
International Journal of Mine Water, Vol. 6, No. 3, September 1987, pp. 39 - 52 
Printed in Budapest, Hungary 

PREVENTIVE TECHNIQUES FOR CONTROLLING ACID WATER 
I N  UNDERGROUND MINES BY FLOODING 

b  Y 
R.  F e r n a n d e z - R u b i o ,  S. F e r n a n d e z - L o r c a  a n d  3 .  E s t e b a n  A r l e g u i  

D e p a r t m e n t  o f  Hydrogeo logy  
S c h o o l  o f  Mines  

M a d r i d ,  S p a i n  

ABSTRACT 

T h i s  p a p e r  i s  c o n c e r n e d  w i t h  t h e  p r e v e n t i v e  a n d  c o r r e c t i v e  
m e a s u r e s  f o r  c o n t r o l l i n g  w a t e r  p o l l u t i o n  i n  abandoned  mine  w o r k i n g s .  The 
p r e v e n t i v e  t e c h n i q u e s  i n c l u d e  f l o o d i n g  o f  mine  w o r k i n g s  wh ich  is  b a s e d  o n  
t h e  c o n c e p t  o f  i s o l a t i o n  o f  p y r i t e  m i n e r a l s  coming i n  d i r e c t  c o n t a c t  w i t h  
a i r ,  t h u s  r e t a r d i n g  t h e  o x i d a t i o n  p r o c e s s .  I n  p r a c t i c e ,  p r e v e n t i v e  
m e a s u r e s ,  w h i c h  i n c l u d e  t h e  a p p l i c a t i o n  o f  v a r i o u s  t y p e s  o f  
s t o p p i n g s ,  a r e  r e q u i r e d  t o  i s o l a t e  abandoned  a n d  f l o o d e d  w o r k i n g s .  The 
t e c h n i q u e s  o f  s e a l i n g  o f f  m i n e s  a r e  d i s c u s s e d ,  t o g e t h e r  w i t h  t h e  
a l t e r n a t i v e  d e s i g n s  o f  dams. V a r i o u s  c o r r e c t i v e  t e c h n i q u e s  u s i n g  f l o o d i n g  
w i t h  n e u t r a l i s a t i o n  a g e n t s  a n d  r e d u c t i o n  o f  w a t e r  i n t a k e  i n t o  t h e  mine  a r e  
a l s o  d e s c r i b e d .  

INTRODUCTION 

The  o b j e c t i v e  o f  p r e v e n t i v e  t e c h n i q u e s  i s  t o  p r e v e n t  t h e  f o r m a t i o n  
o f  a c i d  e f f l u e n t  i n  a n  abandoned  mine.  I n  c o n t r a s t ,  c o r r e c t i v e  t e c h n i q u e s  
a r e  t h o s e  wh ich  t r e a t  a c i d  w a t e r  i n  m i n e s  i n  s u c h  a  way t h a t  t h e y  c e a s e  t o  
b e  a  t h r e a t  t o  t h e  e n v i r o n m e n t .  When p l a n n i n g  t o  abandon  a  mine ,  i t  i s  
b e t t e r  t o  g i v e  p r i o r i t y  t o  p r e v e n t i v e  t e c h n i q u e s  when p o s s i b l e .  The  u s e  o f  
c o r r e c t i v e  t e c h n i q u e s  a r e  o n l y  j u s t i f i e d  i n  abandoned  mine  where  n o  p r i o r  
c o n s i d e r a t i o n  h a s  b e e n  g i v e n  t o  t h e  f o r m a t i o n  o f  a c i d  mine  w a t e r ,  wh ich  
c a n  p r e s e n t  a  s e r i o u s  t h r e a t  t o  t h e  e n v i r o n m e n t  ( Reed 1 9 8 4 ,  A t k i n s  a n d  
S i n g h ,  1 9 8 2  ). 

PREVENTIVE TECHNIQUES FOR UNDERGROUND MINES 

The  p r e v e n t i v e  t e c h n i q u e s  a c t  o n  a n y  o n e  o f  t h e  t h r e e  f a c t o r s  
w h i c h  mus t  b e  p r e s e n t  i n  o r d e r  t h a t  t h e  a c i d  w a t e r  f o r m s  i . e .  oxygen ,  



F i g u r e  1. An e x a m p l e  o f  a f l o o d e d  mine .  

F i g u r e  2 .  R e d u c t i o n  of s u l p h ~ t e  c o n t e n t  i n  abandoned  mine  w a t e r .  
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w a t e r  and t h e  p r e s e n c e  o f  Thiobacillus ferro-oxidians b a c t e r i a .  It 
must  be  u n d e r s t o o d  t h a t  t h i s  r e a c t i o n  d o e s  n o t  t a k e  p l a c e  i f  e l e m e n t a l  
s u l p h u r  i s  p r e s e n t  i n  t h e  r o c k  mass. The Techniques  u t i l i s i n g  o x i d a t i o n  i n  
t h e  p r e s e n c e  o f  Thiobacillus ferro-oxidians have  o n l y  r e c e n t l y  been 
d i s c o v e r e d  and  p u t  i n t o  p r a c t i c e  and u n t i l  t h e  p r e s e n t  t i m e  have  o n l y  been 
used  i n  open  p i t  mines .  I t  may b e  n o t e d  t h a t  a  g r e a t  d i f f e r e n c e  e x i s t s  
between t h e  p r e v e n t i v e  measures  which c a n  be  used  i n  underground  mines  and 
t h o s e  which c a n  be  used  i n  open p i t  mines.  Two t y p e s  o f  p r e v e n t i v e  
t e c h n i q u e s  a r e  used  i n  underground  mines a s  f o l l o w s : -  

( i )  Those which t r y  t o  r e d u c e  t h e  l e v e l  o f  oxygen i n  t h e  mine t o  a  
minimum s o  t h a t  t h e  o x i d a t i o n  o f  t h e  s u l p h u r  c a n n o t  t a k e  p l a c e  ( f o r  
example by f l o o d i n g  t h e  m i n e , )  and 

( i i )  Those which l i m i t  t h e  q u a n t i t y  o f  w a t e r  e x i s t i n g  i n  t h e  mine 
i n  s u c h  a  way t h a t  e v e n  i f  s u l p h u r  o x i d a t i o n  d o e s  t a k e  p l a c e ,  t h e  a c i d i c  
w a t e r  l e v e l  c a n n o t  g i v e  r i s e  t o  e n v i r o n m e n t a l  p rob lems .  These  a r e  
h y d r o l o g i c a l  t e c h n i q u e s  o f  i n c r e a s i n g  i m p e r m e a b i l i t y  and i n s u l a t i o n  of 
ground.  

P a s t  e v i d e n c e  h a s  shown t h a t  some d o m e s t i c  s e r v i c e s  o f  d r i n k i n g  
w a t e r  have been  c o n t a m i n a t e d  by w a t e r  from underground  mines.  The 
s i m p l e s t  s o l u t i o n  i n  t h e s e  c a s e s  which a r e  n e i t h e r  p r e v e n t i v e  n o r  
c o r r e c t i v e  i s  t o  t a k e  uncontamina ted  w a t e r  f rom t h e  d e e p e r  p a r t  of t h e  
mine. (Evans  and  C i e z l i k ,  1984; Hoffman, 1984) .  Whichever t e c h n i q u e  i s  
chosen  t o  combat a c i d i c  mine w a t e r ,  it is n e c e s s a r y  t o  make a  d e t a i l e d  
h y d r o l o g i c a l  s t u d y  i n c l u d i n g  t h e  f o l l o w i n g  a s p e c t s  ( Ladwig, 1985)  : - 

o  The e x a c t  s i t u a t i o n  o f  t h e  r e c h a r g e  a r e a s  and  f l o w  l i n e s  t o w a r d s  
t h e  mine ,  

o  I d e n t i f i c a t i o n s  o f  mine d i s t r i c t s  which produce  a c i d i c  w a t e r  and  

o  The e s t i m a t i o n  o f  w a t e r  q u a n t i t i e s  c i r c u l a t i n g  t h r o u g h  t h e  mine.  
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Flooding and Results 

A r e s e r v o i r  o f  underground  w a t e r  i s  formed when a  mine is f l o o d e d .  
A i r  c a n n o t  r e a c h  t h e  g a l l e r i e s  and mine s h a f t s  when t h e y  a r e  w a t e r l o g g e d ,  
s o  t h e r e  c a n  b e  no o x i d a t i o n  o f  p y r i t e s  and  c o n s e q u e n t l y  no a c i d i c  w a t e r  
is produced.  F i g u r e  1 is a n  example o f  a  f l o o d e d  mine. I t  must  b e  t a k e n  
i n t o  a c c o u n t  t h a t  t h e  w a l l s  o f  any  underground  e x c a v a t i o n  c o n t a i n  p y r i t e s  
and  d u r i n g  min ing  o p e r a t i o n s  t h i s  comes i n  d i r e c t  c o n t a c t  w i t h  a i r  and  
w a t e r  t o  promote o x i d a t i o n .  The p r o d u c t s  o f  o x i d a t i o n  a r e  s u l p h u r i c  a c i d  
and  s o l u b l e  m e t a l l i c  s u l p h a t e s  which form a  p r e c i p i t a t e  o f  v i v i d  c o l o u r s  
on t h e  w a l l s  o f  min ing  e x c a v a t i o n s .  T h i s  p r e c i p i t a t e  p e n e t r a t e s  d e e p l y  
i n t o  t h e  r o c k  t h r o u g h  f r a c t u r e s  i n  t h e  r o c k  m i n e r a l s  and  when t h e  mine is 
f l o o d e d ,  t h e  p r o d u c t s  formed i n  o x i d a t i o n  may c a u s e  t h e  w a t e r  s t o r e d  i n  



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

The q u a l i t y  o f  t h e  w a t e r  i n  t h e  mines improves  s l o w l y  b e c a u s e  
s t o r e d  w a t e r  t a k e s  s e v e r a l  y e a r s  t o  be  r e p l a c e d  by underground  w a t e r .  
Ladwig, 1985,  d e s c r i b e d  t h e  e v o l u t i o n  o f  t h e  q u a l i t y  o f  w a t e r  i n  a n  
abandoned c o a l  mine complex i n  P e n n s y l v a n i a ,  where t h e  q u a l i t y  o f  mine 
w a t e r  h a s  s i g n i f i c a n t l y  improved o v e r  t h e  p a s t  f i f t e e n  y e a r s  ( F i g u r e  2 ) .  
At some p o i n t s  where w a t e r  was d i s c h a r g e d  from t h e  mine,  t h e  s u l p h a t e  
c o n t e n t  h a s  been r e d u c e d  by 49% and  a t  a l l  p o i n t s  o f  d i s c h a r g e  t h e  pH h a s  
r i s e n  t o  a  p o i n t  where  t h e  w a t e r  is now n e u t r a l .  

The w a t e r  r e t a i n e d  i n  a n  abandoned mine f o r m s  d i f f e r e n t  l a y e r s ,  
(Ladwig,  1985) .  The w a t e r  a t  t h e  t o p  l a y e r  i s  t h e  b e s t  q u a l i t y ,  whereas  
t h e  w a t e r  a t  t h e  bo t tom i s  contamina ted .  F i g u r e  3 shows t h e  q u a l i t i t i v e  
d i s t r i b u t i o n  o f  w a t e r  i n  a n  abandoned c o a l  mine complex i n  P e n n s y l v a n i a .  
S i n c e  t h e  d r a i n a g e s  o f  mines  a r e  n e a r  t h e  s u r f a c e ,  t h i s  t e n d s  t o  l e n g t h e n  
t h e  t i m e  p e r i o d  i n  which t h e  e f f l u e n t s  a r e  e f f e c t e d .  

A p o s s i b l e  s o l u t i o n  t o  s h o r t e n  t h e  p r o c e s s  o f  improving  t h e  
q u a l i t y  o f  w a t e r  is t o  d i s c h a r g e  w a t e r  f rom t h e  lower  l e v e l s  (Ladwig,  
1 9 8 5 ) .  However, poor  q u a l i t y  w a t e r  w i l l  b e  p r e s e n t  f o r  many y e a r s  and it 
may become n e c e s s a r y  t o  i n s t a l l  some k i n d  o f  n e u t r a l i s a t i o n  p l a n t .  
T h e r e f o r e ,  t h e  f l o w  o f  w a t e r  d i s c h a r g e  s h o u l d  b e  c o n t r o l l e d  b e c a u s e  it i s  
d a n g e r o u s  t o  f o r c e  t h e  h y d r o l o g i c a l  sys tem by d r a i n i n g  more w a t e r  t h a n  t h e  
amount o f  r e c h a r g e .  I f  t h i s  happens  t h e  l e v e l  o f  w a t e r  w i l l  d r o p  and 
p e r m i t  t h e  e n t r y  o f  oxygen f rom t h e  a tmosphere  c a u s i n g  f u r t h e r  o x i d a t i o n  
o f  s u l p h u r .  

I n  some f l o o d e d  mines  d r a i n a g e  i s  produced t h r o u g h  t h e  l o w e s t  p a r t  
o f  t h e  mine which c o n t a i n s  w a t e r  o f  poor  q u a l i t y  g i v i n g  rise t o  t o x i c  
e f f l u e n t s .  T h i s  problem c a n  b e  s o l v e d  by c r e a t i n g  a  d i s c h a r g e  s y s t e m  which 
e x t r a c t s  w a t e r  from t h e  t o p  l e v e l ,  l e a v i n g  t h e  w o r s t  q u a l i t y  w a t e r  
c o n f i n e d  i n  t h e  mine. A c a s e  example o f  t h i s  t y p e  i s  concerned  w i t h  t h e  
R i v e r  G i r v a n  (N.C.B. R e p o r t  1984 ,  S c o t l a n d ) .  

The e f f i c i e n c y  o f  underground  mine f l o o d i n g  i s  s u b j e c t  t o  whether  
t h e  w a t e r  c a n  b e  r e t a i n e d  i n s i d e  t h e  mine,  b u t  c a n n o t  a lways  b e  g u a r a n t e e d  
on a  l o n g  t e r m  b a s i s .  I n  many c a s e s ,  t h e i r  Hermet ic  s e a l  w i l l  l e a k  w i t h  
t h e  p a s s a g e  of t i m e  (Kim e t  a 1  1982) .  C o n v e r s e l y ,  c r a c k s  which form due  t o  
s u b s i d e n c e  may f r e q u e n t l y  r e a c h  t h e  s u r f a c e ,  t h u s  p e r m i t t i n g  t h e  e n t r a n c e  
o f  a i r  i n t o  t h e  mine fo rming  a c i d i c  w a t e r .  I n  s u c h  a  c a s e ,  it i s  n e c e s s a r y  
t o  s e a l  a l l  h i g h l y  permeable  z o n e s  a t  t h e  s u r f a c e .  The u s u a l  t e c h n i q u e  
c o n s i s t s  o f  l o c a l i s i n g  t h e  s u b s i d e n c e  c r a c k s ,  f i l l i n g  them w i t h  c l a y  and 
s o  making t h e  s e c t i o n  compact .  T h i s  t e c h n i q u e  h a s  two l i m i t a t i o n s  a s  
f o l l o w s  :- 

o  It is e s s e n t i a l  t o  l o c a l i s e  t h e  s u b s i d e n c e  c r a c k s ,  and 

o  It is a l s o  e s s e n t i a l  t h a t  no new c r a c k s  a r e  formed once  t h e  mine 
h a s  been s e a l e d  and t h i s  c a n  r a r e l y  b e  g u a r a n t e e d .  
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P o s s i b i l i t i e s  o f  Flooding an Abandoned Mine 

It  i s  e s s e n t i a l  t o  d i f f e r e n t i a t e  b e t w e e n  mine  w o r k i n g s  s i t u a t e d  
be low t h e  g e n e r a l  d r a i n a g e  l e v e l  o f  t h e  a r e a  a n d  t h o s e  s i t u a t e d  a b o v e  (Kim 
e t  a l . ,  1 9 8 2 ) .  

I n  t h e  f i r s t  e x a m p l e  a l l  l e v e l s  i n  t h e  mine  be low t h e  g e n e r a l  
d r a i n a g e  l e v e l  w i l l  b e  f l o o d e d  e v e n t u a l l y .  The  w o r k i n g  l e v e l s  s i t u a t e d  
be low t h e  r e g i o n a l  p i e z o m e t r i c  s u r f a c e ,  a n d  w h i c h  e x t e n d  t o  t h e  o u t c r o p s ,  
c a n  b e  f l o o d e d  s p o n t a n e o u s l y ,  i f  t h e  m i n i n g  i s  c a r r i e d  o u t  by a  s h a f t ,  
l e a v i n g  a  p r o t e c t i v e  b a r r i e r  a l o n g  t h e  who le  l e n g t h  o f  t h e  o u t c r o p  ( F i g u r e  
4 ,  P a r i z e k  a n d  T a r r ,  1 9 7 2 ) .  T h i s  u n d o u b t e d l y  i n c r e a s e s  t h e  m i n i n g  c o s t  
b e c a u s e  w a t e r  m u s t  b e  pumped t o  e x t r a c t  m i n e r a l s  t h r o u g h  t h e  s h a f t  b u t  i t  
r e d u c e s  g r e a t l y  c o s t  o f  abandonmen t .  I f  m i n i n g  was d o n e  by a d i t s  i n v o l v i n g  
g r a v i t y  d r a i n a g e ,  it w i l l  b e  e s s e n t i a l  t o  i n s t a l l  a  dam b e f o r e  a b a n d o n i n g  
w h i c h  w i l l  h a v e  t o  w i t h s t a n d  h y d r a u l i c  p r e s s u r e  o f  t h e  w a t e r  co loumn o f  
t h e  mine .  T h i s  me thod  i s  v e r y  c o s t l y  a n d  n e v e r  a c h i e v e s  t o t a l  
i m p e r m e a b i l i t y .  

When t r y i n g  t o  f l o o d  m i n e s  o r  p a r t  o f  m i n e s  s i t u a t e d  a b o v e  t h e  
r e g i o n a l  p i e z o m e t r j c  s u r f a c e  i t  is e s s e n t i a l  t o  s e a l  a l l  p o t e n t i - a l l y  
f l o o d e d  w o r k i n g s  t o  e x c l u d e  b l e e d i n g  o f  a i r .  T h i s  r e q u i r e s  t h e  
i n s t a l l a t i o n  o f  s t o p p i n g s  w h i c h  c o u l d  b e  o f  t w o  t y p e s .  

( i )  H e r m e t i c  s t o p p i n g  a g a i n s t  a i r  a n d  w a t e r ,  a n d  

( i i )  H e r m a t i c  dams a g a i n s t  w a t e r  o n l y .  

I f  t h e  m i n e s  r e l y  o n  g r a v i t y  d r a i n a g e  d u r i n g  m i n i n g  i t  w i l l  b e  
n e c e s s a r y  t o  s e a l  t h e  mine  s o  a s  t o  e n s u r e  f l o o d i n g  ( F i g u r e  4 a  a n d  4 b ) .  
F l o o d i n g  w i l l  b e  s p o n t a n e u o s  i n  e x a m p l e s  shown i n  F i g u r e  4 c  a n d  
4 d  ( P a r i z e k  a n d  T a r r  1 9 7 2 ) .  The f i r s t  t y p e  o f  s t o p p i n g s  a r e  i n s t a l l e d  t o  
p r e v e n t  t h e  mine  d i s c h a r g i n g  w a t e r  t h r o u g h  them a n d  s e c o n d  t y p e s  a l l o w  
mine  w a t e r  t o  f r e e l y  f l o w  t h r o u g h  them. The  d e t a i l s  o f  t h e i r  u s e  a n d  t h e  
l i m i t a t i o n s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

Somet imes  m i n e s  wh ich  a r e  d e w a t e r e d  by g r a v i t y  d r a i n a g e  c a n  n o t  
b e  f l o o d e d  b e c a u s e  t h e  s u r r o u n d i n g  g r o u n d  makes  a  l e a k  p r o o f  s t o p p i n g  
i m p o s s i b l e .  O f t e n  a  f e a t u r e  i n  m o u n t a i n o u s  a r e a s  is t h e  o c c u r e n c e  o f  many 
o l d  abandoned  mine  w o r k i n g s  wh ich  may b e  p a r t i a l l y  c o l l a p s e d  a n d  a r e  
i m p o s s i b l e  t o  s e a l .  When t h i s  h a p p e n s ,  o n e  may h a v e  t o  depend  on t h e  
t e c h n i q u e s  d e s c r i b e d  e l s e w h e r e .  

F i g u r e  5 shows  a  s i m p l i f i e d  s e c t i o n  o f  a  l a r g e  l e a d  a n d  z i n c  mine  
a t  Bunker  H i l l  i n  I d a h o ,  U.S.A. T h i s  mine  c o n s i s t s  o f  two  v e r y  d i f f e r e n t  
p a r t s ,  o n e  l o w e r  wh ich  w i l l  f l o o d  a f t e r  b e i n g  abandoned  a n d  t h e  o t h e r  
u p p e r  p a r t  w i t h  g r a v i t y  d r a i n a g e  a n d  many s m a l l  w o r k i n g s  wh ich  a r e  
u n l i k e l y  t o  f l o o d .  ( R i l e y  e t .  a l .  1 9 8 4 ) .  



K e l l o g g  T u n n e l  

9 t h  L e v e l  

. . . .  . . . .  
. . .  

Anchor  P o i n t s  

F i g u r e  5 .  S e c t i o n  o f  L e a d J Z i n c  Mine o f  Bunker  H i l l ,  I d a h o .  

, biine Roof 

Anchor  P o i n t  

. . - - - 

Mine E n t r a n c e  

l u e n t  --- 

l rnperrneable  F l o o r  

F i g u r e  6 .  Types o f  water dams t o  abandon  a mine .  
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Impermeable roof 
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Impermeable wa l l  

Drainage pipe  

Figure  7. Water dam t o  abandon a mine. 
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8 Front  Wall Borehole 

Figure  8. Leak-proof water dams. 

LC: 



Mine Dams or Stoppings 

F i g u r e s  6 a n d  7 show two  t y p e s  o f  dams,  wh ich  a l l o w  w a t e r  t o  f l o w  
f r e e l y  b u t  p r e v e n t  a i r  f r o m  e n t e r j n g .  T h i s  i s  e n s u r e d  i n  b o t h  c a s e s  by 
i n c o r p o r a t i o n g  a  s y p h o n  i n  t h e  c o n s t r u c t i o n  o f  t h e  dam. The  syphon  n e e d s  
r e g u l a r  m a i n t e n a n c e  b e c a u s e  o f  t h e  f o l l o w i n g  r e a s o n s : -  

o  The f o r m a t i o n  o f  a  f e r r i c  h y d r o x i d e  Fe (0H)  wh ich  c a u s e s  
t h e  o u t l e t s  o f  w a t e r  t o  become o b s t r u c t e d  (Kim e t  a 1  1 7 8 1 ) .  a n d  

o  I t  is  e s s e n t i a l  t h a t  d u r i n g  t h e  d r y  s e a s o n  t h e  l e v e l  o f  w a t e r  
s t o r e d  i n  t h e  mine  d o e s  n o t  f a l l  be low t h e  syphon  b e c a u s e  i n  t h i s  
s i t u a t i o n ,  w a t e r  i n  t h e  s y p h o n  may e v a p o r a t e  a n d  p e r m i t  t h e  e n t r y  o f  
oxygen  i n  t h e  mine  t h r o u g h  t h e  syphon .  

F i g u r e  8  shows  mine  s t o p p i n g s  o r  dams which  p r e v e n t  w a t e r  f r o m  
l e a v i n g  t h e  mine .  The s t o p p i n g s  u s u a l l y  c o n s i s t  o f  m a s o n a r y ,  k e y e d  and  
s e a l e d  f i r m l y  i n  t h e  f o u n d a t i o n s  o n  t h e  f l o o r ,  s i d e s  a n d  r o o f  o f  t h e  
g a l l e r y .  However ,  t h e r e  a r e  many o t h e r  m a t e r i a l s  w h i c h  c a n  b e  u s e d  i n  
t h e i r  c o n s t r u c t i o n  s u c h  a s  compac ted  c l a y s t o n e ,  cemen t  b l o c k s  a n d  cemen t  
c a s t  i n  s i t u  ( A t k i n s  and  S i n g h  1 9 8 2 ) .  

The U.S. B u r e a u  o f  Mines  (Kim e t  a 1  1 9 8 2 )  a r e  s t u d y i n g  new m e t h o d s  
o f  c o n s t r u c t i n g  a mine  dam. T h i s  c o n s i s t s  o f  p a c k i n g  c r u s h e d  l i m e s t o n e  
u n d e r  p r e s s u r e  i n  be tween  t w o  masona ry  w a l l s  a t  t h e  t i m e  o f  s e a l i n g  t h e  
mine.  T h e s e  dams h a v e  t h e  f o l l o w i n g  a d v a n t a g e s  o v e r  t h e  c o n v e n t i o n a l  dams 
a s  f o 1 l w o s : -  

( i )  I t  i s  e s s e n t i a l  i n  a  w e l l  b u i l t  dam t o  e n s u r e  t h a t  t h e  
s t o p p i n g  is  a d e q u a t e l y  keyed  a n d  s e a l e d  t o  f l o o r ,  s i d e s  a n d  r o o f  o f  t h e  
g a l l e r y .  T h i s  i s  o f t e n  i m p o s s i b l e  w i t h  t h e  c o n v e n t i o n a l  s t o p p i n g s  d u e  t o  
t h e  e x i s t a n c e  o f  f i s s u r e s  i n  t h e  weak s t r a t a  s u r r o u n d i n g  a  s t o p p p i n g .  
P n e u m a t i c  p a c k i n g  o f  c r u s h e d  l i m e s t o n e  e n s u r e s  a  h i g h l y  compac ted  
s t o p p i n g .  A l s o  a n y  s t r a t a  movement i n  t h e  v i c i n i t y  o f  a  s t o p p i n g  o n l y  
c a u s e s  t h i s  t o  become more compac ted  a n d  s e c u r e .  I f  cemen t  b l o c k s  a n d  
o t h e r  s i m i l a r  m a t e r i a l s  a r e  a d d e d  t o  t h e  l i m e s t o n e  c o n s t r u c t i o n  a n  e v e n  
more s o l i d  s t o p p i n g  w i l l  b e  ach ievec i .  

( i i )  I f  n e c e s s a r y  t h e  l i m e s t o n e  s t o p p i n g s  c a n  b e  s o  c o n s t r u c t e d  a s  
t o  a l l o w  a  f l o w  o f  w a t e r  f r o m  t h e  mine .  I f  w a t e r  i s  s l i g h t l y  a c i d i c  it 
w i l l  become n e u t r a l  a s  it f l o w s  t h r o u g h  t h e  dam m a t e r i a l .  T h i s  i s  a  
d e f i n i t e  a d a v a n t a g e  o v e r  l e a v i n g  s t a g n a n t  w a t e r  i n s i d e  t h e  mine .  

T e s t s  h a v e  been  c a r r i e d  o u t  u s i n g  t h i s  method o f  p a c k i n g  
l i m e s t o n e  u n d e r  p r e s s u r e  wh ich  r e s u l t e d  i n  o b t a i n i n g  a  s a f e  
c o n s t r u c t i o n  a n d  s a f e  dam w i t h  h i g h l y  s a t i s f a c t o r y  c o s t  a d v a n t a g e s .  

I f  f l o o d i n g  o f  a  mine  i s  t o  b e  e f f i c i e n t  i n  c o n t r o l l i n g  t h e  
f o r m a t i o n  o f  a c i d i c  w a t e r  , i t  i s  e s s e n t i a l  t o  s e a l  o f f  a l l  mine  w o r k i n g s  
i n  t h e  e x p l o i t e d  s t r a t a ,  t h r o u g h  which  a c i d i c  w a t e r  c o u l d  f i l t e r  ( P a r i z e k  



and  T a r r  1972  ).  E a r l i e r  s t u d i e s  have been made o f  t h i s  problem by t h e  
U.S. Bureau o f  Mines and  t h e  f o l l o w i n g  c o n c l u s i o n s  have  been r e a c h e d  
r e g a r d i n g  s e a l i n g  o f  mine s t o p p i n g s .  

( i )  They have t o  b e  t h i c k  enough t o  p r e v e n t  w a t e r  from l e a k i n g .  

( i i )  They must  be  s o l i d  enough t o  w i t h s t a n d  h y d r a u l i c  p r e s s u r e  
w i t h o u t  c o l l a p s i n g .  

( i i i )  They must  b e  keyed i n t o  s t a b l e  s u r r o u n d i n g  r o c k .  

( i v )  I n  many c a s e s  t h e y  must b e  s o  c o n s t r u c t e d  a s  t o  a l l o w  w a t e r  t o  
e s c a p e  from t h e  mine and i n  d o i n g  s o  r e l i e v e  p r e s s u r e .  

Sealing o f  Abandoned Boreholes 

When a n  underground  mine is f l o o d e d ,  w a t e r  o f  poor  q u a l i t y  
a c c u m u l a t e s  i n  o l d  workings.  Under t h e s e  c o n d i t i o n s  any e x p l o r a t o r y  
b o r e h o l e  o r  w e l l  d r i l l e d  t h r o u g h  t h e  s t r a t a  w i l l  a c t  a s  waterways,  
a l l o w i n g  c o n t a m i n a t e d  w a t e r  t o  i n f i l t r a t e  o t h e r  s o u r c e s  o f  w a t e r  u n d e r  low 
h y d r a u l i c  head ( R i l e y  1984  amd Kim e t  a 1  1982) .  

Hoonanian and  Somes 1984 ,  d e s c r i b e d  a problem t h a t  c o n f r o n t e d  
them i n  t h e  T a r  Creek  Super fund  s i t e ,  Oklahoma, where c o n t a m i n a t e d  w a t e r  
r e t a i n e d  i n  t h e  mine work ings  c i r c u l a t e d  t h r o u g h  e x p l o r a t o r y  b o r e h o l e s .  
T h i s  s e r i o u s l y  c o n t a m i n a t e d  a w a t e r  s o u r c e  a t  a  d e e p e r  l e v e l  which was a 
p r i n c i p a l  s o u r c e  o f  w a t e r  s u p p l y i n g  t h e  s u r r o u n d i n g  a r e a .  It c a n  b e  s e e n  
t h a t  b e f o r e  f l o o d i n g  a mine,  i t  is e s s e n t i a l  t o  s e a l  a l l  t h e  b o r e h o l e s  
i n t e r c o n n e c t e d  w i t h  t h e  mine work ings .  R e c e n t l y  d r i l l e d  b o r e h o l e s  d o  n o t  
p r e s e n t  any  prob lems  a s  t h e y  c a n  b e  l o c a t e d  e a s i l y .  However, t h e  problem 
lies w i t h  e a r l i e r  b o r e h o l e s  and  c o n s e q u e n t l y :  

( i )  It is e s s e n t i a l  t o  f i n d  them, and  

( i i )  I t  is a l s o  n e c e s s a r y  t o  c l e a n  them o f  a n y  o b s t r u c t i o n s  a t  
d e p t h s .  

The c o s t  o f  b o r e h o l e  c l o s u r e  h a s  been  a n a l y s e d  by Hoonanian and  
Somes, 1984  a s  f o l l o w s  :- 

o C l e a n i n g  c o s t  o f  t h e  b o r e h o l e ,  which c a n  v a r y  a c c o r d i n g  t o  t h e  
d e p t h  and  h a r d n e s s  o f  t h e  o b s t r u c t i o n ,  and  

o The i n d e p e n d e n t  c l e a n i n g  c o s t s ,  which a r e  more o r  less t h e  same 
f o r  d i f f e r e n t  b o r e h o l e s .  

Well  and  b o r e h o l e  s e a l i n g  i s  a b s o l u t e l y  e s s e n t i a l  when mines  have  
t o  b e  abandoned.  F i g u r e  9 Shows c o n v e n t i o n a l  t e c h n i q u e  of s e a l i n g  a 
b o r e h o l e .  I n  b o t h  c a s e s  t h e  w a t e r  s o u r c e  is i n s u l a t e d  f rom t h e  mine. The 
o b j e c t  o f  t h i s  is t o  p r e v e n t  a c i d i c  w a t e r  s t o r e d  i n  t h e  mine f rom mix ing  
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F i g u r e  9. Techniques  o f  s e a l i n g  b o r e h o l e s .  
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7- - 

F i g u r e  10.  N a t u r a l  n e u t r a l i s a t i o n  o f  w a t e r  i n  a n  abandoned mine. 

S u r f a c e  o r  Underground Water 
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- -  - 

Impermeable Dam 

Underground Mine 

minr 

F i g u r e  11 Crushed l i m e s t o n e  t o  n e u t r a l i s e  a c i d i c  mine w a t e r .  
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w i t h  a  w a t e r  s o u r c e  wh ich  l i e s  d i r e c t l y  a b o v e  i t .  W e l l s  and  
i n s t r u m e n t a t i o n  i n  t h e  b o r e h o l e s  c a n  b e  s e a l e d  f r o m  t h e  s u r f a c e  o r  t h e  
i n t e r i o r  o f  t h e  mine .  I n  g e n e r a l ,  t h e  l a t t e r  i s  p r e f e r a b l e ,  b u t  it d o e s  
n o t  mean t h a t  e v e n  when t h e  mine  i s  a c t i v e  n o  t h o u g h t s  b e  g i v e n  t o  i t s  
f u t u r e  abandonmen t .  

FLOOODING WITH NATURAL NEUTRALIZATION AGENTS 

P a r z e k  and  T a r r  1 9 7 2 ,  h a v e  a n a l y s e d  d i f f e r e n t  h y d r o l o g i c a l  
s i t u a t i o n s  i n  wh ich  a c i d i c  w a t e r  c o n t a i n e d  i n  a m i n e  c o u l d  b e  
n e u t r a l i s e d  i n  a  n a t u r a l  way w i t h  a l k a l i n e  w a t e r  e n a m i n a t i n g  f rom 
l i m e s t o n e  f o r m a t i o n s .  F i g u r e  1 0  shows  a  s e a l e d  a n d  f l o o d e d  mine ,  a b o v e  
w h i c h  a r e  l i m e s t o n e  a r e a s .  Through  b o r e h o l e s  p e r f o r a t i n g  f r o m  t h e  s u r f a c e  
t o  t h e  mine  i t  i s  p o s s i b l e  t o  f o r c e  a l k a l i n e  w a t e r  t o  t h e  m i n e  a n d  a l s o  
t h r o u g h  f l o o d e d  mine  w o r k i n g s .  

F i g u r e  11 shows  a  s i m i l a r  s y s t e m  i n  w h i c h  c r u s h e d  a l k a l i  p r o d u c i n g  
l i m e s t o n e  i s  d e p o s i t e d  a r t i f i c i a l l y  on t h e  s u r f a c e .  I n  b o t h  c a s e s ,  
a l k a l i n e  w a t e r  r e a c h i n g  t h e  mine ,  d i l u t e  t h e  a c i d i c  w a t e r  c o n t a i n e d  w i t h i n  
t h e  mine .  Wate r  r i c h  i n  c a l c i u m  c a r b o n a t e  a n d  magnesium i n  n a t u r a l  
c o n d i t i o n s  h a s  a  pH l e v e l  s l l g h t l y  h i g h e r  t h a n  8. I f  t h e  a l k a l i n e  f l o w  i s  
s u f f i c i e n t  it w i l l  p r o d u c e  a  s i g n i f i c a n t  rise i n  t h e  pH l e v e l  o f  t h e  w a t e r  
i n s i d e  t h e  mine .  The  c o n s e q u e n t  p r e c i p i t a t i o n  o f  i r o n  h y d r o x i d e  w i l l  h a v e  
a  d o u b l e  e f f e c t  a s  f o l l o w s : -  

( i )  D e - m i n e r a l i z e  t h e  mine  w a t e r  a n d  s o  i m p r o v i n g  its q u a l i t y .  

( i i )  Form a  s k i n  a r o u n d  t h e  s u l p h u r  g r a i n s ,  t h u s  p r e v e n t i n g  f u r t h e r  
o x i d a t i o n .  

P a r i z e k  a n d  T a r r  d o  n o t  comment o n  t h e  s u c c e s s  o r  o t h e r w i s e  o f  t h i s  
t e c h n i q u e .  

REDUCTION OF INTAKE WATER INTO THE MINE 

I n  some c a s e s ,  i t  i s  p o s s i b l e  t o  r e d u c e  s u b s t a n t i a l l y  t h e  i n t a k e  
o f  w a t e r  i n  t h e  mine .  I n  t h i s  way it i s  p o s s i b l e  t o  r e d u c e  t h e  q u a n t i t y  o f  
a c i d i c  w a t e r  f o r m a t i o n s  w i t h o u t  h e r m e t i c a l l y  s e a l i n g  t h e  mine.  The 
t e c h n i q u e s  d e s c r i b e d  e l s e w h e r e  w e r e  c o n c e r n e d  w i t h  l i m i t i n g  t h e  a i r  i n  
t h e  mine.  The  f o l l o w i n g  i s  c o n c e r n e d  w i t h  l i m i t i n g  t h e  w a t e r  i n  t h e  m i n e ,  
b e c a u s e  i t  i s  n o t  a l w a y s  p o s s i b l e  t o  e n t i r e l y  s t o p  t h e  e n t r a n c e  o f  w a t e r  
i n t o  a  mine  a n d  s o  o x i d a t i o n  w i l l  c o n t i n u e  i n d e f i n i t e l y  i n  t h e  abandoned  
w o r k i n g s .  T h e s e  t e c h n i q u e s ,  however  f r e q u e n t l y  r e d u c e  t h e  f l o w  o f  a c i d i c  
w a t e r  e f f l u e n t  a n d  s o  t h e  p rob lem c a n  b e  r e d u c e d .  It mus t  b e  a p p r e c i a t e d  
t h a t  w a t e r  c a n  e n t e r  a n  abandoned  mine  i n  many d i f f e r e n t  ways a s  f o l l o w s  ( 
Kim e t  a 1  1 9 8 2  ) :- 

o  Wate r  e n t e r i n g  t h r o u g h  s p r i n g s  

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



o Water f i l t e r i n g  through c r acks ,  f i s s u r e s  and borehole  
Connections.  

o Water migra t ing  from an a c t i v e  mine t o  t h e  abandoned mine 
nearby. 

I f  water  i s  i n f i l t r a t i n g  from s p r i n g s  above o r  below t h e  mine o r  
from t h e  s u r f a c e ,  a t t emp t s  could  be made t o  s e a l  t h e  rock mass surrounding 
t h e  a f f e c t e d  g a l l e r y  by cement g rou t i ng .  I f  hydrogeologica l  c o n d i t i o n s  a r e  
f avou rab l e ,  an e f f i c i e n t  s o l u t i o n  t o  t h e  problem could  be provided by 
g r a v i t y  d r a inage  of  t h e  water sou rce  o r  s p r i n g  o r  a by-pass beteween one 
upper water  sou rce  and a lower source  (Pa r i z ek  and Ta r r  1972 ) .  

I f  t h e  p r i n c i p a l  i n t a k e  of water  i n t o  t h e  mine is  from s u p e r f i c i a l  
water ,  t h e  most e f f i c i e n t  remedy i s  t o  by-pass t h e  water be fo r e  it begins 
t o  i n f i l t r a t e .  
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