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V i c e - P r e s i d e n t  o f  IMWA 

The s p e c i a l i z e d  i n d u s t r i a l  a s s o c i a t i o n  on g r o u t i n g  and g e o l o g i c a l  s e r v i c e s  
Spe t s tamponazhgeo log ia  (STG) h a s  deve loped  a  h i g h l y - e f f e c t i v e  method f o r  
g r o u t i n g  t h e  f i s s u r e d  a q u i f e r s  t h a t  h a s  been b e i n g  s u c c e s s f u l l y  a p p l i e d  
i n  min ing  from t h e  l a t e  60'. T h i s  t e c h n i q u e  f o r e s e e s  t h e  p r e p a r a t i o n  
and  i n j e c t i o n  o f  g r o u t s  t o  be c a r r i e d  o u t  on t h e  ground s u r f a c e ,  and i s  
employed t o  p r o v i d e  w a t e r  c o n t r o l  i n  deep mine c o n s t r u c t i o n  under  complex 
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 .  

I n  my r e p o r t  I w i l l  t r y  t o  b r i e f l y  d e s c r i b e  t h e  b a s i c  p r i n c i p l e s  and t e c h -  
n o l o g i c a l  p r o c e d u r e s  o f  t h e  I n t e g r a t e d  Method keep ing  t o  t h e  o r d e r  t h a t  
i s  c h a r a c t e r i s t i c  f o r  o u r  approach  t o  t h e  problem of  w a t e r  c o n t r o l  i n  
min ing .  I n  a d d i t i o n ,  I w i l l  p r e s e n t  more d e t a i l e d  i n f o r m a t i o n  on some 
t r e n d s  i n  g r o u t i n g  a c t i v i t i e s  e x e c u t e d  by STG. 

The employed i n v e s t i g a t i o n  methods o f  hydrodynamic p r o p e r t i e s  of r o c k  
t o g e t h e r  w i t h  t h e  g e o p h y s i c a l  l o g g i n g  and s i t e  geo logy  s t u d i e s  make i t  
p o s s i b l e  t o  o b t a i n  r e l i a b l e  and comple te  d a t a  on a q u i f e r s  t h a t  a r e  o f  
major  i m p o r t a n c e  d u r i n g  t h e  d e s i g n  of t h e  p a r a m e t e r s  o f  g r o u t i n g  c u r t a i n s .  

The u s a g e  o f  f l o w m e t e r i n g  t e c h n i q u e s  e n a b l e s  u s  t o  d e t e r m i n e  t h e  number 
o f  a q u i f e r s  i n t e r s e c t e d  d u r i n g  d r i l l i n g ,  t h e  d e p t h  and t h i c k n e s s  o f  each  
a q u i f e r ,  and a l s o  t h e  w a t e r  p r e s s u r e  head ,  p e r m e a b i l i t y  and f i l t r a t i o n  
f a c t o r s ,  f r a c t u r e  v o i d  f a c t o r  and t h e  a v e r a g e  open ing  of f i s s u r e s  i n  t h e  
r o c k .  The deve loped  hydrodynamic i n v e s t i g a t i o n  t e c h n i q u e  w i t h  t h e  u s e  
o f  p a c k e r s  i s  employed t o  e s t i m a t e  t h e  d e g r e e  o f  b o r e h o l e  b l o c k a g e ,  w a t e r  
p r e s s u r e  and r a d i u s  o f  i n f l u e n c e ,  f i l t r a t i o n  f a c t o r ,  c o n d u c t i v i t y  and 
e l a s t i c i t y  c a p a c i t y  o f  w a t e r - b e a r i n g  zones .  The l o g g i n g  w i t h  t h e  DAU-6 
downhole i n s t r u m e n t  makes i t  p o s s i b l e  t o  d e t e r m i n e  t h e  d i r e c t i o n  o f  sub- 
s u r f a c e  w a t e r  f l o w  and major  f i s s u r i n g  sys tems  i n  e a c h  a q u i f e r  t h a t  w i l l  
be  f u r t h e r  u s e d  t o  e v a l u a t e  t h e  geometry o f  a  g e n e r a l  g r o u t i n g  c u r t a i n  
a round  t h e  underground  open ing .  

The t e c h n i q u e  employed o f  hydrodynamic s t u d i e s  i n  s e v e r a l  a d j a c e n t  bore -  
h o l e s  e n a b l e s  u s  t o  q u a n t i t a t i v e l y  d e t e r m i n e  t h e  a n i s o t r o p y  f a c t o r  o f  
w a t e r - b e a r i n g  s t r a t a .  

The g r o u t i n g  p r o j e c t  i s  d e s i g n e d  on t h e  b a s i s  o f  d a t a  o b t a i n e d  d u r i n g  
a f o r e m e n t i o n e d  s t u d i e s .  To c a r r y  o u t  g r o u t i n g  o p e r a t i o n s ,  we employ 



s p e c i a l l y  deve loped  clay-cement  g r o u t s  which have good p e n e t r a t i n g  c a p a c i t y  
and h i g h  h y d r o - s e a l i n g  p r o p e r t i e s .  These g r o u t s  c o n s i s t  of c l a y  s l u r r y ,  
cement and s t r u c t u r e - f o r m i n g  r e a g e n t s .  Clay-cement g r o u t s  hav ing  h i g h  
c o n s i s t e n c y  a r e  i n  p r a c t i c e  n o t  washed o u t  by s u b s u r f a c e  w a t e r ,  do n o t  
s e g r e g a t e  d u r i n g  t h e  s e t t i n g  p e r i o d  and do n o t  s e t  w h i l e  f l o w i n g  th rough  
p i p e l i n e s  and i n  f i s s u r e s  b u t  g a i n  s t r e n g t h  v e r y  r a p i d l y  when t h e  i n j e c t i o n  
i s  s t o p p e d .  During b l a s t i n g  o p e r a t i o n s  such  g r o u t s  ' tend t o  c o n s o l i d a t e .  
R h e o l o g i c a l  and s t r e n g t h  p r o p e r t i e s  of c lay-cement  g r o u t s  'can be wide ly  
v a r i e d  depending on t h e  d e n s i t y  o f  t h e  i n i t i a l  c l a y  s l u r r y .  The f i n a l  
p l a s t i c i t y  s t r e n g t h  o f  clay-cement  g r o u t s  amounts t o  0.5-0.8 MPa. 

For  t h e  purpose  o f  t h e  g r o u t i n g  p r o j e c t  d e s i g n  t h e  s t r e n g t h  and r h e o l o g i c a l  
p r o p e r t i e s  o f  c lay-cement  g r o u t s  a r e  e v a l u a t e d  e x p e r i m e n t a l l y .  On t h e  
b a s i s  o f  s t r e n g t h  a n a l y s i s  we d e s i g n  t h e  s i z e  o f  a  g r o u t i n g  c u r t a i n  around 
t h e  mine s h a f t ,  and t a k i n g  i n t o  account  t h e  h y d r a u l i c  c a p a c i t i e s  o f  t h e  
g r o u t i n g  machinery employed we e v a l u a t e  i h e  p o t e n t i a l  g r o u t  p r o p a g a t i o n  
c o n t o u r s  d u r i n g  i t s  i n j e c t i o n  i n t o  a  g r o u t  h o l e .  The r e q u i r e d  number 
o f  g r o u t  h o l e s ,  t h e i r  s p a c i n g  and g r o u t  q u a n t i t y  a r e  de te rmined  by c a l -  
c u l a t i o n .  

I n  c a r r y i n g  o u t  a  g r o u t i n g  programme from t h e  ground s u r f a c e  t h e  I n t e g r a t e d  
G r o u t i n g  Method g e n e r a l l y  s t i p u l a t e s  t h e  d r i l l i n g  o f  i n c l i n e d  d i r e c t i o n a l  
h o l e s  t h a t  a r e  spaced  o u t  from t h e  s h a f t  o u t l i n e .  

The u s e  of i n c l i n e d  d i r e c t i o n a l  h o l e s  makes i t  p o s s i b l e  t o  e l i m i n a t e  w a t e r  
i n f l o w s  i n t o  a  s h a f t  d e s p i t e  t h e  development  of a  mine s h a f t  s i t e .  However, 
t o o  g r e a t  a  d e v i a t i o n  o f  h o l e s  i s  n o t  advan tageous  s i n c e  t h e y  t h e n  f a l l  
o u t s i d e  t h e  boundary o f  t h e  g e n e r a l  g r o u t i n g  c u r t a i n  a t  s h a l l o w  d e p t h s .  
I t  h a s  been a s c e r t a i n e d  t h a t  t h e  most r a t i o n a l  method i s  t o  d r i l l  g r o u t  
h o l e s  w i t h i n  t h e  n a t u r a l  d e v i a t i o n  dependen t  on t h e  d i p  a n g l e  o f  t h e  s t r a t a .  

S h a f t  s i n k i n g  i s  preceded  by r a t h e r  a  l o n g  p r e p a r a t i o n a l  p e r i o d  when d r i l -  
l i n g  o f  v e r t i c a l  g r o u t  h o l e s  spaced  i n  t h e  p r o x i m i t y  o f  t h e  s h a f t  c a n  
n o t  be combined w i t h  t h e  p r e p a r a t i o n a l  a c t i v i t i e s .  The i n c l i n e d  d i r e c t i o n a l  
h o l e s  spaced  a t  some d i s t a n c e  from t h e  s h a f t  can  be d r i l l e d  d u r i n g  t h e  
p r e p a r a t i o n a l  phase  t h i s ,  i n  t h e  l o n g  r u n ,  c o n t r i b u t e s  t o  c u t t i n g  down 
t h e  c o n s t r u c t i o n  p e r i o d  b o t h  o f  t h e  s h a f t  and t h e  mine a s  a  whole.  

The I n t e g r a t e d  G r o u t i n g  Method was f i r s t  a p p l i e d  d u r i n g  t h e  s i n k i n g  o f  
v e n t i l a t i n g  s h a f t s  No.1 and No.3 w i t h  d e p t h s  o f  690 m and 710 m r e s p e c t -  
i v e l y  a t  t h e  Nagolchanskaya Mine. P r e g r o u t i n g  from t h e  g round  s u r f a c e  
was accompl i shed  up t o  t h e  t o t a l  d e p t h  o f  f u t u r e  s h a f t s  p a r a l l e l  w i t h  
e q u i p p i n g  t h e  y h a f t s  f o r  s i n k i n g .  The a n t i c i p a t  d  w a t e r  i n f l o w  i n t o  s h a f t  5 No.1 was 425 m / h r  and i n t o  s h a f t  No.3 was 437 m / h r .  On t h e  comp e t i o n  
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3 o f  g r o u t i  g  p r o j e c t s  t h e  r e s i d u a l  w a t e r  seepages  amounted t o  3.5 m / h r  

and 0 . 5  m / h r  a c c o r d i n g l y .  I n  comparison w i t h  t h e  s h a f t  s i n k i n g  i n  t h e  
c e n t r a l  s i t e  o f  t h e  mine i t  enab led  t h e  r a t e s  o f  s i n k i n g  t o  i n c r e a s e  by 
4.7 t i m e s  f o r  v e n t  s h a f t  No.1 and by 5.5 t i m e s  f o r  v e n t  s h a f t  No.3. 

The I n t e g r a t e d  G r o u t i n g  Method of  t h e  STG company h a s  proved i t s e l f  a s  
a  v e r s a t i l e  t o o l  i n  s o l v i n g  complex t e c h n i c a l  problems connec ted  w i t h  
h y d r o s e a l i n g  and r o c k  c o n s o l i d a t i o n  i n  mining and underground  c o n s t r u c t i o n  
b o t h  i n  t h e  U.S.S.R. and f o r e i g n  c o u n t r i e s .  The r e s e a r c h  and  t e c h n o l o g i c a l  
c a p a b i l i t i e s  o f  o u r  company make i t  p o s s i b l e  n o t  o n l y  t o  g u a r a n t e e  t h e  
r e s u l t s  and q u a l i t y  o f  t h e  f i n a l  c o n s t r u c t i o n  b u t  a l s o  p r o v i d e s  c o n s i d e r a b l e  
s a v i n g s  t h a n k s  t o  d e c r e a s i n g  t h e  c o n s t r u c t i o n  t i m e ,  a l l o w i n g  t h e  p o s s i b i l i t y  
t o  employ o r d i n a r y  t y p e s  o f  l i n i n g  i n  underground e x c a v a t i o n s  and u s e  of 



cheap  g r o u t  m a t e r i a l s ,  p l u s  many o t h e r s .  

The s c a l e  and v e r s a t i l i t y  o f  g r o u t i n g  p r o j e c t s  c a r r i e d  o u t  by t h e  STG 
A s s o c i a t i o n  i n  t h e  l a s t  15 y e a r s  i s  i l l u s t r a t e d  by t h e  f o l l o w i n g  t a b l e :  

L i s t  o f  major  t r e n d s  i n  t h e  P r o j e c t s  
............................... 

u s e  o f  t h e  I n t e g r a t e d  Grou t ing  

Met hod Completed : I n  p r o g r e s s  
___________________-------------------------------4------------------- 

P r e g r o u t i n g  o f  mine s h a f t s  
P r e g r o u t i n g  o f  s h a f t  i n s e t s  
P r e g r o u t i n g  o f  l e n g t h y  h o r i z o n t a l  

and s l o p e d  work ings  
E l i m i n a t i o n  of i n u n d a t i o n s  i n t o  

t h e  mine work ings  
E l i m i n a t i o n  o f  r e s i d u a l  w a t e r  

makes i n t o  t h e  s h a f t s  
E l i m i n a t i o n  o f  abandoned workings 
Rock c o n s o l i d a t i o n  
Repa i r  o f  dams and t a i l i n g s  ponds 

I n  t h e  f o l l o w i n g  s e c t i o n s  a  more d e t a i l e d  d e s c r i p t i o n  and b r i e f  a n a l y s i s  
o f  some new t r e n d s  i n  g r o u t i n g  t e c h n i q u e s  used  i n  mine c o n s t r u c t i o n  w i l l  
be g i v e n ,  i n  which STG h a s  p layed  a  major  r o l e  i n  r e c e n t  y e a r s .  

1. ELIMINATION OF ABANDONED MINE WORKINGS 

The problem o f  n e u t r a l i z a t i o n  of abandoned mine work ings  o f t e n  a r i s e s  
i n  modern deep  mine c o n s t r u c t i o n  i n  t h e  f o l l o w i n g  c a s e s :  when s i n k i n g  
and d r i v i n g  th rough  mined-out z o n e s ,  when f l o o d i n g  t h e  mined-out l e v e l s  
t o  p r e v e n t  i n u n d a t i o n s  o f  mine work ings ,  i n  s u r f a c e  b u i l d i n g  c o n s t r u c t i o n  
o v e r  t h e  abandoned mine work ings ,  e t c .  

Based on t h e  e x p e r i e n c e  o f  g r o u t i n g  o f  l a r g e  underground v o i d s  and per -  
formed a n a l i t i c a l  and e x p e r i m e n t a l  s t u d i e s ,  i t  was a s c e r t a i n e d  t h a t  t h e  
p r o c e s s  o f  s e a l i n g  o f f  t h e  abandoned mine work ings  c o u l d  be d i v i d e d  i n t o  
two q u a l i t a t i v e l y  d i f f e r e n t  c a s e s  i n  t h e  f o r m a t i o n  o f  a  g r o u t i n g  c u r t a i n :  
F i r s t l y  - t h e  f i l l i n g  o f  a  mine working p roceeds  i n  a  ' n o  p r e s s u r e '  e n v i r o n -  
ment c h a r a c t e r i z e d  by t h e  accumula t ion  o f  g r o u t  m a t e r i a l  i n  t h e  f l o o r  
o f  t h e  work ing ,  and by i t s  c o n t i n u o u s  f i l l i n g  up t o  t h e  r o o f ;  
Secondly  - t h e  i n j e c t i o n  o f  g r o u t  i n  a  ' p r e s s u r e '  environment  t o  s e a l  
t h e  a r t i f i c i a l  f i s s u r i n g  above t h e  r o o f  o f  t h e  working i n  t h e  s o - c a l l e d  
c a v i n g  zone.  

For  e a c h  s p e c i f i c  c a s e  t h e r e  have been  deve loped  i n d i v i d u a l  methods t o  
d e s i g n  t h e  p a r a m e t e r s  o f  t h e  g r o u t i n g  c u r t a i n  f o r m a t i o n .  Design methods 
a r e  based  on t h e  d e t a i l e d  hydrodynamic s t u d i e s  i n  g r o u t  h o l e s  i n  which 
f i e l d  t h e  STG A s s o c i a t i o n  h a s  some e x p e r t i s e .  The a b o v e  mentioned s t u d i e s  
e n a b l e  u s  t o  e v a l u a t e  t h e  s i z e  o f  w a t e r - b e a r i n g  c h a n n e l s  b o t h  o f  t h e  mine 
working and c a v i n g  zone ,  and t o  d e t e r m i n e  t h e i r  f i l t r a t i o n  c h a r a c t e r i s t i c s .  
A d d i t i o n a l l y ,  t h e  s i z e  o f  t h e  mine work ings  i n t e r s e c t e d  d u r i n g  d r i l l i n g  
c a n  be  more p r e c i s e l y  de te rmined  by downhole TV cameras.  



Our t e c h n i q u e  s t i p u l a t e s  t h a t  f i r s t l y  t h e  abandoned working i s  s e a l e d ,  and 
s e c o n d l y  a  g r o u t i n g  c u r t a i n  i s  formed i n  t h e  zone o f  a r t i f i c i a l  f i s s u r i n g .  

To p r o v i d e  g r o u t  m a t e r i a l ,  t h e r e  h a s  been deve loped  cheap  g r o u t  fo rmula -  
t i o n s .  Such g r o u t s  c o n s i s t  of 90% w a t e r  s u s p e n s i o n  of o r d i n a r y  c l a y  and 
10% s t r u c t u r e - f o r m i n g  r e a g e n t s .  A s e r i e s  of even cheaper  g r o u t s  h a s  a l s o  
been deve loped  which a r e  bqsed on t h e  t e c h n o l o g i c a l  r e j e c t s  of c o n c e n t r a -  
t i o n  p l a n t s  and power s t a t i o n s .  Grou t ing  s u s p e n s i o n s  of s \ ~ h  m a t e r i a l s  
a r e  t r e a t e d  by s p e c i a l  a d d i t i v e s  f o r  g a i n i n g  t h e  p l a s t i c i t y  s t r e n g t h .  

To r e l i a b l y  s e p a r a t e  b o r e h o l e s  i n  t h e  zone of a r t i f i c i a l  f i s s u r i n g  above 
t h e  abandoned mine working d u r i n g  g r o u t  i n j e c t i o n ,  t h e r e  h a s  been d e s i g n e d  
s p e c i a l  p a c k e r s  f o r  t h e  h o l e s  w i t h  h e a v y - i r r e g u l a r  w a l s  and t e c h n i c a l  
t o o l s  t h a t  e n a b l e  pack ing  p r a c t i c a l l y  i n  any d o w n h o 1 e . s i t u a t i o n .  

To g i v e  an  example,  t h e  completed g r o u t i n g *  p r o j e c t  a i m e d t o p r o t e c t  v e n t i l -  
a t i n g  s h a f t s  No.2 and 3  of t h e  Yuzhnaya Mine i n  t h e  Rostov Region a g a i n a t  
underground  w a t e r  i n g r e s s  th rough  t h e  mined-out c o a l  seam K; o f  t h e  aban- 
doned mine t h a t  was p lanned  t o  be f l o o d e d .  The d e p t h  o f  t h e  s h a f t s  i s  
668 m and 665 m r e s p e c t i v e l y .  The s h a f t s  No.2 and 3  e n c o u n t e r  t h e  mined- 
o u t  zone o f  t h e  c o a l  seam K; a t  a  d e p t h  of 211.2 and 208 m r e s p e c t i v e l y .  
I n  t h e  s i t e  a r e a  t h e  a v e r a g e  t h i c k n e s s  of t h e  seam amounted t o  1 .8  m.  
The r o o f  c o n s i s t e d  o f  1.0-m-thick l i m e s t o n e  o v e r l a i d  by c l a y ,  sandy s h a l e s ,  
and s a n d s t o n e .  The seam d i p s  a t  low a n g l e s  t o  t h e  nor th -wes t  a t  8-10'.  

The s i z e  o f  open underground v o i d s  e s t i m a t e d  d u r i n g  d r i l l i n g  o f  t h e  proov- 
i n g  h o l e s  amounted t o  0.5-1.2 m.  The w a t e r  make on r e c o v e r i n g  t h e  s t a t i c  
l e v e l  c o u l d  a c h i e v e  320 cu .  m p e r  hour .  

According t o  t h e  d e s i g n  t h e  f o r m f t i o n  o f  s e a l i n g  c u r t a i n s  around t h e  s h a f t s  
w i t h i n  t h e  mined-out  c o a l  seam K2 and o v e r l y i n g  f i s s u r e d  zone was performed 
t h r o u g h  1 3  h o l e s  i n  s h a f t  No.2, and th rough  15 h o l e s  i n  s h a f t  No.3. The 
volume of  g r o u t  i n j e c t i o n  t o t a l l e d  19190 cu.  m f o r  s h a f t  No.2 and 19930 
c u .  m f o r  s h a f t  No.3. 

The p a r a m e t e r s  o f  t h e  completed g r o u t  c u r t a i n s  a round  t h e  s h a f t s  i n  t h e  
mined-out s t r a t a  were c o n t r o l l e d  by i n t e r h o l e  a c o u s t i c  l o g g i n g .  

A f t e r  t h e  g r o u t i n g  programme was completed and t h e  workings o f  t h e  seam 
K' were f l o o d e d ,  t h e r e  was no w a t e r  makes o b s e r v e d  i n t o  t h e  s h a f t s .  Accord- 
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i n g  t o  e s t i m a t i o n s  t h e  e x p e n d i t u r e s  on t h e  g r o u t i n g  p r o j e c t  w i l l  be recov-  
e r e d  w i t h i n  8  y e a r s  t o  e l i m i n a t i o n  o f  t h e  n e c e s s i t y  t o  m a i n t a i n  w a t e r  
pumping sys tems  i n  t h e  o l d  mine. 

2 .  GROUTING OF KARSTIC ROCK 

I n  r e c e n t  y e a r s  t h e  STG A s s o c i a t i o n  h a s  had g r e a t  s u c c e s s  i n  t h e  f i e l d  
o f  k a r s t i c  w a t e r  c o n t r o l .  We have a l r e a d y  r e p o r t e d  t h a t  a n  e x p e r i m e n t a l  
g r o u t i n g  programme d e s i g n e d  by STG r e s u l t e d  i n  t h e  p o s s i b i l i t y  t o  s t a r t  
min ing  t h e  Dobrouge c o a l  d e p o s i t  i n  B u l g a r i a  i n  an  u n p r e c e d e n t e d l y  complex 
h y d r o g e o l o g i c a l  s i t u a t i o n .  The c o a l  measures  s t r a t a  e n c o u n t e r e d  a t  a  
d e p t h  o f  2000 m i s  o v e r l a i d  by t h e  Valange f o r m a t i o n  which i s  700 m t h i c k  
and i n t e n s i v e l y  k a r s t i f i e d .  The e s t i m a t e d  w a t e r  i n f l o w  i n t o  any s h a f t  
s i n k  i n  t h i s  f o r m a t i o n  a c c o r d i n g  t o  t h e  d a t a  from h y d r o g e o l o g i c a l  t e s t i n g  
amounts t o  33-35 thousand  cu .  m p e r  hour  w i t h  a  f l o w  r a t e  o f  up t o  400 m 
d e r  day and a  p r e s s u r e  head o f  up t o  12 MPa. The e x e c u t i o n  o f  a . b a s i c a l l y  
new g r o u t i n g  t e c h n i q u e  f o r  k a r s t i f i e d  r o c k  d u r i n g  t h e  c o n s t r u c t i & n  of  



t h e  Dobrouge Mine w i l l  enab le  t h e  employment of t h e  conven t iona l  c o n c r e t e  
s h a f t  l i n i n g  i n s t e a d  of more expens ive  t y p e s  of l i n i n g  such a s  t h e  double 
t u b i n g  l i n i n g  o r  ' s t ee l - sandwhich '  l i n i n g .  

Our company h a s  accomplished a  broad programme of bo th  r e s e a r c h  and e x p e r i -  
menta l  s t u d i e s  t h a t  enab led  t h e  r e a l i z a t i o n  of a  f u r t h e r  l a r g e  p r o j e c t :  
t h e  c u r t a i n i n g  of a  l e n g t h y  s e a l i n g  b a r r i e r  a t  t h e  North-Ural b a u z i t e  
d e p o s i t .  

T h i s  d e p o s i t  i s  un ique  n o t  on ly  i n  t h e  q u a n t i t y  and q u a l i t y  of m i n e r a l s  
b u t  a l s o  by t h e  s e v e r e n e s s  of i t s  hydrogeo log ica l  c o n d i t i o n s .  The o r e  
beds a r e  encounte red  i n  i n t e n s i v e l y  k a r s t i f i e d  and wate r -bear ing  l i m e s t o n e s  
hav ing  h y d r a u l i c  connec t ion  w i t h  a  b road ly  developed r i v e r  network i n  
t h e  d e p o s i t  a r e a .  

The e x i s t i n g  d r a i n a g e  system h a s  enab led  a  r e d u c t i o n  i n  t h e  wa te r  i n f l o w  
i n t o  t h e  mine workings by up t o  23000 cu .  m p e r  h o u r ,  b u t  s t i l l  it does 
n o t  p r o t e c t  a g a i n s t  sudden k a r s t i c  wa te r  i r r u p t i o n s  t h a t  i n  some c a s e s  
exceeded 13000 cu.  m p e r  hour .  A l l  t h i s  c a l l s  f o r  t h e  n e c e s s i t y  t o  main- 
t a i n  i n  t h e  mine a  h igh-capac i ty  pumping system. 

The f o r m a t i o n  o f  a  l e n g t h y  f i l t r a t i o n - p r o o f  b a r r i e r  i n  accordance  w i t h  
t h e  STG d e s i g n  w i l l  a l l o w  t h e  i n t e r c e p t i o n  of s u b s u r f a c e  and s u r f a c e  f lows  
i n t o  t h e  mine workings and ensure  normal c o n d i t i o n s  of mining.  

The paramete rs  o f  t h e  b a r r i e r  a r e  un ique :  
- l e n g t h  - 3500 m, 
- d e p t h  - 300 m, 
- g r o u t  q u a n t i t y  - 380 thous .  cu.  m, 
- t ime  schedule  

o f  c u r t a i n i n g  - 5.5-6 y e a r s .  

3. GROUTING OF MAJOR WORKINGS 

Dr iv ing  o f  major  workings i n  wa te r -bear ing  s t r a t a  p r e s e n t s  no fewer complex 
problems a s  t h o s e  encounte red  dur ing  s i n k i n g .  At t h e  STG A s s o c i a t i o n  
t h e r e  h a s  been developed and b road ly  t e s t e d  i n  p r a c t i c e  new g r o u t i n g  schemes 
f o r  d r i v i n g  l e n g t h y  major  workings and s h a f t  i n s e t s .  These schemes a r e  
based on t h e  p r i n c i p l e  of combining maximum g r o u t i n g  a c t i v i t i e s  w i t h  
d r i v a g e  . 
The p r e p a r a t i o n  and i n j e c t i o n  of g r o u t  dur ing  d r i v i n g  i s  c a r r i e d  o u t  i n  
a l l  c a s e s  w i t h  t h e  u s e  of h igh-capac i ty  machinery l o c a t e d  on t h e  s u r f a c e .  
The g r o u t  i s  i n j e c t e d  i n  a q u i f e r s  v i a  a  h igh-pressure  p i p e l i n e  run  down 
a  mine s h a f t  o r  down a  s p e c i a l  w e l l  d r i l l e d  from t h e  s u r f a c e ,  and f u r t h e r  
on a long  t h e  open ings  up t o  a  g r o u t  h o l e  i n  t h e  heading f a c e ,  s i d e w a l l  
d r i l l  chambers ,  s h a f t  i n s e t s  o r  d r i l l  chambers o f  t h e  o v e r l y i n g  mining 
l e v e l s .  

Two b a s i c  p r o c e s s  p a t t e r n s  a r e  be ing  employed i n  p r a c t i c e :  
1) - g r o u t i n g  th rough  p i l o t  h o l e s  d r i l l e d  from t h e  s i d e w a l l  chambers which 
a r e  s e t  up i n  t h e  d i r e c t i o n  of d r i v i n g .  T h i s  a l l o w s  t h e  d r i v a g e  of l e n g t h y  
workings t o  be c a r r i e d  o u t  wi thou t  s toppages  s i n c e  i t  i s  be ing  formed 
c o n s i d e r a b l y  ahead of t h e  d r i v i n g  f a c e ,  and g r o u t i n g  o p e r a t i o n s  a r e  execu ted  
s i m u l t a n e o u s l y  w i t h  d r i v a g e .  
2 )  - p r e g r o u t i n g  w i t h i n  t h e  e n t i r e  des igned  zone of s h a f t  i n s e t  workings.  
To p rov ide  i t ,  a  d r i l l  chamber i s  s e t  up a t  t h e  j u n c t i o n  o f  t h e  s h a f t  
w i t h  t h e  i n s e t ,  and a  fan-shaped p a t t e r n  of l o n g  h o r i z o n t a l  h o l e s  i s  



As a n  example ,  t h e  g r o u t i n g  p r o j e c t  c a r r i e d  o u t  d u r i n g  s i n k i n g  t h e  e a s t -  
ward v e n t  and a i r - a c c e s s  s h a f t s  o f  t h e  1078-m l e v e l  i n  t h e  Zasiadko Mine 
i n  t h e  Done ts  Coal  B a s i n  w i l l  be  d e s c r i b e d .  The v e n t  s h a f t  which i s  1085 
m deep  and h a s  a n  e x c a v a t i o n  d i a m e t e r  of 7 m e n c o u n t e r s  2 1  a c u i f e r s  w i t h  
a n  e s t i m a t e d  t o t a l  i n f l o w  o f  178 c u .  m p e r  hour .  I n  a c c o r d a n c e  w i t h  t h e  
d e s i g n  p r e g r o u t i n g  was performed th rough  one d i r e c t i o n a l  g r o u t  h o l e  t h a t  
had  been  d r i l l e d  u s i n g  s p e c i a l  t o o l s  w i t h i n  t h e  d e s i g n e d  c o n t o u r  n e a r  
t h e  f u t u r e  s h a f t .  The d e s i g n e d  p a t t e r n  s t i p u l a t e d  t h a t  t h e  f o r m a t i o n  
o f  g r o u t i n g  c u r t a i n s  w i t h  s p e c i f i e d  d imens ions  would be performed i n  each  
a q u i f e r  . 
Grout  was i n j e c t e d  s e p a r a t e l y  i n t o  e a c h  a q u i f e r  i n  s u c c e s s i o n  from t h e  
bot tom u p ,  a f t e r  j e t  p e r f o r a t i o n  of t h e  c a s i n g s  and a  hydrodynamic t e s t i n g  
programme. 

S i n k i n g  o f  t h e  s h a f t  was completed w i t h i n  20 months.  The a v e r a g e  s i n k i n g  
r a t e s  were more t h a n  100 m p e r  month e x c l u d i n g  t h e  t ime  f o r  s h a f t  i n s e t  
d r i v a g e .  I t  was a t t a i n e d  t h a n k s  t o  t h e  f a c t  t h a t  t h e  r e s i d u a l  w a t e r  seep-  
a g e  d u r i n g  s i n k i n g  was o n l y  1 . 6  c u .  m  p e r  hour .  

At p r e s e n t  t h e  a i r - a c c e s s  s h a f t  o f  t h e  same mine h a s  been equ ipped  f o r  
s i n k i n g ,  and i n  t h i s  s i t e  p r e g r o u t i n g  was performed u s i n g  one d i r e c t i o n a l  
h o l e  up t o  t h e  t o t a l  d e p t h  o f  t h e  s h a f t .  We a n t i c i p a t e  a  s u c c e s s f u l  h igh-  
r a t e  s i n k i n g  o f  t h i s  s h a f t .  




