
International J o u m l  o f  Pline Water, V o l .  3 ( 2 )  , ( 1 9 8 4 )  2 7 - 3 2  

P r i n t e d  i n  Granada, S ~ a i n  

ESTIMATION OF GEOMETRICAL PARAMETERS AND THE 
QUALITY OF IMPERVEOUS GROUT DURING GROUTING OPERATIONS 

0 .  J u  . Lushn ikova 

Chief Engineer 

S p e c i a l i z e d  Assoc i a t i on  Spetstamponazhgeologia 
7a P e t r o v s k i  S t . ,  A n t r a t s i t ,  Voroshilovgrad Region, USSR 

ABSTRACT 

The paper  d e a l s  w i th  a  method f o r  e s t i m a t i n g  geometry parameters  of t h e  
s e a l i n g  b a r r i e r s  formed du r ing  g r o u t i n g  and q u a l i t y  of f i l l i n g  t h e  
f i s s u r e s  w i t h i n  t h e  b a r r i e r .  The method i s  based  on c a r r y i n g  ou t  
s p e c i a l  hydrodynamic i n v e s t i g a t i o n s  i n  a q u i f e r s  and con t i nuous ly  
moni tor ing  t h e  t e chno log i ca l  parameters  of t h e  g rou t  i n j e c t i o n .  

INTRODUCTION 

U n t i l  now t h e  p r i n c i p a l  method f o r  q u a l i t y  c o n t r o l  of g r o u t i n g  h a s  been 
t h e  method of s p e c i f i c  wa t e r  a b s o r b a b i l i t y .  Depending on i t s  v a l u e ,  
which i s  d i f f e r e n t l y  p r e s c r i b e d  i n  d i f f e r e n t  c o u n t r i e s ,  g r o u t i n g  i s  
cons ide r ed  t o  b e  s a t i s f a c t o r y  o r  u n s a t i s f a c t o r y .  I n  t h e  l a t t e r  c a s e  
a d d i t i o n a l  h o l e s  a r e  d r i l l e d  o r  e x i s t i n g  ones a r e  r e d r i l l e d ,  and t h e  
g r o u t  i n j e c t i o n  i s  r epea t ed .  Undoubtedly, t h i s  method a l l ows  only  
approximate  e v a l u a t i o n  of t h e  q u a l i t y  of g r o u t i n g  o p e r a t i o n s .  When 
employing t h e  method, one can  e s t i m a t e  n e i t h e r  t h e  s i z e  no r  t h e  
geometry of t h e  b a r r i e r  formed; n e i t h e r  t h e  q u a l i t y  of f i l l i n g  t h e  
f i s s u r e s  and v o i d s  w i t h i n  t h e  b a r r i e r  n o r  t h e  s p a t i a l  change i n  
p e r m e a b i l i t y  of t h e  t r e a t e d  s t r a t a  w i t h i n  t h e  b a r r i e r .  To gua ran t ee  
t h e  wa t e r  i n f l ow  shut-off  a f t e r  g r o u t i n g  a  method f o r  e s t i m a t i n g  
geometry parameters  of t h e  s e a l i n g  b a r r i e r s  formed and t h e  q u a l i t y  of 
f i l l i n g  t h e  f i s s u r e s  w i t h i n  t h e  b a r r i e r  h a s  been developed a t  t h e  
Spetstamponazhgeologia a s s o c i a t i o n .  

The method i s  based  on a  s p e c i a l  t e chn ique  f o r  i n t e r p r e t a t i o n  of t h e  
d a t a  ob t a ined  du r ing  f lowmeter ing  and o t h e r  hydrodynamic i n v e s t i g a t i o n s ,  
and on con t i nuous  moni tor ing  of t h e  p r e s s u r e  and c a p a c i t y  changes of 
t h e  pump d u r i n g  g rou t  i n j e c t i o n .  



SPECIAL FEATURES OF THE PROCESS OF SEALING 
BARRIER FORMATION I N  STRATA OF DIVERSE FISSURING 

As f a r  a s  it i s  known, f i s s u r e s  and vo ids  have v a r i o u s  s i z e  and can 
d i f f e r  cons ide rab ly  wi th  r ega rd  t o  q u a n t i t y  f o r  each a q u i f e r .  Th i s  
f a c t  i n  g r e a t  e x t e n t  c o n t r i b u t e s  t o  t h e  d i f f e r e n c e  i n  t h e  c h a r a c t e r  of 
f i l l i n g  t h e  f i s s u r e s  and v o i d s  i n  s t r a t a  of d i v e r s e  f i s s u r i n g .  

L e t  u s  f i r s t  cons ide r  a  p a r t i c u l a r  c a s e  when a l l  s t r a t a  f i s s u r e s  a r e  
equal  and uni formly  d i s t r i b u t e d .  Then, t h e  h y d r a u l i c  l o s s e s  of t h e  
g r o u t  f l ow  i n  a l l  f i s s u r e s  would be  equal  and,  t h e r e f o r e ,  t h e  r a d i i  of 
t h e  g r o u t  spread  i n  a l l  f i s s u r e s  would be  equal  a l s o .  I n  t h i s  c a s e  
t h e  shape  of t h e  b a r r i e r  and e x t e n t  of f i l l i n g  t h e  f i s s u r e s  would be 
a s  it i s  shown i n  F igu re  1 .  However, t h i s  c a s e  i s  very  uncommon i n  
p r a c t i c e .  

F i g u r e  1 .  Grout propagat ion  scheme i n  i s o t r o p i c  medium 
wi th  i d e n t i c a l  f i s s u r e  opening 

More common is  t h e  c a s e  when s t r a t a  f i s s u r e s  a r e  n o t  equal  e i t h e r  i n  
s i z e  o r  i n  q u a n t i t y .  I n  t h i s  c a s e  t h e  c h a r a c t e r  of t h e  g rou t  spread  
would b e  q u i t e  d i f f e r e n t  (F igu re  2 ) .  I n  t h e  v i c i n i t y  of bo reho le s  

F i g u r e  2 .  Grout propagat ion  scheme i n  i s o t r o p i c  medium 
wi th  d i v e r s e  f i s s u r e  opening 

p r a c t i c a l l y  a l l  f i s s u r e s  from smal l  t o  l a r g e  a r e  grouted .  Moving away 
from h o l e s ,  t h e  number of f i s s u r e s  pene t r a t ed  by t h e  g rou t  dec rea se s  
because  of t h e  p r e s s u r e  l o s s e s ,  and a t  t h e  b a r r i e r  boundary only t h e  



l a r g e s t  6nes  a r e  g rou t ed .  I f  r ocks  a r e  a n i s o t r o p i c ,  t h e  shape of a  
b a r r i e r  i s  stretches towards t h e  main system of f i s s u r i n g  (F igu re  3 ) .  

Figu re  3 .  Grout propagat ion  scheme i n  a n i s o t r o p i c  medium 
wi th  d i v e r s e  f i s s u r e  opening 

ESTIMATING QUALITY OF FISSURE SEALING 
WITHIN THE BARRIERS FORMED 

The q u a l i t y  of f i l l i n g  t h e  f i s s u r e s  w i th  t h e  g rou t  depends n o t  only  on 
s p e c i f i c  f e a t u r e s  of rock  f i s s u r i n g  b u t  a l s o  on t h e  g rou t  p r o p e r t i e s  
and i n j e c t i o n  p r e s s u r e .  I t  i s  obvious t h a t  i f  t h e  p r e s s u r e  o v e r f a l l  
on an a q u i f e r  AP was c o n s t a n t  du r ing  t h e  t o t a l  t ime of i n j e c t i o n ,  t h e  
amount of g rou t ed  f i s s u r e s  w i th in  t h e  s e a l i n g  b a r r i e r  con tou r  would 
a l t e r  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  r a d i u s  of g r o u t  p ropaga t i on .  But 
s i n c e  AP i s ,  a s  a  r u l e ,  n o t  c o n s t a n t ,  d i f f e r e n t  zones of t h e  s e a l i n g  
b a r r i e r  a r e  be ing  formed under d i f f e r e n t  v a l u e s  of AP. Thus, dependency 
of t h e  s i z e  of grouted  f i s s u r e s  from t h e  r a d i u s  of g rou t  p ropaga t i on  h a s  
more complex form. 

Le t  u s  c o n s i d e r  f i r s t  a  p a r t i c u l a r  c a s e  when AP i s  i n v a r i a b l y  growing 
i n  t h e  cou r se  of i n j e c t i o n .  Div ide  t h e  t o t a l  p roce s s  of g rou t i ng  i n t o  
such t ime i n t e r v a l s  du r ing  which t h e  g iven  parameter  can  be assumed a s  
c o n s t a n t .  Le t  t h e  p r e s s u r e  o v e r f a l l  a t  t h e  f i r s t  i n s t a n t  of g r o u t  
i n j e c t i o n  be  AP1 and t h e  r a d i u s  of g r o u t  propagat ion  b e  R1.  S ince  a t  
t h e  second t ime i n t e r v a l  t h e  p r e s s u r e  o v e r a l l  h a s  i nc r ea sed ,  some of 
t h e  f i s s u r e s  i n t o  which t h e  g r o u t  d i d  n o t  p e n e t r a t e  under AP1, would 
be  g rou t ed  under AP2. Thus, a  c e r t a i n  volume of t h e  g rou t  i n j e c t e d  
du r ing  t h e  second time i n t e r v a l  would b e  used f o r  f i l l i n g  some of t h e  
f i s s u r e s  w i t h i n  t h e  b a r r i e r  of t h e  r a d i u s  R1, and t h e  remaining g r o u t  
would b e  spen t  f o r  f i l l i n g  t h e  f i s s u r e s  w i th in  t h e  r a d i u s  R 2 .  Thus, 
d e s p i t e  t h a t  a t  t h e  f i r s t  i n s t a n t  t h e  g r o u t  was i n j e c t e d  under AP,, by 
t h e  end of t h e  second t ime i n t e r v a l  t h e  b a r r i e r  would be  formed under 
t h e  p r e s s u r e  o v e r f a l l  AP2. S i m i l a r l y  i n  t h e  p o s t e r i o r  p e r i o d s  of 
i n j e c t i o n  w i th  t h e  g rou t  p ropaga t i on  r a d i u s  i n c r e a s e  f i l l i n g  of 
ungrouted f i s s u r e s  w i l l  occur  w i t h i n  t h e  b a r r i e r ' s  con tou r .  As a  
r e s u l t ,  t h e  b a r r i e r  w i l l  be  formed a t  t h e  p r e s s u r e  o v e r f a l l  t h a t  was 
a t  t h e  end of i n j e c t i o n .  

I f  AP was bo th  growing and f a l l i n g  du r ing  g r o u t i n g  b u t  s t i l l  i t s  
maximum v a l u e  h a s  been observed a t  t h e  end of i n j e c t i o n ,  then i n  t h i s  
c a s e  t h e  f i s s u r e s  w i t h i n  t h e  b a r r i e r  w i l l  b e  grouted  a t  t h e  maximum 
p r e s s u r e  o v e r f a l l  a t t a i n e d .  Thus, t h e  p r e s s u r e  o v e r f a l l  i n  an a q u i f e r  



does not  always correspond t o  t h e  p res su re  o v e r f a l l  AP a t  which t h e  
b a r r i e r  has  f i n a l l y  been formed. 

In a  common case ,  t o  e s t a b l i s h  t h e  p res su re  o v e r f a l l  va lue  a t  which the  
grout  propagation occurred a t  each given point  of t h e  b a r r i e r ' s  contour,  
i t  i s  necessary  t o  f ind  t h e  maximum value  of AP f ixed  dur ing in j ec t ion .  
Un t i l  t h i s  p a r t i c u l a r  moment the  b a r r i e r  has  been formed a t  t h i s  
pressure  o v e r f a l l  f o r  t h e  i n j e c t i o n  per iod l e f t ,  it is again  necessary  
t o  f i n d  out  t h e  maximum value  of AP. It wil lcorrespond t o  the  p res su re  
of b a r r i e r  formation between the  preceding and given maximum values  of 
AP. This  w i l l  b e  going u n t i l  t he  end of i n j e c t i o n .  

In  accordance wi th  the  above mentioned and us ing equat ions  obta ined 
t h a t  make it p o s s i b l e  t o  determine t o t a l  f i s s u r e  voidage, sha re  of 
f i s s u r e s  of d i f f e r e n t  opening, r ad ius  of grout  propagat ion,  and amount 
of grouted f i s s u r e s  i n  regard t o  the  i n j e c t i o n  p res su re ,  c a l c u l a t i o n  of 
a l l  parameters of t he  s e a l i n g  b a r r i e r  may be  accomplished. 

EXAMPLE OF CALCULATION 

Let us  consider  t h e  r e s u l t s  on d e f i n i t i o n  of s e a l i n g  b a r r i e r  parameters 
formed i n  one of the  a q u i f e r s  dur ing pregrout ing ope ra t ions  a t  t h e  sk ip  
s h a f t  of t h e  Ukraina Mine. 

According t o  t h e  da ta  of flowmetering c a r r i e d  ou t  a t  i n t e r v a l s  p r i o r  t o  
the  grout ing ope ra t ions ,  it has  been e s t ab l i shed  t h a t  t h e  water bear ing 
zone l i e s  a t  t h e  depth of 277-334 m with a  th ickness  of 32 m st  a t a  
pressure  of 2.94 MPa, a n t i c i p a t e d  water inflow of 0.95 x lomi2 m5/s, 
and t o t a l  f i s s u r e  voidage of 1.57%. Moreover, according t o  t h e  technique 
developed a t  t he  Spets tamponazhgeologia a s soc ia t ion  d e f i n i t i o n s  of t he  
spacing of f i s s u r e s ,  d i r e c t i o n  of the  main f i s s u r i n g  system, and a l s o  
the  s i z e  and sha re  of f i s s u r e s  of d ive r se  s i z e  i n  the  t o t a l  s t r a t a  
voidage have been developed. 

To form a  s e a l i n g  b a r r i e r ,  grout  wi th  a  y i e l d  value  of 192 ~ / m *  was 
employed. The volume of in j ec t ed  grout  t o t a l l e d  t o  469 m3. The 
process  of grout ing was con t ro l l ed  by means of t h e  SKC-2M s t a t i o n  t h a t  
was monitoring p res su re ,  f low r a t e ,  volume and grout  q u a l i t y  parameters.  
On t h e  b a s i s  of t h e  obtained da ta  the  a c t u a l  p re s su re  o v e r f a l l  has  been 
def ined,  and i t s  change during i n j e c t i o n  i s  p l o t t e d  i n  Figure  4. As i t  
may be  seen, t he  pressure  o v e r f a l l  f l u c t u a t e s  i n  the  range of 7.9 + 10.5 MPa 
The maximum value  has  been a t t a i n e d  a f t e r  i n j e c t i o n  of 340 m3 of grout ,  
t he  minimum va lue  - a t  280 m3. 

The a c t u a l  s e a l i n g  b a r r i e r  p lan  is  presented i n  Figure  5. As it may be 
seen from t h e  p l an ,  with the  t o t a l  f i s s u r e  voidage m = 1.57% only one 
t h i r d  i s  f i l l e d  a t  t he  b a r r i e r  contour where m = 0.46%. The minimum 
amount of grouted f i s s u r e  changes i s  e s p e c i a l l y  g r e a t .  I n  the  v i c i n i t y  
of boreholes  a l l  f i s s u r e s  from maximum t o  0.18 x 10'3 m opening a r e  
f i l l e d  wi th  t h e  g rou t ;  and a t  t he  b a r r i e r ' s  contour  with a  r ad ius  of 
R = 51 m - only f i s s u r e s  with an opening of more than 1.95 x 10'3 rn. 

R e l i a b i l i t y  of t hese  c a l c u l a t i o n s  has  been confirmed by t h e  s h a f t  
s ink ing  da ta .  The a t u a l  r e s idua l  water inf low was 0.35 x 10'4 m 3 / s  with 
a  c a l c u l a t e d  r e s idua l  water inf low value  of 0.4 x 10'4 m3/s. A l l  f i s s u r e s  
were completely grouted according t o  t h e  c a l c u l a t i o n s .  



J 
Volume of i n j e c t e d  g r o u t ,  m 

F igu re  4 .  P r e s s u r e  o v e r f a l l  change i n  t h e  cou r se  of g rou t i ng  

Figure 5. S e a l i n g  b a r r i e r  p l an  



CONCLUSIONS 

It has been established by the accomplished investigations that sealing 
barriers formed around a hole are inhomogeneous in filling quality and 
permeability. With the grout propagation radius increase resistance to 
its flow increases, reduces pressure overfall and, consequently, 
decreases share of grouted fissures. The developed technique makes it 
possible to determine geometry parameters of a sealing barrier, size of 
grouted fissures and share of voidage filled with the grout. 

This technique has been proved experimentally and is being used during 
design and execution of grouting at the Spetstamponazhgeologia 
association. 
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