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ABSTRACT 

171e paper  deal s w i t 1 1  major concep ts  of g r o u t i n g  through h o l e s  d r i l l ec !  
from t h e  s u r f a c e ,  The r e s u l t s  of g r o u t i n g  through a  s i n g l e  boreho lc  '1 

t h e  1 3 c a t i o n  of twfl 1090 m deep s h a f t s  i n  Donbass a r e  p r e s e n t e d .  

INTRODIJCTION 

1,eading companies i n  Great B r i t a i n ,  USA, South A f r i c a ,  Gerlrnily and 
el  sewhere s p e c i a l  ; z i n g  i n  t h e  f i e l d  of mine c o n s t r u c t i o n  under sever ,  
g e o l o g i c a l  cond i  t ior ls  widely employ t h e  u s e  of g r o u t i n g  tecl iniques . T I I  
most c a s e s  g rouc ing  i s  executed from t h e  f a c e  of t h e  workinps bv mean 
s o p h i s t i c a t e d  and ,  i n  o u r  op in ion ,  expens ive  g r o u t s .  

From t e c h n i c a l  discu: ,s ions w i t h  t h e  s p e c i a l i s t s  of a  number of c.ml,ar,i 
i t  may b e  s t a t e d  t l  a t  t h e  use  of p re -grou t ing  through h o l e s  dr i1l t .d  f r  
t h e  s u r f a c e  i s  1irnitl.d due t o  t h e  c l i e n t s '  c a u t i o n  i n  d e f j n i n ;  tlic ex' I t 
and c o s t s  of o p e r a t i o ~ s .  Th is  f a c t ,  t o  some e x t e n t ,  may be a s s o c i n t e  i 
w i t h  t h e  l a c k  of r e  I l , ~ b l e ,  s u s t a n t i a t e d  g r o u t i n g  des ign  methotis, q1:a' I v 
c o n t r o l  t echn iques  ~ n d  cheap g r o u t s  p rov id ing  guaranteed s t , a l ing  oi . . I  t r 
b e a r i n g  rocks  i n  a ! ixed t ime and a t  optimum c o s t .  

I n  t h e  p r a c t i c e  oi ISSR mine z o n s t r u c t i o n  p r e f e r e n c e  i s  pr i ,nai- i ly  g i  i r l  

t o  g r o u t i n g  from thc s u r f a c e  a s  t h e  u s e  of conven t iona l  cem.niLnt,ltion 
t echn iques  from t h e  a c e  of workings has  been acknowledged s  i t l c , f f i c i r ~ t  
due t o  t h e  f o l l o w ~ n p  reasons  : 

o  c u t t i n g  opc l . - t i  I . ,  a r e  ce layed  f o r  long p e r i o d s  d116. t o  : i n ,  
and advance r n i  a r e  sh:.rz~ly reduced ;  



o  o p e r a t i o n s  a r e  c a r r i e d  o u t  w i t h  low-product ion equipment i n  
c o n s t r a i n e d  c o n d i t i o n s  and t h e  s k i l l e d  l a b o u r  of  s h a f t  s i n k e r s  
is r e q u i r e d ;  

o  a l a r g e  amount of  manual l a b o u r  i s  needed;  

o  o p e r a t i o n s  a r e  c h a r a c t e r i z e d  by i n c r e a s e d  danger  f o r  workers  
d u r i n g  i n j e c t  i o n .  

P r e g r o u t i n g  of. v e r t i c a l  s h a f t s  and o t h e r  mine workings a c c o r d i n g  t o  t h e  
I n t e g r a t e d  Method used i n  t h e  USSR makes i t  p o s s i b l e  : 

o  t o  e x e c u t e  h y d r o s e a l i n g  of  t h e  s h a f t  d u r i n g  t h e  equ ipp ing  p e r i o d  
and p r i o r  t o  t h e  commencement of s i n k i n g ;  

o  t o  g u a r a n t e e  a  r e d u c t i o n  o f  w a t e r  i n f l o w  w i t h i n  p r e s c r i b e d  
r e g u l a t i o n s ;  

o  t o  p r o v i d e  c o n d i t i o n s  f o r  high-speed s h a f t  s i n k i n g ;  

o  t o  e l i m i n a t e  l a b o r i o u s  t a s k  of  h y d r o s e a l i n g  f rom t h e  f a c e  of t h e  
workings ; 

o  t o  c a r r y  o u t  h y d r o s e a l i n g  o p e r a t i o n s  u s i n g  h igh-p roduc t ion  g r o u t i n g  
equipment on t h e  s u r f a c e .  

T h i s  h y d r o s e a l i n g  t e c h n i q u e  a d o p t s  a  compos i t e  s o l u t i o n  t o  s c i e n t i f i c  
problems i n  t h e  f i e l d  of hydrodynamics ,  h y d r a u l i c s  and rheo logy  of 
g r o u t s ,  rock  mechan ics ,  d e s i g n  and t e c h n o l o g i c a l  deve lopment s .  

The pape r  d e a l s  w i t h  the  e x p e r i e n c e  and r e s u l t s  oh t a i n e d  d u r i n g  groLl t  i ng  
a t  two 1090 m s h a f t s  of t h e  Zasyadko Mine i n  Donbass. 

Grou t ing  o p e r a t i o n s  a t  each  s h a f t  were execu ted  t o  t h e  f u l l  dep th  through 
a  s i n g l e  h o l e .  

GENERAL SITE CHARACTERISTIC 

The p r o j e c t e d  d e p t h s  of t h e  v e n t i l a t i n g  and downcast s h a f t s  of the  
Zasyadko Mine a r e  1090 and 1080 m r e s p e c t i v e l v  w i t h  an excava ted  d iamete r  
of 6 . 7  m and c o n c r e t e  s h a f t  l i n i n g .  

6 7 
The s h a f t s  were sunk i n t o  t h e  Middle Coal X e a s t ~ r e s  C2 and C2 2nd Upper Coal 
Measures  c : .  These sed imen t s  c o n s i s t  of s a n d s t o n e s ,  s i l  t s t o n e s ,  mudstones ,  
c o a l  l a y e r s  and l i m e s t o n e s .  

The c o a l f i e l d  l i e <  i n  a s o u t h e r n  p a r t  of t h e  Kalmius-Toretyk s y n c l i n e  on 
t h e  e l e v a t e d  wing of t h e  F r a n t s u z k i  o v e r t h r u 5 t  f a u l t .  The c o a l f i e l d  i s  
i n t e r s e c t e d  bv t h e  St>menovski , ~ n d  Soph ievsk i  f n u l  t s  which 1 ie 1 km of t h e  
s h a f t  s i t e .  

A t  a  dep th  of 168 m t h e  s h a f t s  e n c o u n t e r  ahancloned cxcnv, i t ions  d r l v e n  
th rough  a  worked-out 1 . 2  m c o a l  seam. The hvdrogi-ologic r l l  c o n d i t i o n s  of 
t h e  s i t e  a r e  complex. Na te r  b e a r i n g  r o c k s  of t h e  Coal " i e a s u r t ~ s  c o n s i s t  
of f i s s u r e d  s a n d s t o n e s ,  sandy s h a l e s  and 1  imestones  ( F i g .  1 ) . Somc 
a q u i f e r s  a r e  up t o  60 and 7 7  m t h i c k .  The t o t a l  thicknc.ss of wa te r  



limestone layers 

sandstone excavation 

limestone layers 

F i g u r e  1 .  Geological section 



F i g u r e  2 .  Grout  h o l e  d i r e c t i o n a l  d r i l l i n g  scheme 

- :  

ni . oi . 

F i g u r e  3 .  1,ayout of b o r e h o l e s  
a .  V e n t i l a t i n g  s h a f t ,  b .  Downcast s h ~ f  t 



b e a r i n g  s t r a t a  i n  t h e  s h a f t  s e c t i o n s  e q u a l s  t o  403.9 and 463.0 m. The 
p r e d i c t e d  wate r  in£ lows from i n d i v i d u a l  a q u i f e r s  a r e  up t o  17-18 m3/hr. 
The t o t a l  p r e d i c t e d  wate r  in f lows  i n  t h e  v e n t i l a t i n g  and downcast s h a f t s  
a r e  225.6 and 188 m3/hr r e s p e c t i v e l y .  

GENERAL APPROACH 

Taking i n t o  account  t h e  s i n k i n g  c o n d i t i o n s  of t h e  v e n t i l a t i n g  and downcast 
s h a f t s  a  p r o j e c t  was developed a t  t h e  Spetstamponazhgeologia and pre-  
g r o u t i n g  was accomplished from t h e  s u r f a c e  t o  t h e  t o t a l  dep th  of t h e  
s h a f t s  u s i n g  a  s i n g l e  g r o u t  h o l e  d r i l l e d  i n  t h e  v i c i n i t y  of t h e  proposed 
s h a f t s  f o r  t h e  dep th  between 168 m and 1090 m ( F i g . 2 ) .  

Mult i -purpose g r o u t s  ( i n  a  broad range  of hydrochemistry)  g i v i n g  h i g h  
p e n e t r a b i l i t y ,  r e l i a b l e  s e a l i n g  p r o p e r t i e s  and long-term s t a b i l i t y  a g a i n s t  
c o r r o s i o n  were used f o r  hpdrosea l ing .  These g r o u t s  c o n s i s t  of 89% c l a y  
s l u r r y  w i t h  a  d e n s i t y  of 1200-1230 kf/m3, 10% cement and 1% s t r u c t u r e -  
forming a d d i t i v e s .  

Taking i n t o  account  t h e  p resence  of abandoned workings i n  t h e  upper  p a r t  
of s h a f t s  a t  a  dep th  of 168 m which cons iderab ly  compl ica te  s i n k i n g  and 
c o n t r i b u t e s  t o  inc reased  f i s s u r i n g  i n  t h e  roof of a  worked-out zone, t h e  
l e n g t h  from 19.7-170 m was hydrosea led  us ing  f o u r  h o l e s  spaced 10 m from 
t h e  c e n t r e  of t h e  would-be s h a f t .  

A hydrodynamic i n v e s t i g a t i o n  programme h a s  been c a r r i e d  o u t  t o  p rov ide  
more a c c u r a t e  in format ion  on hydrodynamic c h a r a c t e r i s t i c s  of a q u i f e r s  
employing f  lowmetering and p r e s s u r e  bui ld-up t echn iques .  

Th is  i n v e s t i g a t i o n  programme makes i t  p o s s i b l e  : 

o  t o  de te rmine  t h e  number of a q u i f e r s ,  t h e i r  bedding depth and 
t h i c k n e s s ;  

o  t o  e s t i m a t e  t h e  p r e s s u r e  head i n  each a q u i f e r ,  p e r m e a b i l i t y ,  vo id  
r a t i o ,  t h e  type  of a q u i f e r  and degree of f i s s u r i n g .  

The ins t ruments  and t o o l s ,  used d u r i n g  hydrodynamic i n v e s t i g a t i o n s ,  were 
r e q u i r e d  t o  b e  of s imple des ign  and capab le  of o p e r a t i n g  i n  any l i q u i d  
w i t h i n  a  broad range of p r e s s u r e  and temperature pa ramete rs .  They a r e  
a l s o  in tended  t o  be  used For i n v e s t i g a t i o n  t echn iques  under any g e o l o g i c a l  
c o n d i t i o n s ,  and ensure  h igh  r e l i a b i l i t y  and long-term o p e r a t i o n .  

EXECUTION OF WORK 

The main g r o u t  h o l e  1090 m deep a t  each s h a f t  s i t e  was executed by means of 
t u r b o - d r i l l i n g  t echn iques  w i t h  t h e  minimum des igned  d e v i a t i o n s  from a  s h a f t  
p r o j e c t i o n  s o  t h a t  i t s  course  would t r a v e l  s p i r a l l y  around a  s h a f t  a t  a  
d i s t a n c e  of 3-4 m .  Th i s  was accomplished by employing s p e c i a l  t e c h n i c a l  
means f o r  d i r e c t i o n a l  d r i l l i n g  ( F i g . 3 ) .  

Because t h e  s t r a t a  had i n s u f f i c i e n t  s t r e n g t h  and s t a b i l i t y  t o  p rov ide  
t h e  n e c e s s a r y  c o n d i t i o n  f o r  r e l i a b l e  plugging t h e  h o l e s  wi th  packers ,  t h e  
main boreho le  was cased wi th  219 mm c a s i n g .  The g r o u t i n g  of s e p a r a t e  
a q u i f e r s  was c a r r i e d  o u t  wi th  j e t  p e r f o r a t i o n  i n  t h e  range of each a q u i f e r .  



The ca l cu l a t ed  volume of grout  was then i n j ec t ed  i n t o  each per fora ted  
zone. The r e s u l t s  of pe r fo r a t i on  were est imated by repea tedly  car ry ing  
out  flowmetering i nves t i ga t i ons .  

Major grout ing  parameters a t  t he  v e n t i l a t i n g  and downcast mine s h a f t s  
a r e  l i s t e d  i n  Tables 1 and 2. 

Prepara t ion  of t h e  ba s i c  s l u r r y  was c a r r i e d  out  employing a  spec i a l  s e t  of 
p r e f ab r i ca t ed  u n i t s .  The clay-cement g rou t  prepara t ion  and i n j ec t i on  was 
accomplished by t he  2SMN-20 cement-mixing u n i t s  and CA-320M high-pressure 
pump u n i t s  which provided a  long,  continuous i n j e c t i o n  process.  

Qual i ty  con t ro l  of hydrosealing was evaluated taking i n t o  account 
i n j e c t i o n  regimes and by p r e s su r i z ing  t h e  grout  b a r r i e r  up t o  the  
ca l cu l a t ed  value.  For t h i s  purpose t he  SKC-2M con t ro l  s t a t i o n  was 
employed which provides an automatic monitoring with a  p r i n tou t  of the  
parameters cha r ac t e r i z i ng  the  grout  q u a l i t y ,  p ressure ,  flow r a t e  and 
grout  i n j e c t  ion volume. 

RESULTS 

Compared t o  t h e  designed grout  volume of 16020 cu .  m., t h e  a c tua l  
volume of i n j ec t ed  grout  was 15915 cu. m. f o r  t he  v e n t i l a t i n g  s h a f t  and 
14500 cu .  m. f o r  t h e  downcast s h a f t .  On completion of grout ing ,  the  
s h a f t s  were sunk a t  a  steady r a t e  of 60-100 m per month. The r e s idua l  
water  inflow i n  t h e  v e n t i l a t i n g  s h a f t  was 3.5 m31hr of which 2  m3/hr 
came from the  0-19.7 m length  t h a t  had no t  been t r e a t e d  due t o  the 
v i c i n i t y  of t he  e a r t h ' s  sur face .  The r e s idua l  inflow i n  t he  downcast 
s h a f t  was 1.3 m3/hr. 



Table 1. Parameters  of g r o u t i n g  programme a t  t h e  v e n t i l a t i n g  
s h a f t  of t h e  Zasyadko Mine 

Water 
b e a r i n g  
zones, m  

19- 25 

25- 45 

4 5 - 8 6  

86- 122 

130- 145 

164- 234 

240-283 

291- 322 

345- 397 

423- 509 

531- 550 

650-676 

679- 697 

708-757 

764- 766 

781- 834 

878-905 

925- 968 

981- 998 

, loop-1036 

1068-1089 

Tota l  : 

Number of 
i n j e c t i o n  
p o i n t s  

4 

4 

4 

4 

4 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

{ 1 

i 

Volume 
of 
g r o u t ,  
m3 

202 

4 26 

1615 

1821 

1039 

960 

400 

130 

615 

63 7 

98 2 

260 

320 

64 3 

50 

4 00 

540 

52 1 

100 

322 

4 00 

15915 

Water in f low 
p r i o r  t o  
g r o u t i n g ,  
m3 /h 

14.8 

3.2 

14.7 

16.4 

4.7 

18.0 

9 .O 

7.0 

11.0 

4 .O 

15.0 

17.0 

6 .O 

11.7 

4 .O 

9 .O 

14.0 

10.0 

14.1 

16.0 

6.0 

225.6 

S t r a t a  
t h i c k n e s s ,  
m  

4 .O 

130 

23.0 

20.0 

14.0 

26.4 

22.0 

17.8 

24.6 

28.9 

28.9 

23.4 

17.5 

20.7 

2.4 

44.0 

16.0 

14.4 

8 -8 

12.2 

21.9 

403.9 

P r e s s u r e  
head 
Pa x 10 

0.70 

2.57 

6.60 

8.53 

11.38 

13.93 

21.90 

25.36 

33.10 

44.47 

49.75 

60.38 

63.31 

68.28 

70.15 

76.96 

84.20 

90.36 

92.43 

96.20 

102.50 



� able 2. Parameters of grouting prograwe a t  the downcast 
shaft of the Zasyadko Mine 

Volume 
of 
grout, . m3 
19 15 

1616 

1726 

354 

595 

619 

886 

200 

317 

250 

385 

475 

24 3 

448 

75 1 

357 

520 

394 

405 

24 6 

223 

26 7 

595 

716 

14500 

Number of 
injection 
points 

4 

4 

4 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Water 
bearing ! 

zones, ma 

10-52 

57- 82 

140-168 

174- 210 

237-269 

273-315 

328- 362 

394- 422 

435- 463 

472- 492 

500- 522 

530- 570 

577- 623 

634- 655 

678-713 

715- 740 

748-774 

775- 813 

840- 858 

867-890 

894- 924 

925- 955 

954- 998 

1031-1094 

Total : 

. t  
Strata 
thickness, 
m - 

26.0 

8.0 

23.0 

2.0 

24.0 

11.0 

27.0 

19.0 

14.0 

10.0 

16.0 

14.0 

5.0 

31 .O 

24.0 

14.0 

26.0 

21.0 

18.0 

18.0 

15.0 

26.0 

43.0 

28.0 

463.0 

Pressure 
head 
Pa x lo5 

4 .O 

6 .O 

11.2 

14 .O 

21.2 

29.5 

30.3 

36.8 

40.5 

42.0 

46 .O 

51.3 

Water inflow 
prior t o  
grouting, 
m3 /h 

1.0 
9 

3 

1 

4 

7 

5 

6 

3 

9 

7 

7 

56 .O ' 2  

60.5 

65.2 

68.0 

10 

17 

10 

6 

75.3 71.5 1 4 

80.2 1 9 

89 .O 12 

86 .O 

89.5 

94 .O 

102.0 

1 1  

1 1  

13 

12 

188 
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