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ABSTRACT 

The paper dea l s  with t he  r e s u l t s  of development and use of a  new, r e l i a b l e  
method f o r  s ea l i ng  water bear ing  rocks during sha f t  s t a t i o n  drivajie which  
al lows pregrouting within t h e  e n t i r e  a r ea  of a  f u t u r e  s h a f t  s t a t i o n  t o  be  
executed p r i o r  t o  t h e  commencement of d r i v ing  opera t ions .  The new method 
involves t he  prepara t ion  and i n j e c t i o n  of a  cheap and e f f i c i e n t  c lay-  
cement grout  i n t o  water bear ing  s t r a t a  employing t h e  use of high- 
production equipment loca ted  on t h e  su r f ace .  

INTRODUCTION 

Shaft  s t a t i o n  drivage under severe  hydrogeological  condi t ions ,  i s  
according t o  cu r r en t  mine cons t ruc t ion  p r a c t i c e ,  mostly c a r r i e d  out  using 
cementation from t h e  f ace  of openings i n  t he  course of t h e i r  drivage.  
Employing t h a t  organiza t ion  of work, i t  i s  necessary t o  s top  the  drivage,  
t o  e r e c t  a  concre te  plug i n  the  f a ce  of an  opening o r  t o  leave  th ick  
p ro t ec t i ve  p i l l a r s .  I n  add i t i on ,  a  l a r g e  number of holes  must be d r i l l e d ,  
t o  prepare  and i n j e c t  cenent grout  underground. A l l  t h i s  d r a s t i c a l l y  
c u t  down the  advance r a t e s  and increases  cons t ruc t ion  time both of a  
s h a f t  s t a t i o n  and of t he  e n t i r e  mine. 

On i n t e r s e c t i n g  l a r g e  water bear ing  f i s s u r e s  with an excavation,  
cementation proves t o  be e i t h e r  p r a c t i c a l l y  impossible,  o r  a t  b e s t  
r equ i r e s  cons iderable  wastage of t h e  cement grout  because of i t s  washing 
out  from f i s s u r e s  by flowing s t r a t a  water p r i o r  t o  t he  beginning of 
grout  s e t t i n g .  

Thus, t he  main s h a f t  and 960-m-level s h a f t  s t a t i o n  of t he  Nagolchanskaya 
4-2 Mine had o r i g i n a l l y  been planned t o  be excavated using from-the- 
bottom c e m e n t a t i ~ n  technique.  In an e a r l i e r  app l i c a t i on  of t h i s  
technique a t  a  sha f t  depth of 322.0 m precementation had been c a r r i e d  
out  i n  t he  930.7 - 974.jminterval  of a  f i s su r ed  sandstone aqu i f e r  with 
an expenditure of 1,120 tonnes of cement. In t he  course of d r i l l i n g  a  



subsequent  t e s t  h o l e  an ungrouted watered f r a c t u r e  0.4 m wide was 
encountered r e s u l t i n g  i n  an in rush  of water  i n t o  t h e  s h a f t  w i t h  an 
i n f l o w  of 260 m3/hr and h y d r o s t a t i c  p r e s s u r e  of 2.5 MPa f l o o d i n g  t h e  
s h a f t  [ I ] .  Undoubtedly, i f  t h e  from-the-bottom cementat ion technique  
had been used dur ing  960-m-level s h a f t  s t a t i o n  d r i v a g e ,  t h e  e f f e c t  
would have been j u s t  t h e  same. 

BASIC FEATURES OF METHOD 

To ensure  t h e  r e l i a b l e  s e a l i n g  of  water  b e a r i n g  s t r a t a  w i t h i n  which a  
s h a f t  s t a t i o n  o r  a s e r i e s  of d r ivages  i s  be ing  designed,  a  new method 
of advanced grou t ing  w i t h i n  t h e  e n t i r e  a r e a  of a s h a f t  s t a t i o n  and 
p r i o r  t o  t h e  commencement of d r ivage  has  been developed a t  t h e  
Spetstamponazhgeologia a s s o c i a t i o n .  

Major eng ineer ing  d e c i s i o n s  of t h e  new method a r e  a s  fo l lows  : 

o  A t  t h e  i n t e r s e c t i o n  p o i n t  of t h e  s h a f t  w i t h  t h e  s h a f t  s t a t i o n  
l e v e l  a  d r i l l i n g  bay i s  excavated f o r  t h e  d r i l l i n g  equipment. 

0 A f a n - p a t t e r n  s e r i e s  of long h o l e s  i s  d r i l l e d  from t h i s  bay t h e  
p a t t e r n  be ing  r e l a t e d  t o  t h e  bedding parameters  of f i s s u r e d  
zones and geometry of f i s s u r e  systems.  These h o l e s  i n t e r s e c t  
t h e  e n t i r e  water  b e a r i n g  s t r a t a  a t  a  l e v e l  of t h e  f u t u r e  s h a f t  
s t a t i o n .  

o  The conformity between t h e  a c t u a l  and designed course  of a  h o l e  
i s  c o n t r o l l e d  dur ing  d r i l l i n g  by an inc l inometer .  

o  On t h e  i n t e r s e c t i o n  of t h e  fo regoing  water  bear ing  zone by each 
h o l e ,  a  hydrodynamic i n v e s t i g a t i o n  programme i s  c a r r i e d  ou t  
employing a  s p e c i a l  f  lowmetering technique .  

o From t h e  d a t a  of  t h e  f lowmetering i n v e s t i g a t i o n s ,  t h e  major 
hydrodynamic parameters  of t h e  water  b e a r i n g  zone a r e  determined,  
t h e  g r o u t  volume f o r  c r e a t i n g  t t  designed s e a l i n g  b a r r i e r  i s  
c a l c u l a t e d ,  and i n j e c t i o n  p a t t e r n s  a r e  s e t  up. 

o  The grou t  i s  i n j e c t e d  i n t o  each water  b e a r i n g  zone s e p a r a t e l y  
u s i n g  t h e  DAU-1 packers  t o  plug up t h e  h o l e .  

o  Grouts  a r e  prepared a t  t h e  s u r f a c e  p l a n t .  They a r e  i n j e c t e d  by 
means of high-production g r o u t i n g  equipment on t h e  s u r f a c e  
through a  high-pressure l i n e  l a i d  down t h e  s h a f t  and p r o t e c t e d  
by a s t e e l - t u b e  c a s i n g .  

o  R e l i a b i l i t y  of s e a l i n g  each water  b e a r i n g  zone i s  c o n t r o l l e d  by 
means of p r e s s u r i z i n g  t h e  h o l e  by water  up t o  a  pre-determined 
v a l u e .  

INTRODUCTION OF ME1'HOD 

Pregrout ing  of water  b e a r i n g  rocks w i t h i n  t h e  e n t i r e  a r e a  of a  s h a f t  
s t a t i o n  and p r i o r  t o  t h e  commencement of d r i v a g e  h a s ,  f o r  t h e  f i r s t  t ime ,  
been c a r r i e d  o u t  i n  t h e  Nagolchanskaya 1-2 Mine, Donbass, dur ing  t h e  
960-m-level s h a f t  s t a t i o n  excava t ion  designed i n  t h e  43-m-thick wate r  



b e a r i n g  sands tone  [ Z ] .  I'he p r e d i c t e d  water  in f low i n t o  i t s  workings 
amounted t o  1,430 m3/hr. The s t r a t a  water  p r e s s u r e  exceeded 2.5 MPa. 

S t u d i e s  of t h e  development of f i s s u r i n g  i n d i c a t e d  t h a t  t h e  sandstone 
a q u i f e r  had two systems of f i s s u r i n g  w i t h i n  t h e  mine f i e l d  of t h e  
Nagolchanskaya 1-2 Mine. The main system h a s  a  d i p  ang le  of 82-86' 
and azimuth of 5-10', and i s  represen ted  by s e p a r a t e  f i s s u r e s  of 
s e v e r a l  m i l l i m e t r e s  up t o  1  m, and more, i n  width.  Die subord ina te  
system has  t h e  same d i p  ang le  and an  azimuth c l o s e  t o  t h e  rlormal i n  
regard  t o  t h e  main system; t h e  opening of f i s s u r e s  equa ls  up t o  
0.2-1 mrn. I n  t h e  sandstone i n  which t h e  s h a f t  s t a t i o n  was designed,  
t h e  second system i s  n o t  t r a c e d  o u t ,  i . e .  t h e  f i s s c r e s  a r e  p r a c t i c a l l y  
i s o l a t e d  from each o t h e r .  

To reduce c o n s t r u c t i o n  per iod  of  t h e  s h a f t  s t a t i o n ,  it was proposed t o  
shu t  o f f  water  inf lows p r i o r  t o  t h e  commencement of d r ivage ,  making 
g r o u t i n g  o p e r a t i o n s  co inc iden t  w i t h  t h e  s h a f t  s ink ing  and c o n s t r u c t i o n  
of a  d i scharge  bunker f o r  c o a l  and waste rock.  

Accordingly a fan-pa t te rn  s e r i e s  of h o l e s  was d r i l l e d  from t h e  960-m- 
l e v e l  bays.  The a n g l e s  between t h e  h o l e s  were i n  t h e  range of 8 t o  39' 
s o  t h a t  t h e  a n g l e  of i n t e r s e c t i o n  between t h e  h o l e s  and f i s s u r e d  zones 
was n o t  l e s s  than 15' (Fig.  I ) .  The d r i l l i n g  sequence was chosen so  
t h a t  t h e  h o l e s  No.8 and No. 16 enab le  a  survey t o  be made t o  t r a c e  t h e  
l o c a t i o n  of a l l  f i s s u r e d  zones. Holes No.3 and No.13 were d r i l l e d  over  
t h e  sands tone  zone t o  i n v e s t i g a t e  water  c h a r a c t e r i s t i c s  of t h a t  a r e a .  

Thus t o  execu te  p regrou t ing  w i t h i n  t h e  960-m-level s h a f t  s t a t i o n ,  17  
h o r i z o n t a l l y  d i r e c t e d  h o l e s  wi th  a  diameter  of 76 mm and from 47 t o  
1 7 0  m long were d r i l l e d  (see F i g .  I ) .  Tile t o t a l  l eng th  of d r i l l i n g  
amounted t o  1,770 m. Taking i n t o  account  t h a t  dur ing  d r i l l i n g  t h e  
excava t ion  cou ld  have been inundated wi th  p r e s s u r e  wate r ,  each h o l e  
was d r i l l e d  i n  t h r e e  s t a g e s  wi th  t h e  aim of ensur ing  s a f e t y  of 
o p e r a t i o n ,  a s  descr ibed  below. 

F i r s t l y ,  a  59-m-diameter surveying h o l e  was d r i l l e d  up t o  t h e  s tand- 
p ipe  depth.  Secondly, t h e  h o l e  was r e d r i l l e d  t o  accom.nodate a  s tand- 
p ipe  wi th  a  diameter  o f  112 mm. The combination of  t h e  s tandpipe  and 
a  s p e c i a l  capper (Fig.2)  mad? i t  p o s s i b l e  t o  c a r r y  ou t  o p e r a t i o n s  
under h y d r o s t a t i c  p r e s s u r e  head of  s t r a t a  water  exceeding 2 . 5  m a .  
F i n a l l y ,  t h e  g rou t  h o l e  was d r i l l e d  wi th  a  diameter  of 76 m ~ .  On 
i n t e r s e c t i n g  an aqu i fe rous  f i s s u r e d  zone by t h e  h o l e ,  d r i l l i n g  was 
s topped,  and t h e  t o o l  was run ou t  of t h e  h o l e  through a  lock ing  
chamber ( ~ i g  .3 ) .  Following t h i s ,  a  hydrodynamic i n v e s t i g a t i o n  
programme was c a r r i e d  ou t  wi th  t h e  DAU-3M-G flowmeter designed 
s p e c i a l l y  f o r  h o r i z o n t a l  underground boreholes  ( F i g . 4 ) .  From t h e  
d a t a  of hydrodynamic i n v e s t i g a t i o n s  c o r r e c t  ions  t o  t h e  i n i t i a l  des ign  
p a t t e r n s  i n  r e s p e c t  of t h e  volumes of g rou t  i n j e c t i o n  were in t roduced ,  
a l lowing  f o r  measured h y d r o s t a t i c  p r e s s u r e  i n  t h e  a q u i f e r ,  opening 
and l e n g t h  of f i s s u r e s ,  s t r a t a  t h i c k n e s s ,  and borehole  spacing.  

The course  of a  borehole  was con t inuous ly  c o n t r o l l e d  i n  t h e  p rocess  of 
d r i l l i n g  by means of  i n c l i n o n e t r i c  surveys.  

&I i n t e r s e c t i n g  each aqui fe rous  f i s s u r e d  zone, t h e  h o l e  was plugged up 
with t h e  DAU-1 packer ,  t h e  i n j e c t i o n  p i p e l i n e  was connected t o  it and 



F i g u r e  1. Layout scheme of g r o u t  h o l e s  i n  960-m-level 
s h a f t  s t a t i o n  

1 - Main s h a f t  wi th  s h a f t  bays ,  2 - Boreholes ,  
3 - Excavat ions d r i v e n  i n  g rou ted  s t r a t a .  
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F i g u r e  5 - High-pressure p i p e l i n e  des ign  f o r  a  mine s h a f t  

1 - Cable, 2 - High-pressure p i p e s ,  
3 - Shaf t  c o l l a r  s t a g e  a t  ze ro  l e v e l ,  4 - G r i p s ,  
5 - P r o t e c t i v e  p i p i n g ,  6 - S c a f f o l d ,  7 - S h a f t  bay,  
8 - Hinge a d a p t e r s ,  9 - Shaf t  w a l l ,  10 - Saddle 
suppor t  f o r  p r o t e c t i v e  p i p i n g ,  1 1  - Carry ing  g r i p s  
f o r  h igh-pressure  p i p e s ,  12 - Reducer. 



clay-cement grout ,  prepared a t  t h e  su r f ace  p l an t ,  was i n j ec t ed  according 
t o  t he  squeeze pa t t e rn .  Prepara t ion  and i n j e c t i o n  of t he  clay-cement 
grout  was c a r r i e d  out  by means of high-production mixing u n i t s  2SMN-20 
and cementation u n i t s  CA-320M. The i n i t i a l  c l a y  s l u r r y  was prepared a t  
t h e  mud p l a n t  loca ted  i n  t he  c e n t r a l  mine s i t e .  

2  
Maximum i n j e c t i o n  pressure  amounted t o  160-220 kgf/cm with an 
ins tan taneous  i n j e c t i o n  outgo of 6-8 11s .  

The q u a l i t y  of t h e  s ea l i ng  b a r r i e r  formed was con t ro l l ed  by water  
p r e s su r i z ing  t h e  t r e a t e d  zone under a  given pressure  t h a t  was ca lcu la ted  
tak ing  i n t o  account f u t u r e  geometrical  dimensions of t he  excavation,  
f i s s u r e  opening, s t ruc tura l -mechanica l  p rope r t i e s  of t h e  clay-cement 
grout  and hyd ros t a t i c  pressure  head wi th in  t he  t r e a t e d  zone. On 
completion of t h e  p r e s su r i z ing ,  t h e  ho l e  was r e d r i l l e d  and deepened t o  
t h e  next  f i s s u r e d  zone. 

To more e a s i l y  accommodate opera t ions  i n  t h e  mine s h a f t ,  a  new design of 
t h e  high-pressure i n j e c t i o n  p i p e l i n e  was proposed (F ig .5) .  The p ipe l i ne  
c o n s i s t s  of two cas ings .  The f i r s t  one with a  diameter of 50 mm i s  an 
i n j e c t i o n  p ipe l i ne ,  t h e  second one with a  diameter of 108 ran i s  a  
p ro t ec t i ve  cas ing .  The p ipe l i ne  i s  suspended on a  cable  fas tened  by 
means of g r i p s .  To prevent t he  p i p e l i n e ' s  wear during i n j ec t i on  a s  a  
r e s u l t  of v ib r a t i on ,  it i s  equipped with p ro t ec to r s  i n  every 50 m.  

A11 t h e  opera t ions  on t h e  advanced grout ing  of water bear ing  sandstone 
were f i n a l i z e d  p r i o r  t o  t h e  commencement of t he  960-m-level s h a f t  
s t a t i o n  dr ivage  and coordinated with s inking  of the  main sha f t  t o  i t s  
p r o j e c t  depth.  

RESULTS 

During dr ivage  i n  t he  zone of grout ing ,  more than 300 grouted f i s s u r e s  
were encountere-d with widths from 0.001 m t o  0.4 m. The measured t o t a l  
r e s i dua l  inflow i n t o  t h e  960-m-level s h a f t  s t a t i o n  on c o m ~ l e t i o n  of t h e  
advanced grout ing  programme was about 3  m3/hr versus t he  Hnticipated 
inf low of 1430 m3/hr. 

SUMMARY 

The new method of t h e  advanced grout ing  of water bear ing  rock while 
d r i v ing  mine s h a f t  s t a t i o n s  o r  a  s e r i e s  of hor izonta l  workings has 
cons iderable  advantages over t he  conventional  from-the-face 
cementation method ensuring : 

o guaranteed water shut-off with a  s u b s t a n t i a l  reduction of 
labour consumption and an increase  i n  s a f e t y ;  

o  simultaneous grout ing  opera t ions  and sha f t  s inking  ; 

o t he  most labour consuming opera t ions  of prepara t ion  and 
i n j e c t i o n  of grout  take  p lace  on t h e  sur face ;  

o  an increase  i n  advance r a t e s  due t o  e l imina t ion  of stoppages 
f o r  Grilling and grout ing  from the  f ace s  of dr ivages .  



Appl ica t ion  of t h e  new p r e g r o u t i n g  method whi le  d r i v i n g  t h e  960-m-level 
s h a f t  s t a t i o n  made i t  p o s s i b l e  : 

o  t o  reduce c o n s t r u c t i o n  t ime of t h e  s h a f t  s t a t i o n  by 24 months; 

o  t o  commission t h e  Nagolchanskaya 1-2 Mine 12 months e a r l i e r  
than t h e  planned t ime ; 

o  t o  b r i n g  down c o n s t r u c t i o n  c o s t  of t h e  s h a f t  s t a t i o n  by 19.5%; 

o  t o  g a i n  c o n s i d e r a b l e  c o s t  sav ing  i n  t h e  replayment of c a p i t a l  
investments  due t o  reduc ing  c o n s t r u c t i o n  t ime and commissioning 
t h e  Nagolchanskaya 1-2 Mine ahead of schedu le .  
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