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INTRODUCTION 

In North China, the development of mineral deposits is concerned with 
fissure-karst water in Ordovician limestone. The Xishmen Iron Mine is an 
undergroundmineof the Han-Xing Ore Mining District which is located in 
North China. Middle Ordovician limestone aquifer overlies the ore body. 
Because of its extensive area, large thickness, karstic nature and abundant 
recharge in rainy seasons, water danger is threatening the security of the 
mine. On the other hand, the mine is a semi-closed hydrogeologic unit and 
the yield of the aquifer is low in dry seasons. So, the shortage of water 
supply is also a serious problem. In the mine, hydrogeological investigation 
has been completed and the results have been verified by mine dewatering. 
In order to protect from water inrushes, and to guarantee the water supply, 
some effective works have been accomplished and some more will continue. The 
paper presents a case history of controlling mine water in North China, 
together with a brief description about the mine hydrogeologic conditions, 
the techniques of hydrogeologic investigations and aspects of mine water 
control. 

REGIONAL HYDROLOGY AND HYDROGEOLOGY 

The Xishimen Iron Mine is located in the south of Hebei Province in Northern 
China. The mine has the largest iron ore reserves and most complicated 
hydrogeological conditions in the Han-Xing Iron Ore Mining District. 

The Han-Xing Iron Ore Mining District borders to the east of the Tiahon 
Shan Mountain and on the west of the North China Plain. It is situated in 
hilly country with relief decreasing eastwards. 

The Han-Xing Iron Ore Mining District has a semi-arid continental climate. 
Mean annual rainfall is 560 millimetres with a minimum of less than 300 and 
a maximum as much as 1400 millimetres (1963) .  About 70-80 per cent of the 
annual rainfall is concentrated within the period from July to September, 
and only little is recorded in the other months. So, every year there is a 
short rainy season followed by a prolonged dry season with very little 



r a i n f a l l .  The annua l  r a i n f a l l  v a r i e s  p e r i o d i c a l l y ,  i n  e v e r y  7 - 10  y e a r s  
t h e r e  e x i s t s  a w a t e r f l o o d  y e a r  when r a i n f a l l  is more t h a n  800 m i l l i m e t r e s .  
Every 2 - 3 y e a r s  t h e r e  e x i s t s  a d ry  y e a r  w i t h  r a i n f a l l  l e s s  t h a n  500 
m i l l i m e t r e s .  There  i s  a l s o  a prolonged d rough t  eve ry  7 - 10 y e a r s  when t h e  
d r y  p e r i o d  e x t e n d s  t o  s e v e r a l  y e a r s .  

Four  s e a s o n a l  s t r e a m s  (Shahe R i v e r ,  Mahe R i v e r ,  Beiminghe R i v e r  and 
Nanminghe R i v e r )  run  e a s t w a r d s  through o r  by t h e  d i s t r i c t  ( F i g u r e  1 ) .  
Dur ing  t h e  d r y  s e a s o n  t h e y  have l i t t l e  r u n n i n g  w a t e r  and even d r y  up. I n  
t h e  r a i n y  season  t h e y  a r e  f u l l  o f  runn ing  w a t e r ,  which l e a k s  down i n  its 
c o u r s e  o v e r  t h e  l i m e s t o n e  t e r r a i n .  I t h a s  been measured t h a t  Shahe R ive r  
l o s t  w a t e r  by a s  much a s  20 c u b i c  me t re s  p e r  second a t  t h e  s e c t i o n  n e x t  t o  
. the n o r t h w e s t e r n  p a r t  o f  t h e  d i s t r i c t .  According t o  e s t i m a t i o n s  t h e  
Beiminghe R ive r  and Nanminghe R ive r  l o s e  more than  5 m i l l i o n  c u b i c  m e t r e s  
o f  w a t e r  p e r  y e a r .  

m 

I n s i d e  and o u t s i d e  t h e  d i s t r i c t ,  l i m e s t o n e s  o f  Cambrian and Ordov ic i an  age  
c o v e r  n e a r  3000 s q u a r e  k i l o m e t r e s  o f  t h e  ground s u r f a c e .  I n s i d e  t h e  d i s t r i c t  
t h e  r o c k s  a r e  mainly  l i m e s t o n e  o f  Middle Ordov ic i an  age ,  s a n d s t o n e  and s h a l e  
o f  t h e  C a r b o n i f e r o u s  and Permian a s  w e l l  a s  d i o r i t e .  The s t r a t a  s t r i k e  
n o r t h e a s t w a r d s  and d i p s  sou theas twards  w i t h  i n c l i n a t i o n  o f  15  d e g r e e s  o r  s o .  
I r o n  o r e  d e p o s i t s  o f  c o n t a c t  - metasomat ic  t y p e o c c u r a l o n g  t h e  c o n t a c t  zone 
o f  d i o r i t e  w i t h  l i m e s t o n e  i n  each  mine. F i s s u r e s  and k a r s t  a r e  w e l l  
deve loped  w i t h i n  t h e  Ordov ic i an  l i m e s t o n e  and t h e  l i m e s t o n e  is r i c h  i n  
f i s s u r e - k a r s t  wa te r .  The w a t e r ' c h a n n e l s  a r e  co r roded  f i s s u r e s .  I t  is t h e  
p r i n c i p a l  a q u i f e r  i n  t h e  d i s t r i c t  and a l s o  t h e  d i r e c t  roo f  above t h e  m i n e r a l  
d e p o s i t s ,  and consequen t ly  t h e  main s u b j e c t  o f  e x p l o i t i n g  and c o n t r o l l i n g  
ground w a t e r  i n  t h e  mines  o f  t h e , d i s t r i c t .  G e n e r a l l y ,  d i o r i t e  a c t s  a s  a 
r e l a t i v e l y  impermeable f l o o r  o f  t h e  m i n e r a l  d e p o s i t s  and impermeable boundary 
t o  t h e  mines .  The e a s t e r n  and s o u t h e r n p a r t s a r e  covered w i t h  s a n d s t o n e  and 
s h a l e ,  which r e s i s t  t h e  l i m e s t o n e  a q u i f e r ' s  f e e d i n g  from r i v e r  w a t e r  l e a k a g e  
and r a i n f a l l  i n f i l t r a t i o n .  

M a c r o s c o p i c a l l y  s p e a k i n g ,  Han-Xing I r o n  Ore Mining D i s t r i c t  is a g i g a n t i c  
underground w a t e r  r e s e r v o i r  o f  Middle Ordov ic i an  l i m e s t o n e .  T h i s  r e s e r v o i r  
p o s s e s s e s  t h e  f o l l o w i n g  main c h a r a c t e r i s t i c s :  

1 .  With  co r roded  f i s s u r e s  b e i n g  t h e  main w a t e r  r e s e r v o i r  and hav ing  b e t t e r  
i n t e r c o n n e c t i o n ,  t h e  l i m e s t o n e  a q u i f e r  h a s  a u n i t e d  ground w a t e r  s u r f a c e  
o r  p i e z o m e t r i c  s u r f a c e .  By t h e  a c t i o n  o f  e x t r a c t i n g  w a t e r  from t h e  
a q u i f e r ,  i t  is s u r e l y  p o s s i b l e  t o  form a u n i t e d  d e p r e s s i o n  cone.  A s  a 
r e s u l t  o f  d i s c h a r g i n g  by two g roups  o f  s p r i n g s ,  o f  which one  is n o r t h e a s t  
and t h e  o t h e r  is s o u t h  o f  t h e  d i s t r i c t ,  t h e r e  o c c u r s  an  e x t e n s i v e  seepage  
f l o w  f i e l d  a l l  o v e r  t h e  d i s t r i c t  w i t h  w a t e r  l e v e l s  b e i n g  h i g h e r  i n  t h e  
w e s t  and lower  i n  t h e  e a s t ,  h i g h e r  i n  t h e  midd le  and lower  bo th  i n  t h e  
n o r t h  and i n  t h e  s o u t h  o f  t h e  d i s t r i c t .  

2. Because  o f  t h e  wide e x t e n t ,  l a r g e  t h i c k n e s s  and b e i n g  r i c h  i n  co r roded  
f i s s u r e s ,  t h e  a q u i f e r  is o f  h igh  c a p a c i t y  t o  s t o r e  and convey wa te r .  

3 .  Dur ing  t h e  wet  s e a s o n  t h e  a q u i f e r  g e t s  a l a r g e  r e c h a r g e  caused  by r i v e r  
w a t e r  l e a k a g e  and r a i n f a l l  p e r c o l a t i o n .  The ground w a t e r  l e v e l  r i s e s  
r a p i d l y ,  t h e  amount o f  s t o r e d  w a t e r  i n c r e a s e s ,  and t h e  ground w a t e r  
r u n o f f  i n c r e a s e s  consequen t ly .  During t h e  d r y  s e a s o n ,  t h e  r e c h a r g e  i n  
q u e s t i o n  c e a s e s .  I n  a d d i t i o n ,  two g roups  o f  s p r i n g s  d i s c h a r g e  
c o n t i n u o u s l y ,  u s i n g  up w a t e r  s t o r a g e  i n  t h e  a q u i f e r .  A s  a consequence 
t h e  ground w a t e r  l e v e l  l owers  and t h e  ground w a t e r  r u n o f f  r educes .  



1 - Permian; 6 - d i o r i t e ;  

2 - Carbon i fe rous ;  7 - f a u l t ;  

3 - Middle  Ordovician;  8 - i s o l i n e  o f  ground 
wa te r  l e v e l ;  

4 - Lower Ordovician;  9 - s t r eam;  

5 - Cambrian; 40 - Xishimen I r o n  Mine. 

F i g u r e  1 Hydrogeologic s k e t c h  map o f  Han-Xing I r o n  Mine D i s t r i c t  



1 - Middle Ordovician limestone; 
2 - Carboniferous shale; 
3 - diorite; o 

4 - outcrop of iron ore body; 
5 - fault; 
6 - isoline of ground water level (Sept 15, 1978); 
7 - ground water flow direction; 
8 - Mahe River; 
9, 10, 1 1  - portions with different permeability; 
12 - supplementary water source spot. 

. 
Figure 2 Hydrogeologic sketch map .of Xishimen Iron Mine 
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4. C u t  by f a u l t s  and i n t r u d e d  by magmatic mass ,  t h e  whole  g i g a n t i c  ground 
w a t e r  r e s e r v o i r  h a s  been d i v i d e d  i n t o  s e v e r a l  h y d r o g e o l o g i c a l  b l o c k s  
o f  d i f f e r e n t  s i z e s  and d i f f e r e n t  f o rms ,  connec t ed  t o  e a c h  o t h e r  and 
d i s t i n g u i s h e d  f rom e a c h  o t h e r .  I n  g e n e r a l ,  i n s i d e  a  b l o c k  t h e  c o r r o d e d  
f i s s u r e s  have  deve loped  t o  a  g r e a t e r  d e g r e e ,  t h e  p e r m e a b i l i t y  is h i g h e r ,  
and r e s u l t  i n  a  g r e a t  amount o f  s t a t i c  r e s e r v e  o f  ground w a t e r .  On 
t h e  o t h e r  hand,  t h e  b l o c k  may be  s u r r o u n d e d  by d i o r i t e  o r  bounded by 
impermeable  ( o r  w a t e r - o b s t r u c t i n g )  f a u l t s ,  o r  b o r d e r e d  w i t h  a  zone  o f  
low p e r m e a b i l i t y .  And i n  some c a s e s ,  t h e r e  e x i s t s  one  o r  more " g a t e s f f ,  
i e  pe rmeab l e  l i m e s t o n e  p a s s a g e s  w i t h  r e l a t i v e l y  low c o n v e y a b l e  c a p a c i t y ,  
l i n k i n g  up t h e  b l o c k  t o  a n o t h e r  one .  Depending upon i ts  c l o s e  d e g r e e ,  
e v e r y  b l o c k  h a s  a  c o r r e s p o n d i n g  h y d r a u l i c  r e l a t i o n  w i t h  t h e  r e g i o n a l  
l i m e s t o n e  a q u i f e r  o r  t o  a n o t h e r  b lock  n e x t  t o  it.  

HYDROGEOLOGICAL CONDITION OF THE MINE 

The Xishmen I r o n  Mine is l o c a t e d  i n  t h e  w e s t e r n  f r i n g e  o f  c e n t r a l  Han-Xing 
O r e  Min ing  D i s t r i c t .  I t  is  a  low and b a r e  h i l l y  l a n d  o f  d i o r i t e  and Midd l e  
O r d o v i c i a n  l i m e s t o n e ,  w i t h  e l e v a t i o n  u n d u l a t i n g  f rom +268 t o  +300 m e t r e s .  
The i r o n  o r e  body o c c u r r s  a l o n g  t h e  c o n t a c t  zone  o f  d i o r i t e  ( f l o o r )  and 
l i m e s t o n e  ( r o o f ) ,  b e i n g  5100 m e t r e s  l o n g  i n  l o n g i t u d e  and 120  t o  500 m e t r e s  
w ide  i n  l a t i t u d e ,  l y i n g  f rom ground s u r f a c e  t o  t h e  d e p t h  o f  550 m e t r e s  
and  f rom +270 t o  -280 m e t r e s  i n  e l e v a t i o n .  The a v e r a g e  t h i c k n e s s  v a r i e s  
f r om 1 0  t o  3 0  m e t r e s  and t h e  maximum is 93  m e t r e s .  Midd l e  O r d o v i c i a n  l ime-  
s t o n e  i n  t h e  mine a p p e a r s  a s  a  t r o u g h  i n  l o n g i t u d e  which  is s u r r o u n d e d  and 
s u p p o r t e d  by d i o r i t e .  Only i n  t h e  s o u t h e r n ,  w e s t e r n  and n o r t h e a s t e r n  p a r t s  
r e s p e c t i v e l y  t h e r e  is a  f f g a t e f f  t h rough  which  t h e  l i m e s t o n e  a q u i f e r  w i t h i n  
t h e  mine  is connec t ed  w i t h  t h e  r e g i o n a l  one .  S o ,  f rom t h e  p o i n t  o f  v iew o f  
hyd rogeo logy ,  t h e  mine is a  r e l a t i v e l y  i n d e p e n d e n t  u n i t ,  b e i n g  a  s emi - c lo sed  
h y d r o g e o l o g i c a l  b l o c k  i n  Han-Xing I r o n  O r e  Min ing  D i s t r i c t .  ( F i g u r e  2 )  

The main a q u i f e r ,  t h e  Midd l e  Ordov i c i an  l i m e s t o n e  i n  t h e  mine c o v e r s  an  a r e a  
a b o u t  4  s q u a r e  k i l o m e t e r s .  I t  is 5200 m e t r e s  l o n g  i n  l o n g i t u d e  and 300 - 
1160 m e t r e s  wide  i n  l a t i t u d e .  I t  is 150 - 250 m e t r e s  t h i c k  and d i p s  t o  t h e  
s o u t h e a s t .  I t  c o n t a i n s  t h r e e  g r o u p s  o f  w a t e r - b e a r i n g  c o r r o d e d  f i s s u r e  t a k i n g  
o r i e n t a t i o n s  o f  NE, NNE and NNW r e s p e c t i v e l y .  Because  o f  t h e  d i f f e r e n c e  i n  
l i t h o l o g i c  c h a r a c t e r ,  f r a c t u r e  d e g r e e  and f i l l i n g  d e g r e e  o f  c o r r o d e d  f i s s u r e s  
t h e  a q u i f e r  c an  be  d i v i d e d  i n  a cco rdance  t o  p e r m e a b i l i t y  i n t o  3  p o r t i o n s  i n  
a r e a  ( F i g u r e  2 ,  T a b l e  1 )  and 2  i n t e r v a l s  i n  d e p t h .  The uppe r  i n t e r v a l  is 
above  t h e  e l e v a t i o n  o f  + I 4 0  m e t r e s  and is o f  r e l a t i v e l y  h i g h  p e r m e a b i l i t y ,  
t h e  l o w e r  o n e  is below t h i s  e l e v a t i o n  and o f  low p e r m e a b i l i t y .  Bu t  on t h e  
who le ,  t h e  p e r m e a b i l i t y  is q u i t e  h i g h  i n s i d e  t h e  mine and r a t h e r  low a t  t h e  
" g a t e s v .  The a v e r a g e  c o e f f i c i e n t  o f  p e r m e a b i l i t y  o f  t h e  l i m e s t o n e  a q u i f e r  
i n s i d e  t h e  mine is a s  much a s  29 .6  m e t r e s  p e r  day .  The n o r t h e a s t e r n  
f f g a t e f f  p e r m e a b i l i t i e s  a r e  h i g h e r  ( t h e  c o e f f i c i e n t  o f  p e r m e a b i l i t y  is 
23 .8  m e t r e s  p e r  d a y ) ,  b u t  t h e  w i d t h ,  and c o n s e q u e n t l y  t h e  t r a n s m i s s i v i t y  is 
l i m i t e d .  ( F i g u r e  3 ,  F i g u r e  4 and F i g u r e  5 )  

The Mahe R i v e r  r u n s  t h r o u g h  t h e  n o r t h e r n  p a r t  o f  t h e  mine ,  w i t h  a  l e n g t h  o f  
2100 m e t r e s  l y i n g  above  l i m e s t o n e .  Acco rd ing  t o  f l o o d  i n v e s t i g a t i o n s  i n  t h e  
a r e a  o f  t h e  mine t h e  h i s t o r i c a l  f l o o d  peak d i s c h a r g e  o f  Mahe R i v e r  is 
3160 c u b i c  m e t r e s  p e r  s econd  ( 1 9 3 6 ) .  The r i v e r  d e p o s i t s  a r e  p r o l u v i a l  and 
a l l u v i a l  s a n d s ,  g r a v e l s  and c l a y e y  g r a v e l s ,  which  a r e  3 t o  20  m e t r e s  t h i c k .  
D u r i n g  t h e  d r y  s e a s o n s ,  t h e r e  is no  r u n o f f  i n  t h e  r i v e r  bed .  I n  t h e  wet  
s e a s o n ,  t h e  r i v e r  is f u l l  o f  w a t e r  and l o s e s  a  l a r g e  q u a n t i t y .  I t  was 
d e t e r m i n e d  t h a t  a b o u t  71000 c u b i c  m e t r e s  o f  r i v e r  w a t e r  l e a k e d  down p e r  



Figure 3 Transverse section of the southern "gateu 

Figure 4 Transverse section of the northeastern Cgatet 

Figure 5 Lol.gitudinal section of the western "gate" 
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day  d u r i n g  t h e  r a i n y  s e a s o n  o f  1973. The r i v e r  w a t e r  l e a k s  i n t o  t h e  
l i m e s t o n e  i n  two ways: p e r c o l a t i n g  t h r o u g h  Q u a t e r n a r y  d e p o s i t s  i n  t h e  river 
bed and  by p e n e t r a t i n g  i n t o  r i v e r  s i d e  f i s s u r e s .  

R a i n f a l l  is t h e  r e c h a r g e  s o u r c e  o f  t h e  l i m e s t o n e  a q u i f e r  i n  t h e  mine. 
Recha rge  o c c u r s  i n  f o u r  ways: 

i )  l e a k i n g  o f  t h e  Mahe R i v e r ,  

ii) p e r c o l a t i n g  o f  r a i n f a l l  on b a r e  l i m e s t o n e ,  

iii) l a t e r a l  r e c h a r g i n g  t h rough  t t g a t e s t t  f r om t h e  r e g i o n a l  l i m e s t o n e  
a q u i f e r ,  and  

i v )  t h e  i n f i l t r a t i o n  o f  f i s s u r e  w a t e r  i n  t h e  wea the r ed  zone  o f  
d i o r i t e  s u r r o u n d i n g  t h e  mine. 

The f i r s t  two, e s p e c i a l l y  t h e  f i r s t ,  p l a y  a n  i m p o r t a n t  r o l e .  It is t h e  
Mahe R i v e r  t h a t  w i l l  b e  t h e  main f a c t o r  t h r e a t e n i n g  t h e  s a f e t y  o f  t h e  mine. 
The  l a s t  o n e  can  o f f e r  o n l y  a l i t t l e  w a t e r .  I n  r e a l i t y ,  r e g i o n a l  g round  
w a t e r  g o e s  t h r o u g h  t h e  s o u t h e r n  "ga t e t t  and t h e  w e s t e r n  t t g a t e t t  i n t o  t h e  mine 
and  mine  ground w a t e r  g o e s  t h rough  t h e  n o r t h e a s t e r n  " g a t e t t  o u t  o f  t h e  mine. 
When t h e  mine is s u b j e c t  t o  d e w a t e r i n g  t h e  r e g i o n a l  g round  w a t e r  comes i n t o  
t h e  mine  t h rough  a l l  t h r e e  t t g a t e s " .  L imi t ed  by low c o n v e y a b l e  c a p a c i t y  o f  
t h e s e .  " g a t e s " ,  t h e  l a t e r a l  d i s c h a r g e  q u a n t i t y  i f  n o t  s o  g r e a t .  B u t ,  i t  is 
t h i s  w a t e r  t h a t  c an  b e  u t i l i z e d  f o r  w a t e r  s u p p l y  b o t h  i n  t h e  r a i n y  s e a s o n  
and  i n  t h e  d r y  s e a s o n .  

A s  a r e s u l t  o f  t h e  r a i n f a l l  p e r i o d i c i t y ,  t h e  r e c h a r g e  q u a n t i t y  o f  a l l  f o rms  
v a r i e s  p e r i o d i c a l l y ,  a s  d o e s  t h e  ground w a t e r  l e v e l  ( F i g u r e  6 ) .  One y e a r  
m a t c h e s  a s h o r t  v a r i a t i o n a l  p e r i o d  w i t h  g e n e r a l  a m p l i t u d e ;  7 t o  1 0  y e a r s  
m a t c h e s  a l o n g e r  p e r i o d  w i t h  a h i g h  ground w a t e r  l e v e l  and a r a t h e r  low o n e  
w i t h i n  i t .  Thus ,  g round  w a t e r  l e v e l  is c o n s t a n t l y  chang ing .  B e f o r e  mine 
d e w a t e r i n g  commenced, t h e  peak l e v e l  and t h e  l o w e s t  one  we re  +250 and + I 6 0  
m e t r e s  r e s p e c t i v e l y ,  peak a m p l i t u d e  was 90  m e t r e s  and t h e  g e n e r a l  a n n u a l  
a m p l i t u d e  v a r i e d  f rom 14 t o  23  metres ( t h e  maximum b e i n g  66  m e t r e s ) .  The 
l a r g e s t  monthly  r i s i n g  v a l u e  was 30 m e t r e s  and t h e  l a r g e s t  d a i l y  l i f t  was 
3 . 6  m e t r e s .  

HYDROGEOLOGICAL PROSPECTING WITH THE MINE 

H y d r o g e o l o g i c a l  p r o s p e c t i n g  was comple t ed  i n  1973. B e f o r e  t h a t ,  s i n c e  t h e  
l a t e  f i f t i e s ,  o n l y  odd s c r a p s  o f  h y d r o g e o l o g i c a l  work had been done .  

I n f o r m a t i o n  f rom a b o u t  200 g e o l o g i c a l  p r o s p e c t  h o l e s  was t u r n e d  t o  f u l l  u s e .  
Some o f  t h e  p r o s p e c t  h o l e s  were  u t i l i z e d  f o r  h y d r o g e o l o g i c a l  o b s e r v a t i o n s  
and  tests. I n  a d d i t i o n ,  t h e r e  were  bo red  4 l a r g e - d i a m e t e r  h o l e s  ( t w o  o f  
them f o r  w a t e r  s u p p l y )  and pumping t e s t s  we re  run  r e s p e c t i v e l y .  A s  a r e s u l t ,  
a p r e l i m i n a r y  f i n d i n g  was t h a t  d i o r i t e  s u r r o u n d i n g  t h e  mine and l y i n g  unde r  
t h e  o r e  body was whole  and ,  t h a t  t h e  mine is a s emi - c lo sed  g round  w a t e r  
r e s e r v o i r  i n  which  3 p o r t i o n s  i n  a r e a  and 2 i n t e r v a l s  i n  v e r t i c a l  s e c t i o n  
o f  d i f f e r e n t  p e r m e a b i l i t i e s  were  r e c o g n i z e d .  

Based on  t h i s ,  a combined pumping t e s t  was o p e r a t e d .  I t  i n c l u d e d  4 l a r g e -  
d i a m e t e r  h o l e s  f o r  pumping and 21 s m a l l - d i a m e t e r  h o l e s  a s  o b s e r v a t i o n  w e l l s .  
The  d i s c h a r g e  #a s  10210-16957 c u b i c  m e t r e s  p e r  day ,  and t h e  t e s t  l a s t e d  
31 d a y s .  A s  a consequence ,  drawdown was n o t  l a r g e  - t h e  a v e r a g e  i n  a l l  





o b s e r v a t i o n  h o l e s  b e i n g  3.56 m e t r e s - a n d  d r a w d o w n ' r a t e  was q u i t e  low. The 
d e p r e s s i o n  c o n e  i n s i d e  t h e  mine was e x t r e m e l y  g e n t l e  and seemed t o  
d r o p  s y n c h r o n i s t i c a l l y .  The h y d r a u l i c  g r a d i e n t  a t  t h e  s o u t h e r n  " g a t e v  and 
w e s t e r n  o n e  i n c r e a s e d  b u t  a t  t h e  n o r t h e a s t e r n  o n e  i t  d e c r e a s e d .  The  tests 
showed t h d t  t h e  t r a n s m i s s i b . i l i t y  o f ' t h e  a q u i f e r  i n s i d e  t h e  mine  was  h i g h  
b u t  t h e  c o n v e y a b l e  c a p a c i t y  o f  t h e  " g a t e s "  was  low and t h a t  t h e  mine  is r i c h  
i n  s t a t i c  g roundwa te r  r e s e r v e  b u t  l a t e r a l  f l o w  q u a n t i t i e s  a r e  l i m i t e d .  The 
pumping test  p r o v i d e d  t h e  n e c e s s a r y  a n d ' e s s e n t i a l  d a t a  f o r  d e t e r m i n i n g  t h e  
h y d r o g e o l o g i c a l  p a r a m e t e r s  o f  t h e  l i m e s t o n e  a q u i f e r  i n s i d e  t h e  mine  and a t  
t h e  "ga t e s " .  

The " g a t e s "  a r e  t h e  f a c t o r s  c o n t r o l l i n g  g round  w a t e r  f l o w  f rom t h e  r e g i o n  
i n t o  t h e  mine. I n  o r d e r ' t o  examine  them and r o u g h l y  d e t e r m i n e  t h e i r  
o u t l i n e s  and  s i z e s ,  a  f e w . b o r e h o l e s  we re  d r i l l e d  t h r o u g h  them. 

Wi th  a  v i ew  t o  s t u d y i n g ' t h e  l e a k a g e  o f  t h e  Mahe R i v e r ,  b e s i d e s  a s u r f a c e  
s u r v e y ,  h y d r o l o g i c a l  measurements  and r i v e r  d e p o s i t  i n v e s t i g a t i o n s ,  a  
g round  w a t e r  m i c r o  r eg ime  o b s e r v a t i o n  was c a r r i e d  o u t  c o n s c i e n t i o u s l y  d u r i n g  
t h e  r a i n y  s e a s o n .  The  o b s e r v a t i o n  was o p e r a t e d  i n  f r e q u e n c y  o f  s e v e r a l  t i m e s  
a  d a y  o r  o n c e  a n  hou r .  It was found  t h a t  n o . s a o n e r  had w a t e r  f l o w  a p p e a r e d  
i n  t h e  r i v e r  bed t h a n  t h e  ground w a t e r  l e v e l s  began t o  rise unde r  t h e  bed,  
f o r m i n g  a r i d g e  o f  w a t e r  and l e a d i n g  t o  an  i n c r e a s e  i n  g round  w a t e r  l e v e l s  
a l l  o v e r  t he '  mine ( F i g u r e  7 ) .  Accord ing  t o  t h i s ,  t h e  s i g n i f i c a n c e  o f  t h e  
Mahe R i v e r  l e a k a g e  was  obse rved .  

T h e r e  had been accumula t ed  a  huge amount o f  d a t a  o v e r  n e a r l y  20 y e a r s '  t i m e  
c o n c e r n i n g  t h e  g round  w a t e r  regime o f  t h e  r e g i o n  and t h e  mine ,  which  i n c l u d e d  
t h e  y e a r  1963 ,  ( t h e  h i s t o r i c  f l o o d  peak y e a r  i n  t h e  c e n t u r y ) .  T h i s  is a 
g o l d e n  key  i n  t h e  r e a l i s a t i o n  o f  t h e  b a s i c  h y d r o g e o l o g i c a l  c h a r a c t e r i s i t i c s  
o f  t h e  mine  a s  w e l l  a s  t h e  r e g i o n .  The d a t a  d e s c r i b e d  t h e  s e e p a g e  f l o w  f i e l d  
and i ts v a r i a t i o n ,  which  p r o v i d e d  a  b a s i s  f o r  r e a l i z i n g  c o n d i t i o n s  o f  
r e c h a r g e ,  f l o w  and d i s c h a r g e  o f  ground w a t e r .  The d a t a  showed some high-  
l e v e l  y i e l d s  f o r  h i g h  f l o w  y e a r s ,  wa rn ing  t h a t  t h e  mine c o u l d  b e  f a c e d  
w i t h  t h e  w a t e r  h a z a r d  o f  l a r g e  i n f l o w  o r  i n r u s h  d u r i n g  w a t e r f l o o d  y e a r s ,  
e s p e c i a l l y  i n  a  f l o o d  peak y e a r .  The d a t a  a l s o  d i s p l a y e d  some l ow- l eve l  
y i e l d s  f o r  low f l o w  y e a r s ,  r emind ing  t h a t  t h e  mine would have  t o  e n c o u n t e r  
a  s p e c i a l  d i f f i c u l t y  i n  w a t e r  s u p p l y  d u r i n g  d r y  y e a r s ,  e s p e c i a l l y  i n  
t h e  d r y  y e a r  p e r i o d  e v e r y  7 - 10  y e a r s .  I t  is t h e s e  two p rob l ems  t h a t  
mus t  b e  e v a l u a t e d  b e f o r e  t h e  Xishimen I r o n  Mine is t o  be  deve loped .  

A f t e r  t h e  h y d r o g e o l o g i c a l  c o n d i t i o n s  had been a s c e r t a i n e d ,  g round  w a t e r  
i n f l o w  was  p r e d i c t e d  f o r  t h e  f u t u r e  ground g s l l e r y  sy s t em o f  t h e  + I20  m e t r e s  
l e v e l .  I n  a c c o r d a n c e  w i t h  s p e c i f i c  c o n d i t i o n s  a b o u t  w a t e r  s o u r c e s ,  
b o u n d a r i e s  and c o n d u i t s  t h e  mine was a p p r o x i m a t e l y  modeled a s  a  hydro-  
g e o l o g i c a l  o b j e c t  w i t h  l a t e r a l  f l o w  th rough  t h r e e  " g a t e s "  and i n - s i t u  
f e e d i n g  r e s u l t i n g  f rom t h e  Mahe R i v e r  l e a k a g e ,  r a i n f a l l  p e r c o l a t i o n  and 
p e r i p h e r a l  d i o r i t e ' s  d i s c h a r g e .  The l a t e r a l  f l o w  q u a n t i t y  was  e v a l u a t e d  
u s i n g  t h e  S e c t i o n  Method. The Mahe R i v e r  l e a k a g e  q u a n t i t y  was  e s t i m a t e d  
a c c o r d i n g  t o  t h e  r i dge - fo rm  ground w a t e r  t a b l e  and i ts r e c o v e r y  r a t e  
i n  which  t h e  c o e f f i c i e n t  o f  p e r m e a b i l i t y  and t h e  s t o r a g e  c a p a c i t y  o f  
t h e  a q u i f e r  had been known. R a i n f a l l  i n f i l t r a t i o n  q u a n t i t i e s  and p e r i p h e r a l  
d i o r i t e l s  d i s c h a r g e  we re  e v a l u a t e d  u s i n g  t h e  E q u i l i b r i u m  Method. The 
p r e d i c t e d  i n f l o w  a r e  a s  f o l l o w s :  



Figure 7 Schematic diagram of Mahe River leakage 

Total for flood term appearing'once every 7 - 10 years 

161000 cubic metres per day 

Lateral flow 72000 cubic metres per day 

In-situ flow (mainly Mahe River leakage 
89000 cubic metres per day) 

Total for dry term appearing once every 7 - 10 years 

23000 cubic metres per day 

Lateral flow 20000 cubic metres per day 

In-situ flow (all peripheral diorite's discharge 
3000 cubic metres per day) 

In addition the mine dewatering procedure was predicted using the New 
Unit Static Reserve Method. 

MINE DEWATERING 

The Xishimen Iron Mine is an underground mine. It was originally dewatered 
by means of draining water in boreholes drilled from chambers and concent- 
ratively pumping water from an underground sump up to ground surface. 



Mine d e w a t e r i n g  began w i t h  dewa te r ing  t e s t s  of  t h e  + I20  me t re  l e v e l  and 
+40 m e t r e  l e v e l  r e s p e c t i v e l y ,  u t i l i z i n g  some d r a i n a g e  works a l r e a d y  
completed.  Dewater ing measures  i nc luded  46 d r a i n a g e  b o r e h o l e s  f rom 12  
chambers ,  a  v e n t i l a t i o n  s h a f t  and 2  w a t e r  s u p p l y  bo reho le s .  The re  were  
22 o b s e r v a t i o n  b o r e h o l e s  i n  t h e  mine and 19 o u t s i d e  t h e  mine, which 
cove red  an  a r e a  o f  120 s q u a r e  k i l o m e t r e s .  The dewa te r ing  t e s t  of 
+ I20  m e t r e  l e v e l  l a s t e d  84 days ,  from June t o  September  1978, i n c l u d i n g  
a  l e n g t h  o f  d r y  s e a s o n  and t h e  whole r a i n y  s e a s o n  o f  t h a t  y e a r .  The 
d i s c h a r g e  was 60000 - 75000 c u b i c  me t re s  p e r  day.  A s  a  r e s u l t ,  i n  t h e  
midd le  p a r t  o f  t h e  mine, ground w a t e r  l e v e l s  dropped from +I80  m e t r e s  
t o  + 140 m e t r e s ,  a  drawdown o f  40 me t re s .  The dewa te r ing  t e s t  o f  t h e  
+40 m e t r e  l e v e l  was performed d u r i n g  J u l y  and August 1980 and l a s t e d  
48 days  i n  t h e  r a i n y  s e a s o n  o f  t h e  yea r .  The d i s c h a r g e  was 35003 - 52000 
cub ic '  m e t r e s  p e r  day. A s  a  r e s u l t ,  i n  t h e  midd le  p a r t  o f  t h e  mine,  ground 
w a t e r  l e v e l s  dropped t o  n e a r  +I00 me t re s  w i t h  drawdown o f  35 m e t r e s  o r  
s o .  Between t h e  two t e s t s  and a f t e r  t h e  second  one,  d r a i n a g e  was con t inued  
w i t h  t h e  d i s c h a r g e  ma in ta ined  a t  abou t  20000 c u b i c  m e t r e s  p e r  day.  I n  
s u c h  a  c a s e  t h e  ground w a t e r  l e v e l  seemed t o  be  g o i n g  down ex t r eme ly  
s l o w l y .  I n  t h e  r a i n y  s e a s o n s  pumping was i n c r e a s e d  t o  r e s t r a i n  t h e  l a r g e  
r e c o v e r y  o f  ground w a t e r  l e v e l s .  

The d r a i n a g e  i n  q u e s t i o n  h a s  dewatered bo th  t h e  + I20  me t re  l e v e l  and 
t h e  uppe r  o n e s ,  t h e  e a r l i e r  mining l e v e l s .  I t  paved t h e  way f o r  mine 
development .  I t  is a l s o  a  check on r e s u l t s  o f  hydrogeo log ica l  e x p l o r a t i o n  
o f  t h e  mine. 

The form o f  t h e  d e p r e s s i o n  cone co inc ided  q u i t e  w e l l  w i t h  p e r m e a b i l i t y  
d i s t r i b u t i o n s  de t e rmined  from hydrogeo log ica l  p r o s p e c t i n g .  I n  p o r t i o n  I ,  
( h i g h  p e r m e a b i l i t y )  drawdown was l a r g e r  and t h e  h y d r a u l i c  g r a d i e n t  was 
lower  t h a n  t h e  o t h e r s .  Except  f o r  t h e  q u a n t i t y  o f  Mahe R i v e r  l e a k a g e ,  
a l l  o v e r  t h e  p o r t i o n  ( b e i n g  o v e r  4000 m e t r e s  l o n g )  ground w a t e r  l e v e l s  
dropped i n  n e a r l y  t h e  same deg ree .  I n  P o r t i o n  11, ( l e s s  p e r m e a b i l i t y ) ,  
and P o r t i o n  I11 ( low p e r m e a b i l i t y ) ,  t h i n g s  were  a p p a r e n t l y  d i f f e r e n t  
from P o r t i o n  I and d i f f e r e n t  from each  o t h e r .  Of c o u r s e ,  t h e  seepage  
f low f i e l d  under  d e w a t e r i n g  c o n d i t i o n s  was more compl i ca t ed .  Fo r  example, 
a f t e r  ground w a t e r  l e v e l  had dropped it was found i n  t h e  n o r t h  p a r t  o f  
P o r t i o n  I a r e l a t i v e l y  low p e r m e a b i l i t y  zone,  which made t h e  f i e l d  more 
compl i ca t ed .  

Though d e w a t e r i n g  b rough t  abou t  a  g r e a t  v a r i a t i o n  and ad jus tmen t  i n  t h e  
s e e p a g e  f l o w  f i e l d  o f  t h e  mine, i t  d i d  n o t  e v i d e n t l y  a f f e c t  t h e  ground 
w a t e r  l e v e l s  o u t  o f  "ga t e s " .  There ,  t h e  ground w a t e r  l e v e l s  v a r i e d  
n a t u r a l l y ,  keep ing  s t e p  w i t h  t h e  r e g i o n a l  ground w a t e r  regime. So,  l o s s  
o f  head o c c u r r e d  a s  much a s  a  few t e n s  o f  m e t r e s  a t  each  "gate" .  I t  
h a s  been proved t h a t  t h e  "ga t e s "  a r e  r e a l l y  low t r a n s m i s s i v i t y .  ( T a b l e  2 )  

Dur ing  t h e  dewa te r ing  p e r i o d ,  whenever t h e  Mahe R i v e r  bed was f i l l e d  w i t h  
w a t e r  i n  r a i n y  s e a s o n ,  t h e  ground wa te r  l e v e l  unde r  t h e  bed r o s e  r a p i d l y ,  
t h e  ground w a t e r  l e v e l  a l l  o v e r  t h e  mine r o s e  t o  some d e g r e e  and i n f l o w s  
were  e n l a r g e d  consequen t ly .  For  example, d u r i n g  a  p e r i o d  o f  t h e  r a i n y  
s e a s o n  o f  1982, r a i n f a l l  l a s t e d  f o r  6 days ,  t o t a l  r a i n f a l l  was 315 m i l l i -  
m e t r e s ,  and t h e  Mahe R i v e r  bed was f i l l e d  w i t h  w a t e r  f o r  10 days ,  c a u s i n g  
ground w a t e r  l e v e l s  i n  t h e  n o r t h e r n  p a r t  o f  t h e  mine t o  r e c o v e r  from 
+ I 1 6  m e t r e s  t o  + I44  m e t r e s  caused in f lows  t o  i n c r e a s e  by 43000 c u b i c  
m e t r e s  p e r  day.  T h i s  showed t h a t  t h e  Mahe R i v e r  l e a k a g e  c o n s i d e r a b l y  
a f f e c t e d  t h e  mine in f low.  S i n c e  1978, d r y  y e a r s  w i t h  lower  annua l  r a i n f a l l s  
appea red  one  by one.  So ,  t h e  deg ree  o f  i n f l u e n c e  o f  t h e  Mahe R i v e r  l eakage  
i n  t h e  w a t e r f l o o d  y e a r  h a s  n o t  been exposed d u r i n g  t h e  d e w a t e r i n g  p e r i o d .  



l G i ?  

5 5: .r( 

3 5 5  

7 

O  
c , , a , ?  

In z 

- 

m  

7 

,-I 

a ,  C . 4  3 u  
3 . 4  

C U . 4  

c, 
3 0 - 
4 - 
5 % 
a ,  

z 2' 
2 

a c, 
3 G 4  0 0  

M 

$ 2  > - : 2 
s$ .$ 
c, 

g a  c, 

a C 
32 to "I 
w.5 

E 
a, 

c, rn 
a, J 

E 
LZ 
E g  

E 
a, .c 
c, 3 

rn 

C 
a, c, c L 

rn 

,-I 

;? 
U 

. 

C 

a,c, 
c L 

0 

-j. z 

- 

7 

h 
4 
3 3 

CU 

Lz 

rn 
h rJ 
L a, a V) 

C  

rn 
c, ([l 
a, a, 3 rn 

0 0 0  x 

O l n \ o "  

t ? ? C , ?  
' j . m \ o o m  
m o o \ D  

a) 

2 

I n \ o O \ o  

m a ) a ) m  
C 

c , r ~ ~ - j . m o o  
3 a c o \ o \ o \ o m - j .  

7 

~ " ' 9 r ; " ? m ?  

- 

u m t - c u a , \ o r u a )  
L a t - \ D \ o \ o \ D I n  

7 - 7  

h 
4 3 

3 - 
- ~ m m c u -  

X 
Ln" 

\ o \ o \ o I n O  

N N -  

t - f . ? ' " ? ?  
m a , c n o \ o +  

a ) \ o \ o - 3 "  

? \ f ? - f . ? ?  

7 

+ \ D I n I n m -  

g z z z s m  - 

O C O O \ o t - I n  
? ? ? t ?  

c, rn 3 

2' 
4 

Ig  
X 9  9s 
t- 

? 

7 

7 

? 

c, V) 

5 
4 

0 

1 0  

8: 
01g 
\o 

2 

- m  - 

- 

L 
a, D 

E 
c, e 
(0 

In 



D u r i n g  t h e  d r y  s e a s o n s  a f t e r  d e w a t e r i n g  tests, pumping was k e p t  a t  n e a r l y  
20000 c u b i c  m e t r e s  p e r  day ,  ground w a t e r  i e v e l  o u t s i d e  t h e  mine. Thus ,  
i t  c a n  b e  s e e n  t h a t  t h e  p r e d i c t e d  i n f l o w  f o r  t h e  d r y  s e a s o n  (23000  c u b i c  
m e t r e s  p e r  d a y )  is v e r y  c l o s e  t o  t h a t  a s  i n  p r a c t i c e .  As t o  t h e  p r e d i c t e d  
i n f l o w  f o r  r a i n y  s e a s o n ,  i t  h a s  n o t  been v e r i f i e d  due  t o  t h e  a b s e n c e  
o f  a  w a t e r f l o o d  y e a r  i n  r e c e n t  y e a r s .  

As a  r e s u l t  o f  d e w a t e r i n g ,  a  q u i t e  e x t e n s i v e  and c o n s i d e r a b l y  d e e p  d e p r e s s i o n  
c o n e  h a s  e x i s t e d  f o r  a  l o n g  t i m e ,  b u t  it  h a s  n o t  b r o u g h t  a b o u t  g round  
s u r f a c e  c o l l a p s e  i n  t h e  mine and ground w a t e r  l e v e l  drawdown o u t s i d e  
t h e  mine .  The r e a s o n  f o r  t h i s  is t h a t  t h e  s p a c e s : f i l l e d  w i t h  w a t e r  i n  
t h e  a q u i f e r  a r e  ma in ly  c o r r o d e d  f i s s u r e s ,  n o t  c a v e r n s ,  and  i n  a d d i t i o n  ,. 
t h a t  t h e  mine is h y d r o g e o l o g i c a l l y  s emi - c lo sed .  

. . 

WATER 'SUPPLY 

The Xishimen I r o n  Mine r e q u i r e s  a b o u t  60000 c u b i c  m e t r e s  o f  w a t e r  p e r  
day  t o  s u p p l y  f o r  m in ing ,  d r e s s i n g ,  i r r i g a t i n g  and d r i n k i n g .  I t  h a s  
been p l a n n e d  t h a t  t h e  mine  w a t e r  would b e  u t i l i z e d  a s  much a s  p o s s i b l e .  
I n f l o w s  p r e d i c t e d  f o r  t h e  d r y  s e a s o n  however a r e  o n l y  a  l i t t l e  more t h a n  
20000 c u b i c  m e t r e s  p e r  day .  Even i f  a l l  i n f l o w  is used  e f f e c t i v e l y ,  
t h e r e  is a  w a t e r  imba l ance  o f  40000 c u b i c  m e t r e s  p e r  day  d u r i n g  t h e  d r y  
s e a s o n s .  A s  t h e  mine  is a  s emi - c lo sed  o n e ,  it  is n o t  p o s s i b l e  t o  s u p p l y  
t h e  s h o r t a g e  w i t h i n  t h e  mine and i t  is n e c e s s a r y  t o  g e t  s u p p l i e s  f rom 
o u t s i d e .  

A c c o r d i n g  t o  t h e  r e g i o n a l  h y d r o g e o l o g i c a l  conditions, a  s u p p l e m e n t a r y  
w a t e r  s o u r c e  s p o t  h a s  been c o n s t r u c t e d  i n  a s e c t i o n  which  is 2 .5  k i l o m e t r e s  
e a s t  o f  t h e  mine ,  s e p a r a t e d  f rom t h e  mine by d i o r i t e .  

The s u p p l e m e n t a r y  w a t e r  s o u r c e  s p o t  is s i t u a t e d  i n  t h e  m i d d l e  o f  a  g round  
w a t e r  p a s s a g e  i n  Midd l e  O r d o v i c i a n  l i m e s t o n e  i n  t h e  Han-Xing I r o n  Mine 
D i s t r i c t .  The l i m e s t o n e  i n  t h e  s e c t i o n  i n  q u e s t i o n  is bounded on  t h e  
w e s t  by d i o r i t e ,  l i m i t e d  on  t h e  e a s t  by a  l a r g e  s i z e d  w a t e r - o b s t r u c t i n g  
f a u l t  and c o v e r e d w i t h  Q u a t e r n a r y  s e d i m e n t s  and  Ca rbon i f e rous -Pe rmian  
s t r a t a .  I t  is 420 - 470 m e t r e s  t h i c k .  The mean c o e f f i c i e n t  o f  p e r m e a b i l i t y  
is 40 m e t r e s  p e r  d a y ,  t h e  i n t e r v a l  f rom 5 0  t o  400 m e t r e s  i n  d e p t h  b e i n g  
a  h i g h  pe rmeab l e  one .  Most o f  t h e  ground w a t e r  f l o w  i n  t h e  m i d d l e  p a r t  
o f  t h e  d i s t r i c t  p a s s e s  t h r o u g h  t h e  s e c t i o n  i n  t h e  d i r e c t i o n  f rom s o u t h  
t o  n o r t h .  The o r d i n a r y  n a t u r a l  f l ow  r a t e  e q u a l s  40000 - 60000 c u b i c  
m e t r e s  p e r  day  and t h e  h y d r a u l i c  g r a d i e n t  r a n g e s  f rom 0.03% t o  0.07%. 
The e l e v a t i o n  o f  g round  s u r f a c e  is a b o u t  +230 m e t r e s .  The g round  w a t e r  
l e v e l  v a r i e s  from + I 6 5  m e t r e s  ( d r y  s e a s o n )  t o  + I 9 5  m e t r e s  ( r a i n y  s e a s o n ) ,  
w i t h  t h e  r e c o r d e d  minimum and maximum b e i n g  + I26  m e t r e s  and +214 m e t r e s  
r e s p e c t i v e l y .  

The  w a t e r  s u p p l y  scheme is e x p l o i t i n g  g round  w a t e r  w i t h  c o n c e n t r a t e d  
b o r e h o l e s ,  pumping w i t h  s u b m e r s i b l e  b o r e h o l e  pumps ana  convey ing  w a t e r  
by p i p e  l i n e s .  

By now, a l l  o f  20  p l anned  b o r e h o l e s  have  been c o n s t r u c t e d ,  e a c h  b e i n g  
380  m e t r e s  deep  o r  s o .  They a r e  500 m i l l i m e t r e s  i n  d i a m e t e r  a t  t h e  t o p  
and 219 m i l l i m e t r e s  a t  t h e  bot tom.  S i n g l e  b o r e h o l e  pumping tests show 
t h a t  w h i l e  t h e  d i s c h a r g e  k e e p s  3000 - 4000 c u b i c  m e t r e s  and f l o w  c a p a c i t y  
o f  125  - 200 c u b i c  m e t r e s  p e r  hou r .  I t  is e s t i m a t e d  t h a t  i n  an  o r d i n a r y  
d r y  s e a s o n ,  i f  1 5  pumps a r e  unde r  o p e r a t i o n ,  a  t o t a l  d i s c h a r g e  o f  



45000 c u b i c  m e t r e s  p e r  day  c a n  b e  o b t a i n e d  w i t h  t o t a l  drawdown b e i n g  
less t h a n  1 5  t o  2 0  m e t r e s .  

HARNESSING THE MAHE RIVER 

A s  i n d i c a t e d  above ,  t h e  Mahe R i v e r  l e a k a g e  i n . t & e  r a i n y  s e a s o n  is t h e  
i m p o r t a n t  s o u r c e  o f  mine i n f l o w  a t  t h e  Xis.himen I r o n  Mine. What is more, 
i f  t h e r e  e x i s t s  c r a c k s  and c o l l a p s e  o f  g r o u n d . s u + f a c e  c a u s e d  by min ing ,  
t h e  Mahe R i v e r  c o u l d  l e a d  a l a r g e  i n r u s h  and  f l o o d i n g  o f  t h e  mine. I n  
t h i s  v iew,  a p r ima ry  programme t o  r e s t r i c t  t h e  Mahe R i v e r  h a s  been worked 
o u t .  

The p r i n c i p l e  o f  h a r n e s s i n g  t h e  r i v e r  is t o  p r e v e n t  w a t e r  i n r u s h e s  and 
t o  pay c l o s e  a t t e n t i o n  t o  e l i m i n a t i o n  o f  l e a k a g e .  I t  h a s  been p r e l i m i n a r i l y  
p l anned  t o  c o n s t r u c t  a n  a r t i f i c i a l  c h a n n e l  w i t h  c o n c r e t e  t o  c a r r y  t h e  
r i v e r  w a t e r  o v e r  t h e  mipe a r e a .  Main works  a r e  conce rned  w i t h  b u i l d i n g  
a na r row  t roug t i  a101.g t h e  c o u r s e  i n s i d e  t h e  mine ,  and  making a n  underground 
d i k e  a t  t h e  ups t r eam end t o  c o l l e c t  incoming w a t e r  t o  t h e  r i v e r  bed i n t o  
t h e  t r o u g h  and c o n s t r u c t i n g  a n o t h e r  one  a t  t h e  downstream end t o  p r e v e n t  
l e a v i n g  w a t e r  f r om p e r c o l a t i n g  back i n t o  t h e  mine. 

Because  o f  t h e  l o n g  s e r v i c e  p e r i o d  o f  t h e  mine ,  t h e  f l o o d  c a r r y i n g  c a p a c i t y  
is d e s i g n e d  a c c o r d i n g  t o  t h e  peak f l o o d  w i t h  a r e t u r n  p e r i o d  o f  100 y e a r s  
and is c h e c r e d  by t h e  peak f l o o d  w i t h  a r e t u r n  p e r i o d  o f  200 y e a r s .  
H y d r a u l i c  mpdel e x p e r i m e n t s  show t h a t  t h e  p l anned  a r t i f i c i a l  c h a n n e l  
w i l l  be  e f f e c t i v e  i n  r e s t r i c t i n g  t h e  Mahe R i v e r .  

. CONCLUSIONS 

1 .  I n  hyd rogeo logy ,  t h e  Xishimen I r d n  Mine is c h a r a c t e r i z e d  ma in ly  by 
t h e  h e t e r o g e n e o u s  p e r m e a b i l i t y  o f  t h e  a q u i f e r ,  t h e  p e r i o d i c  f e e d i n g  
and t h e  s emi - c lo sed  boundary  c o n d i t i o n s .  Development o f  t h e  mine 
is f a c e d  w i t h  b o t h  w a t e r  h a z a r d s  and w a t e r  s h o r t a g e s .  

2 .  The h y d r o g e o l o g i c a l  p r o s p e c t i n g  i n  t h e  mine was aimed a t  i n v e s t i g a t i n g  
t h e  w a t e r  f e e d i n g  s o u r y e ,  b o u n d a r i e s  and p a s s a g e s  - t h e  t h r e e  b a s i c  
f a c t o r s  c o n t r o l l i n g  i n f l o w ,  and s t u d y i n g  t h e i r  v a r i a t i o n s .  The s t r e s s  
o f  h y d r o g e o l o g i c a l  p r o s p e c t i n g  was p l a c e d  on a n a l y s i n g  t h e  d a t a  f rom 
a l a r g e  amount o f  p r o s p e c t  h o l e s ,  s t u d y i n g  t h e  l o n g  t e rm  r eg ime  and 
micro-regime o f  t h e  ground w a t e r ,  i n v e s t i g a t i n g  t h e  t h r e e  l t ga t e s "  
o f  t h e  mine ,  and o p e r a t i n g  pumping t e s t s  l a s t i n g  a l o n g e r  t i m e  w i t h  
a l a r g e r  d i s c h a r g e .  Mine w a t e r  i n f l o w s  were  p r e d i c t e d  f o r  t h e  w a t e r  
f l o o d  t e rm  and d r y  t e rm  r e s p e c t i v e l y  w i t h  p e r t i n e n t  h y d r o g e o l o g i c a l  
models .  I t  h a s  been b a s i c a l l y  v e r i f i e d  by mine d e w a t e r i n g  t h a t  t h e  
h y d r o g e o l o g i c a l  e x p l o r a t i o n  o f  t h e  mine was s u c c e s s f u l .  

3. Mine w a t e r  c o n t r o l  was ba sed  on c o n c r e t e  c o n d i t i o n s  conce rned  w i t h  
f l ow  s o u r c e s ,  b o u n d a r i e s  and p a s s a g e s .  Now t h e  mine h a s  been advance  
dewa te r ed ,  i n  o r d e r  t o  s u p p l y  t h e  w a t e r  s h o r t a g e  d u r i n g  t h e  d r y  t a r m s ,  
a s u p p l e m e n t a r y  w a t e r  s o u r c e  s p o t  h a s  been c o n s t r u c t e d  i n  t h e  h i g h l y  
pe rmeab l e  p a s s a g e  o f  t h e  r e g i o n a l  f i s s u r e - k a r s t  w a t e r .  With  t h e  
v iew o f  r e s t r i c t i n g  t h e  Mahe R i v e r ,  i t  h a s  been p r e l i m i n a r i l y  i n t e n d e d  
t o  c o n s t r u c t  a n  a r i t i f i c i a l  c h a n n e l  a l o n g  t h e  r i v e r  c o u r s e  i n  t h e  



mine. The mine is p a r t l y  o p e r a t e d  a t  p r e s e n t  and w i l l  be p u t  i n t o  
f u l l s c a l e  o p e r a t i o n  i n  t h e  n e a r  f u t u r e .  I t  can be r e a s o n a b l y  expec ted  
t h a t  t h e  mine w i l l  be  i n  such  a n  e x c e l l e n t  c o n d i t i o n  t h a t  n o  w a t e r  
haza rd  d u r i n g  w a t e r f l o o d  t e r m s  w i l l  o c c u r  and f u l l  w a t e r  s u p p l y  d u r i n g  
d r y  s e a s o n s  w i l l  be  gua ran teed .  
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