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ABSTRACT 

A b r i e f  i n t r o d u c t i o n  is g i v e n  t o  t h e  deve lopmen t  o f  g r o u t i n g  t e c h n i q u e  i n  
C h i n a .  Based  o n  t h e  a u t h o r s '  e x p e r i e n c e ,  d e t a i l e d  d e s c r i p t i o n  o f  two 
t y p i c a l  w a t e r - c o n t r o l l i n g  p r o j e c t s  w i t h  g r o u t i n g  i s  g i v e n  t o g e t h e r  w i t h  
t h e i r  t e c h n i c a l  and  e c o n o m i c a l  r e s u l t s .  

INTRODUCTION 

A s  t h e  C h i n e s e  economy d e v e l o p s ,  i t  is u n a v o i d a b l e  t o  b u i l d  a number o f  c o a l  
m i n e s  and  m e t a l  m i n e s  i n  t h e  a r e a  w i t h  more  c o m p l i c a t e d  h y d r o g e o l o g y  and  
e n g i n e e r i n g  g e o l o g y  c o n d i t i o n s .  L i m e s t o n e  is w i d e l y  d i s p e r s e d  o v e r  C h i n a  
a n d  b u r i e d  a t  g r e a t  d e p t h ,  e s p e c i a l l y  i n  t h e  c o a s t a l  a r e a  and  s o u t h e r n  
p r o v i n c e s  s u c h  a s  Shandong ,  L i a o n i n g ,  J i a n g s u ,  H u b e i ,  Hunan, Guangdong and  
Guangx i ,  a l l  o f  them a r e  a b u n d a n t  i n  m i n e r a l  r e s o u r c e s  and  meanwh i l e  l ime -  
s t o n e  p e r v a i l s  t h e r e .  Amongst t h e  s h a f t - f l o o d i n g  a c c i d e n t s  i n  t h e  r e c e n t  
2 0  y e a r s  a b o u t  80% a r e  d u e  t o  s i n k i n g  t h r o u g h  t h e  l i m e s t o n e  s t a t u m  w i t h  
w e l l - d e v e l o p e d  k a r s t  a n d  some a r e  c a u s e d  by p e r m e a t i o n  o f  s t o r e d  mined -ou t  
a r e a s  o f  t h e  f a u l t , z b n e s  i n  f i s s u r e d  s t r a t a .  

A c c o r d i n g  t o  t h e  t i m e  o f  f l o o d i n g ,  w a t e r  p e r m e a t i n g  mode and  c o n t r o l  
m e a s u r e s ,  t h e  a c c i d e n t a l  i n u n d a t i o n  i n  s h a f t s  c a n  b e  r o u g h l y  d i v i d e d  i n t o  
t h e  f o l l o w i n g  two k i n d s :  s h a f t  and i n c l i n e  a r e  p a r t i a l l y  submerged a t  t h e  
i n i t i a l  s t a g e  o f  c a p i t a l  c o n s t r u c t i o n ;  d r i f t  and  s t o p e  w h o l l y  submerged f o r  
w a t e r  p e r m e a t i o n  a t  t h e  deve lopmen t  and  p r o d u c t i o n  s t a g e .  

The  c o n t r o l  m e a s u r e s  may b e  a l s o  d i v i d e d  i n t o  two k i n d s :  Under  t h e  c i r cum-  
s t a n c e s  o f  s m a l l  w a t e r - i n f l o w  q u a n t i t y  o r  less k i n e t i c  w a t e r  r e s e r v e ,  a  
manda to ry  d r a i n a g e  a p p r o a c h  i s  g e n e r a l l y  a d o p t e d .  Wi th  t h e  e x c e p t i o n  o f  t h e  
a b o v e  c i r c u m s t a n c e s  g r o u t i n g  is n o r m a l l y  u s e d  t o  b l o c k  up t h e  w a t e r  o r  s e a l  
o f f  t h e  p e r m e a b l e  s t r a t a .  R e c e n t l y ,  a s  t h e  g r o u t i n g  t e c h n i q u e s  a r e  becoming 
i n c r e a s i n g l y  p o p u l a r ,  t h e  w a t e r - c o n t r o l  g r o u t i n g  p rog ram w i l l  b e  w i d e l y  
a d o p t e d  s o  a s  t h e  r e s t o r e  t h e  submerged  s h a f t s  q u i c k l y  and  r e d u c e  t h e  power 
c o n s u m p t i o n  f o r  d r a i n a g e .  

S i n c e  t h e  b e g i n n i n g  o f  t h e  1 9 5 0 1 s ,  g r o u t i n g  t e c h n i q u e  t o  c o n t r o l  m ine -wa t e r  
i n  C h i n a  h a s  r a p i d l y  d e v e l o p e d ,  p a r t i c u l a r l y  i n  t h e  r e c e n t  20 y e a r s .  Among 
t h e  g r o u t i n g  m a t e r i a l s ,  cement  s l u r r y  and  cemen t -wa t e r  g l a s s  s l u r r y  a r e  i n  
common u s e ;  w a t e r  g l a s s ,  a c r y l a m i d e ,  l i g n i n ,  u r e a - f o r m a l d e h y d e  r e s i n ,  epoxy 
r e s i n ,  f u r a n  r e s i n  and  p o l y u r e t h a n e  c h e m i c a l  s l u r r i e s  a r e  a l s o  u s e d  
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especially in some groundwater-control or sand-consolidation projects. For 
the purposes of solving environmental pollution and reducing cost, some 
nontoxic and new chemical grouting materials have been developed utilizing 
industrial wastes. 

From the early part of the 1950's - 60ts, slurry pumps for geological 
exploration and simple mechanical mixing devices were used as basic grouting 
equipment. Originally grouting techniques were used on such a level as a 
simple and temporary measure. Since the beginning of 1960ts, with the 
appearance of professional grouting operations and research organizations, 
special grouting machines have been developed on the favourable conditions, 
such as 2MJ - 3/40 diaphragm metering pump, YSB-250/120 hydraulic grouting 
pump with speed-control, and SNC - grouting unit etc. During the 1980ts, 
some professional grouting companies have emerged in China, which are 
engaged in contract design and scientific research of grouting projects. 

Since 1956 when Shajialing coal mine in Shandong province first adopted 
surface grouting to restore the submerged shaft for more than 20 years, 
some thirty mines have used grouting methods to control groundwater inflow 
and restore shafts (see Table 2). 

Taking one submerged shaft and one submerged mine as examples (the latter 
was developed with an incline), detailed case histories are described. 

THE SOUTH VENTILATION SHAFT 
IN XIANGUANZHUANG IRON MINE, SHANDONG PROVINCE 

Xianguanshuang iron mine is a medium-size iron mine. The south ventilating 
shaft with 4 m net diameter and 4.7 m gross diameter had sunk to 424 m 
depth as it was flooded developing a water pressure of 37 kg/cm2. The rock 
mass above 400 m depth is the Triassic system comprising red clay slate, 
between 400 m - 405 m sandy bibbley-rock and below the point altered-diorite 
fractured zone with fissure well developed and dipping to 70°. Although the 
final depth of the shaft was 424 m, a major fault intersected the Ordovician 
limestone in the hanging wall causing a water inflow at the rate of 259 m3/h 
and flooding the shaft upto 32 m from the shaft collar. The solution of the 
problem, was first to seal the underwater shaft bottom by concrete and then 
followed by face pregrouting. With this procedure, theshaft was successfully 
sunk through the water-bearing stratum. 

In the process of sinking waterlogged shafts, how to seal the permeable 
strata at the bottom of shaft is very critical. The normal practice is to 
use concrete-transferring pipe to convey the premixed concrete from surface 
to the face for building up a water seal; but bottom-dump hopper is also 
used to transport concrete to working face through a winch, which automat- 
ically unloads as the shaft bottom is touched. Both methods have relative 
advantages and disadvantages. In the former method, although it is easy to 
mix concrete in batches, there is a danger of pipe blockage. However, 
the latter techniques are inherently inefficient and the quality of concrete 
is poor. With this view, crushed-stone cushion grouting method was adopted 
to build up a water control plug successfully and seal off inrushing water 
from the shaft bottorn completely. 

Operation Procedure 

Water is drained to the point of 8 m below the lower floor of work deck 
(22 m from permeable face) with submerged pump, then the slurry ejector and 
associated grouting pipe are lowered down from the surface with two 8 ton 



T a b l e  2: Summary o f  S u r f a c e  G r o u t i n g  f o r  L e i j i a q i a o  S h a f t  

Mixture Ratio of Slurry 
Hole Grouting Grouting Hole 

No Times Date Depth WSS*l lFBGX2 

(1985) m 
l/min-m W/C TEA S a l t  Calcium 

Chloride 

1 night  
s h i f t  
29/1 

sub- 
t o t a l  

morning 
s h i f t  
30/1 

night  
s h i f t  
30/1 

afternoon 
s h i f t  

afternoon 161.4 128 
s h i f t  
3/2 

1 night  
s h i f t  
30/3 

afternoon 
s h i f t  
31 /3 

sub- 
t o t a l  

Hole 
Sealing 

4.1 

Total  

*I  - d e p t h  o f  s l u r r y  s t o p p e r  *2 - u n i t  f l o w  b e f o r e  g r o u t i n g  

*3 - g r o u t e d  q u a n t i t y  * 4  - c a l c i u m  c h l o r i d e  



T a b l e  2 ( c o n t i n u e d )  

Grouted Quantity Grouting Pressure kg/cm2 
Remarks 

GQ+3 Cement Salt TEA CC+4 Pebble Pumping Permeable 
m' t kg 1 kg 1 Pressure Point Pressure 

*5 - s l u r r y  s t o p p e r  u s e d  f o r  s l u r r y  s p r i n g  o u t  t h e  n e a r  s u r f a c e  and  
g r o u t i n g  i n t e r v a l  

*6 - 100 l i t r e  o f  t5 - 10 mm p e b b l e  throwm i n  b e f o r e  g r o u t i n g  



low-speed w i n c h e s .  The s l u r r y  e j e c t o r  was  6.5 m  l o n g  a n d  t h e  g r o u t i n g  p i p e  
was  o f  6 8  mm o u t e r  d i a m e t e r  and  9 mm w a l l  t h i c k n e s s .  The o p e r a t o r  l o w e r s  
t h e  w i r e  r o p e  w h i l e  l e n g t h e n i n g  t h e  g r o u t i n g  p i p e l i n e  a t  t h e  c o l l a r  s u r f a c e  
u n t i l  b o t t o m  mouth  o f  t h e  e j e c t o r  is 0 . 3  m  f rom t h e  f a c e .  

S e l e c t  f o u r  p o i n t s  o n  t h e  f a c e  and  s e p a r a t e l y  measu re  o u t  t h e  h e i g h t s  f r om 
e a c h  p o i n t  t o  t h e  bo t t om s u r f a c e  o f  t h e  l o w e r  f l o o r  w i t h  m e a s u r i n g - l i n e  and  
plummet t o  d e t e r m i n e  t h e  m u c k p i l e  d i s t r i b u t i o n  s i t u a t i o n  on  t h e  f a c e .  The 
a c t u a l  measu red  r e s u l t s  i n d i c a t e  t h a t  t h e  d e p t h s  o f  t h e  f o u r  p o i n t s  a r e  
r e s p e c t i v e l y  26 .70  m, 26 .85  m, 26  m  a n d  26 m. A s  t h e  above  p r e p a r a t o r y  
work  i s  c o m p l e t e d ,  e s t i m a t e  t h e  r e q u i r e d  p e b b l e  q u a n t i t y  f o r  t h e  w a t e r -  
s e a l  l a y e r  o f  6  m  t h i c k n e s s .  A f t e r  b e i n g  c l e a n e d  o n  s u r f a c e ,  t h e  q u a n t i f i e d  
p e b b l e  is t r a n s f e r r e d  t o  s h a f t  b o t t o m  by c o n v e y i n g  p i p e  t h r o u g h  t h e  work 
d e c k ;  t h e n  t h e  s e c o n d  measurement  is made t o  d e t e r m i n e  t h e  r e l e v a n t  h e i g h t s  
f r o m  t h e  f o u r  p o i n t s  t o  t h e  l o w e r  f l o o r ,  t h e  a c t u a l  measu red  r e s u l t s  a r e  
20 m, 18.20 m and  18 .80  m  r e s p e c t i v e l y .  The h e i g h t  d i f f e r e n c e  o f  c o r r e s p o n -  
d i n g  p o i n t s ,  i e  t h e  t h i c k n e s s  o f  w a t e r - s e a l  l a y e r ,  s h o u l d  n o t  b e  less +hqr  

6 m. A f t e r  t h i s  r e q u i r e m e n t  is s a t i s f i e d ,  w a t e r  pumping i s  s t o p p e d .  A s  
t h e  w a t e r  l e v e l  i n  s h a f t  r e t u r n s  t o  s t a t i c  l e v e l  o r  w a t e r  i n  s h a f t  bo t t om 
is  a r t i f i c i a l l y  s t a b i l i z e d ,  c emen t  s l u r r y  o r  cement-sand s l u r r y  w i t h  
a c c e l e r a t o r  a d d i t i v e  is g r o u t e d  i n t o  t h e  p e b b l e  l a y e r  w i t h  g r o u t i n g  pump 
f r o m  t h e  s u r f a c e .  

G r o u t i n g  M a t e r i a l s  

B e f o r e  t h e  s h a f t  is submerged ,  on  t h e  f a c e  r e m a i n s  2  m  t h i c k  m u c k p i l e ,  
wh ich  is a b o u t  34 .66  m3 volume w i t h  30% p o r o s i t y  and  r e q u i r e s  11.5 m3 
g r o u t e d  cemen t  s l u r r y  c a l c u l a t e d  a c c o r d i n g  t o  90% s l u r r y  c a l c u l a t e d  r a t e  and  
6  m  t h i c k  p e b b l e  l a y e r  a l s o n e e d s 5 8  m3 cement  s l u r r y  g r o u t e d ,  s o  60  t o n  
cemen t  is t o t a l l y  r e q u i r e d .  The o p e r a t i o n  r e s u l t  shows t h a t  t h e  a c t u a l  
c emen t  c o n s u m p t i o n  is 180  t o n s ,  e q u a l  t o  t h r e e  t i m e s  o f  t h e  c a l c u l a t e d  
q u a n t i t y .  I t  is shown a f t e r  t h e  s h a f t  e x c a v a t i o n  t h a t  owing  t o  t h e  f a c e  
t h a t  t h e s h a f t  i s  c o n n e c t e d  w i t h  a  400 mm wide  d i o r i t e  f i s s u r e  w h i l e  s i n k i n g ,  
t h e  s l u r r y  p r e s s u r e  i n  g r o u t i n g  is much h i g h e r  t h a n  u n d e r g r o u n d  s t a t i c  
w a t e r  p r e s s u r e  s o  a s  t o  f o r c e  t h e  s l u r r y  i n t o  t h e  f i s s u r e .  T h e r e f o r e ,  s u c h  
a  phenomenon h a p p e n s  t h a t  t h e  h e i g h t  o f  w a t e r - s e a l  l a y e r  i n  s h a f t  r e m a i n s  
u n c h a n g e a b l e ,  b u t  t h e  g r o u t e d  cement  s l u r r y  q u a n t i t y  h a s  c o n s i d e r a b l y  
i n c r e a s e d .  I n  t h e  p r o c e s s  o f  s i n k i n g ,  400 mm t h i c k  c o n c r e t e  gouge  w i t h  
r o c k  cemen ted  t o g e t h e r  h a s  been  t a k e n  o u t .  

O b s e r v a t i o n  i n  t h e  P r o c e s s  o f  G r o u t i n g  

T h r e e  me thods  are u s e d  t o  d e t e r m i n e  w h e t h e r  t h e  g r o u t i n g  is c o m p l e t e d .  

1 If t h e  s h a f t  bo t t om h a s  been s e a l e d  by g r o u t i n g  is c o m p l e t e d  s l u r r y  o r  
i n j e c t e d  w a t e r  s h o u l d  n o t  p e r m e a t e  i n t o  t h e  s h a f t  b o t t o m  and t h e  g r o u t e d  
q u a n t i t y  s h o u l d  b e  r e f l e c t e d  by t h e  i n c r e a s i n g  h e i g h t  o f  w a t e r  l e v e l  i n  
s h a f t .  S o  t h e  i n t e r v a l  t i m e  o f  g r o u t i n g  o r  w a t e r  i n j e c t i o n  and  t h e  
measu red  v a l u e  o f  t h e  i n c r e a s i n g  h e i g h t  H o f  w a t e r  l e v e l  i n  s h a f t  c a n  b e  
u s e d  t o  d e t e r m i n e  w h e t h e r  t h e  s h a f t  bo t t om h a s  been  s e a l e d .  The v a l u e  
H c a n  b e  d e r i v e d  f rom t h e  f o l l o w i n g  e x p r e s s i o n :  

whe re ,  Q1, Q2 - t h e q u a n t i t i e s  o f  i n j e c t e d  w a t e r  and  g r o u t e d  cement  
s l u r r y  i n t o  s h a f t  p e r  h o u r  r e s p e c t i v e l y ,  m 3 / h r  



r - n e t  r a d i u s  o f  s h a f t ,  m  
t - i n t e r v a l  t i m e  be tween  w a t e r  l e v e l  m e a s u r e m e n t s ,  m i n u t e  

Take  t = 2 0  m i n u t e s ,  t h e n  t h e  a b o v e  e x p r e s s i o n  c a n  become 

2  I n  t h e  p r o c e s s  o f  g r o u t i n g ,  u s e  a  s a m p l i n g  p a i l  w i t h  a  c h e c k  v a l v e  o n  
b o t t o m  t o  t a k e  s a m p l e s  p e r i o d i c a l l y  o n  t h e  p e b b l e  l a y e r  s u r f a c e  i n  s h a f t .  
As cemen t  h a s  been  f o u n d  o n  t h e  p e b b l e  l a y e r  s u r f a c e ,  s t o p  g r o u t i n g  
i m m e d i a t e l y .  

3 By t h e  end  o f  t h e  24 h o u r s  g r o u t i n g ,  i n j e c t  w a t e r  i n t o  t h e  g r o u t i n g  p i p i n g  
f r o m  s u r f a c e ,  o f  t h e  t i m e  f rom s t a r t i n g  w a t e r - i n j e c t i o n  t o  t h e  i n j e c t e d  
w a t e r  back  t o  t h e  s u r f a c e  is e q u a l  o r  less t h a n  t h e  t i m e  f o r  f i l l i n g  t h e  
p i p e l i n e ,  i t  is i n d i c a t e d  t h a t  t h e  w a t e r - s e a l  l a y e r  i n  s h a f t  is n o t  perm- 
e a b l e .  O t h e r w i s e ,  g r o u t i n g  s h o u l d  b e  c a r r i e d  o n .  

A f t e r  d r a i n a g e ,  i t  is  c o n f i r m e d  by s i t e  o b s e r v a t i o n  t h a t  t h e  p e r m e a b l e  
f a c e  h a s  been  s e a l e d  c o m p l e t e l y .  T h i s  o p e r a t i o n  p r o c e d u r e  is s i m p l e  a n d  
e a s y ,  w i t h o u t  c o m p l i c a t e d  e q u i p m e n t ,  a l l  work done  o n  t h e  s u r f a c e  a n d  
c a p a b l e  o f  r e s u m i n g  submerged s h a f t  i n  s h o r t  t i m e .  

CONTROL OF WATER AND MUD INFLOW I N  THE LIEJIAQIAO SHAFT INSET 
AT WANGJIASHAN COAL MINE I N  HUNAN PROVINCE BY GROUTING FROM SURFACE 

L i e j i a q i a o  s h a f t ,  l o c a t e d  i n  X i a n g t a n  c o u n t y ,  Hunan p r o v i n c e ,  i s  a  c o a l  mine  
d e v e l o p e d  w i t h  a  p a i r  o f  i n c l i n e s ,  wh ich  was  c o m p l e t e d  and  b r o u g h t  i n t o  p rod -  
u c t i o n  i n  1972 .  I n  1973  w h i l e  a  c r o s s t u n n e l  was  b e i n g  d r i f t e d ,  i t  p e n e t r a t e d  
i n t o  k a r s t  w a t e r  i n  t h e  l i m e s t o n e  o f  Maokou Group ,  t h e  Pe rmian  S y s t e m ,  r e s u l -  
t i n g  i n  f l o o d i n g  f o r  1 2  y e a r s .  Whi l e  t h e  i n s t a n t a n e o u s  w a t e r - i n f l o w  q u a n t i t y  
o f  a ccompan ied  mud was  up  t o  4000 m 3 / h r  w i t h  15.7 kg/cm2 w a t e r  p r e s s u r e ,  t h e  
q u a n t i t y  o f  a ccompan ied  mud was a l s o  up  t o  2000 m3 s o  a s  t o  f i l l  s e v e r a l  
h u n d r e d  m e t r e s  o f  d r i f t s ,  sump, pump room, and p a r t i a l l y  i n c l i n e s .  

I n  November 1 9 8 4 ,  a  r e s e a r c h  g r o u p  f rom Changsha  I n s t i t u t e  o f  Min ing  R e s e a r c h  
w i t h  t h e  c o - o p e r a t i o n  o f  X i a n g t a n  C o a l  Geology Team i n  W a n g j i a s h a n  c o a l  m ine  
a d o p t e d  g r o u t i n g  h o l e s  ( d r i l l e d  f rom t h e  s u r f a c e )  t o  g r o u t  c emen t  s l u r r y  
t o w a r d s  t h e  f l o o d e d  t u n n e l ,  r e s u l t i n g  i n  s u c c e s s f u l l y  s e a l i n g  o f f  t h e  u n d e r -  
g r o u n d  p e r m e a b l e  f a c e  w i t h  u p  t o  99 .7% e f f i c i e n c y .  W i t h  t h e  e x c e p t i o n  o f  
d r i l l i n g ,  t h e  g r o u t i n g  work o n l y  t o o k  s i x  d a y s  a n d  w i t h  t o t a l  c o s t  203  t h o u s -  
a n d  C h i n e s e  yuan t o  r e s t o r e  t h e  submerged mine .  

A s  a  r u l e ,  t h e  k a r s t  deve lopmen t  o f  l i m e s t o n e  i n  C h i n a  c a n  b e  g e n e r a l l y  
d i v i d e d  i n t o  t h e  s o u t h e r n  t y p e  and  n o r t h e r n  t y p e ;  t h e  f o r m e r  t a k e s  k a r s t  
c a v e r n  a s  a  main  f e a t u r e ,  c o n t a i n i n g  r i c h  unde rg round  w a t e r  and  h i g h  mud- 
f i l l e d  r a t e  i n  c a v e r n ;  b u t  t h e  l a t t e r  is m a i n l y  o f  w a t e r - b e a r i n g  f i s s u r e s .  
As t h e  s o u t h e r n  l i m e s t o n e  i s  p e r m e a t e d ,  a  l o t  o f  mud w i l l  p o u r  i n t o  t h e  
o p e n i n g s  w i t h  i n f l o w  w a t e r  s o  a s  t o  make g r o u n d w a t e r  c o n t r o l  d i f f i c u l t .  

I n  t h e  p a s t  1 2  y e a r s  o f  L i e j i a q i a o  submerged  s h a f t ,  v a r i o u s  manda to ry  d r a i n -  
a g e  me thods  had been  t r i e d  t o  r e sume  t h e  submerged mine ,  b u t  a l l  r e s u l t e d  i n  
f a i l u r e  d u e  t o  t h e  f a c e  t h a t  'he  mud/sand c a u s e d  pump damage and  t h e  d e p t h  
o f  w a t e r  l e v e l  wh ich  l o w e r e d  i g n i f i c a n t l y  w i t h  mud/sand i n r u s h  r e s u l t i n g  i n  
s u r f a c e  s u b s i d e n c e  a n d  suddei  n c r e a s e  o f  w a t e r  i n f l o w  q u a n t i t y .  



F o r  t h e  g r o u t i n g  p r o j e c t ,  o n l y  two g r o u t i n g  h o l e s  (No 1  and No 2) had been  
u s e d .  They w e r e  l o c a t e d  a t  t h e  s u r f a c e  a b o v e  t h e  p e r m e a b l e  c r o s s - t u n n e l  
w i t h  t h e  No 1 b e i n g  7 m  away f rom t h e  p e r m e a b l e  f a c e  and t h e  No 2 a t  1 0 . 5  m 
f r o m  t h e  w o r k i n g  f a c e .  These  b o r e h o l e s  w e r e  146 mm d i a m e t e r  a t  t h e  s u r f a c e  
and  7 3  mm i n  f i n a l  d i a m e t e r ,  and o f  170  m  d e p t h ,  w i t h  t h e i r  b o t t o m s  10  m  
o v e r  t h e  t u n n e l  f l o o r .  No 1 b o r e h o l e  was u s e d  a s  a  g r o u t i n g  h o l e  and No 2 
a s  r e i n f o r c e m e n t  b o r e h o l e  f o r  g r o u t i n g  t h e  f i s s u r e s  wh ich  may b e  c o n n e c t e d  
w i t h  t h e  p e r m e a b l e  t u n n e l  i n  t h e  weak c o u n t r y  r o c k .  

Cement s l u r r y  w i t h  s u i t a b l e  amount o f  a c c e l e r a t o r  was u s e d  t o  g r o u n t  q u a n t -  
i t a t i v e l y  a n d  i n t e r m i t t e n t l y .  The g r o u t e d  q u a n t i t y  f o r  e a c h  b a t c h  was 
s u c c e s s i v e l y  r e d u c e d  and  t h e  i n t e r v a l  t i m e  was  ba sed  on t h e  i n i t i a l  s e t t i n g  
t i m e  o f  g r o u t e d  s l u r r y .  The f i n a l  p r e s s u r e  o f  g r o u t i n g  was up  t o  31 kg / cm2 .  
Under  t h e  c i r c u m s t a n c e s  o f  f i n a l  p r e s s u r e ,  a s  t h e  a b s o r b i n g  c a p a c i t y  o f  
g r o u t i n g  h o l e  i s  l e s s  t h a n  20 l i t r e  p e r  m i n u t e ,  t h e  h o l e  s h o u l d  s t o p  g r o u t -  
i n g .  

F o r  t h e  o p e r a t i o n  o f  s e a l i n g  unde rg round  p e r m e a b l e  d r i f t  w i t h  s u r f a c e  g r o u t -  
i n g ,  t h e  key  p o i n t  is t o  make t h e  d r i l l  h o l e  t o  b e  c o n n e c t e d  w i t h  t h e  d r i f t .  
I n  p r a c t i c e  b o t h  g r o u t i n g  h o l e s  d e v i a t e d  a b o u t  2  m e t r e s  f r om o n e  s i d e  o f  t h e  
t u n n e l .  F o r  t h e  c o n n e c t i o n  be tween  t h e  d r i l l  h o l e  and t u n n e l ,  down-hole- 
b l a s t i n g  had been  c a r r i e d  o u t  a t  t h e  t u n n e l  e l e v a t i o n  w i t h  t h e  change  made 
o f  t 73 mm c o r e  t u b e  w i t h  1 . 5  m  t o t a l  l e n g t h ,  and 4 . 5  - 5  k g  2# t y p e  r o c k  
e x p l o s i v e .  B e f o r e  and a f t e r  b l a s t i n g ,  w a t e r - i n j e c t i o n  t e s t s  w e r e  c a r r i e d  
o u t  t o  m e a s u r e  o u t  t h e  u n i t  g r o u t e d  q u a n t i t y  ( l i t r e / m i n - m )  o f  t h e  two 
d r i l l h o l e s ,  wh ich  i n c r e a s e d  r e s p e c t i v e l y  f r o m  z e r o  t o  193 l/min-m and 
13.49 l /min-m. F o r  No 1 b o r e h o l e  220 rn3  cement  s l u r r y  ( c o n t a i n i n g  165  t o n  
cemen t  and  300 kg  compound a c c e l e r a t o r )  was g r o u t e d  i n  5 g r o u t i n g  o p e r a t i o n s .  
F o r  No 2 ,  42 m3 cement  s l u r r y  ( 2 5  t o n  cement  and 212 k g  a c c e l e r a t o r  c o n t a i n -  
e d )  was  g r o u t e d .  

The  summary is shown i n  T a b l e  2  and  t h e  f i n a l  g r o u t i n g  o p e r a t i o n s  f o r  No 1 
b o r e h o l e  is i l l u s t r a t e d  i n  F i g  1 .  

grout. press. 

F i g u r e  1 :  G r o u t i n g  p r o c e s s  c u r v e  o f  No 1  h o l e  
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A f t e r  t h e  r e s u m p t i o n  o f  t h e  s h a f t ,  t h e  r e s i d u a l  w a t e r - p e r m e a t i o n  r a t e  f r o m  
t h e  p e r m e a b l e  f a c e  was o n l y  1.8 m 3 / h r .  B e f o r e  g r o u t i n g  t h e  w a t e r  i n f l o w  
q u a n t i t y  was  600 m 3 / h r ,  t h u s  g i v i n g  w a t e r  s e a l i n g  e f f i c i e n c y  o f  99.7%. 
Th rough  d r a i n a g e  a n d  c l e a n i n g  o f  t h e  t u n n e l  a f t e r  g r o u t i n g ,  i t  was  f o u n d  
t h a t  2/3 work f a c e  ( f r o m  t o p  t o  b o t t o m )  i n  t h e  2 m e t r e  h i g h  t u n n e l  was  
f i l l e d  by cemen t  u p t o  a  d i s t a n c e  o f  60 m  f rom t h e  p o i n t  o f  i n r u s h ,  t h e  
cemen t  p l u g  a n d  t h e  t u n n e l  r o o f  w e r e  f i r m l y  cemen ted  t o g e t h e r  and  mud i n  t h e  
k a r s t  c a v e r n  was  i n  a  s t a b l e  s t a t e .  

D u r i n g  t h e  p r o c e s s  o f  c l e a n i n g  t h e  t u n n e l ,  t h e  f o l l o w i n g  i n - s i t u  o b s e r v a t -  
i o n s  w e r e  made: 

1 When a  pe rmenen t  w a t e r - s e a l  w a l l  was  b u i l t  u p  a t  a  d i s t a n c e  50 m  f r o m  
t h e  p e r m e a b l e  p o i n t  i n  t h e  t u n n e l ,  i t  was f o u n d  t h a t  o n  t h e  l e v e l  300 mm 
a b o v e  t h e  t u n n e l  r o o f  e x i s t e d  a  c l e a r  t r a c e  o f  w a t e r  mark w i t h  a  p ron -  
ounced  l i n e ,  a b o v e  t h e  l i n e  was  a  y e l l o w - r e d  w a t e r  mark a n d  below i t  
was  l i g h t  g r e y  r o c k .  I t  is a p p a r e n t  t h a t  t h e  s p a c e  w i t h  300 mm h e i g h t  i n  
t h e  u p p e r  p a r t  o f  t h e  t u n n e l  i s  b a s i c a l l y  t h e  p a s s a g e  o f  i n r u s h  w a t e r  
a f t e r  t h e  s h a f t  submerged .  The  key  p o i n t  o f  s u c c e s s  o r  f a i l u r e  f o r  t h e  
g r o u t i n g  p r o j e c t  d e p e n d s  upon w h e t h e r  t h e  w a t e r  p a s s a g e  c a n  b e  comple t -  
e l y  s e a l e d .  

2 A t  a  d i s t a n c e  o f  60 m  f r o m  t h e  p o i n t  o f  i n r u s h  i n  t h e  t u n n e l ,  c emen t  
g r o u t  s t a r t  t o  b e  d i s t r i b u t e d  i n  l a y e r s  a t  t h e  u p p e r  p a r t  b u t  on  t h e  
t u n n e l  f l o o r  t h e r e  was n o  t r a c e s  o f  any  cemen t .  The  l o e s s  be tween  
c l a y e y  l a y e r s  is d e h y d r a t e d  and lumped by c o m p r e s s i o n  u n d e r  t h e  g r o u t i n g  
p r e s s u r e ,  b u t  t h e  c l a y  a t  t h e  b o t t o m  is s t i l l  i n  c o l l o i d a l  s t a t e .  

3 A t  a  d i s t a n c e  o f  50 m f rom t h e  p o i n t  o f  i n r u s h  i n  t h e  t u n n e l ,  t h e  u p p e r  
c emen t  l a y e r  a b o u t  0.8 - 0.9 m t h i c k n e s s  is f i r m l y  c e m e n t e d ,  wh ich  c a n  
n o t  b e  b r o k e n  o f f  w i t h o u t  b l a s t i n g .  A t  t h e  t o p  o f  t h e  t u n n e l  t h e r e  
a p p e a r  c emen t  l a y e r s  i n  b l o c k  formed w i t h  a  smoo th  c u r v e d  s u r f a c e ,  a b o u t  
0.04 - 0.07 m3 i n  s i z e  f o r  e a c h ,  wh ich  a r e  embedded i n  l o e s s .  I t  i s  
e v i d e n t  t h a t  w h i l e  g r o u t i n g ,  t h e  s l u r r y  f i r s t l y  s p r e a d s  o u t  t oward  t h e  
l e s s  r e s i s t a n c e  i n t e r f a c e s  s u c h  a s  t h e  w a t e r  p a s s a g e  i n  t h e  u p p e r  p a r t  
o f  t h e  t u n n e l ,  c l a y  and r o c k  i n t e r f a c e  e t c .  A f t e r  t h e  a b o v e  v o i d s  have  
been  f i l l e d ,  t h e  s l u r r y ,  w i t h  t h e  i n c r e a s e  o f  g r o u t i n g  p r e s s u r e ,  s t a r t s  
t o  s q u e e z e  i n t o  t h e  k a r s t  c a v e r n  c l a y  wh ich  h a s  pou red  i n  t h e  t u n n e l  a n d  
t i g h t l y  wedge i n .  V a r i o u s  cemen t  p a t c h e s  i n  c o m b i n a t i o n  w i t h  t h e  c l a y  
p o u r i n g  i n t o  t h e  t u n n e l  r e s u l t s  i n  p a r t i a l  d e h y d r a t i o n  o f  c l a y ,  i n c r e a s e  
o f  d e n s i t y ,  l o s s  o f  f l o w a b i l i t y  and improvement  o f  s h e a r  s t r e n g t h  s o  a s  
t o  c u t  t h e  w a t e r  s o u r c e  and p r e v e n t  w a t e r  and  mud i n r u s h .  T h i s  is q u i t e  
d i f f e r e n t  i n  mechanism f rom t h e  s e a l i n g  o f  d r i f t  i n  s i m p l e  f l o o d e d  mine  
w i t h  g r o u t i n g .  

4 Under  t h e  c i r c u m s t a n c e s  o f  w a t e r  i n f l o w  accompan ied  w i t h  mud ( p o u r e d  mud 
volume up t o  2000 m 3  and  85% o f  t u n n e l  c r o s s - s e c t i o n  f i l l e d  by k a r s t  
c a v e r n  m u d ) ,  i t  i s  d e c i d e d  t o  a d o p t  s i m p l e  g r o u t i n g  p r o c e d u r e  f r o m  t h e  
s u r f a c e  r a t h e r  t h a n  t ime-consuming and e x p e n s i v e  f r e e z i n g  method w i t h  
e m p h a s i s  on  t h e  r e s e a r c h  i n  g r o u t i n g  p a r a m e t e r s  and t h e  c o n t r o l  t e c h -  
n i q u e  o f  g r o u t i n g  p r o c e s s .  T h i s  g r o u t i n g  p r o c e d u r e  n o t  o n l y  c o s t s  l e s s  
b e c a u s e  o f  s h o r t e r p e r i o d  o f  t i m e  t o  s e a l  p e r m e a b l e  t u n n e l  s u c c e s s i v e l y  
b u t  a l s o  simplifies w o r k i n g  p r o c e d u r e  f o r  t h e  r e s u m p t i o n  o f  submerged 
mine .  T h e r e f o r e ,  t h e r e  i s  n o  d o u b t  t h a t  i t  s e t s  a  good example  f o r  
r e f e r e n c e  t o  t h e  s i m i l a r  e n g i n e e r i n g  p r o j e c t s  a t  home and  a b r o a d ,  
e s p e c i a l l y  i n  medium and s m a l l  m i n e s .  
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