
Decker,  Montana mine (Van Voas t ,  et .  a l ,  1978) i n d i c a t e d  t h a t  
s p o i l s  c o n t a i n e d  much more ca l c ium,  magnesium and s u l f a t e  when 
compared  t o  t h e  c o a l  w a t e r  q u a l i t y .  The t o t a l  d i s s o l v e d  
s o l i d s  c o n t e n t  i n  t h e  s p o i l s  w a t e r  was 2 t o  3 t i m e s  h i g h e r  
t h a n  i n  t h e  p r e - m i n i n g  a q u i f e r s .  T h i s  c o n c l u s i o n  w a s  
c o n f i r m e d  i n  o t h e r  m i n e s  i n  t h e  w e s t e r n  U.S., f o r  e x a m p l e  i n  
t h e  B i g  Horn mine  i n  Wyoming, a n d  t h e  Edna a n d  Colowyo m i n e s  
i n  Colorado.  

I n  a  s t u d y  o f  t h e  e n v i r o n m e n t a l  e f f e c t s  o f  w e s t e r n  
Co lo rado  c o a l  s u r f a c e  mining  (Skogerboe,  et .  a l ,  1979)  it was 
c o n c l u d e d  t h a t  h i g h e r  c o n c e n t r a t i o n s  o f  a r s e n i c ,  i r o n ,  
manganese, s e l e n i u m  and z i n c  a r e  found i n  w a t e r s  d r a i n i n g  mine 
s p o i l s  a n d  t h a t  t h e  c o n c e n t r a t i o n  o f  t h e s e  e l e m e n t s  v a r i e s  
w i t h  s p o i l  age.  Manganese and z i n c  c o n c e n t r a t i o n s  a r e  h i g h e r  
i n  o l d e r  s p o i l s  a n d  a r s e n i c ,  i r o n  a n d  s e l e n i u m  a r e  h i g h e r  i n  
newer s p o i  1 s. However, t h e s e  c o n c l u s i o n s  were n o t  con£ irmed 
on o t h e r  mine s i t e s .  

Most  r e s e a c h e r s  a g r e e  t h a t  t h e  c h e m i c a l  e q u i l i b r i u m  i n  
m o n i t o r e d  s p o i l s  h a s  n o t  y e t  b e e n  a t t a i n e d .  The m o n i t o r i n g  
h i s t o r y  i s  t o o  s h o r t  and i n  many c a s e s  t h e  s a l t s  a v a i l a b l e  f o r  
s o l u t i o n  i n  s p o i l s  h a v e  n o t  y e t  b e e n  l e a c h e d .  It  i s  as sumed  
t h a t  t h e  e l e v a t e d  l e v e l s  o f  t o t a l  d i s s o l v e d  s o l i d s  i n  t h e  
s p o i  1s c o u l d  d e c l i n e  a s  l e a c h i n g  r e a c h e s  e q u i l i b r i u m .  

CONCLUSIONS 

A c o n s i d e r a b l e  number o f  s t u d i e s  o f  t h e  h y d r o l o g i c  
r e g i m e s  i n  r e c l a i m e d  open  p i t  c o a l  m i n e s  i n  t h e  w e s t e r n  U.S. 
h a v e  been performed.  Most of  t h e  s t u d i e s  conc luded  t h a t  t h e  
h y d r a u l i c  p r o p e r t i e s  ( h y d r a u l i c  c o n d u c t i v i t y ,  p o r o s i t y  a n d  
s t o r a g e )  o f  t h e  w a t e r s  f o u n d  i n  t h e  r e p l a c e d  s p o i l  w i l l  b e  
s i m i l a r ,  h o w e v e r ,  l e s s  homogeneous ,  when compared  t o  p r e -  
m i n i n g  p r o p e r t i e s  o f  s a n d s t o n e  a n d  c o a l  a q u i f e r s .  A l t h o u g h  
t h e  o r i g i n a l  c o a l  a n d  s a n d s t o n e  a q u i f e r s  h a v e  s e c o n d a r y  



p e r m e a b i l i t y  c h a r a c t e r i s t i c s  and t h e  s p o i l s  have predominant ly  
p r imary  p e r m e a b i l i t y  c h a r a c t e r i s t i c s ,  t h e  o r i g i n a l  f l o w  system 
f 8 n o t  s u b s t a n t i a  1 l y  changed. 

S t u d i e s  o'f w a t e r  q u a l i t y  i n  s p o i l s  a r e  n o t  q u i t e  
c o n c l u s i v e  because of a r e l a t i v e l y  s h o r t  pe r iod  of moni tor ing 
a v a i l a b l e  on t h e  i m p a c t s  o f  open  p i t  m i n i n g  i n  t h e  w e s t e r n  
U.S. A g e n e r a l  o b s e r v a t i o n  of ground wa te r  q u a l i t y  i n  s p o i l s  
i s  t h a t  t h e  c o n t e n t  of t o t a l  d i s s o l v e d  s o l i d s ,  c a l c i u m ,  
magnesium and  s u l f a t e ,  when compared t o  t h e  p r e - m i n i n g  
c o n d i t i o n s ,  i s  two t o  t h r e e  f o l d  h igher  a t  p resen t .  However, 
t h e s e  e l e v a t e d  l e v e l s  s h o u l d  d e c l i n e  a s  l e a c h i n g  of  s p o i l s  
r e a c h e s  an equ i l ib r ium.  Even a t  a  t h r e e  f o l d  i n c r e a s e  i n  t h e  
c o n c e n t r a t i o n  o f  t o t a l  d i s s o l v e d  s o l i d s  t h e  w a t e r  i n  t h e  
s p o i l s  w i l l ,  i n  mos t  c a s e s ,  b e  s u i t a b l e  f o r  i t s  p r e d o m i n a n t  
pre-mining use,  s t o c k  water ing.  
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