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ABSTRACT 

The r e l a t i v e l y  complex hydrogeology of  K a r s t  a q u i f e r s  is o f t e n  
d e t r i m e n t a l  t o  mine p roduc t ion .  Through exper i ence ,  China h a s  developed 
s e v e r a l  d i f f e r e n t  methods t o  c o n t r o l  such  mine wa te r  in f lows .  S e l e c t i o n  o f  
a method shou ld  b e  d i r e c t e d  towards  c o n t r o l l i n g  t h e  e f f e c t s  o f  prominent  
hydrogeo log ica l  c h a r a c t e r i s t i c s  i n  d i f f e r e n t  K a r s t  t y p e s .  For  K a r s t ,  
s u r f a c e  wa te r  f lows ,  wa te r  c u t o f f  d i t c h e s  and subsequen t  d i v e r s i o n  
t r e n c h e s  a r e  used.  For ground wa te r  f lows  i n  semi-confined a q u i f e r s ,  
d r a i n a g e  by deep w e l l s  and combinat ions  o f  s p e c i a l  wa te r  c u t o f f  d r i f t s  and 
p re -d ra inage  by g a l l e r i e s  a r e  used. I n  a d d i t i o n ,  i n  conf ined  a q u i f e r s  such  
t e c h n i q u e s  a s  combined of  methods s u r f a c e  and underground wa te r  c o n t r o l ,  
i n c l u d i n g  m u l t i p l e  d e p r e s s u r i s i n g  w e l l s  and wa te r  s e a l i n g  w a l l  o p e r a t i o n s  
a r e  used. 

INTRODUCTION 

The key t o  mine wa te r  c o n t r o l  i n  K a r s t  wa te r  a q u i f e r s  is a s e l e c t i o n  
o f  c o r r e c t  d r a i n a g e  method. The o p t i m i z a t i o n  is based on a comprehensive 
s t u d y  o f  t h e  hydrogeology and t h e  e n g i n e e r i n g  geology o f  t h e  whole 
mining a r e a .  I n  a d d i t i o n ,  a comprehensive s t u d y  shou ld  be made o f  t h e  
hydrogeology o f  K a r s t i c  a q u i f e r s .  D i f f e r e n t  c o n t r o l  methods a r e  t h e n  
adopted t o  s u i t  t h e  main hydrogeo log ica l  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  
a q u i f e r s .  T h i s  pape r  p r e s e n t s  a su rvey  o f  e f f e c t i v e  groundwater  c o n t r o l  
methods used i n  t h r e e  t y p e s  o f  a q u i f e r s  (unconf ined ,  semi-confined and 
c o n f i n e d ) ,  on t h e  b a s i s  o f  c u r r e n t  mine p roduc t ion  p r a c t i c e  i n  China. 

1. WATER CONTROL I N  UNCONFINU) KARSTIC AQUIFERS. 

Unconfined k a r s t i c  a q u i f e r s  a r e  hydrogeo log ica l ly  c h a r a c t e r i s e d  by 
t h e  occurence  o f  t h e  m a j o r i t y  o f  wa te r  i n  t h e  w a t e r  d i v i d e s  o f  
medium-height mountains  o r  i n  t h e i r  s l o p e  where s o l u b l e  r o c k s  most ly  



Figure 1.  Longitudinal section of cut-off d r i f t  for  underground 
r i v e r  i n  Xianghual ing mining d i s t r i c t .  ( 1 )  Cut-off  d r i f t  
w i th  f low d i r e c t i o n .  (2 )  Cut-off  a d i t s  ( 3 )  Underground r i v e r  
wi th  f low d i r e c t i o n .  (4) C r o s s - s e c t i o n  o f  underground r i v e r  (5 )  
F a u l t s  (6) Devonian Dolomi t i c  Limestone and (7) Orebody. 

Figure 2. Natural drainage by ad i t  a t  Anyuan mining d i s t r i c t  



o u t c r o p  on t h e  s u r f a c e .  S u r f a c e  K a r s t  f e a t u r e s  o f t e n  a p p e a r  a s  d y k e s ,  
c l e a t s ,  s o l u t i o n  c h a n n e l s ,  k a r s t  d e p r e s s i o n  and  d o l i n e ,  w h i l s t  underground 
k a r s t  a p p e a r s  m a i n l y  a s  underground r i v e r s .  L i t h o l o g y ,  g e o l o g i c a l  
s t r u c t u r e s  and bedd ing  p l a n e s  a r e  c o n t r o l l i n g  f a c t o r s  f o r  k a r s t  
development .  No u n i f i e d  a q u i f e r s  and g roundwa te r  t a b l e  e x i s t  i n  m in ing  
d i s t r i c t s .  Pumping tests do  n o t  form comple t e  d e p r e s s i o n  c o n e s ,  showing 
e x t r e m e l y  u n s t e a d y  w a t e r  t r a n s m i s s i v i t y .  Underground r i v e r s ,  i . e .  k a r s t  
c a v e r n s ,  a r e  t h e  main g roundwa te r  s o u r c e  which  a r e  r e c h a r g e d  t h rough  
v e r t i c a l  p e r c o l a t i o n  by a t m o s p h e r i c  p r e c i p i t a t i o n .  The unde rg round  r i v e r s  
h a v e  t h e  f l o w  c h a r a c t e r i s t i c s  o f  sudden o c c u r e n c e ,  q u i c k  d i s a p p e a r a n c e  and 
wi,de v a r i a t i o n s  o f  t h e  dynamic f l o w  v a r y i n g  between t e n s  o f  
m /h .  K a r s t  c a v e r n s  c o n t a i n i n g  l a r g e  s t a t i c  r e s e r v e s  f r e q u e n t l y  
c a u s e s  d i s a s t r o u s  w a t e r  i n r u s h e s  and  a c c i d e n t s .  Most o f  t h e  c a v e r n s  a t  
s h a l l o w  d e p t h s  a r e  n o t  i n f i l l e d ,  w h i l s t  t h o s e  d e e p  c a v e r n s  a r e  p a r t i a l l y  
f i l l e d ,  hence  fo rming  a  r e l a t i v e l y  s t a b l e  g round  s u r f a c e .  

The main f a c t o r s  d e t r i m e n t a l  t o  p r o d u c t i o n  i n  s u c h  t y p e s  o f  d e p o s i t s  
a r e  s ta t ic  r e s e r v e s  o f  g roundwa te r ,  s t o r e d  silts i n  k a r s t  c a v e r n s  and 
dynamic f l o w s  o f  s h o r t  d u r a t i o n  f o l l o w i n g  a  t o r r e n t i a l  r a i n f a l l .  F o r  
examp le ,  t h e  Nanqin unde rg round  r i v e r  i n  tge Xianghua l i ng  mine d i s t r i c t ,  
S o u t h  C h i n a ,  h a s  a  f l o w  r a t e  o f  36 ,000  m / h r  a f t e r  a  heavy r a i n f a l l .  
t h e  S t a t i c  r e s e r v e s  o f  unde rg ro  nd w a t e r  i n  s i d i n g  l e a d - z i n c  mine a r e  Y c a l c u l a t e d  t o  b e  up t o  2 , 000 ,000  m . I t  is c o n s i d e r e d  a s  a  r e s u l t  o f  
p r o d u c t i o n  p r a c t i c e  t h a t  w a t e r  c u t o f f  d r i f t s  and d i v e r s i o n  a d i t s  a r e  
t h e  most e f f e c t i v e  methods  o f  g roundwa te r  c o n t r o l  i n  t h i s  t y p e  o f  
a q u i f e r s .  S p e c i f i c  measu re s  a r e  a s  f o l l o w s :  

(i) D r i f t i n g  was  accompanied  by advanced h o r i z o n t a l  d r i l l i n g  which  
a imed a t  e x p l o r i n g  t h e  e x t e n t  o f  t h e  k a r s t ,  e n a b l i n g  t h e  p r e d i c t i o n  and 
d r a i n a g e  o f  s t a t i c  w a t e r  r e s e r v e s  i n  k a r s t  c a v e r n s .  T h i s  would l ower  t h e  
w a t e r  p r e s s u r e  ( e s p e c i a l l y  silt  p r e s s u r e )  and  was t h u s  a n  i m p o r t a n t  means 
o f  underground p r o t e c t i o n ;  

(ii) In c o m b i n a t i o n  w i t h  t h e  l o w e s t  e l e v a t i o n  o f  t h e  l o c a l  e r o s i o n  
s u r f a c e ,  l ower  p o r t i o n s  o f  i n t e n s i f i e d  k a r s t  o r  t h e  main c h a n n e l s  of 
underground r i v e r s  w e r e  s e l e c t e d  f o r  d r i v i n g  n a t u r a l  d r a i n a g e  a d i t s .  T h i s  
was t h e  main method u sed  t o  c o n t r o l  t h e  underground f l o o d  peak d i s c h a r g e .  
The a p p l i c a t i o n  o f  w a t e r  c u t o f f  d r i f t s  and d i v e r s i o n  a d i t s  i n  t h e  
X ianghua l i ng  l e a d - z i n c  mine (F ig .  1. ) and  t h e  Anyuan t i n  mine (F ig .  2. ) 
a c h i e v e d  good r e s u l t s .  Water  d i s c h a r g e  o f  t h e s e  unde rg round  r i v e r s  away 
f r o m  mine  d i s t r i c t s  n o t  o n l y  e l i m i n a t e d  t h e  w a t e r  haza rd  b u t  a l s o  g r e a t l y  
improved w a t e r  s u p p l y  t o  n e i g h b o w i n g  a g r i c u l t u r a l  a r e a s .  

(iii) G r o u t i n g  o f  d i s c o n t i n u i t i e s  i n  t h e  n a t u r a l  d r a i n a g e  a d i t s  was 
pe r fo rmed  t o  p r e v e n t  w a t e r  f rom p e r c o l a t i n g  t o  t h e  n e x t  l e v e l .  At  t h e  
S h i d i n g  l e a d - z i n c  mine ,  u s e  was made o f  t h e  f a v o u r a b l e  t opog raphy  t o  d r i v e  
a  1880  m. l o n g  h o r i z o n t a l  d r i f t  i n  t h e  k a r s t  a q u i f e r s  ( F i g .  3 .  and 4.). 
K a r s t  c a v e r n s  be low t h e  d r i f t  we re  t r e a t e d  by g r o u t i n g ,  p roduc ing  
f a v o u r a b l e  d r a i n a g e  r e s u l t s .  



Figure 3. Layout of the drainage adit in Shiding lead and zinc mine 
(1) Upper Devonian Limestone (Gualing sys tem) .  (2 )  Middle 
Devonian q u a t z i t i c  g r a v e l s  ( 3 )  S i l u r i a n  Ordiv ic ian  sandy s h a l e  
(4) Drainage a d i t  ( 5 )  Large k a r s t  cavern ( 6 )  Orebody 
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Figure 4. Cross-section of Drainage adit in Shiding leadlzinc nine 



2. WATER CONTROL I N  A SEMI-CONFINED KARSTIC AQUIFERS. 

Such d e p o s i t s  a r e  h y d r o g e o l o g i c a l l y  c h a r a c t e r i s e d  by s o l u b l e  r o c k s  
c o v e r e d  by a l l u v i a l  and d i l u r i u m  g r a v e l  beds  o f  Q u a t e r n a r y  sy s t em,  t h e  
m a j o r i t y  i n  low h i l l s  and  s y n c l i n a l  b a s i n s .  At  t h e  s u r f a c e  K a r s t  
morphology is r a r e l y  s e e n ,  a s  it m a n i f e s t  i t s e l f  ma in ly  a s  underground 
c a v e r n s .  K a r s t  is c o n t r o l l e d  by l i t h o l o g y ,  s t r u c t u r e  and e r o s i o n .  It is 
i n t e n s i f i e d  n e a r  t h e  s u r f a c e  on  c o n t a c t  z o n e s  w i t h  t h e  orebody.  The re  is  a 
u n i f i e d  g roundwa te r  t a b l e  and w a t e r - b e a r i n g  h o r i z o n .  The K a r s t  c a v e r n s  
d r a i n s  i n  t h e  fo rm  o f  s p r i n g  g r o u p s  and  t h o s e  d i s c h a r g e  v a r y i n g  g r e a t l y  
w i t h  t h e  s e a s o n ,  p r i n c i p a l l y  i n  t h e  h o r i z o n t a l  d i r e c t i o n .  The K a r s t  
i n d i r e c t l y  r e p l e n i s h e s  t h r o u g h  t h e  ove rbu rden  by a t m o s p h e r i c  p r e c i p i t a t i o n  
and i t  is p o s s i b l e  f o r  pumping tests t o  c a u s e  t h e  f o r m a t i o n  of convex- type  
c g n e s  o f  d e p r e s s i o n .  Dynamic r e s e r v e s  a r e  o f t e n  s t a b i l i z e d  a t  1 0 , 0 0 0  
m /day t o  50 ,000 m3/day. K a r s t  c a v e r n s  a t  s h a l l o w  s h a l l o w  d e p t h s  
have  a h i g h  silt  f i l l i n g  r a t e  b u t  d e e p - l y i n g  c a v e r n s  f i l l  a t  a low r a t e .  
Mine d e w a t e r i n g  o p e r a t i o n s  l e a d  t o  a c o n s i d e r a b l e  d r o p  i n  t h e  g roundwa te r  
t a b l e  and a l s o  t o  a s u r f a c e  s u b s i d e n c e  i n  t h e  c e n t r e  o f  t h e  d e p r e s s i o n  
cone  and d r a i n a g e  a r e a s .  La rge  amount o f  silt  f l o w  s u b s e q u e n t l y  i n t o  
underground workings .  The t h r e a t  t o  t h e  p r o d u c t i o n  i n  t h i s  t y p e  o f  
d e p o s i t s  i n  ma in ly  f rom g roundwa te r  t o g e t h e r  w i t h  silt  i n f l o w i n g  i n t o  
underground work ings  and s u r f a c e  s u b s i d e n c e .  

Case History 1 

The w a t e r  c o n t r o l  e x p e r i e n c e  a t  some mines  i n  Guangdong p r o v i n c e  is  
conce rned  w i t h  t h e  u s e  o f  "p r e -d r a inage" .  At t h e  Fankou Lead-z inc  Mine 
p r e l i m i n a r y  underground d r a i n a g e  o c c u r s  and a t  t h e  S h i l u  Copper Mine a s  a 
p r e l i m i n a r y  s u r f a c e  d r a i n a g e .  

The underground d r a i n a g e  programne a t  Fankou Lead-z inc  Mine is 
e s s e n t i a l l y  a comb ina t i on  o f  s p e c i a l  w a t e r  c u t o f f  d r i f t s  and p r e - d r a i n a g e  
by l e v e l s .  S p e c i a l  w a t e r  c u t o f f  d r i f t s  a r e  d r i v e n  p e r p e n d i c u l a r  t o  t h e  
g roundwa te r  r e c h a r g e  o u t s i d e  t h e  orebody.  The pu rpose  is t o  d r a i n  and 
c u t o f f  t h e  g roundwa te r  i n  heavy-water  b e a r i n g  z o n e s  above t h e  d r i f t  
e l e v a t i o n .  H o r i z o n t a l  d e w a t e r i n g  b o r e h o l e s  a r e  l a i d  o u t  a t  d i f f e r e n t  
l e v e l s  i n s i d e  t h e  orebody,  w h i l e  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  r e l a t i v e  
p o s i t i o n  o f  mine d r i f t s .  T h i s  d r a i n s  t h e  r e s i d u a l  w a t e r  i n  heavy 
w a t e r - b e a r i n g  z o n e s  a s  w e l l  a s  t h e  g roundwa te r  i n  lesser w a t e r - b e a r i n g  
zones .  (F ig .5 )  

The d r a i n a g e  programme s t a r t e d  i n  3une  1965. An i n c r e a s e d  water-make 
r 5 s u l t e d  a s  t h e  3water  t a b l e  was lowered.  I n f l o w  ave raged  33 ,700  
m /day t o  59 ,203  m /day f rom A p r i l  1968  t o  Oc tobe r  1969,  w i t h  a 
maximum 69,000 m /day i n  3une  ( r a i n y  s e a s o n )  1969.  I n  Oc tobe r  
1969,  t h e  d e e p e s t  and l a r g e s t  d e p r e s s i o n  cone  had formed. The w a t e r  t a b l e  
i n  t h e  c o n e  c e n t r e  had  lowered 1 2 1  m. p roduc ing  a r a d i u s  o f  i n f l u e n c e  o f  
2400 m. The mine, t h u s  f r e e d  f rom w a t e r  h a z a r d s  was commissioned smoothly .  
Of n o t e  is t h a t  t h e  silt  c o n t a i n e d  i n  t h e  w a t e r  ( l e s s  t h a n  1%)  wore t h e  
pumps s e v e r e l y  and  a l s o  c logged  t h e  d e w a t e r i n g  b o r e h o l e s ,  b locked  sumps 



Shaft 

Figure 5. Drainage Layout at Fankou leadlzinc mine ( 1)  Orebody 
(2 )  Dewatering boreholes ( 3 )  water cut-off dr i f t s  
(4)  Straight dewatering boreholes (5)  Groundwater recharge 
Direction (6)  Water table 

Figure 6. Typical section of Shilu Copper mine (1 )  First aquifer 
( 2 )  First water barrier ( 3 )  Second water barrier (4) Second 
aquifer (5)  Third aquifer (6 )  Igneous rock water barrier 
(7) Orebody (8) Ground Water Table 



3 t e n s  o f  t housands  o f  m /day t o  hundreds  o f  t housands  o f  m31day. 
K a r s t i c  c a v e r n s  a t  a sha l low dep th  a r e  o f t e n  f i l l e d .  A f t e r  a s u b s t a n t i a l  
l ower ing  i n  mine groundwater  t a b l e ,  a q u i f e r s  w i l l  o u t c r o p ,  r e s u l t i n g  i n  
f r e q u e n t  s u r f a c e  s u b s i d e n c e s  i n  s k y l i n e  a r e a s  o f  t h e  Q u a t e r n a r y  sys tem and 
b a s e  rock .  

The p r i n c i p a l  f a c t o r  t h r e a t e n i n g  t h e  p roduc t ion  o f  t h i s  t y p e  o f  
d e p o s i t  i s  t h e  p r e s e n c e  o f  l a r g e  q u a n t i t i e s  o f  h igh -p res su re  water .  
S u r f a c e  s u b s i d e n c e  is o f  s econda ry  concern.  According t o  t h e  in fo rma t ion  
a v a i l a b l e ,  such  methods a s  combined surface-underground wa te r  c o n t r o l  
t e c h n i q u e s ,  advanced dewa te r ing  w e l l s  and s e a l i n g  w a l l  t e c h n i q u e s  a r e  
used. 

Combined Surface and Underground Technique 

At t h e  Xianghua ta i  s h a f t  i n  t h e  Doul ishan Mine, complex 
hydrogeo log ica l  c o n d i t i o n s  e x i s t .  Mine w a t e r  i n f l o w s  amounted up t o  3600 
m / h r  i n  3une 1971,  s e r i o u s l y  t h r e a t e n i n g  t h e  mine s a f e t y .  An 
a n a l y s i s  shows t h a t  a tmosphe r i c  p r e c i p i t a t i o n  was t h e  cause  o f  
p a r t i a l  r e c h a r g e  o f  t h e  groundwater  sys tem.  It a l s o  i n d i c a t e d  t h a t  t h e  
Maokou l i m e s t o n e  K a r s t  wa te r  was t h e  main s o u r c e  o f  wa te r  t o  t h e  mine. 
The s u r f a c e  i n  o u t c r o p  r e g i o n  o f  a q u i f e r s  h a s  a s t r o n g  n a t u r a l  connec t ion  
t o  t h e  groundwater  sys t em,  t h u s  a surface-underground wa te r  c o n t r o l  method 
was used a s  fo l lows : -  

i )  S u r f a c e  Con t ro l :  Used mainly  t o  b lock  s u r f a c e  w a t e r  e n t r i n g  i n t o  
underground s t r a t a .  Fo r  example, t h e  f i l l i n g  o f  s i n k h o l e s ,  b u i l d i n g  o f  
f l o o d  r e t e n t i o n  dams and d i v e r s i o n  o f  r i v e r  channe l s ,  t h u s  d e c r e a s i n g  
s u r f a c e  wa te r  runn ing  underground. 

i i )  Underground Con t ro l :  It is t o  t a p  wa te r  by s e t t t i n g  o r i f i c e s  and 
v a l v e s  a t  s e l e c t e d  underground water-make l o c a t i o n s ,  s o  a s  t o  d i r e c t l y  
c o n t r o l  w a t e r  a t  t h e s e  p o i n t s .  T h i s  method i s  based on t h e  f a c t  t h a t  K a r s t  
wa te r  h a s  a n  ex t r eme ly  non-s teady wa te r  b e a r i n g  p r o p e r t y  th rough  i n  a 
uniform a q u i f e r .  S e a l i n g  t h e  main i n f l o w  l o c a t i o n s  w i l l  c a u s e  a 
co r r e spond ing  d e c r e a s e  i n  w a t e r  make. Between t h e  workable  c o a l  seams t o  
t h e  Maokou l i m e s t o n e ,  t h e r e  is a s a n d s t o n e  l a y e r  a b o u t  8 m. t h i c k  which 
a c t s  a s  a wa te r  b a r r i e r .  From e x p e r i e n c e ,  t h e  wa te r  i n r u s h  c o e f f i c i e n t  p e r  
m e t r e  o f  w a t e r  b a r r i e r  r a n g e s  *from 0 .6  t o  1 .5  ( t a b l e  1 ) .  The 
Doul ishan mine s e l e c t e d  0.6 Kg/cm .m a s  a l i m i t  d e r i v e d  from pumping 
tests. I n  t h i s  c a s e  when wa te r  t a b l e  r o s e  by 30 m t o  50 m, wa te r  i n r u s h  
would n o t  t a k e  p l a c e  i n  mining a r e a s .  Des i r ed  test3 r e s u l t s  were ob ta iged .  
Groundwater i n f l o w s  reduced from 3600 m / h r  t o  1645 m / h r ,  
e n s u r i n g  a normal mine o p e r a t i o n ,  t o g e t h e r  w i th  s a v i n g  o f  app rox ima te ly  
RMB 60,000 i n  pumping c o s t s  p e r  month. 



and b u r i e d  d r a i n s ,  t h u s  , compl ica t ing  t h e  mine d r a i n a g e  system. 

Case History 2 

S h i l u  copper  mine is an  open-p i t  o p e r a t i o n ,  a t  which d r a i n a g e  by deep 
pumping w e l l s  is used f o r  lowering t h e  groundwater l e v e l  i n  t h e  a r t e s i a n  
K a r s t  below t h e  orebody foo twa l l .  Open-pit development began i n  1966 and 
excava ted  below groundwater t a b l e  i n  1970. T h i s  was fo l lowed  by heavy 
pumping. Now 18-22 s e t s  of  254 mm deep w e l l  pumps 3 a r e  i n  o p e r a t i o n ,  
pumping r a t e  o f  60,000 m3/day t o  80,000 m /day. Drainage 
o p e r a t i o n s  was up t o  -6 m t o  -8 m. The wa te r  t a b l e  had t o  be lowered 8 m. 
i n  advance. Eleven y e a r s  o f  subsequent  p roduc t ion  h a s  proved t h i s  method 
p r a c t i c a l .  (Fig .  6-7) 

To summarise, d r a i n a g e  by deep w e l l  pumps h a s  t h r e e  advantages:  

(i) Easy c o n s t r u c t i o n  and maintenance. Grea t  s a v i n g s  i n  management 
c o s t s  a r e  achieved by remote c o n t r o l  from a c e n t r a l  c o n t r o l  s t a t i o n .  

i i )  E f f i c i e n t  u t i l i z a t i o n  of  groundwater r e s o u r c e s  a s  a wa te r  supply.  
Tge o r e  mining, p rocess ing  and s m e l t i n g  f a c i l i t i e s  consume up t o  30,000 
m /day ,  s u p p l i e d  by deep w e l l  pumps. 

i i i )  Reduced s u r f a c e  subsidence.  The g r a d u a l  i n c r e a s e  i n  t h e  number of  
pumps i n  t h e  c a s e  o f  deep w e l l  d r a i n a g e  r e s u l t s  i n  on ly  a s m a l l  i n c r e a s e  
i n  t h e  r a t e  o f  pumped and slow d e c r e a s e  i n  t h e  r a t e  of  wa te r  t a b l e .  I n  
a d d i t i o n  t o  t h i s ,  underground f i l t e r  t u b e s  p reven t  t h e  lowering passage of  
much of  t h e  s i l t  con ta ined  i n  t h e  d r a i n e d  water .  Th i s  c o n t r i b u t e s  t o  
lower ing  t h e  f l u s h i n g  f o r c e  i n  t h e  c o u r s e  o f  groundwater d e p r e s s i o n  and t o  
l e s s e n i n g  t h e  s e v e r i t y  of  t h e  hydrodynamic c o n d i t i o n s  f o r  subsidence.  
Compared wi th  Fankou l ead -z inc  mine where underground d r a i n a g e  is  used,  
S h i l u  copper  mine h a s  a much reduced subs idence  problem. 

3. WATER CONTROL I N  CONFIEED KARSTIC AQUIFERS 

These a q u i f e r s  occur  most ly  i n  t h e  inter-mountain  s y n c l i n a l  b a s i n s  o r  
i n  p l a i n s  su r round ing  t h e  mountains. The K a r s t  water-bear ing beds  a r e  
conf ined  e x t e n s i v e l y  by i n s o l u b l e  rocks .  S o l u b l e  rocks ,  outcropped t o  a 
g r e a t  e x t e n t  i n  t h e  mountain r e g i o n s ,  d i p  towards  t h e  mining d i s t r i c t ,  
becoming b u r i e d  i n  underground mainly a s  k a r s t  cave rns .  C o n t r o l l i n g  
f a c t o r s  f o r  Kars t  development a r e  mainly l i t h o l o g y ,  s t r u c t u r e  and e r o s i o n  
( i n  some a r e a s ) .  A u n i f i e d  water-bear ing hor i zon  a s  w e l l  a s  a groundwater 
t a b l e  e x i s t s  i n  t h e  mining d i s t r i c t .  Pumping tests can c a u s e  t h e  fo rma t ion  
o f  e l l i p t i c  d e p r e s s i o n  cones  a long  t h e  l i n e  o f  s t r i k e .  K a r s t  wa te r  i n  t h e  
mining water  d i s t r i c t  i s r echa rged  th rough  r e g i o n a l  a q u i f e r s  mainly by 
a tmospher i c  p r e c i p i t a t i o n ,  d r a i n i n g  i n  t h e  form o f  s t r u c t u r a l  s p r i n g s .  The 
g r o u n d w a t e r t r a v e l s  h o r i z o n t a l l y  with  l i t t l e  s e a s o n a l  v a r i a t i o n .  The 
d e p o s i t s  c o n t a i n  l a r g e  s t a t i c  r e s e r v e s  wi th  t h e i r  dynamic r e s e r v e  between 



Figure 7. Location of pumping wells at shilu copper mine 

Figure 8. Cone of depression around a sealing wall 
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Table 1. 
Mine Water-Inrush Coefficient 

(Experienced Values) 

Mine Water-Inrush C o e f f i c i e n t  (Kglcm2.m) 

Fengf eng 
3 iaozuo  
Zibu 
3 i n g  j i n g  

Con tac t  w i th  main K a r s t  a q u i f e r s  (Maokou l i m e s t o n e )  was avoided i n  t h e  
l a y o u t  of underground workings a t  t h e  Meitanba mine b e f o r e  1961. Only c o a l  
d r i f t s  were d r i v e n  and d r i v i n g  i n  Maokou l imes tone  footwal3. were 
fo rb idden .  However, Maokou l imes tone  K a r s t  wa te r  cou ld  s t i l l  n o t  be  
p reven ted  from in f lowing  i n t o  c o a l  d r i f t s ,  r e s u l t i n g  i n  a s e r i o u s  
a c c i d e n t .  L a t e r  on,  measures  were t aken  t o  d r i v e  hau lage  d r i f t s  d i r e c t l y  
i n t o  t h e  Maokou l i m e s t o n e  a q u i f e r s .  As a f i r s t  s t e p  t o  i n s u r e  s a f e t y ,  
s h a f t s  were  sunk i n  a weakly-developed K a r s t  a r e a s  of  t h e  Maokou l imes tone  
a t  a v e r t i c a l  d i s t a n c e  of  30 m t o  50 m from c o a l  seams. A f t e r  temporary 
d r a i n a g e  i n s t a l l a t i o n s  were f i n i s h e d ,  t h e  excava t ion  o f  t h e  pump rooms and 
sumps s t a r t e d .  With t h e i r  complet ion and p r o v i s i o n  o f  s u f f i c i e n t  d ra inage  
c a p a c i t y ,  w i th  t h e  i n s t a l l e d  bulkheads,  main d r i f t s  d r i v a g e  fol lowed.  At 
t h e  same time d r i f t s  nea r  c o a l  seams were excavated i n  t h e  Maokou 
l i m e s t o n e  i n  s t r o n g l y  developed Kars t .  On one occas ion ,  a l a r g e  wa te r  rush  
f rom f a u l t s  ( o r  from K a r s t  cave rn )  was encountered dur ing  t h e  course  of  
t h e  excava t ion .  Temporary wa te r  g a t e s  wi th  a g r o u t i n g  p i p e  were b u i l t  
immediate ly ,  fol lowed by g r o u t i n g  t o  s e a l  t h e  in f low p o i n t .  When t h i s  had 
been f i n i s h e d ,  t h e  wa te r  g a t e s  were opened and d r i v i n g  o p e r a t i o n s  
con t inued .  

Multiple Well System 

The second method used was advanced dewa te r ing  by m u l t i p l e  w e l l s  i n  
t h e  f a u l t e d  zones .  There  is a c l o s e  h y d r a u l i c a l  connec t ion  and obvious 
i g t e r f e r e n c e  between mine s h a f t s ,  (e.g. a f t e r  a wa te r  r u s h  of  2700 
m / h r  i n  No.5 s h a f f ,  t h e  pumping r a t e  i n  No.1 s h a f t  dropped from 2400 
m3/hr t o  1700 m / h r .  a g a i n ,  a f t e r  a pumping r a t e  r i s e  f r a n  400 
m3/hr f o  3177 m3/hr i g  No.6 s h a f t ,  wa te r  i n r u s h  went down from 
2400 m / h r  t o  1490 m I h r )  The adop t ion  of  d r a i n a g e  by m u l t i p l e  
w e l l s  i n  f a u l t e d  zones  a c c e l e r a t e d  dewa te r ing  and lowered t h e  wa te r  head 
and t h u s  e n s u r i n g  a s a f e  o p e r a t i o n .  



By t h e  above  ment ioned g r a i n a g e  measu re s  t h e  pumping r a t e  i n  t h e  
main  s h a f t  r e a c h e d  8323 m / h r  i n  May 1977. The g roundwa te r  t a b l e  i n  
t h e  Markou l i m e s t o n e  was t h u s  c o n s i d e r a b l y  l owered ,  d r a i n i n g  t h e  
g roundwa te r  i n  o l d  work ings  above t h e  c u r r e n t  p r o d u c t i o n  l e v e l s  and i n  
uppe r  a q u i f e r s .  F o r  e i g h t e e n  y e a r s ,  no s h a f t  f l o o d i n g  occu red  and mine 
product j ion  c a p a c i t y  j n c r e a s e d  s i x  f o l d ,  t i m b e r  consumpt ion  d e c r e a s e d  f r o r  
550 m t o  230 m / p e r  t e n  t housand  t o n s  o f  c o a l  mined. The 
f o r c e d  d r a i n a g e  o f  g roundwa te r ,  on  t h e  o t h e r  hand, i nduced  s u b s i d e n c e  of  
l a r g e  a r e a s  and pumping c o s t s  r o s e  t o  20% o f  t h e  t o t a l  c o s t  o f  raw c o a l .  
To change t h i s  s i t u a t i o n ,  a programme f o r  u s i n g  a w a t e r  c u t o f f  d r i f t s  a s  
t h e  c h i e f  s o l u t i o n  is  be ing  e v a l u a t e d  i n  a comb ina t i on  w i t h  wa t e r  
p r e v e n t i o n ,  d r a i n a g e  and  s e a l i n g  o f  o p e r a t i o n s .  

Sealing Wall Operations 

Zhangmadum i r o n  mine is  l o c a t e d  i n  a r u n o f f  d i s c h a r g e  a r e a  o f  t h e  
3 i l a n  m o n o c l i n a l  a r t e s i a n  s t r u c t u r e .  The l i m e s t o n e s  o f  Ordov i c i an  s e r i e s  
a r e  t h e  main a q u i f e r s  and have  g r e a t  t h i c k n e s s ,  d e p t h  and  w e l l  developed 
K a r s t  f e a t u r e s  w i t h  a r e l a t i v 5 l y  h i g h  h y d r a u l i c  head.  A maximum water-make 
is  e s t i m a t e d  a t  450,000 m /day f o r  h o r i z o n t a l  mining.  T h i s  is a 
t y p i c a l  l a r g e  mine  w i t h  t h e  power p l a n t ,  i r o n  and s t e e l  p l a n t ,  f e r t i l i z e r  
p J a n t ,  etc., r e q u i r i n g  underground w a t e r .  P r o c e s s  w a t e r  amounts  t o  300,OOC 
m /h r .  T h i s  s e v e r e l y  a f f e c t s  w a t e r  s o u r c e s  i n t e r f e r i n g  w i t h  wa t e r  
s u p p l i e s  t o  t h e  i n d u s t r i a l  and a g r i c u l t u r a l  f a c i l i t i e s  and may even  i nduce  
s u r f a c e  s u b s i d e n c e  when t h e  mine d r a i n a g e  programme s t a r t s  i n  t h e  f u t u r e .  
I n  o r d e r  t o  p r e v e n t  a g r e a t  d r o p  i n  t h e  r e g i o n a l  g roundwa te r  t a b l e ,  t e s t s  
have  ben conduc t ed  on  w a t e r  c o n t r o l  by s e a l i n g  w a l l  o p e r a t i o n s  a c h i e v i n g  
good r e s u l t s .  The w a t e r  t a b l e  d i f f e r e n c e  i n s i d e  and o u t s i d e  t h e  s e a l i n g  
is more t h a n  1 8 0  m (F ig .8 ) .  S e v e r a l  y e a r s  o f  mine pumping p r a c t i c e  ha s  
con f i rmed  t h a t  unde rg round  mining e x e r t s  n o  d e s t r u c t i v e  i n f l u e n c e  on wa t e r  
s u p p l y  t o  t h e  p l a n t s  i n  t h e  mine d i s t r i c t .  T h i s  is  a n  i m p o r t a n t  
c o n t r i b u t i o n  t o  t h e  p r o t e c t i o n  o f  underground w a t e r  r e s o u r c e s .  Through 
pumping tests it is  found  t h a t  t h e r e  is less water-make i n  t h e  d r i f t s  
beh ind  t h e  c u r t a i n  and t h a t  w a t e r  c o n t r o l  e f f i c i e n c y  h a s  r i s e n  t o  80%. 
Annual s a v i n g s  i n  pumping c o s t s  amount t o  RMB 2 ,190 ,000  and  s a v i n g s  i n  
e l e c t r i c a l  e n e r g y  a r e  more t h a n  19 ,000 ,000  Kw. 

CONCLUSIONS 

The above i n f o r m a t i o n  f rom d i f f e r e n t  mine d i s t r i c t s  i n d i c a t e s  t h e  
g r e a t  d i f f i c u l t i e s  i n  p r o c e s s ,  domes t i c  w a t e r  s u p p l y  w i l l  o c c u r  due  
t o  t h e  l o w e r i n g  o f  t h e  r e g i o n a l  g roundwa te r  t a b l e  u s i n g  advanced 
d e w a t e r i n g  scheme. P r a c t i c e ,  however,  d e m o n s t r a t e s  t h a t  d i f f e r e n t  methods 
s h o u l d  b e  a p p l i e d  f o r  c o n t r o l l i n g  mine w a t e r  i n  d i f f e r e n t  t y p e s  o f  Kdrst 
w a t e r  a q u i f e r s .  F o r  uncon f ined  a q u i f e r s  f e a t u r i n g  l a r g e  w a t e r  q u a n t i t i e s  
w i t h  q u i c k  f l u c t u a t i o n s ,  d r a i n a g e  ( f l o o d  c o n t r o l )  by a d i t  s h o u l d  b e  used .  
I f  underground p r e - d r a i n a g e  is used  f o r  w e l l  t y p e  d e p o s i t s ,  t h e  s u r f a c e  
s u b s i d e n c e  w i l l  b e  r educed ,  a l t h o u g h  it would n o t  b e  a s  e f f e c t i v e  a s  t h e  
s u r f a c e  d e w a t e r i n g  schemes. Fo r  c o n f i n e d  a q u i f e r s  w i t h  a r t e s i a n  w a t e r  



p r e s s u r e ,  p re -d ra inage  must be c a r r i e d  o u t  b e f o r e  mine p roduc t ion  is 
s t a r t e d .  Such p re -d ra inage  is  a combinat ion of  underground d r a i n a g e  by 
l e v e l s  and t h a t  by boreho le  pumps. It i s  expected t h a t  w i th  t h e  
development of  new technology l i k e  h i g h - l i f t ,  l a r g e  f l o w - r a t e  submers ib le  
pumps, t h e  u s e  of v e r t i c a l  d e - p r e s s u r i s i n g  boreho les  f o r  mine d r a i n a g e  
w i l l  o b t a i n  b e t t e r  r e s u l t s .  Advanced dewa te r ing  (Combined d r a i n a g e ) ,  
i n t e n s i f i e d  mining, wa te r  d ra inage  combined w i t h  wa te r  supp ly  f o r  v a r i e t y  
o f  pu rposes  w i l l  g r a d u a l l y  become t h e  g e n e r a l  p r a c t i c e  f o r  groundwater 
c o n t r o l  i n  major conf ined  a q u i f e r s .  




