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ABSTRACT 

T h e  p a p e r  d e s c r i b e s  a n d  c l a s s i f i e s  t h e  m a j o r  h y d r o l o g i c a l  p r o b l e m s  a f f e c t -  
i n g  c o a l  m i n i n g  i n  S p a i n .  Wa te r  p r o b l e m s  o f  b o t h  s u r f a c e  a n d  u n d e r g r o u n d  
m i n e s  a r e  d e s c r i b e d .  F o r  r e a s o n s  o f  b r e v i t y  t h e  d e s c r i p t i o n  o f  t h e  remed- 
i a l  m e a s u r e s  u s e d  t o  ove rcome  t h e s e  d i f f i c u l t i e s  i s  d e l i b e r a t e l y  e x c l u d e d .  

GEOLOGICAL ENVIRONMENT 

The  r e p o r t  o n  S p a n i s h  c o a l  d e p o s i t s ,  p u b l i s h e d  by t h e  C e n t r e  f o r  Ene rgy  
S t u d i e s  ( 1 9 7 9 ) ,  i d e n t i f i e s  a  t o t a l  o f  5 9  c o a l f i e l d s  ( f i g u r e  1 )  d i s t r i b u t e d  
i n  t w e l v e  z o n e s ,  t o  w h i c h  new c o a l f i e l d s  d i s c o v e r e d  i n  r e c e n t  y e a r s  mus t  
b e  a d d e d .  Some 200 c o m p a n i e s  a r e  i n v o l v e d  i n  m i n i n g  a c t i v i t i e s  i n  t h e s e  
c o a l f i e l d s .  

I n  S p a i n ,  t h e  b i t u m i n o u s  c q a l  a n d  a n t h r a c i t e  d e p o s i t s  a r e  C a r b o n i f e r o u s  i n  
a g e .  They a r e  m o s t l y  s i t u a t e d  i n  t h e  p r o v i n c e s  o f  A u s t r i a s ,  Leon,  P a l e n c i a  
C i u d a d  R e a l  a n d  Cordoba .  The p r e - S t e p h a n i a n  p a r a l i c  d e p o s i t s  a r e  w e l l  
d e v e l o p e d  i n  A s t u r i a s  w h e r e  t h e y  h a v e  b e e n  s e v e r e l y  de fo rmed  by t h e  v a r i s -  
c a n  f o l d i n g  d e v e l o p e d  t h e r e  d u r i n g  t h e  W e s t p h a l i a n  t i m e .  On t h e  c o n t r a r y ,  
i n  S o u t h e r n  S p a i n ,  p r e - S t e p h a n i a n  d e p o s i t s  h a v e  l i m n i c  c h a r a c t e r i s t i c s  a n d  
a r e  n o t  s o  s t r o n g l y  d e f o r m e d ;  t h e y  p o s t d a t e  main  v a r i s c a n  f o l d i n g  w h i c h  
o c c u r r e d  e a r l i e r  t h a n  i n  A s t u r i a s .  The u p p e r m o s t  C a r b o n i f e r o u s  ( S t e p h a n -  
i a n )  c o a l  d e p o s i t s  are e v e r y w h e r e  l i m n i c  a n d  t h e i r  t e c t o n i c  s t r u c t u r e  i s  
g e n t l e ,  e x c e p t  i n  some p l a c e s  w h e r e  t h e y  h a v e  u n d e r g o n e  i n t e n s e  a l p i n e  
d e f o r m a t i o n s .  

T h e  l i g n i t e  d e p o s i t s ,  i n  w h i c h  a r e  i n c l u d e d  t h e  b l a c k  and  brown l i g n i t e s ,  
a n d  t h e  p e a t s ,  w i t h  a g e s  r a n g i n g  u p  t o  C r e t a c e o u s ,  P a l e o g e n e  and  Neogene,  
are l o c a t e d  i n  G a l i c i a ,  Aragon ,  C a t a l o n i a ,  t h e  B a l e a r i c  I s l a n d s  a n d  
A n d a l u s i a .  T h e i r  s t r u c t u r a l  a r r a n g e m e n t  may b e  t a b u l a r  o r  h o m o c l i n a l  i n  
some a r e a s  ( f . i .  E b r o b a s i n ) ,  w h i l s t  w i t h i n  t h e  f o l d e d  b e l t s  ( P y r e n e e s ,  
I b e r i a n  R a n g e )  o f  a l p i n e  a g e  i t  i s  g e n t l y  o r  m o d e r a t e l y  de fo rmed  f o r  t h e  
d e p o s i t s  p r e d a t i n g  t h e  f o l d i n g s .  I n  some i n t e r m o n t a n e  ( G r a n a d a  b a s i n  i n  
t h e  B e t i c  C o r d i l l e r a ,  C e r d a n y a  i n  t h e  P y r e n e e s ,  f . i . )  a n d  f o r e l a n d  
( P u e n t e s  d e  G a r c i a  R o d r i g u e z  a n d  o t h e r ,  i n  G a l i c i a ) ,  Neogene a n d  o r  
Q u a t e r n a r y  l i g n i t e  a n d  p e a t  d e p o s i t s  o c c u r  a n d  show t a b u l a r  o r  g e n t l y  
d e f o r m e d  s t r u c t u r e s .  



I )  C O A L M I N E  

COAL TRACE 

F i g u r e  1 :  L o c a t i o n  o f  c o a l  m i n e s  and  c o a l  t r a c e s ,  i n  S p a i n  (CEE, 1979) 

MINING METHODS 

Owing t o  t h e  d i v e r s i t y  o f  s t r u c t u r e ,  s eam t h i c k n e s s  and  d i p ,  a n d  geomorpho-  
l o g y ,  t h e s e  d e p o s i t s  a r e  mined i n  many v a r i e d  ways  a n d  c o n s e q u e n t l y  i n  v e r y  
d i f f e r e n t  h y d r o g e o l o g i c a l  s u r r o u n d i n g s .  I n  a d d i t i o n ,  a  r e p r e s e n t a t i o n  o f  
p r a c t i c a l l y  a l l  h y d r o g e o l o g i c a l  m i n i n g  p r o b l e m s  e x i s t s  i n  t h i s  c o u n t r y  d u e  
t o  t h e  l i t h o s t r a t i g r a p h i c a l  d i v e r s i t y  a n d  d i f f e r e n t  a c q u i f e r  b e h a v i o u r  o f  
r o c k  m a s s e s  a f f e c t e d  by  t h e  m i n i n g  o p e r a t i o n s .  

U n d e r g r o u n d  M i n i n g  

S t e e p l y  D i p p i n g  Seams:- I n  t h e  c a s e  o f  t h e  d e p o s i t s  s t e e p l y  d i p p i n g  o r  
s u b - v e r t i c a l  s e a m s  t h e  mos t  common m i n i n g  method is t h e  m o d i f i c a t i o n  o f  
t h e  m e t a l l i f e r o u s  m i n e  s t o p i n g  s y s t e m ;  i n c o r p o r a t i n g  a  p i ckhammer ,  some- 
t i m e s  a s s i s t e d  w i t h  e x p l o s i v e s ,  w i t h  e l e c t r i c a l l y  o r  p n e u m a t i c a l l y  o p e r a t e d  
c o a l  c u t t e r s .  T h e  g r o u n d  s u p p o r t  i s  o b t a i n e d  a s  w i t h  t i m b e r  w i t h  p r o t e c t i o n  
w i t h  p a c k i n g ,  c o m p l e t e  o r  o t h e r w i s e  and  d e p e n d a n t  o n  r o o f  c h a r a c t e r i s t i c s .  
C o m p l e t e  p a c k i n g  is becoming  g e n e r a l  p r a c t i c e ,  o t h e r w i s e  t h e  c a v i n g  is 
p r o t e c t e d  w i t h  t i m b e r  p a c k s .  

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



Modera te ly  D i p p i n g  Seams:- Seams d i p p i n g  between 40° and 2 5 O  a r e  u s u a l l y  
worked by s u b - l e v e l  c a v i n g s ,  s u b - l e v e l  open s t o p i n g  o r  s t o p e  min ing  
s y s t e m s .  Min ing  is w i t h  a pickhammer ( somet imes  w i t h  t h e  a i d  o f  e x p l o s i v e s )  
o r  w i t h  d i f f e r e n t  t y p e s  o f  c o a l  c u t t e r .  A s  t h e  i n c l i n a t i o n  o f  t h e s e  open- 
i n g s  is n o t  s u i t a b l e  f o r  i n t r o d u c i n g  p a c k i n g  u n d e r  g r a v i t y ,  mechan ica l  
s t r e n g t h e n i n g  is used  f o r  s u p p o r t  (powered s u p p o r t s  o r  i n d i v i d u a l  hydrau-  
l i c  o r  y i e l d i n g  s u p p o r t s ) .  S t r e n g t h e n i n g  is  w i t h  t i m b e r  i n  t h e  roadways,  
w i t h  r u b b l e  o r  wooden packs ,  b u t  w i t h  c a v i n g  i n  o f  t h e  pos t -workface ,  
on  r e c o v e r i n g  t h e  p i l l a r s .  

L e v e l  Seams:- F o r  g e n t l y  d i p p i n g  and s u b - h o r i z o n t a l  seams a  h i g h e r  d e g r e e  
o f  m e c h a n i z a t i o n  is p o s s i b l e  u s i n g  p l o u g h s  o r  c o a l  c u t t e r s  w i t h  i n d i v i d u a l  
h y d r a u l i c  o r  y i e l d i n g  s u p p o r t s  (powered o r  movable)  b u t  a lways  w i t h  p o s t -  
w o r k f a c e  c a v i n g .  When t h e  seams a r e  more a l t e r e d ,  o r  i n  t h e  s m a l l e r  mines  
which c a n n o t  j u s t i f y  m e c h a n i z a t i o n ,  t h e  s u b - l e v e l  s t o p i n g  o r  t h e  rooms 
and  p i l l a r s  method is u s e d ,  w i t h  v a r i a t i o n s  a d a p t e d  t o  e a c h  c o a l f i e l d .  
Coa l  mass  c a v i n g  is used  f o r  t h i c k  seams ,  employ ing  t r a n s v e r s e  w o r k f a c e s  
up t o  t h e  s i d e  w a l l s .  

OPEN-PIT MINING 

T h i s  is g r a d u a l l y  becoming more i m p o r t a n t ,  w i t h  m a j o r  examples  o f  work ings  
i n  G a l i c i a ,  A s t u r i a s ,  T e r u e l ,  C a t a l o n i a ,  Ciudad R e a l  and Cordoba,  some o f  
wh ich  a r e  o f  a p p r e c i a b l e  s i z e  and d e p t h .  I n  some c a s e s ,  c u t  i n  t h e  
moun ta in  s i d e  a r e  worked f o r  i n c l i n e d  seams,  a l t h o u g h  c u t s  i n  s t r u c t u r a l  
t e c t o n i c  d e p r e s s i o n s  o r  i n  t h e  u p p e r  p a r t  o f  o u t c r o p i n g  f o l d  s t r u c t u r e s  
a r e  more c h a r a c t e r i s t i c .  The a u t h o r  would l i k e  t o  p o i n t  o u t  t h a t  t h e s e  
c u t s  make i t  n e c e s s a r y  t o  e x c a v a t e  b o t h  ove rburden  and c o a l .  T h e r e f o r e ,  
n o t  o n l y  m i n i n g  methods ( d r e d g i n g ,  e x c a v a t o r s ,  b u c k e t  wheel  c o n v e y o r s ,  
b l a s t i n g )  a r e  a f f e c t e d ,  b u t  a l s o  s l o p e  s t a b i l i t y .  A l l  a r e  c o n d i t i o n e d  by 
t h e  p r e s e n c e  o f  w a t e r  and by d r a i n a g e  which a r e  i n  t u r n  c o n d i t i o n e d  by t h e  
p e r m e a b i l i t y  and s t r u c t u r e  o f  t h e  seams.  From a h y d r o g e o l o g i c a l  p o i n t  o f  
v i ew,  b o t h  t h e  n a t u r e  o f  t h e  o v e r b u r d e n  and t h e  m a t e r i a l s  i n  t h e  e x c a v a t e d  
s l o p e s  i n t e r n a l  a n d / o r  f i n a l ,  t o g e t h e r  w i t h  t h e  berms,  a r e  o f  g r e a t  impor t -  
a n c e  i n  t h e s e  work ings .  

HYDROGEOLOGICAL PROBLEMS I N  UNDERGROUND MINING 

I t  is  i m p o r t a n t  t o  n o t e  t h a t  g i v e n  t h e  l a r g e  number o f  mines  t h e  d i v e r s i t y  
m o r p h o l o g i c a l  and g e o l o g i c a l  c o n d i t i o n s ,  and t h e  v a r i e t y  o f  min ing  s y s t e m s  
employed,  i t  is i n e v i t a b l e  t h a t  t h e  work ings  a r e  a f f e c t e d  i n  v e r y  d i f f e r e n t  
ways f rom a h y d r o l o g i c a l  p o i n t  o f  view 

( a )  Mines  w i t h  n o  Water  Problems 

I n  t h i s  f i r s t  g r o u p  a r e  i n c l u d e d  t h o s e  o l d  o r  new mines  t h a t  have  n o  
p r e v i o u s  o r  c u r r e n t  w a t e r  problems.  F o r  example,  t h i s  is t h e  c a s e  o f  t h e  
s t r i p  mine o f  t h e  Va lmisa  company i n  A l c o r i s a  ( T e r u e l ) ,  which o n l y  h a s  a  
f l o w  o f  3 l i t r e s / h o u r  o f  w a t e r  ( e m a n a t i n g  f rom s u r f a c e  s a n d s ) ,  and d o e s  n o t  
a f f e c t  m i n i n g  o p e r a t i o n s .  A l so  i n c l u d e d  is t h e  open  p i t  mine o f  Mine and 
Rai lway o f  U t r i l l a s ,  S.A. which worked t h e  b l a c k  l i g n i t e  seams f rom a 
l i t h o l o g i c a l  complex o f  s a n d s t o n e ,  l u t i t e s ,  and c a r b o n a c e u s  s e d i m e n t s  i n  
U t r i l l a s  ( T e r u e l ) .  

( b l  Mountain  Mines  w i t h  o n l y  S e a s o n a l  Flows 

I n c l u d e d  h e r e  a r e  t h o s e  moun ta in  mines  whose s t r a t a  a r e  more o r  less s u b j e c -  
t e d  t o  n a t u r a l  d r a i n a g e  t h r o u g h  t h e  s u r r o u n d i n g  v a l l e y s .  I n  t h i s  c a s e  t h e  



g r a v i t y  d r a i n a g e  c a u s e d  by t h e  m i n i n g  o p e r a t i o n s  i s  o n l y  s e a s o n a l l y  a f f e c t e d  
w i t h  d r a i n a g e  t h r o u g h  roadways  o r  t r a n s v e r s e  a c c e s s  r o a d s .  O c c a s s i o n a l l y  
r a p i d  d r a i n a g e  o f  p e r c h e d  w a t e r  t a b l e s  may o c c u r .  F o r  e x a m p l e ,  t h e  c a s e  o f  
t h e  M i n e r a  d e  F o n t o r i a ,  S .A.  a n t h r a c i t e  m i n e s  i n  t h e  F a b e r o  c o a l f i e l d  
( L e o n ) ,  w h i c h  a r e  n o r m a l l y  d r y  f r o m  May t o  O c t o b e r ,  b u t  a n  o v e r a l l  i n f l o k  
o f  a r o u n d  1 0 0 . 0 0 0  m3 ( e x c e p t  f o r  some v e r y  r a i n y  y e a r s )  is c a l c u l a t e d  f o r  
t h e  res t  o f  t h e  y e a r .  The  w a t e r  is d r a i n e d  by g r a v i t y  a n d ,  f o r  t h e  a v e r a g e  
a n n u a l  p r o d u c t i o n  o v e r  t h e  l a s t  5  y e a r s  o f  8 1 , 7 7 6  t o n n e s ,  i n v o l v e s  a  s m a l l  
d r a i n a g e  r a t i o  o f  1 . 2  m3 / t  o f  c o a l .  

( c )  M o u n t a i n  Mines  I n t e r c e p t i n g  A q u i f e r s  i n  t h e  U n s a t u r a t e d  ( V a d o s e )  Zone 

I n  t h i s  c a t e g o r y  a r e  i n c l u d e d  t h o s e  m o u n t a i n  m i n e s  t h a t  d r a i n  u n d e r  g r a v i t y  
t h r o u g h  t h e  a c c e s s  c r o s s r o a d s  o r  r oadways  w h i c h  i n t e r c e p t  a c q u i f e r  s y s t e m s  
t h a t  a r e  p a r t i a l l y  c o n f i n e d  t o  t h e  m i n i n g  l e v e l .  They p r o v i d e  a  p e r m a n e n t  
g r a v i t a t i o n a l  f l o w ,  a s  a  r e s u l t  o f  t h e  d r a i n a g e  p r o c e s s  d u e  t o  e x t e n s i o n  o f  
t h e  m i n i n g  o p e r a t i o n s ,  a n d  t o  n a t u r a l  o r  i n d u c e d  r e c h a r g e  o f  t h e  u n d e r g r o u n d  
a c q u i f e r  s y s t e m .  To t h i s  w a t e r  w i t h  a  s l o w  h y d r o l o g i c a l  c y c l e ,  o t h e r  s h o r t -  
t i m e  c y c l e  w a t e r  may b e  a d d e d  a s  a  r e s u l t  o f  t h e  d i r e c t  i n f l o w  o f  r a i n -  
w a t e r  o r  s u r f a c e  r u n o f f  i n  r a i n y  p e r i o d s ,  e i t h e r  t h r o u g h  o l d  w o r k i n g s  t h a t  
r e a c h  u p  t o  t h e  s u r f a c e ,  o r  t h r o u g h  t h e  f r a c t u r e s  c a u s e d  by t h e  mine  r o o f  
c o l l a p s e ,  o r  t h r o u g h  o t h e r  s t r u c t u r a l  d i s c o n t i n u i t i e s .  The  w a t e r  i n f l o w  
r a t e s  i n  t h e s e  roadways  o r  c r o s s - c u t s  a n d  a d i t s  u s u a l l y  i n c r e a s e  w i t h  
d e p t h .  An e x a m p l e  o f  t h i s  t y p e  is A n t r a c i t a s  d e  V e l i l l a ,  S.A. M i n e s  t h a t  
o p e r a t e  a n  u n d e r g r o u n d  m i n e ,  w i t h o u t  s t o w i n g ,  o f  e i g h t  s eams  o f  W e s t p h a l -  
ian-D c o a l ,  w i t h  t h i c k n e s s e s  o f  be tween  16O a n d  35O, w i t h  a n  a v e r a g e  o f  
2 0 ° .  Mine  a c c e s s  is  t h r o u g h  s e v e n  c r o s s  c u t s  l o c a t e d  a t  d i f f e r e n t  l e v e l s  
( b e t w e e n  1 , 2 2 5  m  a n d  1 , 5 4 5  m ) ,  w i t h  l e n g t h s  v a r y i n g  be tween  8 0  m  a n d  1 , 5 0 0  m. 
T h e  d e p o s i t ,  whose  c o a l  s e a m s  d o  n o t  o u t c r o p  a t  t h e  s u r f a c e ,  i s  a f f e c t e d  by 
a complex  f a u l t  s y s t e m .  I n  t h e  s t r a t i g r a p h i c  s e q u e n c e  b o t h  m a r i n e  and  
t e r r e s t r i a l  l a y e r s  are r e p r e s e n t e d  ( i n  t h e  l a t t e r ,  s a n d s t o n e  o f  g r e a t e r  o r  
lesser p o r o s i t y  is  a b u n d a n t ) .  

R a i n f a l l  f o r  1984 /1985  was  975  mm, a n d  t h e  t o t a l  w a t e r  i n f l o w  f r o m  t h e  
d i f f e r e n t  l e v e l s  o v e r  t h i s  p e r i o d  was  b e t w e e n  21 a n d  1 2 6  l / s ,  w i t h  a n  a v e r -  
a g e  o f  7 4  l / s ,  s o  t h a t  w i t h  a n  a v e r a g e  a n n u a l  p r o d u c t i o n  o f  16OS000  g r o s s  
t o n n e  i n  t h e  l a s t  f i v e  y e a r s ,  t h i s  means  a  d r a i n a g e  r a t i o  o f  1 4 . 5  m 3 / t  o f  
c o a l .  

I t  is  i m p o r t a n t  t o  e m p h a s i z e  t h a t  t h e  minimum f l o w  r a t e s ,  d r a i n e d  away by 
t h e  d i f f e r e n t  f l o o r s ,  a r e  v e r y  s i m i l a r  ( f r o m  November 1984  t o  O c t o b e r  1 9 8 5  
t h e  min ima  h a v e  v a r i e d  b e t w e e n  181 a n d  3 9 0  m 3 / d a y ,  w i t h  a n  a v e r a g e  o f  
257 m 3 / d ) .  T h e s e  i n f l o w s ,  t o  a  c e r t a i n  e x t e n t  m u s t  r e s p o n d  t o  t h e  " b a s e  
f l o w  r a t e "  o f  t h e  a c q u i f e r s .  The  a v e r a g e  f l o w  r a t e s  i n  t h e s e  r o a d w a y s ,  a s  
is t y p i c a l  i n  t h i s  t y p e  o f  m i n i n g ,  show a  r e g u l a r  i n c r e a s e  w i t h  d e p t h .  I t  
i s  a  c o n s e q u e n c e  o f  t h e  i n f l o w  t o  t h e  b a s e  f l o w  r a t e  o f  t h e  w a t e r  c o r r e s p -  
o n d i n g  t o  t h e  f a s t  r a i n f a l l  i n f i l t r a t i o n  c y c l e  t h r o u g h  t h e  mine  w o r k i n g ,  a s  
is c o n f i r m e d  w i t h  t h e  maximum f l o w  r a t e  t r e n d  ( F i g  2 )  o f  2900  m 3 / d .  

( d l  U n d e r g r o u n d  M i n e s  Below P i e z o m e t r i c  L e v e l  

T h i s  c a t e g o r y  c o m p r i s e s  u n d e r g r o u n d  m i n e s  t h a t  a r e  worked be low  t h e  p i e z o -  
m e t r i c  l e v e l ,  w h e r e  a c c e s s  is by p i t  s h a f t s  o r  d e s c e n d i n g  r amps .  I n  t h e s e  
c a s e s ,  i t  is  n e c e s s a r y  t o  pump o u t  t h e  w a t e r  d r a i n e d  by t h e  mine  w o r k i n g .  
Some w o r k i n g  a r e a s  i n  t h e s e  m i n e s  may c o r r e s p o n d  t o  t h e  p r e v i o u s  two  
c a t e g o r i e s .  



DEWATERIMS ( ms / day 

F i g u r e  2:  D e w a t e r i n g  t r o u g h  t h e  a c c e s s  g a l e r i e s  a t  d i f f e r e n t  unde rg round  
m i n i n g  l e v e l s  i n  A n t r a c i t a s  d e  V e l i l l a  mine (November 1984 t o  
O c t o b e r  1985 

The w a t e r  i n f l o w  t o  t h e  mine may come from t h e  s t o r a g e  i n  a q u i f e r s  a f f e c t e d  
by t h e  cone  ( i n  wh ich  c a s e  t h e  f l o w  r a t e  f a l l s  i f  t h e  mine deve lopmen t  
i n v o l v e s  a  d r a i n a g e  g r e a t e r  t h a n  t h e  w a t e r  r e l e a s e d  f rom t h e  s t o r a g e ) .  I t  
may a l s o  come from r e n e w a b l e  r e s o u r c e s ,  by means o f  n a t u r a l  o r  i n d u c e d  
r e c h a r g i n g  o f  s u r f a c e  o r  g round  w a t e r .  

T h i s  is  t h e  mos t  common h y d r o g e o l o g i c a l  c a t e g o r y  o f  unde rg round  m i n e s .  
They may b e  c l a s s i f i e d  i n  sub -g roups  a s  a  consequence  o f  t h e  mining-hydro-  
g e o l o g i c a l  e n v i r o n m e n t  i n  which t h e y  a r e  l o c a t e d ,  and o f  t h e  m i n i n g  methods  
employed.  I t  i t  t h e r e f o r e  o f  i n t e r e s t  t o  d e s c r i b e  some t y p i c a l  c a s e s  i n  
t h i s  c a t e g o r y .  

The f i r s t  sub -g roup  i n c l u d e s  t h o s e  mines  t h a t  i n v o l v e  r e l a t i v e l y  
p l a s t i c  m a t e r i a l s  w i t h  low p e r m e a b i l i t y  and  l i t t l e  r e c h a r g i n g ,  con- 
t r i b u t i n g  a  s m a l l  amount o f  w a t e r  t o  mine w o r k i n g s .  F o r  example  t h e  
unde rg round  l i g n i t e  w o r k i n g s  o f  Minas  y  F e r r o c a r r i l  d e  U t r i l l a s ,  S.A. 
i n  t h e  p r o v i n c e  o f  T e r u e l ,  wh ich  h a s  a t o t a l  d e w a t e r i n g  o f  1 , 0 0 0  t o  
1 , 2 0 0  m3/d ( 1 2  t o  14  l / s ) ,  which  is  a  low y i e l d  d e s p i t e  t h e  g r e a t  
s i z e  o f  t h e  unde rg round  w o r k i n g s .  I n  t h i s  c a s e  t h e  w a t e r  comes f rom 
s a n d y  s e c t i o n s  i n t e r  bedded w i t h  c l a y s  and marls i n t e r s e c t e d  by t h e  
mine  s h a f t s  (3 .8 l / s  c o n t r i b u t e d  by t h e  San  J u s t  S h a f t  and  2 . 5  l / s  
by t h e  P i l a r  S h a f t ) ;  o r  by p o i n t  i ~ f l ? w s  f rom d r i p p i n g  f r o m  g a l l e r y  
r o o f s  i n  p r o d u c t i o n  l e v e l s  and  f rom o l d  w o r k i n g s  ( w i t h  f l o w  r a t e s  



below 0 . 5  o r  1 l / s ) .  If we t a k e  i n t o  a c c o u n t  t h a t ,  i n  t h i s  mine,  
a v e r a g e  l i g n i t e  p r o d u c t i o n  f o r  1980-84 was 440,000 t o n n e s / y e a r  ( w i t h  
v a r i a t i o n s  b e t ~ e e n  392,000 and 501 ,000  t o n n e s ) ,  t h e  a v e r a g e  d r a i n a g e  
r a t i o  i s  0 . 8  t o  1 m 3 / t  o f  l i g n i t e .  

F i g u r e  3: Dewate r ing  i n  underground work ings ,  L i e r e s  Mines ( A s t u r i a s )  

A s i m i l a r  c a s e  is t h e  Minas d e  L i e r e s ,  S.A. i n  A s t u r i a s ,  a l t h o u g h  
t h e r e  is a g r e a t e r  v a r i a b i l i t y  i n  d r a i n a g e  f l o w  r a t e s  h e r e .  F o r  t h e  
p e r i o d  between J a n u a r y  1980 and Sep tember  1985 t h e  monthly volumes 
v a r i e d  between a minimum o f  6 , 4 2 5  m 3  and a maximum o f  10 ,513  m3 
( F i g  3 ) .  T h i s  is e q u i v a l e n t  t o  207 m3/d ( 2  l / s )  and 339 m3/d ( 4  l / s ) ,  
w i t h  a d a i l y  a v e r a g e  o f  252 m3/d ( 3  l / s )  and a v a r i a t i o n  o f  o n l y  
1 / 1 . 6 .  For  t h e  a v e r a g e  p r o d u c t i o n  o v e r  t h i s  p e r i o d  o f  157 ,335  t o n n e s /  
y e a r  ( w i t h  a minimum o f  151 ,072 t o n n e s  and a maximum o f  166 ,169  
t o n n e s ) ,  t h e  d r a i n a g e  r a t i o  was o n l y  0 .6  m 3 / t  o f  c o a l .  

( i i)  A second  sub-group c o n t a i n s  t h o s e  underground work ings ,  below t h e  
p i e z o m e t r i c  l e v e l ,  w i t h  t empora ry  c y c l i c  v a r i a t i o n s  a s  a r e s u l t  o f  
d i r e c t  a c c e s s  o f  r a i n f a l l  o r  s u r f a c e  r u n o f f  i n  r a i n y  p e r i o d s .  T h i s  
subgroup  h a s  s i g n i f i c a t i v e  v a r i a t i o n s  f rom even  day t o  day ,  month t o  
month,  o r  y e a r  t o  y e a r .  F o r  example,  t h e  San  J o s e  and San  R a f a e l  
S h a f t s  ( F i g  4 )  o f  t h e  Empresa N a c i o n a l  C a r b o n i f e r a  d e l  S u r ,  S.A., i n  
Penarroya-Pueblonuevo ( C o r d o b a ) ,  w i t h  r educed  i n f l o w s ,  t h a t  l a r g e l y  
a r i s e  i n  o l d  s u r f a c e . a n d  underground work ings ,  t o t a l l i n g  a d r a i n a g e  
r a t i o  o f  o n l y  1 m 3 / t  o f  c o a l  f o r  t h e  a n n u a l  a v e r a g e  p r o d u c t i o n  o f  
220,000 t o n n e s  o f  c o a l ,  a l t h o u g h  d e w a t e r i n g  o f  654 ,000  m 3  o f  w a t e r  
was n e c e s s a r y  i n  1 974. 



F i g u r e  4: D e w a t e r i n g  i n  San  R a f a e l  S h a f t  (Cordoba)  

T h i s  g r o u p  a l s o  i n c l u d e s  t h e  work ings  o f  A n t r a c i t a s  d e  G a i z t a r r o ,  
S .A. ,  i n  Leon, w i t h  t h r e e  underg round  c o l l i e r i e s  ( a n d  o n e  s t r i p  
m i n i n g  o p e r a t i o n )  i n  r e g u l a r  seams ,  t h r o u g h o u t  a l l  o f  t h e  p a n e l s .  
These  a r e  mined w i t h  mechan ica l  l o n g w a l l  f a c e s  and w i t h  t o t a l  c a v i n g .  
The s t r a t a  i n  t h e  r o o f  and f l o o r  a d j a c e n t  t o  t h e  c o a l  seams c o m p r i s e s  
s l a t e s  and  l u t i t e s  o f  v a r i a b l e  t h i c k n e s s ,  w i t h  t h i n  l a y e r s  o f  c o a l  
t h a t  g r a d e  l a t e r a l l y  t o  s a n d s t o n e s ,  m i c r o c o n g l o m e r a t e s  and conglomer- 
a t e s  o f  d i f f e r e n t  g r a i n  s i z e  ( l a c u s t r i n e  and f l u v i a l  d e p o s i t  e n v i r o n -  
m e n t s ) .  One o f  t h e  t h r e e  min ing  c o l l i e r i e s  ( E s c a n d a l )  r e c o r d e d  a 
minimum i n f l o w  o f  373  m3/d ( 4  l / s )  f o r  t h e  p e r i o d  A p r i l  1984 t o  Novem- 
b e r  1985 ,  compared t o  a maximum o f  3 , 0 0 0  m3/d (35 Us) ,  w i t h  an  a v e r -  
a g e  o f  970  rn3/d ( 1 4  l / s ) .  T h i s  means a v a r i a t i o n  o f  1 / 8 .  F o r  t h e  
o u t p u t  o f  472,000 g r o s s  t o n n e s ,  i n  t h o s e  1 9  months ,  i m p l i e s  a d r a i n a g e  
r a t i o  o f  1 . 2  m 3 / t  o f  c o a l .  

A s p e c i a l  c a s e  w i t h  t h e s e  s e a s o n a l  v a r i a t i o n s  is shown by mines  l o c a t -  
e d  i n  a r e a s  where  a s u b s t a n t i a l  p a r t  o f  p r e c i p i t a t i o n s  o c c u r s  a s  
snow, s o  t h a t  t h e  maximum a r i s e  when t h e  snow m e l t s  i n  s p r i n g .  T h i s  
is  t h e  c a s e ,  f o r  example,  f o r  t h e  underg round  mine o f  A n t r a c i t a s  d e  
Montebismo, S.A. i n  S a n t a  M a r i a  d e  Redondo ( P a l e n c i a ) ,  i n  t h e  s o u t h e r n  
s l o p e  o f  t h e  C a n t a b r i a n  Mountain  Range, where  t h e  peak f l o w  r a t e s  
o c c u r  t o w a r d s  o l d  moun ta in  work ings  t h a t  r e a c h  t h e  s u r f a c e ,  a s  w e l l  a s  
a l o n g  a f a u l t  c o n n e c t i n g  t h e  a c c e s s  ramp w i t h  t h e  Lombatero s t r e a m .  



The d i r e c t  a c c e s s  o f  w a t e r  t h r o u g h  mine w o r k i n g s  t h a t  r e a c h  t h e  
s u r f a c e  is  a l s o  t h e  c a s e  o f  Minas  d e  F i g a r e d o ,  S.A.,  unde rg round  
n i n e s  i n  t h e  r i v e r  Turon b a s i n  ( A s t u r i a s ) ,  i n  wh ich ,  d e s p i t e  a l l  o f  
t h e  s t r e a m s  b e i n g  c h a n n e l l e d  and c o n c r e t e d ,  t h e r e  is a  n e t  i n c r e a s e  
d u e  t o  s u r f a c e  r u n o f f  and r a i n  w a t e r  i n f i l t r a t i o n  t h a t  is  added t o  
t h e  a b u n d a n t  i n f l o w s  f rom t h e  a c q u i f e r s  i n t e r c e p t e d  by t h e  m i n i n g  
work.  Thus  d e w a t e r i n g ,  wh ich  is c a r r i e d  o u t  f rom two s h a f t s ,  g i v e s  
t h e  e x t r e m e  f i g u r e s  shown i n  t a b l e  1 .  

T a b l e  1 

S h a f t  Depth Pumping 
( m )  August-September  April-May 

S a n  I n o c e n c i o  496 3 , 4 4 2  m3/d ( 4 0  l / s )  8 , 4 4 5  m3/d ( 9 8  l / s )  
S a n  V i c e n t e  356 4 , 3 2 0  m3/d  ( 5 0  l / s )  7 , 3 2 0  m3/d  ( 8 5  l / s )  

T o t a l  - 7 , 7 6 2  m3/d ( 9 0  l / s )  1 5 , 7 6 5  m3/d ( 1 8 2  l / s )  

T h e s e  s h a f t s  a r e  p r o v i d e d  w i t h  t h r e e  and s e v e n  pump u n i t s ,  r e s p e c c i v -  
e l y ,  w i t h  a  t o t a l  i n s t a l l e d  power r a t i n g  o f  1 , 9 0 0  and 1 , 5 5 0  HP. 

I n  t h i s  mine ,  i n  a c c o r d a n c e  w i t h  t h e  a v e r a g e  p r o d u c t i o n  f o r  t h e  last  
f i v e  y e a r s  ( 4 5 1 , 1 4 0  t o n n e s  w i t h  e x t r e m e  f i g u r e s  o f  421 ,597  and 
474 ,546  t o n n e s ) ,  a n  a v e r a g e  d r a i n a g e  r a t i o  c a n  be  e s t i m a t e d  a t  
1 0  m 3 / t  o f  c o a l .  

T a b l e  2: C o a l  p r o d u c t i o n  and w a t e r  s t a t i s t  
mines  

Production ( T i n  Coal) 

Pozo 1980 1981 1982 1983 

San Antonio 
Santiago 
Aller  
San Jose 
Santa Barbara 
Barredo 
Po l io  
Tres Arnigos 
San Nicolas 
Montsacro 
Olloniego 
Purnarabule 
Mosquitera 
Candin 
Fondon 
Soton 
Venturo 
Maria Luisa 
Sarnuno 
Carr io  
San Mames 
Entrego 
Cerezal 

i c s  i n  some S p a n i s h  c o a l  

Ratio de Oesague 
(rn'/coal ra i se )  

1984 1980 1981 1982 1983 



T h i s  sub-g roup  a l s o  i n c l u d e s  t h e  m a j o r i t y  o f  t h e  c o l l i e r i e s  oI;'erated 
by Empresa N a c i o n a l  H u l l e r a s  d e l  N o r t e ,  S.A. i n  t h e  A s t u r i a n  c o a l  
f i e l d s  ( t a b l e  2 ) .  The dewa te red  volume t r e n d  o v e r  t h e  l a s t  f i v e  
y e a r s  o f  1980 t o  1982,  f o l l o w e d  by a  n e t  i n c r e a s e  i n  t h e  wet  y e a r  o f  
1983,  w i t h  a  s l i g h t  t r e n d  t o  r e d u c t i o n  o r  s t a b i l i z a t i o n  i n  t h e  y e a r  
o f  normal  r a i n f a l l  1984 ( a l l  w i t h o u t  a  d i r e c t  r e l a t i o n s h i p  t o  c o a l  
o u t p u t )  . 
T h i s  t r e n d  c a n  b e  f o l l o w e d  i n  g r e a t e r  d e t a i l  by c o n s i d e r i n g  monthly 
f i g u r e s ,  s u c h  a s ,  f o r  example,  i n  t h e  San  Anton io  S h a f t  i n  t h i s  c o a l  
f i e l d  ( f i g u r e  6 )  t h a t  n o t  o n l y  shows t h i s  d i f f e r e n c e  between a d r y  
y e a r  ( 1 9 8 2 )  and a  wet  y e a r  (19831 ,  b u t  a l s o  t h e  r e p e r c u s s i o n  o f  r a i n y  
months  on  t h e  pumping o p e r a t i o n  ( somet imes  w i t h  a  d e l a y  o f  o n e  month ) .  

( Y E A R S  ) 

F i g u r e  5: Mining d e w a t e r i n g s  and s h a f t  c o a l  p r o d u c t i o n s  i n  Hunosa 
C o l l i e r i e s  ( A s t u r i a s )  

T h i s  i n f l u e n c e  o f  e x t e r n a l  w a t e r  i n f l o w s  i n  a  r a p i d  c y c l e  supe r imposed  
on t h e  s l o w  c y c l e  o f  a c q u i f e r  d r a i n a g e  is a l s o  shown when compar ing  
t h e  minimum and maximum i n f l o w s .  Thus,  f o r  example,  w i t h  d a t a  f rom 
e i g h t  HUNOSA s h a f t s  f rom t h e  Modesta  Group ( f i v e  y e a r s )  and from t h e  
C a r r o c e r a  Group ( f o u r  y e a r s ) ,  t h e r e  is a minimum d i s p e r s i o n  i n  t h e  
M a r i a  L u i s a  S h a f t  ( r a t i o  1 / 2 . 5 )  and a  maximum i n  t h e  San Mames S h a f t  
( r a t i o  1 / 6 . 9 8 ) ,  which seems t o  p r o v i d e  e v i d e n c e  o f  t h e  l e s s e r  i n f l u -  
e n c e  o f  t h e  f a s t  c y c l e  i n f l o w s  on  t h e  f o r m e r  s h a f t .  

I n  t h e  g r o u p  o f  HUNOSA s h a f t s  t h e  h i g h e r  d r a i n a g e  r a t i o  a l s o  o c c u r s  
w i t h  t h e  Mar ia  L u i s a  S h a f t  a t  26 m 3 / t  o f  e x t r a c t e d  c o a l  ( 5 0  m 3 / t  
o f  washed c o a l ) .  F o r  t h e  s e r i e s  o f  20 s h a f t s  w i t h  a v a i l a b l e  d a t a  
( e x c l u d i n g  t h e  San  Anton io ,  A l l e r  and O l l o n i e g o  s h a f t s ) ,  a  t o t a l  o f  
46 .7  Hm3 o f  w a t e r  h a s  been pumped o u t  i n  1984 t h a t ,  f o r  a  t o t a l  o u t -  
p u t  o f  5 ,245,901 g r o s s  t o n n e s ,  g i v e s  a  d r a i n a g e  r a t i o  o f  8 .90  m 3 / t .  



S i m i l a r  s i t u a t i o n s  a r i s e  i n  t h e  underground l i g n i t e  mines on t h e  
I s l a n d  o f  Majorca ,  o p e r a t e d  by L i g n i t o s ,  S.A., i n  an a r e a  w i t h  an  
a v e r a g e  r a i n f a l l  o f  808 mm ( f o r  1961-701, w i t h  a d a i l y  maximum o f  
112 l / m z .  The s u r f a c e  r u n o f f  h e r e  is o n l y  temporary,  b u t  when a 
t o r r e n t  c r o s s e s  t h e  mine workings i t  h a s  a maximum f low r a t e  o f  
100/200 l/s. A l l  t h e  w a t e r  is  i n f i l t r a t e d ,  s o  t h a t  t h e r e  a r e  major  
v a r i a t i o n s  betweeen t h e  d a i l y  f low r a t e s  r a i s e d  th rough  t h e  ramp 
( t a b l e  3 1 ,  w i t h  a maximum r a t i o  o f  

T a b l e  3: V a r i a t i o n  i n  t h e  amount o f  w a t e r  pumped p e r  tonne  o f  c o a l  
f o r  a 5-year  p e r i o d  i n  a n  underground l i g n i t e  mine. 

Year Pumping dewate r ing  (m3/day)  P r o d u c t i o n  R a t i o  
minimum maximum a v e r a g e  c o a l  t m 3  / t 

0 U n t i l  Oc tober  

Perhaps  i t  is even more s i g n i f i c a n t  t o  p o i n t  o u t  t h a t  t h e  i n c r e a s e  i n  
r e c e n t  y e a r s  o f  t h e  dewate r ing  r a t i o  o f  t h e s e  mines ( w i t h  minor v a r i a -  
t i o n s  i n  c o a l  o u t p u t )  h a s  r i s e n  from a f i g u r e  t h a t  c o u l d  be c o n s i d e r e d  
a s  low, o f  6 m 3 / t  i n  1982, t o  a h i g h  v a l u e  o f  37 m 3 / t  i n  1985. 

Another  underground mine t h a t  would be long  t o  t h e  same sub-group is 
t h a t  o f  H u l l e r a s  d e  Sabero  y Anexas, S.A., i n  Leon, t h a t  is p r e s e n t l y  
working 440 m under  t h e p i t  s u r f a c e .  

S i n c e  mining s t a r t e d  most p r o d u c t i o n  h a s  been by c a v i n g  and a l a r g e  
p a r t  o f  t h e  r a i n f a l l  ( r e c o r d i n g  a v e r a g e s  o f  between 1 ,000  and 1,200mm 
p e r  y e a r )  and some o f  t h e  s u r f a c e  r u n o f f  r e a c h e s  t h e  mine th rough  sub- 
s i d e n c e  zones  and a c c o u n t s  f o r  t h e  m a j o r i t y  o f  t h e  i n f l o w .  D e s p i t e  
t h e  many roadways, no a q u i f e r s  have been i n t e r c e p t e d  t h a t  would i n v o l -  
v e  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  o v e r a l l  f l o w  r a t e .  

T a b l e  4:  Dewate r ing  s t a t i s t i c s  f o r  H u l l e r a s  d e  S a b e r o  y Anexo i n  Leon. 

Year  Pumping dewate r ing  (m3/day)  P r o d u c t i o n  Dewater ing 
maximum minimum a v e r a g e  c o a l  t m 3  / t 

I n  t h i s  way t h e  dewate r ing  o v e r  t h e  l a s t  f i v e  y e a r s  ( t a b l e  4 )  h a s  
v a r i e d  between a minimum o f  336 m3/d ( 4  l / s )  up t o  a maximum o f  
11,184 m3/d ( 1 2 9  l / s ) ,  w i t h  an  enormous maxima t o  



o f  1 /  and w i t h  a n  a v e r a g e  o f  3 ,307  m3/d ( 3 8  l / s )  t h a t ,  f o r  a n  
a v e r a g e  o u t p u t  o f  313,937 t o n n e s ,  a  mean d r a i n a g e  r a t i o  o f  3 . 8  m 3 / t  
o f  c o a l .  

A l s o  i n c l u d e d  i n  t h i s  sub-group a r e  mines  o f  Minas d e  San  C e b r i a n ,  
S.A., i n  P a l e n c i a ,  t h a t  work f o u r  b i t u m i n o u s  c o a l  seams i n  t h e  
Westphal ian-D.  The l i t h o l o g i c a l  s u c c e s s i o n ,  f rom t h e  bo t tom t o  t h e  
r o o f  c o m p r i s e s  s a n d s t o n e s  o r  sandy  l e n s e s ,  w i t h  i n t e r b e d d e d  l ime-  
s t o n e s ,  s andy  s l a t e s  which i n c l u d e  t h e  c o a l  seams,  and  a r e  c o v e r e d  by 
s l a t e s  and  s a n d s t o n e s .  

The volume o f  w a t e r  d r a i n e d  f rom t h i s  mine v a r i e s  l i t t l e  f rom one  
y e a r  t o  t h e  n e x t  b u t  d o e s  s h a r e  ma jo r  v a r i a t i o n s  f rom some months  t o  
o t h e r s ,  w i t h  maxima i n  t h e  months  f rom F e b r u a r y  t o  A p r i l  w i t h  f l o w  
r a t e s  o f  a round  4 ,000  m3/day ( 4 6  l / s )  and w i t h  a n  a n n u a l  a v e r a g e  o f  
2 ,385  m3/day ( 2 8  l / s ) .  Thus,  f o r  an  a v e r a g e  o u t p u t  o v e r  t h e  l a s t  
f i v e  y e a r s  o f  64 ,650  g r o s s  t o n n e s  r a i s e d ,  means a  d e w a t e r i n g  r a t i o  o f  
13 .5  m 3 / t  o f  c o a l .  

F i n a l l y ,  a  problem a s s o c i a t e d  w i t h  t h i s  t y p e  o f  min ing  o p e r a t i o n ,  i f  
u n c o n s o l i d a t e d  s a n d  is l o c a t e d  n e a r b y ,  is t h a t  o f  w a t e r  i n r u s h  w i t h  
l a r g e  q u a n t i t i e s  o f  s o l i d  m a t e r i a l .  T h i s  is t h e  c a s e  a t  t h e  Innomin- 
a d a  and Opor tuna  underground l i g n i t e  mines  i n  T e r u e l  o p e r a t e d  by t h e  
Empresa N a c i o n a l  d e  E l e c t r i c i d a d ,  S.A., and u s i n g  c a v i n g  and l o n g w a l l  
m i n i n g  methods.  The t h i c k n e s s  o f  t h e  l i g n i t e  seams i s  from 6 t o  10 m 
i n  t h e  f o r m e r  and 10  t o  20 m i n  t h e  l a t t e r ,  w i t h  A l b i a n  c l a y s  and 
s a n d s  i n  t h e  r o o f .  The s a n d  l a y e r s  ( w i t h  an  a v e r a g e  p e r m e a b i l i t y  o f  
2  x  m / s  and  o v e r a l l  p o r o s i t y  o f  20%) c o n s t i t u t e  c o n f i n e d  a c q u i -  
f e r s  between c l a y  a q u i c l u d e s  w i t h  a  h y d r o s t a t i c  head o v e r  t h e  work ings  
t h a t  v a r i e s  f rom 110 t o  230 m, and t h a t  h a s  been t h e  c a u s e  o f  sudden 
i n b u r s t s  o f  l a r g e  volumes o f  w a t e r  and s a n d .  

( e l  Underground Mines w i t h  R i s i n g  I n f l o w s  

I n  t h i s  f i f t h  c a t e g o r y  is i n c l u d e d  a mine w i t h  s p e c i a l  p rob lems  due  t o  t h e  
p r e s e n c e  o f  a  f o o t w a l l  a q u i f e r  w i t h  a h i g h  h y d r o s t a t i c  h e a d ,  where  t h e  w a t e r  
i n r u s h  i n t o  t h e  mine r i s e s  t h r o u g h  t h e  p r o t e c t i v e  b a r r i e r  o f  i n t e r b e d d e d  
m a t e r i a l .  

T h i s  is t h e  underg round  mine o f  Carbones  d e  Berga ,  S.A., i n  B a r c e l o n a ,  t h a t  
mines  C r e t a c e o u s  l i g n i t e s  by 250 m mechan i sed  l o n g w a l l  f a c e s  w i t h  t o t a l  
c a v i n g .  

The mined c o a l  seams a r e  i n t e r b e d d e d  w i t h  l i m e s t o n e s  and sandy  c a r b o n -  
a c e o u s  m a r l  b e d s ,  a r e  2  t o  2 .5  m t h i c k ,  o f  which 65% is  c o a l .  The r o o f  is  
formed by a  t h i c k  o v e r b u r d e n  i n  which m a r l s  p r e v a i l  ( o v e r  500 m t h i c k ) .  
A t  t h e  f o o t w a l l ,  below 7 m e t r e s  o f  s a n d y  l i m e s t o n e s  w i t h  c a r b o n a c e o u s  m a r l s ,  
t h e r e  a r e  9  m e t r e s  o f  f i s s u r e d  mar ly  l i m e s t o n e s  a n d ,  below a g a i n ,  3 5  m e t r e s  
o f  s a n d y  m a r l s  and  n o d u l a r  mar ly  l i m e s t o n e s ,  f o l l o w e d  by more t h a n  800  m 
t h i c k  l i m e s t o n e ,  s andy  l i m e s t o n e  and  s a n d s t o n e  f o r m a t i o n  o f  u p p e r  M a e s t r i c h -  
t i a n  a g e ,  i n  t h i c k  b e d s .  F r a c t u r i n g  is  c o n s p i c u o u s  i n  t h e s e  r o c k s .  

The w a t e r  r e a c h e s  t h e  mine r i s i n g  f rom t h e  f o o t w a l l  l i m e s t o n e s  due  t o  t h e  
h i g h  h y d r o s t a t i c  p r e s s u r e .  T h i s  o c c u r s  i n  f a u l t e d  a r e a ,  where  t h e  3 2  m e t r e s  
o f  l i m e s t o n e ,  s a n d s t o n e  and m a r l i s h  m a t e r i a l s  a r e  i n s u f f i c i e n t  t o  p r o v i d e  
a n  impermeab le  p r o t e c t i o n  l a y e r .  



The  r i s i n g  i n f l o w ,  comes  f rom t h e  s t o r a g e  o f  t h e  a q u i f e r ,  t o g e t h e r  w i t h  t h e  
f l u v i a l  i n f i l t r a t i o n  ( r i v e r  L l o g r e g a t ) ,  a n d  f rom d i r e c t  r a i n f a l l  i n f i l t r a t i o n  
i n  o u t c r o p s  t h r o u g h  t h e  f a u l t s .  To t h e s e  c o n t i n u o u s  i n p u t s  m u s t  b e  a d d e d  t h e  
s u d d e n  d i r e c t  i n p u t s  d u e  t o  i n f i l t r a t i o n  t h r o u g h  abandoned  w o r k i n g s  r e a c h i n g  
t h e  s u r f a c e  i n  r a i n y  s e a s o n s .  

T a b l e  5: Pumping s t a t i s t i c s  f o r  C a r b o n e s  d e  B e r g a ,  S.A. 

Y e a r  C o a l  p r o d u c t i o n  Pumping d e w a t e r i n g  
c l e a n  t o n  m3 / d a y  l / s  

R a t i o  
m 3 / t  

( )  F o r e c a s t  

Unde r  t h e s e  c o n d i t i o n s ,  t h e  mine  was  f l o o d e d  and  mine  w o r k i n g s  s t o p p e d  f r o m  
November 1982  t o  A p r i l  1983  and  u n f o r t u n a t e l y  t h e  i n f l o w  o f  w a t e r  t h r o u g h  t h e  
d e e p  f a u l t s  shows  a  c o n t i n u o u s  i n c r e a s e ,  a s  c a n  b e  s e e n  i n  t a b l e  5 ,  w i t h  a  
c o n s i d e r a b l e  r ise i n  t h e  d r a i n a g e  r a t i o ,  t h a t  h a s  grown by f i v e  t i m e s  i n  f i v e  
y e a r s .  The  p r o b l e m  is  p a r t i c u l a r l y  s e r i o u s  b e c a u s e  t h e  i n f l o w  t a k e s  p l a c e  
when t h e  mine  w o r k i n g s  h a v e  a d v a n c e d ,  a s  t h e  r o o f  c a v i n g  co inb ine s  w i t h  w a l l  
d e c o m p r e s s i o n  c a u s e d  by t h e  h y d r o s t a t i c  p r e s s u r e  o f  t h e  u n d e r l y i n g  a q u i f e r  
s y s t e m ,  a  c o n d i t i o n  t h a t  w i l l  become i n c r e a s i n g l y  u n f a v o u r a b l e  a s  t h e  
m i n i n g  work  g o e s  d e e p e r .  

( f )  R e c o v e r y  o f  F l o o d e d  Abandoned Unde rg round  Mines  

T h e  r e i n i t i a t i o n  o f  w o r k i n g s  i n  abandoned  m i n e s  r e q u i r e s  d e w a t e r i n g  b e f o r e -  
h a n d  b o t h  t h e  w a t e r  a c c u m u l a t e d  i n  t h e  u n d e r g r o u n d  m i n e  s y s t e m  a n d  i n  t h e  
a c q u i f e r s  c o n n e c t e d  t o  i t .  

S u c h  a n  example  is  t h e  Belmez S h a f t  o f  Empresa  N a c i o n a l  C a r b o n i f e r a  d e l  S u r ,  
A.S. ,  i n  Co rdoba  w h e r e  2 2 0 , 7 4 0  m 3  o f  w a t e r  had  t o  b e  pumped o u t  i n  t h e  
y e a r  o p e n i n g ,  a l t h o u g h  i n  n o r m a l  o p e r a t i o n s  w i t h  a  p r o d u c t i o n  o f  4 3 , 0 0 0  
t / y e a r  i t  h a s  a  d r a i n a g e  r a t i o  o f  o n l y  0 . 6  m 3 / t  o f  c o a l .  

WATER PROBLEMS I N  SURFACE COAL MINES 

( a )  Open P i t  M i n i n g  w i t h o u t  R e l e v e n t  Wa te r  P rob l ems  

F r e q u e n t l y  t h i s  is  t h e  c a s e  i n  t h e  i n i t i a l  p h a s e s  o f  many m i n i n g  o p e r a t i o n s ,  
o r  w h e r e  t h e  w o r k i n g  l e v e l  i s  n o t  t o o  d e e p .  The  o n l y  w a t e r  i n f l o w s  come 
f r o m  s u p e r f i c i a l  a c q u i f e r s  o r  f r o m  t h e  w e a t h e r e d  z o n e .  

I n  t h i s  c a t e g o r y  a r e  i n c l u d e d  t h e  b l a c k  l i g n i t e  open  c u t  o f  t h e  Empresa  Minas  
y  F e r r o c a r r i l  d e  U t r i l l a s ,  S .A. ,  i n  U t r i l l a s  ( T e r u e l ) ,  w h e r e  w a t e r  i n f l o w  
is a s s o c i a t e d  w i t h  c o l l u v i a l  o v e r b u r d e n ,  e x c a v a t e d  a s  t h e  mine  a d v a n c e s .  
F o r  a  t o t a l  i n f l o w  o f  77 m 3 / d a y ,  and a n  a v e r a g e  y e a r l y  p r o d u c t i o n  o f  409 ,439  t 
o f  l i g n i t e  ( d u r i n g  t h e  l a s t  f i v e  y e a r s  1 9 8 1 - 8 2 ) ,  t h e  c o r r e s p o n d i n g  d r a i n a g e  
r a t i o  is o n l y  0 . 6 8  m 3 / t  o f  c o a l .  However t h i s  r a t i o  p r o b a b l y  w i l l  become 
h i g h e r  i n  t h e  f u t u r e  i n  some a r e a s  w h e r e  i n c r e a s i n g  t h i c k n e s s  o f  t h e  c o l u v i a l  



o c c u r s  ( w i t h  r i s k s  o f  f r o n t a l  l a n d s l i d e s ) .  

A l s o  i n c l u d e d  i n  t h i s  c a t e g o r y  is t h e  new C e r v a n t e s  o p e n - c u t ,  o f  t h e  
Empresa  N a c i o n a l  C a r b o n i f e r a  d e l  S u r ,  S .A . ,  i n  P e n a r r o y a - P u e b l o n u e v o  
( C o r d o b a )  w h i c h  h a s  n o  s i g n i f i c a n t  w a t e r  p r o b l e m s  now b u t  w h i c h  may a r i s e  
i n  t h e  f u t u r e  i n  f a u l t e d  and  d i p - s l o p e  e x c a v a t i o n  a r e a s .  

T h e  l a s t  e x a m p l e  i n  t h i s  c a t e g o r y  is  t h e  S a n  A n t o n i o  o p e n - c u t  m i n i n g  by 
C a v o s a  i n  Belmez ( C o r d o b a )  wh ich  a l s o  h a s  f ew  w a t e r  p r o b l e m s ,  b u t  w h e r e  
t h e  l a t e s t  d e e p  w o r k i n g  l e v e l  may h a v e  s l o p e  s t a b i l i t y  p r o b l e m s ,  d u e  t o  
t h e  h y d r o s t a t i c  p r e s s u r e  i n  c o n f i n e d  a c q u i f e r  l a y e r s .  

( b )  Open P i t  M i n i n g  be low  t h e  P i e z o m e t r i c  Leve l  

I n  t h i s  c a t e g o r y  a r e  a  s e r i e s  o f  m i n e s  i n  wh ich  t h e  p r o b l e m s  o f  w o r k i n g  
u n d e r  t h e  p i e z o m e t r i c  l e v e l  a r e  comb ined  w i t h  t h e  p r o b l e m s  o f  d i r e c t  w a t e r  
i n f l o w  f r o m  r a i n f a l l  o r  s u r f a c e  r u n o f f  common t o  a l l  o p e n - p i t  m i n e s .  

I n  g e n e r a l ,  t h i s  i n v o l v e s  i n s t a l l i n g  s l o p e  d r a i n a g e  i n  o r d e r  t o  i m p r o v e  
s t a b i l i t y  c o n d i t i o n s .  C o n s e q u e n t l y  l a r g e  vo lumes  o f  w a t e r  d o  n o t  a l w a y s  
h a v e  t o  b e  d r a i n e d ,  a s  t h e  u n f a v o u r a b l e  c o n d i t i o n s  a r e  c r e a t e d  more  by 
t h e  h e a d  o f  w a t e r  t h a n  by t h e  amount  o f  w a t e r  s t o r e d .  N e v e r t h e l e s s ,  
o t h e r  m i n e - h y d r o g e o l o g i c a l  p r o b l e m s  may e x i s t .  

An e x a m p l e  o f  t h i s  t y p e  o f  m ine  is t h e  As P o n t e s  m ine  i n  La C o r u n a ,  
worked  by Empresa  N a c i o n a l  d e  E l e c t r i c i d a d ,  S.A. w i t h  a  y e a r l y  l i g n i t e  
p r o d u c t i o n  o f  1 2  x  l o 6  t ,  r a i s i n g  o v e r  40  x  1 o6 m3 o f  w a s t e .  T h i s  s t r i p  
m i n e  is  l o c a t e d  i n  a n  a r e a  w i t h  a n  a v e r a g e  r a i n f a l l  o f  1 , 6 5 0  rnm p e r  y e a r  
( w i t h  e x t r e m e  v a l u e s  o v e r  a  p e r i o d  o f  r e c o r d s  g o i n g  b a c k  3 5  y e a r s  o f  1 , 0 2 1  
a n d  2 , 6 0 4  mm). A pumping c a p a c i t y  o f  5 , 0 0 0  l / s  h a s  b e e n  r e q u i r e d  ( 5 1 8 , 4 0 0  
m 3 / d a y ) ,  w i t h  t h e  c o n s t r u c t i o n  o f  p e r i m e t e r  c h a n n e l s  f o r  peak  f l o w r a t e s ,  
w i t h  a  r e t u r n  p e r i o d  o f  25 y e a r s ,  o f  8 0  a n d  180  m 3 / s  i n  t h e  N o r t h  and  
S o u t h  s e c t o r s ,  r e s p e c t i v e l y .  

T h e  s t r a t a  c o n s i s t s  o f  a l t e r n a t i n g  l i g n i t e s ,  c l a y s ,  s a n d y  c l a y s ,  s a n d s  a n d  
some g r a v e l  w h i c h  w e r e  d e p o s i t e d  i n  a t e r r e s t r a l  b a s i n  o f  t e c t o n i c  o r i g i n ,  
i n  Neogene t i m e s .  The  b o t t o m  o f  t h e  s e q u e n c e  c o n s i s t s  o f  p a l a e o z o i c  r o c k s .  
T h r u s t s  a n d  r e v e r s e  f a u l t s  a r e  s i g n i f i c a n t l y  d e v e l o p e d  i n  some o f  t h e  
b a s i n s  b o r d e r s .  A s  a  r e s u l t  P a l a e o z o i c  r o c k s  c a n  l o c a l l y  o v e r l a p  t h e  
T e r t i a r y  s e d i m e n t s .  D u r i n g  e x c a v a t i o n  l a r g e  vo lumes  o f  r o c k  became u n s t -  
a b l e  s o  t h a t  comp lex  d r a i n a g e  o p e r a t i o n s  a r e  r e q u i r e d  i n  o r d e r  t o  improve  
t h e  s a f e t y  f a c t o r  a n d  t o  p r e v e n t  l a n d s l i d e s .  D r a i n a g e  is  r e q u i r e d  i n  b o t h  
t h e  P a l a e o z o i c  h e t e r o g e n o u s  r o c k  s y s t e m ,  ( p e r m e a b l e  d u e  t,o f i s s u r - i n g )  and  
i n  t h e  T e r t i a r y  m u l t i - l a y e r  s y s t e m ,  w h e r e  t h e  a c q u i f e r s  a r e  t h e  d e t r i t a l  
l e v e l s  a n d  t h e  l i g n i t e  i t s e l f .  

A c a s e  w i t h  s i m i l a r  a s p e c t s  t o  As P o n t e s  is  t h a t  o f  t h e  Meirama l i g n i t e  
m i n e ,  a l s o  i n  La C o r u n a  p r o v i n c e .  

A d i f f e r e n t  m i n i n g - h y d r o g e o l o g i c a l  a p p r o a c h  is  t h a t  o f  t h e  Emma Mine ,  o f  
Empresa  N a c i o n a l  C a r b o n i f e r a  d e l  S u r ,  i n  P u e r t o l l a n o  ( G i u d a d  R e a l ) ,  w h e r e  
t h e  s m a l l  w a t e r  i n f l o w  is  p r e s e n t l y  c o n n e c t e d  by f r a c t u r i n g  t o  s u r f a c e  
r u n o f f .  T h u s  f o r  a n  a v e r a g e  p r o d u c t i o n  o v e r  t h e  l a s t  f i v e  y e a r s  o f  
7 0 0 , 0 0 0  t o n n e s  p e r  y e a r  g i v e s  a  d r a i n a g e  r a t i o  o f  o n l y  0 . 2  m 3 / t  o f  c o a l .  
However ,  t h e s e  c o n d i t i o n s  may c h a n g e  i n  t h e  f u t u r e ,  a s  m i n i n g  w i l l  b e  
r e a c h i n g  d e e p e r  l e v e l s  a n d  i n t e r c e p t  abandoned  f l o o d e d  u n d e r g r o u n d  w o r k i n g s .  
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F i g u r e  6: D e w a t e r i n g  e v o l u t i o n  compared w i t h  t h e  r a i n f a l l  i n  San  A n t o n i o  
S h a f t ,  A s t u r i a s  (Hunosa Coa l  Mine)  

A f u t u r e  mine i n  wh ich  w a t e r  is e x p e c t e d  t o  c a u s e  s p e c i a l  s t a b i l i t y  
p r o b l e m s  is  t h a t  o f  Lagoa d f A n t e l a  ( O r e n s e l ,  o f  Empresa  N a c i o n a i  d e  
E l e c t r i c i d a d ,  S.A. The l i g n i t e  h e r e  is below 100 m e t r e s  o f  a  m u l t i - l a y e r  
h y d r o g e o l o g i c a l  s y s t e m ,  w i t h  u n c o n s o l i d a t e d  c l a y s  and s a n d s ,  and w i t h  
p a l a e o - c h a n n e l s ,  and  o v e r  a  s i m i l a r l y  c o n f i n e d  a r t e s i a n  s y s t e m  w i t h  a  
h y d r o s t a t i c  p r e s s u r e  o f  o v e r  100 m e t r e s .  S i m i l a r l y  b u t  w i t h  l e s s e r  
p r o b l e m s ,  w i l l  b e  t h e  Padu l  ( G r a n a d a )  p e a t  mine ,  where  t h e  d e p o s i t  i s  
l o c a t e d  on  a  c o n f i n e d  d e t r i a l  s y s t e m ,  a l s o  u n d e r  a r t e s i a n  c o n d i t i o n s ,  and 
l i m i t e d  l a t e r a l l y  by m a j o r  c a r b o n a t e  a c q u i f e r s ,  t h a t  c l o s e  o f f  t h e  t e c t o n i c  
d e p r e s s i o n  i n  wh ich  t h e  d e p o s i t  h a s  o r g a n i s e d .  

CONCLUSIONS 

B e f o r e  e n d i n g  t h i s  c l a s s i f i c a t i o n  o f  t h e  w a t e r  p rob lems  i n  S p a n i s h  c o a l  
m i n i n g ,  I s h o u l d  men t ion  t h a t  t h e  c a s e s  d e s c r i b e d  h e r e  c a n  o n l y  be  c o n s i d -  
e r e d  a s  examples  o f  t h e  h y d r o l o g i c a l  p rob lems  a r i s i n g  i n  t h e  c o a l  m i n i n g  
e x p l o i t a t i o n .  Many o t h e r  c a s e s  have  n o t  been  i n c l u d e d  b e c a u s e  t h e y  do n o t  
p r o v i d e  new i n f o r m a t i o n .  
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