
International Journal of Mine Water, Vol. 7, No. 3, September 1988, pp 49-59 

IMPACT OF COAL M I N I N G  ON MINE WATER QUALITY 

Gurdeep S i n g h  
C e n t r e  o f  S t u d i e s  i n  Mining Environment 

I n d i a n  School  o f  Mines 
Dhanbad - 826004 

ABSTRACT 

The c o a l  min ing  i n d u s t r y  h a s  t o  d i s p o s e  o f  m i l l i o n s  o f  l i t r e s  o f  w a t e r  
e v e r y  day. T h i s  w a t e r  forms main s o u r c e  o f  v a r i o u s  w a t e r  s u p p l i e s  i n  t h e  
t h i c k l y  p o p u l a t e d  c o a l f i e l d s .  I n  t h i s  s t u d y ,  w a t e r  samples  from m a j o r  
c o a l f i e l d s  were c o l l e c t e d  and a n a l y s e d  i n  a n  a t t e m p t  t o  r e f l e c t  t h e  impac t  
o f  min ing  o n  w a t e r  q u a l i t y  i n  t h e s e  a r e a s .  V a r i o u s  phys ico-chemica l  
c h a r a c t e r i s t i c s  o f  mine w a t e r s  a s  a n a l y s e d  i n c l u d e  pH, a l k a l i n i t y / a c i d i t y ,  
s p e c i f i c  c o n d u c t i v i t y ,  h a r d n e s s ,  t o t a l  s o l i d s ,  s u l p h a t e ,  c h l o r i d e  i r o n  and 
t r a c e  m a t e r i a l s .  

T h i s  i n v e s t i g a t i o n  r e v e a l s  t h a t  min ing  a c t i v i t y ,  marked ly  p o l l u t e  t h e  mine 
w a t e r s .  Mine w a t e r s  a r e  o f  h i g h l y  complex n a t u r e  and o f  w i d e l y  v a r y i n g  
compos i t ion .  These  a r e  n e a r l y  n e u t r a l ,  a l k a l i n e ,  m i l d l y  a c i d i c  and h i g h l y  
a c i d i c  i n  n a t u r e .  S p e c i a l  emphas i s  on w a t e r  q u a l i t y  d e t e r i o r a t i o n  due t o  
a c i d  mine d r a i n a g e  which r e s u l t  i n  s i g n i f i c a n t  c o n c e n t r a t i o n  l e v e l s  o f  
t r a c t  ( t o x i c )  m e t a l s ,  i s  g iven .  A c l a s s i f i c a t i o n  o f  t h e s e  mine w a t e r s  is 
a l s o  made. 

I n t r o d u c t i o n  

Coa l  mining o p e r a t i o n s  expose  r e l a t i v e l y  l a r g e  a r e a s  o f  rock  t o  t h e  a c t i o n  
o f  t h e  env i ronment ,  w i t h  t h e  r e s u l t  t h a t  abnormal q u a n t i t i e s  o f  w a t e r  
s o l u b l e  m i n e r a l s  may c o n t a m i n a t e  t h e  d r a i n a g e  from t h e  mine, and i n  t u r n ,  
t h e  l o c a l  s u r f a c e  d r a i n a g e  system. I n  many mines,  t h e  r a t e  o f  w a t e r  
p e r c o l a t i o n ,  even  i n  c r i t i c a l  summer, i s  heavy and needs  t o  be  pumped o u t  
t o  t h e  s u r f a c e  b a s i c a l l y  a s  a  mine d r a i n a g e  o p e r a t i o n .  

Mine w a t e r s  form major  s o u r c e  o f  v a r i o u s  w a t e r  s u p p l i e s  i n  t h i c k l y  
p o p u l a t e d  c o a l f i e l d  a r e a s .  However v e r y  l i t t l e  i n f o r m a t i o n  h a s  been 
r e p o r t e d  ( 1 - 3 ) .  T h i s  s u r v e y  a t t e m p t s  t o  p r e s e n t  t h e  impact  o f  c o a l  mining 
on w a t e r  q u a l i t y  from underground mines o f  I n d i a n  c o a l f i e l d s .  

Exper imenta l  Methods 

Underground mine w a t e r  samples  c o l l e c t e d  from J h a r i a ,  Ranigan j  and  
N o r t h e a s t e r n  (Assam) c o a l f i e l d s ,  were a n a l y s e d  f o r  v a r i o u s  physico-chemical  
c h a r a c t e r i s t i c s  by employing s t a n d a r d  methods ( 4 ) .  The pH and c o n d u c t i v i t y  
v a l u e s  were measured u s i n g  P h i l i p s  Ph-meter and S y s t r o n i c s  c o n d u c t i v i t y  



b r i d g e ,  r e s p e c t i v e l y .  I r o n  was e s t i m a t e d  s p e c t r o p h o t o m e t r i c a l l y  u s i n g  VS 
U 2  s p e c t r o p h o t o m e t e r .  The q u a n t i t a t i v e  a n a l y s e s  o f  t r a c e  m e t a l s  were done 
u s i n g  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r ,  SP 1900, Pye Unicam. D i l u t i o n  
h a s  been done wherever n e c e s s a r y  i n  c a s e  o f  some samples.  

R e s u l t s  and D i s c u s s i o n  

Phys ico-chemica l  c h a r a c t e r i s t i c s  o f  mine w s t e r s  from J h a r i a  and Ranigan j  
c o a l f i e l d s ,  a r e  g i v e n  i n  T a b l e s  1 and 2 r e s p e c t i v e l y .  These r e f l e c t  t h e  
geochemica l  sys tem o f  t h e  c o a l  seams and o v e r l y i n g  s t r a t a  from which t h e  
w a t e r  s a m p l e s  have  been c o l l e c t e d .  These underground mine w a t e r s  a r e  
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  i n  n a t u r e  and pH v a l u e s  l i e  w i t h i n  p e r m i s s i b l e  
l i m i t .  However, c o a l  mining a c t i v i t i e s  s i g n i f i c a n t l y  cause  m i n e r a l i s a t i o n  
o f  mine w a t e r s  a s  a  r e s u l t  o f  i n t e r a c t i o n  o f  w a t e r  w i t h  v a r i o u s  w e a t h e r a b l e  
m i n e r a l s  p r e s e n t  i n  t h e  geochemical  regime. 

A l k a l i n i t y  r e p r e s e n t s  t h e  t o t a l  b a s e s  n o t  n e u t r a l i s e d  by t h e  a c i d i c  
components o f  t h e  wate r .  It is b e l i e v e d  t h a t  moderate i n c r e a s e s  i n  t h e  
l e v e l  o f  a l k a l i n i t y  f a v o u r  i n c r e a s e d  a q u a t i c  b i o l o g i c a l  a c t i v i t y  and  a r e  
u n i m p o r t a n t  f o r  many w a t e r  uses .  Ca and Mg c o n s t i t u e n t s  o f  s h a l e s  and 
s a n d s t o n e s ,  o f t e n  o c c u r  i n  t h e  cementing m a t e r i a l s  t h a t  b ind  s e d i m e n t a r y  
r o c k  p a r t i c l e s  t o g e t h e r  and i n c r e a s e  c o n s i d e r a b l y  i n  mine w a t e r s  a f t e r  
min ing .  The i n c r e a s e  i n  Ca p r o v i d e s  an e x p l a n a t i o n  f o r  t h e  i n c r e a s e  i n  pH 
and a l k a l i n i t y  which f a v o u r  a q u a t i c  f l o r a  and f a u n a ,  and r e d u c e s  t h e  
c o n c e n t r a t i o n  o f  some m e t a l l i c  ions .  

C h l o r i d e  and s u l p h a t e  were o n l y  a n i o n s  measured s p e c i f i c a l l y ,  t h e  o t h e r  
l i k e l y  major  a n i o n ,  b i c a r b o n a t e  would be  c l o s e l y  approximated t h r o u g h  
a l k a l i n i t y .  C h l o r i d e  c o n c e n t r a t i o n s  i n  t h e s e  w a t e r s  a r e  i n  g e n e r a l  low and 
w i t h i n  p e r m i s s i b l e  limits. S u l p h a t e  compounds occur  i n  s a n d s t o n e s  and 
s h a l e s  o v e r l y i n g  t h e  c o a l  beds i n  t h e s e  wate rsheds .  The overburden  rocks  
a r e  more i m p o r t a n t  s o u r c e s  o f  s u l p h a t e  t h a n  t h e  w a s t e  c o a l .  S u l p h a t e  
c o n c e n t r a t i o n s  exceed t h e  p e r m i s s i b l e  P u b l i c  H e a l t h  S t a n d a r d s .  I r o n  
c o n c e n t r a t i o n s  o f  i r o n  a r e  c o n s i d e r e d  u n d e s i r a b l e  con taminants  i n  t e rms  of 
a q u a t i c  b i o t a  and u s e  by man. I n  t h e s e  mine w a t e r s  i r o n  mainly o c c u r r e d  a s  
f e r r o u s  i r o n .  Trace  m e t a l s  a r e  found t o  be  e i t h e r  comple te ly  a b s e n t  o r  
p r e s e n t  i n  q b a n t i t i e s  l e s s  t h a n  0.1 m g i l i t r e .  

Mine w a t e r s  from t h e s e  two major c o a l f i e l d s  a r e  q u i t e  hard .  Hardness  i s  
m a i n l y  due t o  t h e  p r e s e n c e  o f  Ca, Mg, b i c a r b o n a t e  and s u l p h a t e  i o n s .  S o f t  
w a t e r  a r e  a l s o  encounte red  i n  a  v e r y  few sumps. These mine w a t e r s  a l s o  
c o n t a i n  v e r y  h i g h  amount o f  d i s s o l v e d  s o l i d s  and hence become c o r r o s i v e  
p a r t i c u l a r l y  due t o  s u l p h a t e  and c h l o r i d e  c o n t e n t s  ( 5 ) .  S p e c i f i c  
conduc tance  r e l a t e d  d i r e c t l y  t o  t o t a l  d i s s o l v e d  s o l i d s .  An i n c r e a s e  i n  
s p e c i f i c  conduc tance  f o l l o w s  any d i s t u r b a n c e  i n  a  wate rshed .  The d i s s o l v e d  
s a l t  c o n t e n t  o f  a  mine wate r  i s  d e r i v e d  from t h e  s t r a t a  th rough  which t h e  
w a t e r  s e a p s  b e f o r e  e n t r y  i n t o  t h e  mine. Thus d i s s o l v e d  s a l t  c o n t e n t  
i n c r e a s e s  w i t h  i n c r e a s i n g  d e p t h  o f  t h e  mine. Water c l o u d i n e s s  ( t u r b i d i t y )  
and  sed iment  c o n t e n t  ( suspended  s o l i d s )  a r e  v i s u a l l y  observed .  I n  most o f  
t h e  c a s e s ,  mine w a t e r s  a r e  o f  o b j e c t i o n a b l e  odour and c o l o u r .  

A c i d i c  Mine Waters 

Chemical  a n a l y s i s  o f  mine w a t e r  samples from N o r t h e a s t e r n  c o a l f i e l d  (Assam) 
d e p i c t e d  i n  T a b l e  3 which show t h a t  w a t e r s  a r e  s e v e r a l l y  p o l l u t e d .  These 
mine w a t e r s  a r e ,  i n  g e n e r a l ,  h i g h l y  a c i d i c  and c o n t a i n  h i g h  s u l p h a t e  and 
i r o n  c o n t e n t s  coupled  w i t h  low pH A c i d i t y  i n  mine w a t e r s  r e s u l t s  by 
d i s s o l u t i o n  o f  o x i d i s e d  p y r i t i c  m a t e r i a l s  a s s o c i a t e d  w i t h  c o a l  and 



a s s o c i a t e d  s t r a t a  d u r i n g  min ing  o p e r a t i o n s  ( 6 , 7 ) .  The r a t e  o f  p y r i t e  
o x i d a t i o n  i s  g r e a t l y  a c c e l e r a t e d  by c e r t a i n  i r o n  and  s u l p h u r - o x i d i s i n g  
chemoauto t rophic  a c i d o p h i l i c  b a c t e r i a  p a r t i c u l a r l y  T h i o b a c i l l u s  f e r r o x i d e n s  
( 8 ) .  T h i s  e x p l a i n s  t h e  e x i s t e n c e  o f  Fe 3+ i n  a c i d i c  wate rs .  

The pH s u r v e y  i n  c o n j u n c t i o n  w i t h  a c i d  and s u l p h a t e  d a t a  show t h a t  s e v e r e  
a c i d i c  c o n d i t i o n s  e x i s t  a t  some c o l l i e r y  a r e a s ,  w h i l e  mi ld  t o  l e s s  a c i d i c  
c o n d i t i o n s  p r e v a i l  i n  o t h e r  a r e a s .  These  r e f l e c t  t h e  predominance o f  
r e a c t i v e  p y r i t e  i n  t h e  seams o f  t h e s e  a r e a s  and d i f f e r e n c e  o f  a c i d i t y  and 
s u l p h a t e  c o n t e n t s  may b e  due t o  v a r i a t i o n  o f  o c c u r r e n c e  o f  r e a c t i v e  p y r i t e  
m i n e r a l s  i n  t h e s e  a r e a s .  The l e s s  a c i d i t y  and more s u l p h a t e  c o n t e n t s  
i n d i c a t e  t h a t  a l k a l i n i t y  produced from c a l c a r e o u s  m a t e r i a l s  s u b s e q u e n t l y  
n e u t r a l i s e d  a c i d  i n  t h e  d ra inage .  I n  some s e c t i o n s ,  however,  d r a i n a g e  
w a t e r s  a r e  found t o  be  i n  n e a r  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  range ,  showing 
t h a t  t h e r e  is a  p a u c i t y  o f  p y r i t e s  i n  t h e  p a r t i c u l a r  s e c t i o n  o f  t h e  seam 
and  predominance o f  c a l c a r e o u s  m i n e r a l s .  

These mine w a t e r s  a r e  t y p i c a l l y  ex t remely  h a r d .  The h i g h  h a r d n e s s  v a l u e s  
coupled  w i t h  h i g h  a c i d i t y  and low pH i n d i c a t e  t h a t  p r i m a r y  c a t i o n  
c o n t r i b u t i n g  t o  it is s o l u b l e  i r o n  a p a r t  from ca2+ and M ~ ~ + .  F u r t h e r  t h e s e  
w a t e r s  d i f f e r  from more common t y p e  o f  h a r d  w a t e r s  i n  t h a t  s u l p h a t e  r a t h e r  
t h a n  b i c a r b o n a t e  is t h e  dominant an ion .  Hardness  o f  mine w a t e r s  e i t h e r  
approach  o f  become i r o n - s u l p h a t e  t y p e  i n  some c a s e s ,  w h i l e  i n  o t h e r s  t h e s e  
a r e  Ca-Fe-Mg s u l p h a t e  type .  

Toxic  t r a c e  m e t a l s  a r e  more s o l u b l e  a t  t h e  low pH l e v e l s  and e n t e r  i n t o  
s o l u t i o n  a s  a  r e s u l t  o f  secondary  r e a c t i o n s  between i r o n  s u l p h a t e s ,  
s u l p h u r i c  a c i d  and compounds i n  nearby  c l a y s ,  s a n d s t o n e s ,  l i m e s t o n e s ,  
s u l p h i d e s  e t c  ( 9 ) .  Q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t r a c e  m e t a l s  i n  a c i d i c  
mine wakers ,  i s  g i v e n  i n  Table  4 which show t h a t  t h e y  a r e  p r e s e n t  a t  
s i g n i f i c a n t  c o n c e n t r a t i o n  l e v e l s  and exceed t h e  P u b l i c  H e a l t h  S t a n d a r d s .  
Trace  m e t a l s  a t  t h e s e  l e v e l s  a r e  h i g h l y  t o x i c  and  u n d e s i r a b l e .  These 
s e v e r a l l y  p o l l u t e d  a c i d i c  w a t e r s  do n o t  s u p p c r t  a q u a t i c  l i f e ,  d e s t r o y  
mining equipment and c o n c r e t e  s t r u c t u r e s ,  r e s u l t  l a n d  damage and  pose  
v a r i o u s  env i ronmenta l  problems.  

C l a s s i f i c a t i o n  o f  Mine Waters 

A c l a s s i f i c a t i o n  o f  mine w a t e r s  on t h e  b a s i s  o f  t h e  phys ico-chemica l  
c h a r a c t e r i s t i c s  i n t o  d i f f e r e n t  c a t e g o r i e s  is g i v e n  i n  t a b u l a r  form i n  Table  
5. T h i s  c l a s s i f i c a t i o n  is impor tan t  a s  it w i l l  n o t  o n l y  g i v e  an i d e a  about  
t h e  p r o p e r t i e s  o f  mine w a t e r s  bu t  a l s o  h e l p  i n  s t u d y i n g  p o l l u t i o n  problems 
o r i g i n a t i n g  due t o  mine wate rs .  Most of  t h e  a l k a l i n e  mine w a t e r s  f a l l  i n  
c a t e g o r y  A-2. They have h igh  t o  medium c o n c e n t r a t i o n s  o f  d i s s o l v e d  s o l i d s ,  
h a r d n e s s  and s u l p h a t e .  Ca tegory  A-1, which a r e  a l s o  s l i g h t l y  a l k a l i n e  i n  
n a t u r e ,  d i f f e r  from t h o s e  o f  c a t e g o r y  A-2 i n  t h a t  t h e y  a r e  n o t  hard  and 
c o n t a i n  c o m p a r a t i v e l y  low c o n c e n t r a t i o n s  o f  d i s s o l v e d  s o l i d s  and s u l p h a t e .  
C h l o r i d e  c o n c e n t r a t i o n s  o f  bo th  t h e  c a t e g o r i e s  a r e  n o t  v e r y  d i f f e r e n t  and 
a r e  g e n e r a l l y  lower t h a n  s u l p h a t e  c o n c e n t r a t i o n s .  Mine w a t e r s  o f  c a t e g o r y  
A-3 c o n t a i n  v e r y  h i g h  c o n c e n t r a t i o n s  of  d i s s o l v e d  s o l i d s ,  p a r t i c u l a r l y  
c h l o r i d e  and a r e  h i g h l y  c o r r o s i v e  i n  n a t u r e .  Genera l  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  and c o n c e n t r a t i o n  o f  v a r i o u s  c o n s t i t u e n t s  f o r  d i f f e r e n t  
t y p e s  o f  a l k a l i n e  mine w a t e r s  can  be  summed up i n  T a b l e  6 .  

The o t h e r  c l a s s  o f  mine w a t e r s  compr i ses  o f  a c i d i c  wate rs .  Such w a t e r s  can  
e i t h e r  be  m i l d l y  a c i d i c  o r  h i g h l y  a c i d i c  i n  n a t u r e  depending  upon t h e  
q u a l i t y  o f  t h e  c o a l  seam and r e l a t e d  s t r a t a .  These mine w a t e r s  can  b r o a d l y  
be  c l a s s i f i e d  i n t o  two t y p e s  - t h o s e  which a r e  s o f t  and m i l d l y  a c i d i c  and 



t h o s e  t h a t  a r e  t y p i c a l l y  h a r d  and a c i d i c .  The g e n e r a l  c h a r a c t e r i s t i c s  o f  
t h e s e  t y p e s  have been shown i n  T a b l e  7.  

The a u t h o r  is t h a n k f u l  t o  Prof .  D.K.  S i n h a ,  D i r e c t o r ,  I n d i a n  School  o f  
Mines f o r  encouragement,  s u p p o r t  and p r o v i d i n g  n e c e s s a r y  f a c i l i t i e s  f o r  
t h i s  work. 
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Table 5 Classification of Mine Waters 

Underground Minewaters 

Neutral to Alkaline 
Minewaters 

Acidic Minewaters 

(pH = 2.0 to 7.0) 
(pH = 7.0 and above) 

Soft alkaline Hard alkaline Highly saline 

(pH = 7.5 to 8.5) (pH = 7.0 to 8.5) (pH = 6.0 to 8.0) 

Soft, slightly 
acidic water 

(pH = 5.0 to 7.0) 

Hard, highly 
acidic water 

(pH = 2.0 to 4.5) 



Table 6 Characteristics of Alkaline Mine Waters 

Water Quality Factors Category of the Alkaline Minewaters 

A -2 - A-2 - A-3 

(a) pH 7.5-8.5 7.0-8.5 6.0-8.0 

(b) Alkalinity 
(Mgll CaC03 

( C) Hardness 
Mgll CaCO 

3 

( d )  T. Dissolved 
solids mgll 

Element or Iron Content 

(e) Calcium mg/l 10-50 50-200 100- 150 

(f) Magnesium mgll 1 0-30 40-180 80-100 

( g )  Total Iron mg/ 1 0-2 0-5 0-5 

( h )  Sulphate mg/l 

Trace Elements 

10-100 100-800 1000 and 
above 

Either completely absent or present 
in quantities less than 0.1 mgllitre 



Table 7 Characteristics of Acidic Mine Waters 

Water Quality Factors 

( a )  pH 

(b') Acidity 
mgll H2S04 

(c) Hardness 
mg/ 1 CaCO 

3 

(d) Total dissolved 
solids mg!l 

Element or Ion Content 

(e) Calcium mg/l 

(f) Magnesium mg!l 

(g) Ferric iron mg!l 

(h) Ferrous iron mg! 1 

(i) Total sulphate mg!l 

(j) Chloride mg!l 

Trace Elements 

Al, Cu, Zn, Hg, Ni 
U, Cr, Sb, etc. 

Category of Acid Minewaters 

B-1 - 8-2 - 

5.0-7.00 2.0-4.5 

25- 150 100-2500 

20-80 100-250 

10-70 50- 100 

0-20 10-250 

20-50 20-200 

200-600 100 and above 

20-50 20- 100 

Present in quantities of 0 5 mg!l 
depending upon other conditions 
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