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ABSTRACT 

The paper descr ibes  a  new advanced grout ing  technique f o r  porous aqu i f e r s  
us ing  clay-cement grouts  during s h a f t  s inking.  This technique i s  
charac ter ized  by c r ea t i ng  i n  a  porous water bear ing  s t r a t a  a  network of 
a r t  i f  i c i a l  , interconnected f r a c t u r e s  employing hydrof rac tur ing  with 
sub sequent grout  i n j e c t  ion.  

INTRODUCTION 

Domestic and fore ign  mine cons t ruc t ion  experience i nd i ca t e s  t h a t  water 
inflow shut-off during sha f t  s inking  i n  porous aqu i f e r s  presents  a ser ious  
problem. The conventional cementation technique would f a i l  i n  achieving 
t h e  needed r e s u l t s  because the  grout ,  a s  a  r u l e ,  does not  penet ra te  i n to  
pores e i t h e r  due t o  the  bigger s i z e  of cement p a r t i c l e s  o r  due t o  
i n f i l t r a t i o n  of a  l i q u i d  phase from the  cementitous suspension t h a t  
r e s u l t s  i n  formation of cement plugged zone around the  i n j ec t i on  hole .  

The app l i c a t i on  of t he  chemical grout ing  technique a t  g r ea t  depths i s  in  
the  design s t age  and has not  been appl ied  on an i n d u s t r i a l  s ca l e .  The 
f r eez ing  technique gives pos i t i ve  r e s u l t s  but  it i s  extremely c o s t l y  
and r equ i r e s  much time both f o r  car ry ing  out  f reez ing  opera t ions  and f o r  
sub sequent tubbing 1 in ing  . 
Imperfection of spec i a l  techniques f o r  porous rocks r e s u l t s  i n  
cons iderable  r e s i dua l  water inflows,  a s  has  been observed, f o r  example, 
during s h a f t  s inking  a t  t he  Krasnoarmeyskaya-Kapitalnaya, Gorskaya, 
Cheluskintsev,  Juzhnodobasskaya and some o the r  mines i n  Donbass, UgSR. 
The r e s idua l  inflows i n  t h e  s h a f t s  a t  these  mines achieved 15-90 m / h r .  

Complexity of t he  water shut-off problem during sha f t  s inking  i n  f i ssured-  
porous and porous s t r a t a  c a l l s  f o r  developing e f f e c t i v e  grout ing  techniques 
based on p r i nc ipa l l y  new technologica l  processes of s t r a t a  s ea l i ng  
toge ther  with new grout ing  schemes. 



BASIC FEATURES OF METHOD 

Sea l ing  b a r r i e r  formation around s h a f t s  i n  t he  i n t e r v a l s  of water bearing 
zones has  been c a r r i e d  out  according t o  t h e  scheme which envisages 
c r e a t i o n  of a  i n t e r s e c t i n g  system of a r t i f i c i a l  c racks  by means of 
hydrof rac tur ing  technique through t he  ho l e s  d r i l l e d  from the  sur face ,  
and f i l l i n g  them under pressure  with the  grout  (Fig.  1 ) .  

The process  of s ea l i ng  b a r r i e r  formation around a  s h a f t  r equ i r e s  
implementation of t h e  following technologica l  pa t t e rn s  and opera t ions  : 

o ca l cu l a t i ons ,  u t i l i z i n g  s p e c i a l  methods, of s ea l i ng  b a r r i e r  
formation parameters comprising t he  length  and development va lue  
of hydrof r a c tu r i ng  and hydrowidening a r t  i f  i c i a l  c racks ,  the  
requi red  quan t i t y  of hydro-sand-jet pe r fo r a t i on  channels,  t h e  
number of i n j ec t i on  poin ts  and grout  ho l e s .  These ca l cu l a t i ons  
a r e  based on t he  physical-mechanical p rope r t i e s  of rocks,  bedding 
depth of an  a q u i f e r ,  s t r a t a  water pressure  heads e t c .  
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Figure 1. Sealing b a r r i e r  f i rmat ion  scheme around a 
s h a f t  i n  porous rocks 

1 - Mine s h a f t ,  2  - Grout ho l e ,  3 - Hydro- 
sand-jet  pe r fo r a t i on  channels,  4 - A r t i f i c i a l  c racks  
1,2 ... 12 - Numbers of boreholes 



o  d r i l l i n g  of g rou t  h o l e s  t o  t h e  t o t a l  dep th  of a  s h a f t  u n t i l  
a l l  t h e  a q u i f e r s  be i n t e r s e c t e d ,  i n s t a l l a t i o n  of borehole  
c a s i n g  and subsequent  g r o u t i n g  t h e  c a s i n g s ;  i n  t h e  course  of 
d r i l l i n g  a  programme of hydrodynamic i n v e s t i g a t i o n s  i s  c a r r i e d  
o u t  t o  r e v e a l  and study a l l  t h e  a q u i f e r s  encountered,  

o  execu t ion  of a  d i r e c t i o n a l  hydro-sand-jet ~ e r f o r a t i o n  i n  t h e  
zones of porous a q u i f e r s  t o  o b t a i n  p re l iminary  a l o t t e d  and 
po in ted  channe ls  which c o n t r o l  t h e  development of a r t  i f  i c  i a l  
c r a c k s ,  

o  h y d r a u l i c  f r a c t u r i n g  of rocks  i n  o r d e r  t o  form a r t i f i c i a l  
c r a c k s  from each borehole ;  e f f i c i e n c y  of h y d r o f r a c t u r i n g  i s  
c o n t r o l l e d  by subsequent hydrodynamic i n v e s t i g a t i o n s  i n  an 
a q u i f e r ,  

o  g rou t  i n j e c t i o n  i n t o  a r t i f i c i a l  c r a c k s  t o  form water  s e a l i n g  
b a r r  i e r -cur  t a  i n .  

Technological  o p e r a t i o n s  on t r e a t i n g  each water  bear ing  zone a r e  
s u c c e s s i v e l y  repea ted  i n  each h o l e .  

The above mentioned s e a l i n g  technique  f o r  f i s sured-porous  and porous 
a q u i f e r s  env isages  employment of manufactured equipment f o r  hydro-sand- 
j e t  p e r f o r a t i o n  and hydro- f rac tur ing  comprising t h e  4AN-700 pump u n i t s ,  
ZPA-4 sand-mixing u n i t s ,  SKC-2M c o n t r o l  s t a t i o n  w i t h  t h e  IBM-700 
manifold u n i t ,  s t andard  borehole c o l l a r  equipment, AP-6M-80 hydro- 
p e r f o r a t o r s  and pumping-compressor p i p e s  accord ing  t o  t h e  o i l  i n d u s t r y  
s tandards .  The clay-cement g rou t  i n j e c t i o n  i s  c a r r i e d  ou t  by means of 
t h e  CA-320M pump u n i t s ,  2SMN-20 cement-nixing u n i t s ,  SKC-2M c o n t r o l  
s t a t i o n ,  s p e c i a l  equipment f o r  clay-cement g rou t  p r e p a r a t i o n  and DAU-1 
packers .  

LABORATORY STUDY 

During g r o u t i n g  t h e  f i s sured-porous  a q u i f e r o u s  rocks ,  and a l s o  porous 
rocks  (with 'man-made' f i s s u r i n g ) ,  f i l t r a t i o n  of a  l i q u i d  phase from 
t h e  grou t  occurs  i n  t h e  course  of  i t s  movement i n  t h e  f i s s u r e s  wi th  
permeable w a l l s .  This  phenomenon c o n t r i b u t e s  t o  t h e  a l t e r a t i o n  of 
d e n s i t y  and r h e o l o g i c a l  c h a r a c t e r i s t i c s  of t h e  g rou t  i n  t ime and l e n g t h  
of t h e  f low. 

Success fu l  and good-quali ty g r o u t i n g  depends much on t h e  accuracy  of 
e s t i m a t i n g  t h e  g rou t  propagation r a d i i  around each h o l e .  When 
c a l c u l a t i n g  t h e  g rou t  p ropaga t ion  r a d i i ,  it i s  necessary  t o  know 
h y d r a u l i c  r e s i s t a n c e s  dur ing  t h e  f low of a  v i s c o p l a s t i c  l i q u i d  i n  t h e  
f i s s u r e s  wi th  permeable w a l l s .  

To accomplish h y d r a u l i c  c a l c u l a t i o n s  of t h e  g r o u t i n g  process  f o r  porous 
rocks ,  t h e  a l t e r a t i o n  of r h e o l o g i c a l  parameters  and d e n s i t y  of c l a y -  
cement g r o u t s  dur ing  f i l t r a t i o n  of  a  l i q u i d  phase from them have been 
ob ta ined  exper imenta l ly .  The a l t e r a t i o n  of r h e o l o g i c a l  parameters  and 
d e n s i t y  versus  permeabi l i ty  c o e f f i c i e n t  o f  a  permeable medium and 
grou t  p ropaga t ion  r a d i u s  i s  p resen ted  in F ig .2 .  
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Figure 2. A l t e r a t i o n  of rheologica l  parameters ( a r b )  and 
dens i t y  ( c )  vs .  grout  spread r ad iu s  

( 1  - K = 0.245 x 1 0 ' ~  m/s; 2 - K = 0.132 x m/s; 

3 - K = 0.053 x m / s )  



Figure  3. R e l a t i o n s h i p  of i n i t i a l  g r a d i e n t  ( a )  and 
f i l t r a t i o n  f a c t o r  ( b )  o f  a  g r o u t  b a r r i e r  vs. 
b a r r i e r  formation p r e s s u r e  



Water s e a l i n g  p r o p e r t i e s  of a  b a r r i e r - c u r t a i n  a r e  determined by 
f i l t r a t i o n  parameters  of t h e  g rou t  which b u i l d s  i t s  s t r u c t u r e  under 
p r e s s u r e  i n  f i s s u r e s .  The exper imenta l  s t u d i e s  performed made it 
p o s s i b l e  t o  o b t a i n  dependancies of an  i n i t i a l  g r a d i e n t  and 
permeabi l i ty  c o e f f i c i e n t  of a  *grout  v e r s u s  b a r r i e r  fo rmat ion  p r e s s u r e .  
These dependancies a r e  p resen ted  i n  Fig.3.  

INDUSTRIAL EXPERIMENT 

The Spetstamponazhgeologia a s s o c i a t i o n  has  c a r r i e d  o u t ,  on an i n d u s t r i a l  
experimental  s c a l e ,  t h e  advanced g r o u t i n g  of porous a q u i f e r s  dur ing  
s i n k i n g  t h e  s k i p  s h a f t  of  t h e  Krasnoarmeyskaya-Zapadnaya Mine. The 
s e a l i n g  b a r r i e r  formation around t h e  s h a f t  i n  t h e  i n t e r v a l s  of porous 
a q u i f e r s  was accomplished by c r e a t i n g  a  c losed  system of a r t i f i c i a l  
c r a c k s  through t h e  h o l e s  by means of  h y d r o f r a c t u r i n g  and hydrowidening 
technique ,  and f i l l i n g  t h e  c r a c k s  under p r e s s u r e  w i t h  t h e  g r o u t .  

According t o  a  hydrogeolog ica l  r e p o r t ,  t h e  designed 716 m deep s h a f t  
of t h e  Krasnoarmeyskaya-Zapadnaya No.1 Mine was i n  complex hydro- 
g e o l o g i c a l  c o n d i t i o n s .  F i f t e e n  a r t e s i a n  a q u i f e r s  were revea led  
through a  g e o l o g i c a l  s e c t i o n  of  t h e  s k i p  s h a f t ,  t h e  t o t a l  p r e d i c t e d  
wate r  in f low was 194 m3/hr. The p r e d i c t e d  water  in f low from s e p a r a t e  
a q u i f e r s  amounted t o  35-40 m3/hr. 

Laboratory t e s t s  of c o r e  samples determined t h a t  rock p o r o s i t y  i n  bhe 
s h a f t  s e c t i o n  i s  i n  t h e  range of  5-23%. The g r e a t e s t  p o r o s i t y  of 
14-23% i s  encountered i n  sandstones (Table 1 ) .  

Table 1 - Parameters  of a q u i f e r s  i n  t h e  s k i p  s h a f t  of t h e  
Krasnoarmeyskaya-Zapadnaya No. 1 Mine 

Water 
b e a r i n g  

, 
I m 

Tota l  
p o r o s i t y ,  

% 

F i l t r a t i o n  
f a c t o r ,  

1 0 - l ~  m2 

P r e d i c t e d  
water  
in£ low, 
m3 / h r  

Res idua l  
s h a f t  in f low 
a £  t e r  s i n k i n g ,  
m3 / h r  



To c a r r y  out  a  grout ing  programme around t h e  sk ip  s h a f t ,  t h e r e  were 
d r i l l e d  12 grout  holes  with a  depth of 690 m. 

The number of grout  holes  was determined on the  da ta  of development 
depth c a l c u l a t i o n s  f o r  a r t i f i c i a l  c racks  c r ea t ed  by t he  hydrofracturing 
technique i n  porous rocks.  

The process of porous rock hydrof rac tur ing  f o r  e a c h a q u i f e r  was 
monitored with a  p r i n tou t  of pressure  v a r i a t i o n s  employing t he  SKC-2M 
con t ro l  s t a t i o n ,  and t h e  e f f ec t i venes s  of hydrof rac tur ing  - by t he  
a l t e r a t i o n  of s t r a t a  permeabil i ty p r i o r  and a f t e r  hydrof rac tur ing .  On 
completion of hydrof rac tur ing ,  f i l t r a t i o n  f a c t o r  increase  8-14 times. 

The grout  i n j e c t i o n  i n t o  each aqu i f e r  was ca r r i ed  out  separa te ly  from 
t h e  bottom and up employing t h e  DAU-1 packers.  As a  grout ,  t he r e  was 
appl ied  t h e  clay-cement grout .  The t o t a l  volume of i n j ec t ed  grout  i n  
t he  sk ip  sha f t  amounted t o  7560 m3. 

Al l  opera t ions  on hydrof rac tur ing  and grout ing  the  porous rocks were 
completed p r i o r  t o  t h e  commencement of s inking  and were combined with 
t he  p r epa ra t i ona l  jobs f o r  sha f t  s inking .  

RESULTS 

The accomplished grout ing  opera t ions  produced p o s i t i v e  r e s u l t s  which 
was proved by t he  s h a f t  s inking  da t a .  

I n  t h e  sk ip  s h a f t  t he  inflow from the  porous aqu i f e r s  was : 

3 3  - 1.7 m / h r  (with t h e  predic ted  inflow of 10 m / h r )  i n  t he  
range of 278.0-292.2 m, 

- 0.5 m3/hr (with t he  predic ted  inflow of 40 m3/hr) i n  the  
range of 312.0-368.1 m, 

3  - 0.2 m /h r  (with t h e  predic ted  inflow of 10 rn3/hr) i n  t he  
range of 563.7-582.0 m .  

SUMMARY 

The r e s u l t s  of t he  sk ip  s h a f t  s inking  indica ted  t h a t  f o r  t h e  f i r s t  
time i n  t he  f i e l d  of deep s h a f t  s inking  through highly porous s t r a t a ,  
g rout ing  made it pos s ib l e  t o  e l imina te  tubbing t he  porous zones, t o  
increase  s inking  r a t e s  and hence reduce s h a f t  s inking cos t s .  




