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ABSTRACT 

Th i s  paper  i s  a gene ra l  review of g rou t ing  techniques  a s  app l i ed  a t  t h e  
v a r i o u s  phases i n  t h e  cons t ruc t i on ,  development and ope ra t i on  of an 
underground mine. 

The assessment of t h e  groundwater problem and t h e  gene ra l  approach t o  
g rou t ing  des ign  and procedures a r e  descr ibed ,  t oge the r  wi th  a number of 
c a s e  h i s t o r i e s ,  from both  t h e  United Kingdom and overseas ,  which s e rve  t o  
i l l u s t r a t e  t h e  d i f f e r e n t  forms of  grout ing .  

INTRODUCTION 

There a r e  t h r e e  main phases i n  t h e  " l i f e "  of an  underground mine where 
some form of g rou t ing  f o r  t h e  c o n t r o l  of groundwater may be  requi red:  

(i) Development and Commissioning - dur ing  t h e  cons t ruc t i on  of 
s h a f t s ,  s u r f a c e  d r i f t s  and p re l imina ry  underground developments 
t o  g a i n  acces s  t o  t h e  orebody. 

( i i )  Product ion/Opera t ions  - dea l ing  wi th  groundwater problems a t  t h e  
product ion  f a c e  and when d r i v i n g  a d d i t i o n a l  underground roadways, 
s h a f t s ,  e t c .  

( i i i )  "Shut-down" - i n i t i a l  s e a l i n g  of s h a f t s  and roadways and 
cont inuing  remedial  work a s  necessary .  

Within t h e s e  gene ra l  a r e a s  d i f f e r e n t  forms of g rou t ing  w i l l  be  requi red  
t o  so lve  t h e  v a r i o u s  groundwater problems t h a t  a r e  encountered.  These 



may range from t h e  permeation g rou t i ng  of waterbear ing  a l l u v i a l  and 
g r a n u l a r  rock format ions  t o  "void-f i l l i n g "  g rou t i ng  o p e r a t i o n s  such a s  
t h e  backwall  g rou t i ng  of s h a f t  and t unne l  l i n i n g s  and t h e  format ion  of 
underground p lugs  and dams. 

Grout ing  a t  t h e  development s t a g e  of a  mine i s  u s u a l l y  a  pre-planned 
ope ra t i on  based on d e t a i l e d  borehole  i n v e s t i g a t i o n s ,  and i s  aimed a t  
reducing  t h e  d i f f i c u l t i e s  f o r  s h a f t  s i nk ing  o r  t unne l  d r i v ing .  
Groundwater problems, in: a s s o c i a t i o n  w i th  phase ( i i )  above, and t o  a  
l e s s e r  degree phase ( i i i ) ,  a r e  g e n e r a l l y  t h e  r e s u l t s  of dnexpected 
i n r u s h e s  o r  i n c r e a s i n g  seepages and h e r e  t h e  use  of g rou t i ng  i s  more a  
" f i r e f i g h t i n g "  a p p l i c a t i o n .  I n  most i n s t a n c e s  t h e  mine development and 
mining method w i l l  b e  designed t o  minimise t h e  r i s k  of such water  inf lows  
du r ing  product ion .  

I n  t h e  fo l lowing s e c t i o n s  of t h i s  paper  t h e  va r i ous  groundwater problems 
and methods of g rou t  t rea tment  a r e  addressed  i n  some d e t a i l .  The 
d i f f e r e n t  types  of g rou t  employed and tfie approach t o  des ign  of t y p i c a l  
g r o u t i n g  programmes a r e  descr ibed .  F i n a l l y  t h e  v a r i o u s  methods a r e  
i l l u s t r a t e d  by r e f e r e n c e  t o  examples of  g rou t i ng  ope ra t i ons  c a r r i e d  out  
i n  r e c e n t  y e a r s  by t h e  au tho r s  company. 

ASSESSMENT OF GROUNDWATER PROBLEM AND METHODS FOR GROUTING 

Purpose of Grouting 

Although g rou t i ng  h a s  a  number of q u i t e  d i f f e r e n t  a p p l i c a t i o n s  t h e  main 
purpose ,  i n  t h e  con t ex t  of t h i s  paper ,  i s  always t o  e l i m i n a t e  o r  reduce 
t h e  f low of groundwater i n t o  an e x i s t i n g  o r  proposed underground 
excavat ion .  Grouting i s  on ly  one of s e v e r a l  methods of ground t rea tment  
f o r  exc luding  wa t e r  which have t o  be  a s se s sed  on t h e i r  r e s p e c t i v e  m e r i t s  
f o r  each s i t u a t i o n .  However, g rou t i ng  does provide  t h e  b e n e f i t s  of a  
permanent, o r  a t  l e a s t  semi-permanent, ground t rea tment  and t h e  bonus of 
i nc r ea sed  s t a b i l i t y  i n  some s i t u a t i o n s ,  a s  compared w i th  pu re ly  temporary 
exped i en t s  such a s  dewatering and ground f r eez ing .  

The accep t ab l e  l e v e l  of groundwater i n  any mine s i t u a t i o n  w i l l  depend on 
a  number of f a c t o r s  i nc lud ing  t h e  t ype  of mine, p a r t i c u l a r  c l i e n t  
requi rements ,  s a f e t y  a s p e c t s ,  pumping economics, and environmental  
cons ide r a t i ons .  I n  some i n s t ances  t h e  n a t u r e  of t h e  mine ra l  involved 
d i c t a t e s  t h a t  a  "dry" mine i s  r equ i r ed .  I n  o t h e r  c i rcumstances  where 
perhaps  pumping and d i s p o s a l  c o s t s  a r e  low, mining can con t i nue  wi th  
l i t t l e  o r  no ground t rea tment  and r e l a t i v e l y  h igh  l e v e l s  of wa t e r  inflow. 

The philosophy of B r i t i s h  Coal ( former ly  t h e  Nat iona l  Coal Board) w i th  
r ega rd  t o  c o n t r o l l i n g  water  i s  one of exc lus ion  r a t h e r  than  pumping (Dunn 
1982).  I n  terms of s h a f t  s i nk ing  and t u n n e l l i n g  i t  is  cons idered  t h a t  
t h e  p r e sen t  mining cons t ruc t i on  techniques  can t o l e r a t e  a  f low of up t o  
some 3.811s (50 gpm) i n t o  t h e  excavat ion  be fo r e  a c t i o n  must b e  taken t o  
reduce  t h e  flow. I n  t h e  r ecen t  Selby mine developments, involv ing  bo th  
s h a f t s  and s u r f a c e  d r i f t s ,  t h e  requirement was f o r  a  f i n a l  i n f l ow  a f t e r  
permanent l i n i n g  of l e s s  than  one gpm. Th i s  can be  compared wi th  
p o t e n t i a l  in f lows  from t h e  major a q u i f e r  zones of s e v e r a l  thousand 
g a l l o n s  pe r  minute,  and g ive s  an i n d i c a t i o n  of t h e  o v e r a l l  e f f i c i e n c y  
r equ i r ed  from t h e  g rou t i ng  process .  For  i n s t ance  a  99 p e r  c e n t  e f f e c t i v e  
g rou t  t rea tment  i s  r equ i r ed  i n  o r d e r  t o  o b t a i n  a  t e n  f o l d  r educ t i on  i n  
wa t e r  make t o  t h e  excavated s h a f t .  Th i s  degree  of cover  i s  d i f f i c u l t  t o  



achieve and explains the long time that is often required for 
satisfactory chemical grout treatments. 

Origins of Groundwater Problems 

Mine water inflows have a variety of origins. Access shafts or surface 
drifts will often encounter substantially horizontal - lying aquifers 
before reaching the mini g horizon. These aquifers,may be relatively 
shallow water-table aquifers or deeper confined aquifers,, and their 
nature may range from high intrinsic permeability alluvial deposits or 
sandstones to intensely fractured and vuggy limestones. Underground 
tunnels, drivages, and galleries, may encounter major faults which can 
transmit groundwater through relatively impermeable zones from such 
aquifers into mine workings. Similarly the presence of faults and other 
discontinuities in the rock mass may present water j?roblems for 
developments under bodies of water such as lakes, reservoirs, large 
rivers, and the sea, or to developments ,in close proximity to abandoned 
mines, unsealed or poorly sealed shafts and boreholes which are likely to 
be flooded. (e.g. Dunn 1982, Wilson 1985, Garritty 1983, Slatcher 1985). 

In most respects all of these situations represent water inflow problems 
related to naturally occurring primary and secondary permeability in the 
ground. To these must be added the range of problems connected with 
induced or modified permeability due to mine development and mineral 
extraction. Channels may be created through basically impermeable roof 
strata to connect with the sources of groundwater described previously. 
(e.g. Singh 1982, Massey 1984). 

It is essential therefore that the nature of the groundwater problem is 
thoroughly investigated and fully understood to enable the optimum method 
of ground treatment to be selected and, in the case of grouting, for the 
appropriate form of grouting to be introduced. (Daw 1986). 

Grouting Methods and Materials 

The various grouting methods can be described by reference to the 
mechanisms by which the groundwater flows are eliminated or reduced. 

Permeation Grouting 

In permeation grouting the grout material penetrates the interconnected 
porous structure of the soil or rock which may comprise both the 
intergranular voids and the fissure network. Whilst in most instances 
the fissure permeability represents the major contribution to the total 
permeability of the ground and, hence, the main agent for transmitting 
groundwater flow to the excavation, there are instances where 
intergranular permeability is equally important. This will be most 
evident in the shallower coarse sand and gravel aquifers but can also 
occur at depth in medium to coarse grained sandstones, e.g. in U.K. the 
Bunter Sandstone, Basal Permian Sands and Coal Measure Sandstones. 

In such aquifers it will be necessary to inject chemical grouts in order 
to achieve the required penetration of the intergranular network and also 
the finer fissures. The choice of a particular chemical grout will 
depend on a number of factors including permeability and pore size of the 
aquifer rock, cost, strength, and permanence requirements of the grout, 
and environmental considerations. In order to penetrate the "finest" 



rock  s t r u c t u r e s  t h a t  s t i l l  pose a  groundwater problem, i t  may be 
neces sa ry  t o  go t o  t h e  l eng ths  of " c l a r i fy ing"  t h e  chemical  grout  
component s o l u t i o n s  by f i l t r a t i o n  and/or  c e n t r i f u g a t i o n .  

For  wider  f i s s u r e s ,  and a  width of about 2 r 1 0 - ~ m  i s  u s u a l l y  considered 
t o  b e  t h e  lower l i m i t ,  s tandard  cement-based g rou t s  w i l l  be  used. S ince  
t h e s e  wider passages  w i l l  gene ra l l y  be  ca r ry ing  t h e  major water  f lows i t  
is  t h e  u sua l  p r a c t i c e  t o  i n j e c t  t h e  cheaper cement g rou t  a s  t h e  f i r s t  
phase.  I n  some i n s t a n c e s  t h i s  procedure w i l l  reduce t h e  i n f low  t o  a  
t o l e r a b l e  l e v e l ,  whereas i n  o t h e r  ca se s  a  secondary t rea tment  us ing  
chemical  g rou t  w i l l  b e  necessary.  

Hydrofrac ture  Grouting 

Although both  i n t e r g r a n u l a r  and f i s s u r e  g rou t ing  i s  desc r ibed  he re  under 
t h e  heading of permeation g rou t ing ,  t h e  a c t u a l  p e n e t r a t i o n  p roces s  is  
obvious ly  q u i t e  d i f f e r e n t  i n  a  f i s s u r e  than  i n  a  pore .  However, i n  both  
i n s t a n c e s  t h e  i n j e c t i o n  i s  c a r r i e d  out  a t  p r e s su re s  i n s u f f i c i e n t  t o  
d i s t u r b  t h e  ground s t r u c t u r e .  The g rou t  advances s t e a d i l y  d i s p l a c i n g  a i r  
and water  outwards w i th  t h e  predominant d i r e c t i o n  of f low be ing  t h a t  
o f f e r i n g  t h e  l e a s t  r e s i s t a n c e ,  i . e .  t h e  pa th  of h ighes t  pe rmeab i l i t y .  I n  
some c i rcumstances ,  u s u a l l y  i n  r e l a t i v e l y  shallow a l l u v i a l s ,  it is  
pe rmi s s ib l e  t o  u s e  hyd ro f r ac tu re  g rou t ing  where d e l i b e r a t e  overpressur ing  
is  used t o  e i t h e r  widen e x i s t i n g  f i s s u r e s  o r  c r e a t e  new f i s s u r e s .  This  
procedure  ha s  t h e  advantage of r a p i d l y  c r e a t i n g  d i r e c t  a cces s  through low 
pe rmeab i l i t y  ground t o  a  more permeable and t r e a t a b l e  zone from t h e  
widely  spaced a r r a y  of i n j e c t i o n  ho l e s .  I n  a d d i t i o n ,  by c r e a t i n g  new 
passages ,  a  g r e a t e r  i n j e c t i o n  "surface"  i s  a v a i l a b l e  f o r  t h e  grout  t o  
impregnate t h e  ground. From r e l a t i v e l y  shallow s u r f a c e  boreholes  t h e  
"tube-a-manchette" i n j e c t i o n  technique  would most l i k e l y  be  used,  and 
b o t h  chemical  and cement g rou t s  could b e  employed depending on t h e  
p a r t i c u l a r  a p p l i c a t i o n .  

Squeeze Grouting 

Problems sometimes occur  where unconsol ida ted ,  b u t  r e l a t i v e l y  impervious 
d e p o s i t s  under h igh  groundwater p r e s s u r e  and w i t h i n  an o therwise  
competent rock s t r u c t u r e ,  need t o  be  consol ida ted .  These may comprise 
f i n e l y  f r a c t u r e d  o r  pu lve r i s ed  rocks ,  s i l ts ,  s o i l s ,  m i l l o n i t e s ,  mud runs ,  
e t c . ,  none of which can b e  permeated w i th  grouts .  The squeeze g rou t ing  
technique  i s  used by which g r o u t s  a r e  used t o  apply  h igh  p r e s s u r e s  t o  t h e  
ground t o  squeeze ou t  excess  pore  water  and conso l ida t e  t h e  uns t ab l e  
m a t e r i a l  by i n c r e a s i n g  i t s  d e n s i t y  and shea r  s t r eng th .  Consol ida t ion  i s  
achieved by e i t h e r  forming a g rou t  "bulb" which does n o t  p e n e t r a t e  t h e  
s o i l  o r  p r e f e r a b l y  by d e l i b e r a t e  hyd ro f r ac tu re  u s ing  a  g rou t  of l im i t ed  
c a p a b i l i t y  t o  p e n e t r a t e  f a r .  The use  of hyd ro f r ac tu re  enab l e s  a  l a r g e r  
zone of ground t o  be  s t r e s s e d  from a  s i n g l e  grout  p ipe .  Viscous f l u i d  
g r o u t s  a r e  r equ i r ed  b u t  a  number of combinations and v a r i a t i o n s  of 
approach a r e  p o s s i b l e ,  ranging from n e a t  cement g rou t  t o  c l a y  cement 
g r o u t s  and th ickened chemical g rou t s .  (Greenwood 1982). 

Void-Fi l l ing  Grouting 

I n  v o i d - f i l l i n g  g rou t ing  t h e  requi rements  and methods w i l l  u s u a l l y  be 
q u i t e  d i f f e r e n t  from those  descr ibed  above. I n  most i n s t a n c e s  
cemen t i t i ous  g r o u t s  w i l l  b e  employed, o f t e n  wi th  f i l l e r s  o r  cement 
replacement m a t e r i a l s  i n  o rde r  t o  reduce  c o s t s  where l a r g e  volumes a r e  



involved .  Frequent ly  chemical  admixtures  w i l l  b e  i nco rpo ra t ed  i n  o r d e r  
t o  impar t  t h e  optimum combination of f l u i d i t y ,  workab i l i t y ,  and s e t t i n g  
c h a r a c t e r i s t i c s .  

I n  back-wall g rou t i ng ,  t h e  f i r s t  s t a g e  of t h e  ope ra t i on  w i l l  b e  t o  f i l l  
t h e  b u l k  of  t h e  c a v i t y  between t h e  s h a f t  o r  t unne l  l i n i n g  and t h e  
excavated p r o f i l e .  The choice  of g rou t  w i l l  b e  d i c t a t e d  by t h e  
a n t i c i p a t e d  volume of  t h e  void ;  a s  t h e  void  volume i n c r e a s e s  t h e  f r a c t i o n  
of cement replacement m a t e r i a l  used i n  t h e  g rou t  w i l l  g e n e r a l l y  b e  
i nc r ea sed .  Desp i t e  t h e  u s e  of admixtures  t o  c o n t r o l  t h e  s e t t l e m e n t  of  
p a r t i c l e s  t h a t  occur  i n  a  c emen t i t i ous  g rou t  p r i o r  t o  s e t t i n g ,  some 
"bleed" o f t e n  occurs .  Th i s  can r e s u l t  i n  b l eed  channels  through which 
wa t e r  can s t i l l  mig ra t e  around t h e  l i n i n g .  The second s t a g e  of backwall  
g rou t i ng  s e r v e s  t h e  dua l  purpose of s e a l i n g  t h e s e  b l eed  channels  and a l s o  
of locking  t h e  l i n i n g  i n t o  t h e  sur rounding  rock ,  and i s  e f f e c t e d  by t h e  
i n j e c t i o n  of t h i n  n e a t  cement g rou t  mixes. 

A f t e r  t h e  c o n s t r u c t i o n  of a  s h a f t  p lug  o r  t u n n e l  dam, t h i n  cement g rou t  
mixes a r e  used t o  l ock  t h e  s t r u c t u r e ,  and on occas ion  t o  form a  cut-off  
c u r t a i n  by i n j e c t i n g  an a r r a y  of h o l e s  d r i l l e d  ou t  from t h e  p lug  o r  dam 
i n t o  t h e  sur rounding  s t r a t a .  

Combined Techniques 

I n  some c i rcumstances  g rou t i ng  h a s  been used i n  combination w i th  o t h e r  
methods of groundwater c o n t r o l  du r ing  s h a f t  s i nk ing  and t u n n e l l i n g .  I n  
p a r t i c u l a r ,  t h e  i nco rpo ra t i on  of groundwater p r e s s u r e  r e l i e f  w e l l s ,  
t o g e t h e r  w i th  g r o u t  i n j e c t i o n ,  was used a t  two of t h e  Selby s h a f t  s i t e s  
t o  f a c i l i t a t e  excavat ion  through deep sands tone  a q u i f e r s  (Fotheringham 
1983).  The two s p e c i f i c  a p p l i c a t i o n s  were: (i) where weak rock n e a r  t h e  
f a c e  of t h e  excavat ion  would have been s u b j e c t  t o  c o l l a p s e  under t h e  
a c t i o n  of t h e  ground wa t e r  p r e s s u r e ,  and ( i i )  where t h e  s h a f t  l i n i n g  
would have been sub j ec t ed  t o  exce s s ive  h y d r o s t a t i c  loading  du r ing  
backwall  g rou t i ng .  Such a  combination of g rou t i ng  and d e p r e s s u r i s i n g  can 
b e  expected t o  b e  ve ry  e f f e c t i v e ,  even i f  t h e  g rou t  cover  i s  only  80  p e r  
c en t  complete. 

Depending on t h e  c i rcumstances ,  t h e  r e l i e f - w e l l s  may be  sunk from s u r f a c e  
and t h e  wa t e r  pumped by submers ib le  pump (Juvkam-Wold 1982),  o r  may be  
sunk a s  a  s t e e p  c o n i c a l  a r r a y  from a  temporary s h a f t  sump above t h e  
a q u i f e r .  (Fotheringham 1983, S c o t t  1983).  

Although ground f r e e z i n g  and g r o u t i n g  a r e  no t  g e n e r a l l y  cons idered  a s  
s u i t a b l e  combination techniques ,  t hey  were used f o r  succe s s ive  s e c t i o n s  
of wa t e rbea r i ng  s t r a t a  a t  t h e  Gascoigne Wood D r i f t  s i t e ,  Selby Mine and 
t h e  somewhat nove l  techniques  used a t  t h e  "overlap" zone a r e  of  i n t e r e s t .  
(Daw 1983).  

GROUTING AT DEVELOPMENT STAGE 

In t roduc t i on  

I n  most mining s i t u a t i o n s  where groundwater p r e s e n t s  a  problem and 
g rou t i ng  i s  employed i t  i s  a t  t h e  development stag;  t h a t  t h e  major g rou t  
t r e a tmen t s  t a k e  p l a c e  - t h e  purpose be ing  t o  enab l e  t h e  s h a f t s  o r  d r i f t s  
t o  b e  cons t ruc t ed  bo th  s a f e l y  and e f f i c i e n t l y .  Four p a r t i c u l a r  
a p p l i c a t i o n s  of  g rou t i ng  can be  cons idered  - pre-grout ing  from s u r f a c e  



bo reho l e s ,  cover  g r o u t i n g  from t h e  s h a f t  sump o r  t unne l  f a c e ,  backwall  
g r o u t i n g ,  and i n  c e r t a i n  c i rcumstances  t h e  placement of s h a f t  p lugs  and 
d r i f t  o r  roadway dams. 

Pre-grout ing  from Su r f ace  

The u s e  of t h e  pre-grout ing  method from s u r f a c e  boreholes  h a s ,  i n  t h e  
U.K. and North America a t  l e a s t ,  been r e s t r i c t e d  i n  g e n e r a l  t o  r e l a t i v e l y  
sha l l ow  depths  of  up t o  about 200 t o  300 metres .  ( Jones  1979).  I n  o t h e r  
p a r t s  of  t h e  wor ld ,  e .g.  South A f r i c a ,  U.S.S.R., where p a r t i c u l a r  
hydrogeologica l  c o n d i t i o n s  e x i s t ,  t h e  method has  been used a t  
cons ide r ab ly  g r e a t e r  depths .  (Die tz  1982,  Kipko 1984).  

Probably  t h e  main a p p l i c a t i o n  ha s  been when a  r e l a t i v e l y  " th in"  a l l u v i a l  
o r  f r a c t u r e d  rock  a q u i f e r  zone occu r s  a t  sha l low depth  and o t h e r  
p roce s se s  such a s  dewater ing ,  ground f r e e z i n g ,  o r  cover  g rou t i ng ,  a r e  
cons idered  i m p r a c t i c a l  o r  uneconomical. The main advantage  i s  t h a t  t h e  
g r o u t i n g  i s  c a r r i e d  o u t  p r i o r  t o  excava t i on  and hence does  n o t  i n t e r r u p t  
t h e  s i nk ing  p roce s s .  I n  a d d i t i o n ,  i t  i s  no t  s u b j e c t  t o  t h e  space and 
envi ronmenta l  problems encountered when g rou t i ng  i n  a  s h a f t  sump. 
However, t h e  two methods a r e  no t  u s u a l l y  compet i t ive ,  be ing  dependent on 
s p e c i f i c  ground c o n d i t i o n s ,  and i t  i s  p o s s i b l e  f o r  bo th  approaches t o  be  
used i n  t h e  same s h a f t  o r  d r i f t .  

I n  t h e  ca se  of a  s h a f t  a  r i n g  of v e r t i c a l  g rou t  h o l e s ,  t y p i c a l l y  s i x  t o  
twelve  i n  number, a r e  d r i l l e d  around,  and somewhat o u t s i d e  t h e  pe r i phe ry  
of  t h e  s h a f t .  (F ig .1) .  The a c t u a l  number of h o l e s  w i l l  depend on t h e  
d i ame te r  of  t h e  s h a f t  and t h e  r e s u l t s  of  t h e  ground i n v e s t i g a t i o n s .  
Of t en ,  and p a r t i c u l a r l y  f o r  l a r g e  d iameter  s h a f t s ,  a  c e n t r a l  ho l e  i s  a l s o  
d r i l l e d ,  which may b e  used i n i t i a l l y  a s  a  t e s t  ho l e .  

I n  t h e  ca se  of  s u r f a c e  d r i f t s ,  rows of  g rou t  ho l e s  w i l l  b e  d r i l l e d  a long 
t h e  l i n e  of  t h e  d r i f t ,  wi th  t h e  number and spac ing  of h o l e s  chosen t o  
g i v e  adequate  coverage of t h a t  a r e a  of t h e  d r i f t  which w i l l  i n t e r s e c t  t h e  
a q u i f e r  zone. (Fig.  2 )  . 
I n  r ock  g rou t i ng  t h e  d r i l l  ho l e s  w i l l  most o f t e n  be  d r i l l e d  t o  f u l l  
dep th ,  w i th  t h e  g r o u t  i n j e c t i o n s  c a r r i e d  ou t  i n  ascending  s t a g e s  u s ing  
bo reho l e  packers .  Other  techniques ,  such  a s  t h e  "tube-a-manchette" 
method may b e  employed f o r  sha l lower  a l l u v i a l  a q u i f e r s .  A sequence of 
pr imary  and secondary t rea tment  w i l l  normally be  adopted.  

Cement i t ious  g r o u t s  a r e  most commonly a s s o c i a t e d  w i th  p r eg rou t i ng  
a l t hough  where cond i t i ons  have d i c t a t e d  a  s p e c i a l  requi rement  chemical  
g r o u t s  have a l s o  been used.  I n  such c a s e s  a  l a r g e r  number of ho l e s  may 
w e l l  b e  r equ i r ed  i n  o r d e r  t o  o b t a i n  t h e  r equ i r ed  g rou t  p e n e t r a t i o n  f o r  
c l o s u r e  of  t h e  "cur ta in" .  

Cover Grouting 

Probably  a  more common approach,  and c e r t a i n l y  t h a t  used i n  most U.K. 
c o a l  mine developments,  i s  t o  g rou t  from wi th in  t h e  excavat ion  and ahead 
o f  t h e  advancing s h a f t  sump o r  t unne l  f a ce .  (Keeble 1981, Pocock 1982, 
Black 1982).  Th i s  h a s  t h e  advantage of be ing  a  "c loser"  c o n t r o l l e d  
g r o u t i n g  p roce s s  t han  pre-grout ing  from s u r f a c e  bo reho l e s ,  a s  t h e  s h a f t  
sump can b e  taken  q u i t e  c l o s e  t o  t h e  a q u i f e r  zone. I n  a d d i t i o n ,  t h e  h o l e  
d r i l l i n g  requi rements  a r e  no t  s o  s t r i n g e n t ,  a s  t h e  h o l e  l e n g t h s  a r e  
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Figure 1 : - Typical Arrangement of Pregrout ing from 
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g e n e r a l l y  much s h o r t e r .  However t h e r e  a r e  a number of d isadvantages  a s  
mentioned previous ly .  

On t he  b a s i s  of a d e t a i l e d  pre-sinking ground assessment and r e g u l a r  
probe ho l e  i n v e s t i g a t i o n s  ahead of t h e  f ace ,  t h e  excavation w i l l  be  taken 
t o  w i th in  some 5-1% of t h e  a q u i f e r  zone r equ i r i ng  t h e  g rou t  treatment.  
A "cone" of i n j e c t i o n  ho l e s  a r e  then  d r i l l e d  through valved s tandpipes  
s ea l ed  i n t o  t h e  s h a f t  sump, and fanned ou t  from t h e  proposed excavation 
l i n e  of t h e  s h a f t .  A t g p i c a l  grout  cover may be  about 30m i n  length ,  and 
i f  an ex t ens ive  a q u i f e r  i s  i n t e r s e c t e d ,  two o r  more overlapping covers  
may be requi red  i n  o rde r  t o  achieve  a f u l l  grout  t rea tment  (Fig.3). 
Within each cover t h e  ho l e s  w i l l  be d r i l l e d  and i n j e c t e d  i n  depth  s t a g e s  
of perhaps 3m, o r  i n  some in s t ances  extended u n t i l  a  c e r t a i n  l e v e l  of 
"watermake" i s  encountered be fo re  grout  i s  in j ec t ed .  I n  rock where t h e  
main waterflow channels may be v e r t i c a l  and sub -ve r t i c a l  f i s s u r e s ,  it can 
be b e n e f i c i a l  t o  "spin" t he  d r i l l  ho l e s  (Fig.4) i n  o rde r  t o  g ive  a b e t t e r  
chance of i n t e r s e c t i n g  a l l  t h e  f i s s u r e s .  

A c e n t r a l  t e s t  ho l e  w i l l  o f t e n  be used t o  monitor t h e  e f f e c t i v e n e s s  of 
t h e  grout  t rea tment  i n  r e s t r i c t i n g  p o t e n t i a l  water inf lows t o  t h e  s h a f t .  

A l l  g rou t ing  p l a n t ,  inc luding  pumps and mixing tanks  a r e  l oca t ed  w i th in  
t h e  s h a f t ,  and u sua l ly  i n  t h e  a c t u a l  sump, al though sometimes u s e  i s  made 
of t h e  s h a f t  s i nk ing  s t age .  Both cement and chemical grout ing  can be  
c a r r i e d  ou t  i n  t h i s  manner. I n  circumstances where very  h ighly  
p e n e t r a t i n g  chemical grout  i s  r equ i r ed ,  a s p e c i a l  grout  c l a r i f i c a t i o n  
p l a n t  w i l l  be s e t  up on su r f ace  c l o s e  t o  t h e  s h a f t ,  and t h e  r e f i ned  
components a r e  then taken i n t o  t h e  s h a f t  i n  s p e c i a l  ba tching  tanks .  

A s i m i l a r  approach i s  used f o r  g rou t ing  from t h e  f a c e  of a d r i f t  (Fig.5) 
a l though v a r i o u s  modif ica t ions  have t o  be made t o  t h e  grout  mixing 
"set-up" depending on t h e  d i f f e r i n g  geometry of t h e  d r i f t  and t h e  space 
a v a i l a b l e  a t  a p a r t i c u l a r  face .  

Backwall Grouting 

Backwall g rou t ing  i s  t h e  process  of f i l l i n g  of t h e  void  between t h e  
excavated rock f a c e  and t h e  i n s t a l l e d  s h a f t  o r  t unne l  l i n i n g .  E f f i c i e n t  
backwall  i n j e c t i o n  and drying  o f f  any r e s i d u a l  water  seepages behind t h e  
l i n i n g  can be  a s  important  a s  any ground i n j e c t i o n s  t o  t h e  succes s fu l  
completion of t h e  s h a f t  o r  tunnel .  

A t y p i c a l  procedure f o r  backwall  grout ing  of a s e c t i o n  of s h a f t  is  shown 
i n  (Fig.6).  Grouting gene ra l l y  commences a f t e r  t h e  concre te  i n  a 
p a r t i c u l a r  l eng th  of l i n i n g  has  been cured adequate ly ,  wi th  i n j e c t i o n s  
proceeding upwards from t h e  lowest  r i n g  through i n j e c t i o n  p ipes  c a s t  i n t o  
t h e  l i n i n g .  I n j e c t i o n s  a r e  c a r r i e d  ou t  i n  d i f f e r e n t  phases us ing  
p rog re s s ive ly  i nc rea s ing  grout  p r e s su re s  u n t i l  a l l  leakages  a r e  
e l iminated  over  t h e  p a r t i c u l a r  l eng th  of l i n i n g .  

I n  gene ra l ,  t h r e e  r i n g s  of ho l e s  a r e  d r i l l e d  ou t  and grout  va lves  f i t t e d  
t o  each i n j e c t i o n  pipe.  Grouting commences wi th  t h i n  cement grout  (W:C 
10 : l )  u n t i l  connections between t h e  h o l e s  a r e  e s t ab l i shed ,  then  t h e  grout  
cons is tency i s  thickened and t h e  h o l e s  c losed  o f f .  I n j e c t i o n  cont inues  
wi th  a t h i n  mix and t h e  grout  i s  allowed t o  r i s e  and e s t a b l i s h  
connect ions  w i th  t h e  next  r i n g  of holes .  The grout  is then thickened and 
t h e  ho l e s  c losed  o f f  a s  before .  The i n j e c t i o n  po in t  i s  moved t o  t h i s  
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Figure 4 :- Il lustration of "spinning " of Dr i l l  Holes for 
Cover Grouting. 



I 
C

O
V

E
R

 
LE

N
G

TH
 

I 

F
ig

ur
e 

5 
:-

 T
yp

ic
al

 
A

rr
a

n
g

e
m

e
n

t 
fo

r 
C

ov
er

 
G

ro
ut

in
g 

- 
D

ri
ft

s 
8 

T
un

ne
ls

 

I E
X

C
A

V
A

TI
O

N
 

LE
N

G
TH

 
<

 
V

IE
W

 O
N 

TH
E

 F
A

C
E 



Figure 6 :-Typical  Arrangement  f o r  Backwal l  In ject ion in a  Shaft 



second r i n g  of ho l e s  and t h e  procedure repea ted .  Any sma l l  l e a k s  a r e  
d e a l t  w i th  by caulk ing  w i th  sma l l  wooden wedges o r  l e ad  wool and 
t empora r i l y  i nc r ea s ing  t h e  g rou t  cons is tency .  

The g r o u t  i s  al lowed t o  s e t ,  then  t h e  i n j e c t i o n  h o l e s  a r e  d r i l l e d  out  and 
a  second pa s s  made wi th  a  t h i n  cement g rou t  mix. The i n j e c t i o n  i s  
te rminated  a t  a  pre-determined f i n i s h i n g  p r e s su re .  

Cement g r o u t s  f o r  backwall  i n j e c t i o n  a r e  b e s t  mixed i n  a  h igh  s h e a r  mixer 
and u s u a l l y  con t a in  a  p l a s t i c i s i n g  admixture t o  g i v e  b e t t e r  d i s p e r s i o n  of 
t h e  cement p a r t i c l e s .  The t h i c k e r  mixes used t o  f i l l  v o i d s  w i l l  con t a in  
an t i - b l eed  admixtures which, by i n c r e a s i n g  t h e  v i s c o s i t y  of t h e  aqueous 
phase ,  reduce t h e  r a t e  a t  which s e t t l e m e n t  of  cement p a r t i c l e s  occurs .  

S h a f t  P lugs  

Desp i t e  d e t a i l e d  p r e - i nves t i ga t i on  work and forward probing t h e r e  a r e  
r a r e  occa s ions  where i t  i s  nece s sa ry  t o  c a s t  temporary p lugs  of conc re t e  
i n  t h e  sump of  t h e  s h a f t  p r i o r  t o  f u r t h e r  p rog re s s  w i th  t h e  excavat ion .  
Whi ls t  p lugs  and dams w i l l  be  d i s cus sed  i n  more d e t a i l  i n  l a t e r  s e c t i o n s ,  
t h e r e  a r e  two a p p l i c a t i o n s  t h a t  a r e  r e l e v a n t  t o  t h i s  development phase of 
t h e  mine. 

For example, i n  an ex t ens ive  a q u i f e r  zone where more than  one g rou t  cover  
i s  nece s sa ry  i t  may not  b e  p o s s i b l e  t o  f i n d  a  s u i t a b l e  s e c t i o n  of 
competent rock  t o  e s t a b l i s h  a s  a  sump f o r  t h e  second o r  subsequent g rou t  
covers .  I n  t h e s e  c i rcumstances  i t  can be  b e n e f i c i a l  t o  c a s t  a  
"consol ida t ion"  p lug  i n  t h e  sump, designed t o  provide  t h e  r e s i s t a n c e  
r equ i r ed  f o r  s a t i s f a c t o r y  s e t t i n g  of s t andp ipe s  and h igh  p r e s su re  
g rou t i ng .  (F ig .7) .  Once t h e  g rou t i ng  i s  complete and t h e  wa t e r  zones 
a r e  s a t i s f a c t o r i l y  s ea l ed ,  t h e  p lug  i s  removed and s h a f t  excavat ion  
cont inued .  

The o t h e r  a p p l i c a t i o n  can b e  regarded  a s  an "emergency" p lug ,  r equ i r ed  i f  
t h e  s h a f t  i s  s u b j e c t  t o  a  major unexpected i n r u s h  of water .  I n  t h e  wors t  
s i t u a t i o n  t h i s  may cause a  temporary abandonment of  t h e  s h a f t .  A 
c o n c r e t e  p lug  may then  have t o  be  c a s t  underwater  b e f o r e  t h e  nece s sa ry  
remedia l  a c t i o n  can b e  t aken ,  t h e  wa t e r  pumped ou t  and t h e  s h a f t  
recovered .  

A d e t a i l e d  account  of t h e  des ign  of t h e  v a r i o u s  t ypes  of  underground 
p lugs  i s  g iven  by Auld (1983). 

GROUTING AT PRODUCTION PHASE 

I n  most underground mine developments,  t h e  need f o r  g rou t  t rea tment  w i l l  
n o t  b e  a n t i c i p a t e d .  E i t h e r  d r i vages  and o r e  e x t r a c t i o n s  w i l l  b e  i n  "dry" 
c o n d i t i o n s  due t o  t h e  absence of a q u i f e r s  o r  by d e l i b e r a t e  des ign  t o  
avo id  groundwater problems, o r  t h e  l e v e l  of  inf low can b e  handled 
conven i en t l y  and economically by pumping. 

However, on occas ion  unexpected groundwater i n ru shes  a r e  encountered f o r  
which some form of g rou t  t r e a tmen t  proves  b e n e f i c i a l ,  and indeed 
e s s e n t i a l ,  b e f o r e  f u r t h e r  mining p rog re s s  can b e  made. The p o s s i b l e  
c ause s  of  t h e  inf low a r e  numerous, e.g. t h e  i n t e r s e c t i o n  of unknown f a u l t  
zones ,  o r  unchar ted  former s h a f t s  o r  workings which have become f looded.  
I n  t h e  a c t  of mining i t s e l f  a  s t r a t a  zone of modified pe rmeab i l i t y  i s  
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c r e a t e d  around t h e  excavat ion .  The dimensions of t h i s  zone a r e  dependent 
on s e v e r a l  f a c t o r s  inc luding  seam th i cknes s ,  l eng th  of t h e  working f ace ,  
i t s  l oca t i on  r e l a t i v e  t o  previous  workings,  and t h e  r a t e  of advance. The 
ove r ly ing  beds  i n  t h i s  modified zone e x h i b i t  broken,  f r a c t u r e d ,  rock 
behaviour and sometimes r e a c t  a s  s epa ra t ed  beams. I f  t h i s  zone 
i n t e r s e c t s  o r  connects  t o  an ove r ly ing  a q u i f e r  o r  s u r f a c e  water  body then  
wa t e r  w i l l  f low i n t o  t h e  working a r e a s .  

Where inf lows  a r e  f a i r l y  l o c a l i s e d  and perhaps  n o t  t oo  s eve re ,  and rock  
cond i t i ons  a r e  s t a b l e ,  a  f a i r l y  s imple  remedia l  g rou t  t rea tment  w i th  a  
l i m i t e d  number of  i n j e c t i o n  ho l e s  w i l l  be  c a r r i e d  out  from t h e  f ace .  The 
p a t t e r n  of h o l e s  w i l l  be  designed t o  g i v e  t h e  b e s t  chance of f u l l y  
i n t e r s e c t i n g  t h e  inf low zone. I n j e c t i o n  procedures  w i l l  be  a s  descr ibed  
previous ly .  

I n  i n s t a n c e s  where inf lows  a r e  g r e a t e r  and acce s s  t o  t h e  inf low po in t  is  
d i f f i c u l t ,  a t t emp t s  may be  made t o  g rou t  ,from s u r f a c e  boreholes .  
However, such procedures  would probably no t  b e  a p p l i c a b l e  a t  g r e a t  depths  
and i t  would be  e s s e n t i a l  t o  have i d e n t i f i e d  t h e  cause  of t h e  groundwater 
problem beforehand,  s i n c e  a  l a r g e  number of such bo reho l e s  would b e  
unacceptable .  

The use  of underground p lugs  i s  probably more widespread i n  t h i s  phase of 
mining than  i n  t h e  development phase. I n  a d d i t i o n  t o  t h e  emergency and 
conso l i da t i on  p lugs  mentioned p r ev ious ly ,  two o t h e r  c a t e g o r i e s  of 
underground p lugs  o r  dams may be employed du r ing  t h e  product ion  phase. 

P r ecau t i ona ry  p lugs  a r e  normally cons t ruc t ed  i n  underground roadways t o  
l i m i t  t h e  a r e a  of f l ood ing  should wa t e r  i n ru shes  occur.  Wa te r t i gh t  doors  
a r e  b u i l t  i n t o  them which can be  shu t  when any danger of f l ood ing  a r i s e s .  
They a r e  i n s t a l l e d  a s  a  s a f e t y  measure p r i o r  t o  development i n t o  a r e a s  
expected t o  b e  water-bearing,  and such p lugs  a r e  designed t o  wi ths tand  
f u l l  h y d r o s t a t i c  p r e s su re  from s u r f a c e  l e v e l .  (F ig .8) .  

Con t ro l  p lugs  a r e  in t roduced  t o  s e a l  o f f  o r  c o n t r o l  t h e  inf low of water  
from abandoned mining a r ea s .  Boundary p lugs  which a r e  cons t ruc t ed  i n  
boundary p i l l a r s  between ad j acen t  mines t o  prevent  migra t ion  of water  
from abandoned a r e a s  i n t o  cu r r en t  workings come i n t o  t h i s  ca tegory .  No 
means of a cce s s  t o  t h e  s ea l ed  o f f  a r e a s  i s  provided i n  c o n t r o l  p lugs ,  bu t  
d r a i n  p ipe s  w i th  v a l v e s  a r e  normally c a s t  i n t o  them. 

On occas ion ,  some remedial  g rou t i ng  may be r equ i r ed  t o  t h e  acce s s  s h a f t s  
and d r i f t s  dur ing  t h e  per iod  of t h e  mining ope ra t i on ,  t o  e l i m i n a t e  
leakages ,  o f t e n  minor, which have occurred  through t h e  l i n i n g s .  

GROUTING AT ABANDONMENT STAGE 

As r e s e r v e s  a r e  exhaus ted ,  and mines c lo sed  down, w i th  pumps ceas ing  t o  
o p e r a t e ,  t h e  groundwater l e v e l s  recover  and workings become water-logged. 
Such ope ra t i ons  can put  ad j acen t  mines a t  r i s k  and a l s o  new developments 
i n  t hose  a r e a s  where t h e  presence  of o l d  workings ha s  not  been w e l l  
recorded.  

It  i s  very  impor tan t  t h e r e f o r e  a t  t h i s  c l o s u r e  s t a g e ,  i n  t hose  mines 
where groundwater problems have e x i s t e d  t h a t  c e r t a i n  p r ecau t i ona ry  
measures a r e  taken  t o  ensure  t h a t  t h e  workings a r e  made a s  s a f e  a s  
p o s s i b l e  from t h e  hyd ro log i ca l  p o i n t  of  view. This  can i n e v i t a b l y  





i nvo lve  t h e  va r ious  a s p e c t s  of grout ing .  

Whi ls t  t h e r e  may be  occas ions  where some l i m i t e d  i n j e c t i o n  g rou t ing  may 
b e  r equ i r ed  t o  s e a l  s p e c i f i c  a q u i f e r  zones,  by f a r  t h e  g r e a t e r  emphasis 
i n  t h i s  phase w i l l  b e  i n  l a r g e  void f i l l i n g  g rou t ing  and i n  t h e  c a s t i n g  
of p lugs  and dams, a s  descr ibed  previous ly .  

The l a r g e  void  f i l l i n g  may involve  complete b a c k f i l l i n g  of s h a f t s  o r  p a r t  
p lugging of s p e c i f i c  zones w i th in  s h a f t s  and t unne l s .  Here l a r g e  volumes 
of inexpens ive  g rou t ing  m a t e r i a l s  a r e  r equ i r ed .  Dams and p lugs  f o r  
s e a l i n g  o f f  p a r t i c u l a r  a r e a s  of mines need t o  be  designed wi th  t h e  
r equ i r ed  s t r u c t u r a l  i n t e g r i t y  t o  wi ths tand maximum h y d r o s t a t i c  p r e s su re s  
t h a t  might develop. 

APPROACH TO GROUTING DESIGN AND PROCEDURE 

General  

Whatever t h e  form of g rou t ing  problem i t  i s  e s s e n t i a l  t h a t  t h e  cause i s  
i n v e s t i g a t e d  f u l l y  t o  enable  proper  g rou t ing  des ign  t o  be  implemented. 
The degree  t o  which t h i s  assessment can be conducted w i l l  obviously be 
d i c t a t e d  by t h e  p a r t i c u l a r  s i t u a t i o n .  For example, t h e  t ime a v a i l a b l e  
f o r  a  borehole  i n v e s t i g a t i o n  programme p r i o r  t o  s h a f t  s i nk ing  w i l l  be 
q u i t e  d i f f e r e n t  from t h a t  a v a i l a b l e  when a  sudden in rush  i s  encountered 
underground. I n  t h e  l a t t e r  case  a  f a i r l y  i n s t a n t  s o l u t i o n  i s  u sua l l y  
r equ i r ed  and i t  i s  t h e  a c t u a l  exper ience  of t h e  ope ra to r s  'on-the-spot' 
t h a t  i s  of most importance. When more t ime i s  a v a i l a b l e  f o r  preplanning,  
a  d e t a i l e d  borehole  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  and t h i s  is  
b e s t  i l l u s t r a t e d  by the ,procedures  t y p i c a l l y  adopted f o r  a  new s h a f t  o r  
d r i f t  p r o j e c t  . 
S i t e  I n v e s t i g a t i o n  Methods 

P r i o r  t o  a  new mine development, a l a r g e  number of exp lo ra to ry  boreholes  
w i l l  have been d r i l l e d  over  t h e  a r e a ,  and t h e  presence  of any major 
a q u i f e r  zones ove r ly ing  t h e  orebody w i l l  have been i d e n t i f i e d .  Once t h e  
p o s i t i o n s  of acces s  s h a f t s  and/or  s u r f a c e  d r i f t s  have been f i xed ,  a  
s e r i e s  of hydrogeologica l  t e s t  boreholes  w i l l  be  sunk. i n  t h e  ca se  of 
s h a f t s  t h e s e  w i l l  i d e a l l y  be  on, o r  nea r ,  t h e  proposed c e n t r e l i n e s ,  and 
f o r  d r i f t s  s e v e r a l  bo reho le s  may b e  r equ i r ed  a long t h e  l i n e  of t h e  d r i f t ,  
i n  o r d e r  t o  i n t e r s e c t  t h e  a q u i f e r s  a t  t h e  a p p r o p r i a t e  depths .  

The bo reho le s  should ,  when pos s ib l e ,  be f u l l y  cored wi th  geo log i ca l  and 
geo t echn ica l  logging of t h e  co re  m a t e r i a l .  A complete s u i t e  of 
geophysica l  l ogs  w i l l  be run i n  t h e  boreholes ,  t oge the r  w i th  i n - s i t u  
hyd ro log i ca l  t e s t i n g  of t h e  i d e n t i f i e d  a q u i f e r  zones. From t h e  po in t  of 
view of ground t rea tment  des ign  i t  i s  the se  hyd ro log i ca l  t e s t s  t h a t  a r e  
of p a r t i c u l a r  importance (Daw 1984). 

Some on - s i t e  index t e s t i n g  of co re  m a t e r i a l ,  t oge the r  wi th  more s p e c i f i c  
l a b o r a t o r y  t e s t i n g  of co re  and groundwater samples i s  a l s o  necessary  f o r  
t h e  complete ground t rea tment  design.  



Hydrogeological  Assessment 

The r e s u l t s  from t h e  hydrologica l  t e s t i n g  provide t h e  l o c a t i o n  of t h e  
major a q u i f e r  zones,  t h e i r  average pe rmeab i l i t i e s  and groundwater 
p r e s su re s ,  and enable e s t ima te s  t o  b e  made of t h e  p o t e n t i a l  water  inflow8 
t o  t h e  proposed s h a f t  o r  d r i f t .  I f  t he se  l e v e l s  warrant  some form of 
ground t r ea tmen t ,  then iZ i s  the  c o r r e l a t i o n  of t he  da t a  from a l l  sources  
t h a t  enables  t h e  most ap r o p r i a t e  method t o  be s e l ep t ed .  (Black 1982, 
F o r r e s t  1979, H a r r i s  198g). I n  ve ry  gene ra l  terms ground, f r eez ing ,  being 
a  very  c o s t l y  ope ra t i on ,  would be employed where an ex t ens ive  a q u i f e r  wae 
met a t  r e l a t i v e l y  shallow depths ,  and uns t ab l e  ground cond i t i ons  were 
a n t i c i p a t e d .  Grouting might be considered more app rop r i a t e  where 
" th inner"  a q u i f e r s  were encountered and more competent ground cond i t i ons  
(Fo r r e s t  1979). Dewatering and groundwater p r e s su re  r e l i e f  w e l l s  would 
r a r e l y  be  used a s  a  s o l e  method except f o r  very  shal>low excavat ions  such 
a s  f o r  f o r e s h a f t s  and pre l iminary  s e c t i o n s  of d r i f t s .  However, i n  
p r a c t i c e ,  a  l a r g e  number of i n t e r a c t i n g  , f ac to r s  have t o  be taken i n t o  
cons ide ra t i on  and t h e  demarcation between methods i s  never a s  simple a s  
t h i s .  

I f  g rou t ing  i s  t h e  s e l ec t ed  method then  i t  i s  necessary  t o  examine t h e  
i n - s i t u  t e s t  d a t a ,  t h e  l abo ra to ry  permeabi l i ty  da t a ,  t h e  d i s c o n t i n u i t y  
l ogs  of t h e  co re ,  and t o  s tudy t h e  co re  m a t e r i a l  i t s e l f .  On t h i s  b a s i s  
i t  i s  p o s s i b l e  t o  determine t h e  main cause of t h e  permeabi l i ty ,  i . e .  
f i s s u r e s  o r  i n t e r g r a n u l a r  po ros i t y ,  and t o  make some assessment on t h e  
l i k e l y  magnitude of t h e  average pore  d iameters  and f i s s u r e  widths.  

The most app rop r i a t e  grout  can then  be s e l e c t e d ,  having a l s o  taken i n t o  
account t h e  groundwater a n a l y s i s ,  l o c a l  Water Author i ty  requirements on 
d i s p o s a l ,  a v a i l a b i l i t y  of grout  m a t e r i a l s  a t  t h e  p a r t i c u l a r  l o c a t i o n  and 
c o s t .  

Grout Cover Design 

The a q u i f e r  depth and t h i cknes s  determines t h e  number of grout  covers  
t h a t  a r e  requi red .  The l eng th  of a  s i n g l e  grout  cover i s  r e s t r i c t e d  t o  
about 35-40m, both  by t he  l im i t ed  accuracy wi th  which t h e  grout  i n j e c t i o n  
ho l e s  may be d r i l l e d  by r o t a r y  percuss ive  machines, and by t h e  increased  
spacing  between t h e  i n j e c t i o n  h o l e s  a s  they  f an  ou t  wi th  i nc rea s ing  
d i s t a n c e  from t h e  i n j e c t i o n  sump o r  face .  I f  t h e  zone can be t r e a t e d  
w i th  a  s i n g l e  cover t h i s  takes  t h e  form of a  hollow cone o r  cu r t a in .  I f  
m u l t i p l e  covers  a r e  r equ i r ed ,  t h e  grouted zone comprises a s e r i e s  of 
i n t e r l o c k i n g  s o l i d  cones a s  shown i n  Fig.3. 

The p r e c i s e  e l e v a t i o n s  from which each grout  cover w i l l  be  i n j e c t e d  a r e  
s e l e c t e d  a f t e r  c l o s e  examination of recovered co re  samples from above and 
below t h e  a q u i f e r  a s  we l l  a s  from t h e  a q u i f e r  rock i t s e l f .  Where 
pos s ib l e ,  t h e  i n j e c t i o n  sumps/faces w i l l  be  chosen so  t h a t  t h e  grout  
s t andp ipes  can be i n s t a l l e d  i n  competent s t r a t a .  The s t e e l  s tandpipes  
a r e  u sua l l y  s ea l ed  i n  p l ace  wi th  cement g rou t  and t h e i r  l eng th  is  
governed by t h e  rock s t r e n g t h  such t h a t  t h e  necessary  grout  i n j e c t i o n  
p re s su re s  and r a t e s  can be  achieved wi thout  causing damage t o  t h e  s h a f t  
sump. In  t h e  d i f f e r i n g  a q u i f e r  cond i t i ons  a t  va r ious  Selby Mine s i t e s ,  
s tandpipe  l eng ths  va r i ed  between 3m and 15m ( t y p i c a l l y  3  t o  6m). 

The a c t u a l  geometry of t he  grout  cover w i l l  depend on a number of f a c t o r s  
which inc lude  t h e  p ro j ec t ed  s t r e n g t h  of t h e  grouted rock,  t h e  groundwater 



p r e s s u r e ,  t h e  method of  e x c a v a t i o n ,  t h e  t i m e  d e l a y  b e f o r e  i n s t a l l a t i o n  of  
t h e  permanent l i n i n g ,  and t h e  d e g r e e  of  w a t e r  c o n t r o l  r e q u i r e d .  
C o r r e l a t i o n  of  t h e  s e l e c t e d  g r o u t s '  p r o p e r t i e s  w i t h  t h o s e  of t h e  a q u i f e r  
r o c k  e n a b l e s  t h e  n e c e s s a r y  g r o u t  h o l e  s p a c i n g  t o  b e  de te rmined  and hence  
t h e  number of  g r o u t  h o l e s  t o  s a t i s f y  t h e  o v e r a l l  c o v e r  geometry.  I n  
t u r n ,  t h e  r e q u i r e d  g r o u t  i n j e c t i o n  volumes p e r  h o l e  a t  t h e  s p e c i f i c  
h o r i z o n s  can b e  e s t i m a t e d .  

G r o u t i n g  Procedure  

The e x c a v a t i o n  f a c e  i s  advanced t o  t h e  e l e v a t i o n  from which t h e  g r o u t  
c o v e r  w i l l  b e  formed, and t h e  i n j e c t i o n  s t a n d p i p e s  a r e  i n s t a l l e d .  A 
h o l e ,  t y p i c a l l y  89mm d i a m e t e r ,  i s  d r i l l e d  t o  t h e  r e q u i r e d  d e p t h  and i n  
d r y  ground t h e  h o l e  i s  f l u s h e d  o u t  and t h i c k  cement g r o u t  tremmied i n .  
The s t a n d p i p e ,  t y p i c a l l y  a  l e n g t h  of  2" nominal  b o r e  h i g h  p r e s s u r e  s t e e l  
p i p e ,  i s  then  lowered i n t o  p l a c e .  I f ,  however, t h e  h o l e  i s  making w a t e r ,  
a  mechanica l  packer - type  s t a n d p i p e  i s  used .  It i s  p l a c e d  i n  t h e  h o l e  and 
t h i c k  cement g r o u t  i s  i n j e c t e d  th rough  t h e  s t a n d p i p e .  When a  r e t u r n  of  
t h i c k  g r o u t  i s  o b t a i n e d  around t h e  a n n u l u s ,  t h e  p a c k e r  i s  expanded t o  
s e a l  and t h e  s t a n d p i p e  g r o u t e d  i n  p l a c e  under  p r e s s u r e .  

Once i n s t a l l e d ,  t h e  s t a n d p i p e s  a r e  d r i l l e d  o u t  t o  0.5m beyond t h e i r  ends  
and p r e s s u r e  t e s t e d .  I f  s e c u r e ,  t h e  g r o u t i n g  works can t h e n  commence. 
The u s u a l  p rocedure  i s  t o  advance t h e  cover  i n  a  number of  descending  
i n t e r m e d i a t e  s t a g e s .  The l e n g t h  of  each  s t a g e  i s  d e f i n e d  a f t e r  c l o s e  
examina t ion  of  b o t h  recovered  c o r e  samples from t h e  e x p l o r a t o r y  
b o r e h o l e s ,  and recorded  w a t e r  i n f l o w s  from probe  h o l e s  d r i l l e d  i n t o  t h e  
zone t o  b e  g r o u t e d .  

Each i n j e c t i o n  h o l e  i s  d r i l l e d  th rough  a  s t u f f i n g  box,  which i s  used t o  
c o n t r o l  any sudden l a r g e  w a t e r  i n f l o w s .  D r i l l i n g  i s  c o n t i n u e d  w i t h  t h e  
w a t e r  i n f l o w s  b e i n g  checked and recorded  e v e r y  m e t r e ,  u n t i l  e i t h e r  an 
a r b i t r a r y  maximum w a t e r  i n f l o w  ( s a y  50 gpm) o r  t h e  s t a g e  d e p t h  h a s  been 
reached .  The h o l e  i s  t h e n  i n j e c t e d  w i t h  g r o u t .  Cement g r o u t i n g  w i l l  
commence w i t h  v e r y  t h i n  mixes which a r e  made p r o g r e s s i v e l y  t h i c k e r  u n t i l  
t h e  maximum i n j e c t i o n  p r e s s u r e  i s  reached .  The r a t e  a t  which t h e  g r o u t  
mix i s  t h i c k e n e d  i s  governed more by t h e  b e h a v i o u r  of  i n d i v i d u a l  h o l e s  
r a t h e r  than  by a  s e t  regimen. However, chemica l  g r o u t i n g  proceeds  w i t h  
t h e  i n j e c t i o n  of  a  pre-determined q u a n t i t y  of  g r o u t ,  u n l e s s  t h e  maximum 
i n j e c t i o n  p r e s s u r e  i s  a t t a i n e d  p r i o r  t o  t h i s  q u a n t i t y  b e i n g  i n j e c t e d .  
The h o l e s  a r e  d r i l l e d  o u t  and i n j e c t e d  i n  a  s t r i c t  sequence t o  a v o i d  
d r i l l i n g  a  h o l e  a d j a c e n t  t o  one which i s  e i t h e r  c u r r e n t l y  b e i n g ,  o r  h a s  
j u s t  been ,  i n j e c t e d .  

Upon comple t ion  of t h e  g r o u t  c o v e r ,  i t s  e f f i c i e n c y  i s  checked by t e s t  
h o l e s  d r i l l e d  i n s i d e  t h e  c o v e r ,  and t h e  r e d u c t i o n  i n  t r a n s m i s s i v i t y  and 
hence  p o t e n t i a l  s h a f t  i n f l o w  a s s e s s e d  by i n - s i t u  p r e s s u r e  r e c o v e r y  t e s t s .  

I n j e c t i o n  P r e s s u r e s  

I n  g e n e r a l ,  g r o u t i n g  o p e r a t i o n s  which a r e  c a r r i e d  o u t  underground i n v o l v e  
d r i l l i n g  and subsequent  i n j e c t i o n  of g r o u t  i n t o  rock  c o n t a i n i n g  
groundwater  a t  h i g h  p r e s s u r e .  The i n j e c t i o n  p r e s & r e  exceeds  t h i s  back  
p r e s s u r e  by t h e  n e t  i n j e c t i o n  p r e s s u r e ,  and t h i s  governs  d i r e c t l y  t h e  
g r o u t  i n j e c t i o n  r a t e  f o r  a  g i v e n  r o c k l g r o u t  combina t ion .  However, i t  i s  
i m p o r t a n t  when a t t e m p t i n g  t o  i n c r e a s e  t h e  i n j e c t i o n  r a t e  by i n c r e a s i n g  



t h e  i n j e c t i o n  p r e s s u r e ,  t h a t  t h e  i n j e c t i o n  p r e s su re  i s  no t  al lowed t o  
r i s e  t o  t h e  p o i n t  a t  which h y d r o f r a c t u r e  can occur  of e i t h e r  t h e  s t r a t um 
i n  which t h e  s t andp ipe  i s  i n s t a l l e d ,  o r  t h e  a q u i f e r  be ing  i n j e c t e d .  This 
would pos s ib ly  r e s u l t  i n  new leakage  channels  be ing  opened up, and l e ad  
t o  uncon t ro l l ed  groundwater f low back t o  t h e  excavat ion  i n j e c t i o n  f ace .  

A number of  f a c t o r s  must t h e r e f o r e  be  taken  i n t o  cons ide r a t i on  when 
de termining  t h e  maximum i n j e c t i o n  p r e s s u r e  t o  be  used dur ing  a  p a r t i c u l a r  
g rou t i ng  ope ra t i on .  These w i l l  i nc lude  t h e  mechanical  p r o p e r t i e s  of t h e  
a q u i f e r  and of  t h e  s t r a t um i n  which t h e  s t andp ipe s  a r e  i n s t a l l e d ;  t h e  
g e o s t a t i c  head a t  t h e  ba se  of t h e  s tandpipe ;  t h e  h y d r o s t a t i c  head a g a i n s t  
which t h e  g rou t  i s  t o  b e  i n j e c t e d ;  and most impor tan t  of a l l ,  p rev ious  
exper ience .  

T e s t i n g  

A s  we have seen ,  t h e  p r e l im ina ry  g rou t i ng  des ign  i s  based on informat ion  
ob t a ined  from a  s u r f a c e  borehole ,  and t h i s  may w e l l  be  modified i n  t h e  
l i g h t  of a d d i t i o n a l  in format ion  supp l i ed  by probe h o l e s  d r i l l e d  ahead of 
t h e  advancing excavat ion  f ace .  These probe ho l e s  provide  a  f i n a l  
oppo r tun i t y  t o  s ea r ch  f o r  undetec ted  a q u i f e r s  be fo r e  they  a r e  
i n t e r s e c t e d  by t h e  excavat ion .  Rather  than  simply r e l y i n g  on t h e  
d i s cha rge  r a t e  of  t h e  probe ho l e  a s  ev idence  of t h e  s t r e n g t h  of t h e  
a q u i f e r  ahead,  which can b e  mi s l ead ing ,  an i n - s i t u  t e s t  based on t h e  
p r e s s u r e  recovery  p r i n c i p l e  has  been developed. (Black 1982, Daw 1984). 

The t e s t  equipment comprises an a c c u r a t e  means of p r e s su re  measurement, 
such a s  an  e l e c t r o n i c  p r e s su re  t r a n s m i t t e r  w i th  d i g i t a l  readout  o r  a  high 
p r e c i s i o n  bourdon tube  t e s t  gauge, and a  t e s t  va lve  a d d i t i o n a l  t o  t h e  
probe h o l e  s t andp ipe  va lve .  (F ig .9) .  The t e s t  va lve  i s  opened and water  
al lowed t o  f low from t h e  a q u i f e r ,  producing a  d e p l e t i o n  i n  p r e s su re .  

The v a l v e  i s  then  c lo sed  a f t e r  a  known "flow period' '  and a  measurable 
volume of wa t e r  ha s  been c o l l e c t e d ,  and t h e  recovery p r e s su re  monitored 
w i t h  t ime f o r  a  pe r i od  of a t  l e a s t  t h r e e  t imes  t h e  f low pe r iod .  The 
subsequent d a t a  a n a l y s i s  i s  i d e n t i c a l  w i th  t h e  convent iona l  p r e s su re  
recovery  t e s t  from s u r f a c e  boreholes .  (Daw 1984) . 
The t e s t  i s  a l s o  used i n  t e s t  h o l e s  d r i l l e d  a f t e r  g rou t i ng  t o  determine 
t h e  e f f i c a c y  of t h e  g rou t  t rea tment .  Although t h e  presence  of t h e  g rou t  
c u r t a i n  mod i f i e s  t h e  a q u i f e r  c h a r a c t e r i s t i c s  c l o s e  t o  t h e  t e s t  ho l e ,  t h e  
b a s i c  d a t a  a n a l y s i s  does seem t o  provide  r e a l i s t i c  va lue s  f o r  t h e  
p e r m e a b i l i t i e s  of t h e  grouted  and ungrouted zones and a l l ows  very  
approximate e s t i m a t e s  t o  be  made of  t h e  average  t h i cknes s  of t h e  g rou t  
c u r t a i n .  

CASE HISTORIES 

In t roduc t i on  

The fo l lowing c a s e  h i s t o r y  r e p o r t s  have been chosen t o  i l l u s t r a t e  t h e  
v a r i o u s  forms of g rou t i ng  used f o r  groundwater c o n t r o l  i n  underground 
mining,  a s  de sc r i bed  i n  t h e  p r ev ious  s e c t i o n s .  



F i g u r e  9 :- Pressure  Recovery Test  A p p a r a t u s  for 
Use  on Underground Probe Hole .  



In most i n s t a n c e s  t h e  r e p o r t s  cover f a i r l y  r e cen t  c o n t r a c t s  c a r r i e d  out  
by Cementation Mining Ltd.  i n  t h e  U.K. b u t ,  where cons idered  more 
a p p r o p r i a t e ,  examples a r e  taken from Cementation Company c o n t r a c t s  
ove r sea s ,  s p e c i f i c a l l y  i n  North America and France. 

Shaf t  P r eg rou t i ng  - U.S.A. ( Jones  1979) 

P r eg rou t i ng  from s u r f a c e  boreholes  was used by The Cementation Company of 
America p r i o r  t o  t h e  s i nk ing  of f i v e  mine s h a f t s  i n  t he -Coa l  Measures of 
t h e  Eas t e rn  United S t a t e s .  I n  f o u r  of  t h e  s h a f t s ,  i n  West V i rg in i a ,  
cement g rou t i ng  was used whereas a t  t h e  f i f t h  s h a f t ,  i n  Alabama, chemical  
g rou t i ng  was employed. 

Cement Grouting 

A t  t h e  West V i r g i n i a  s i t e ,  packer t e s t s  had i nd i ca t ed  maximum 
p e r m e a b i l i t i e s  of  some 3  x 10 m / s  over  t h e  250 met re  (approx.) proposed 
s h a f t  depths ,  wi th  t h e  h ighe r  pe rmeab i l i t y  zones r e l a t e d  gene ra l l y  t o  
f r a c t u r e d  sands tones  w i th in  t h e  Coal Measures s t r a t a .  The c l i e n t  e l e c t e d  
f o r  a  cement g rou t  pre t rea tment  and t h i s  was c a r r i e d  ou t  from 12 No. 
v e r t i c a l  i n j e c t i o n  ho l e s  a t  each s h a f t  s i t e .  The arrangement of  t h e  
i n j e c t i o n  h o l e s  i s  shown i n  F igure  10 ,  w i th  a  c e n t r a l  ho l e  and e l even  
pe r ime t e r  ho l e s .  The per imeter  h o l e s  were d r i l l e d  on a  c i r c l e  1.83m 
o u t s i d e  t h e  proposed excavat ion  l i n e  f o r  each s h a f t ,  which was e i t h e r  
9.75m o r  8.53m diameter .  The ho l e s  were d r i l l e d  w i th  NQ w i r e l i n e  
equipment t o  f u l l  depth  and then  grouted  i n  12m s t a g e s  from t h e  bottom of 
t h e  ho l e  upwards. The o u t e r  ho l e s  were d r i l l e d  and grouted  i n  a  primary 
and secondary sequence. A t y p i c a l  procedure was t o  d r i l l  a  ho l e  t o  
depth ,  c l e an  o u t ,  and then  p r e s su re  t e s t  w i th  a  sodium s i l i c a t e  so lu t i on .  
This  procedure  helped t o  l u b r i c a t e  t h e  f i s s u r e s  ahead of t h e  cement 
i n j e c t i o n .  I f  t h e  acceptance  r a t e  was g r e a t e r  than  0 . 1  l / s ,  cement was 
i n j e c t e d  i n i t i a l l y  a t  a  w/c r a t i o  of  5 : l  reducing i n  s t a g e s ,  w i th  a  1500 
1 l i m i t  a t  each s t age .  I n j e c t i o n  p r e s su re  l i m i t s  were s e t  a t  11 kPa 
(1.60 p s i )  pe r  met re  of depth.  D e t a i l s  of  t h e  g rou t  i n j e c t i o n s  a r e  
summarised i n  Table 1. 

TABLE 1: DETAILS OF CEMENT PREGROUTING (Jones  1979) 

Sha f t  Depth Tonnes Cement Approx. Volume Average Grouting 
No. (m) I n j e c t e d  Cement Grout 1 Rate l / h r  

Chemical Grouting 

The 360m s h a f t  i n  Alabama was i g  much more competent and lower 
pe rmeab i l i t y  ( l e s s  than  7  x 10 m/s) s t r a t a .  Although t h e  es t imated  
water  inf lows  were no more than  0.4 l / s  from any zone, s i n c e  t h e  s h a f t  
was t o  b e  excavated by an exper imenta l  b l i n d  s h a f t  bo r ing  machine, i t  was 



Cement P r e  - g r o u t i n g .  

In jec t  ion Sequence .  

lnjec t ion  Sequence. 

3.7m Approx 

( b 1 Chemical P re  -grout ing.  

F igure  10 :-Arrangement of Grout Holes for Shaft  Pre -grout ing.  (141 

7 4 



c o n s i d e r e d  e s s e n t i a l  t o  minimise a l l  p o t e n t i a l  w a t e r  i n f l o w s .  Due t o  t h e  
small f i s s u r e  w i d t h s ,  chemica l  g r o u t i n g  was n e c e s s a r y .  

A seven  h o l e  i n j e c t i o n  p a t t e r n  was employed, a s  shown i n  F i g u r e  10,  w i t h  
t h e  p e r i m e t e r  h o l e s  on a  7.32m d i a m e t e r  c i r c l e  on t h e  l i n e  of t h e  
proposed e x c a v a t i o n .  A p r e v i o u s l y  d r i l l e d  h o l e  s l i g h t l y  i n s i d e  t h i s  
d i a m e t e r ,  was i n c o r p o r a t e d  and t h e  " c e n t r a l "  h o l e  was o f f s e t  t o  avo id  t h e  
l i n e  of  an  e a r l i e r  b o r e h o l e  which had been g r o u t e d  o f f .  The h o l e s  were 
d r i l l e d  w i t h  RQ w i r e l i n e  equipment,  and a s  w i t h  t h e  cement i n j e c t i o n s ,  
t h e  d r i l l i n g  and g r o u t i n g  was c a r r i e d  o u t  i n  a  p r imary  and secondary  
sequence.  However, i n  t h i s  c a s e ,  s t a g e  g r o u t i n g  was adopted  w i t h  
i n j e c t i o n s  c a r r i e d  o u t  below a  mechanica l  p a c k e r ,  whenever d r i l l i n g  
reached  a  permeable zone. 

A modi f ied  s i l i c a t e  g r o u t ,  Cemex D ,  was used w i t h  g e l  t i m e s  a d j u s t a b l e  
between 15  minutes  and 3  hours .  The g r o u t  was mixed i n  s p e c i a l  h i g h  
speed s h e a r  m i x e r s  and i n j e c t e d  by an h y d r a u l i c a l l y  powered p r o g r e s s i v e  
c a v i t y - t y p e  Mono pump. P r e s s u r e  of i n j e c t i o n  was l i m i t e d  t o  17 kPa 
(2.47 p s i )  p e r  m e t r e  of  dep th .  The d e t a i l s  of  t h e  d r i l l i n g  and g r o u t i n g  
o p e r a t i o n  a r e  summarised i n  T a b l e  2. 

TABLE 2: DETAILS OF CHEMICAL PREGROUTING (Jones  1979) 

Depth Q u a n t i t y  of Grout I n j e c t e d  - l i t r e s  
(m) 1 3  5  2  4  6  7  TOTAL 

0-30 0  17784 2453 1533 1226 0 0  22996 
30-61 2453 0  0 0  0 0 0  2453 

152-213 8279 3679 3986 0  1226 2760 0  19930 
305-35 1 - 2453 3986 3373 6439 0 0  16251 
B a c k f i l l  - - - - - - 920 920 

- - 

TOTALS 10732 23916 10425 4906 8891 2760 920 62550 

Average Grout ing  R a t e  = 229 l l h o u r .  

The paper  by J o n e s  (1979) g i v e s  a  v e r y  i n t e r e s t i n g  comparison of  t h e s e  
two p r e g r o u t i n g  o p e r a t i o n s  i n  t e rms  of  d r i l l i n g  and g r o u t i n g  r a t e s  and 
c o s t s .  He conc ludes  t h a t  i n  c e r t a i n  s i t u a t i o n s  p r e g r o u t i n g  w i t h  chemica l  
g r o u t  can b e  more economic and e f f e c t i v e  t h a n  w i t h  cement g r o u t .  I n  a l l  
c a s e s ,  however, i t  i s  e s s e n t i a l  t h a t  a  p r o p e r  ground assessment  is  
c a r r i e d  o u t  p r i o r  t o  g r o u t i n g .  

Cover Grout ing  f o r  S h a f t s  and D r i f t s  - S e l b y ,  U.K. 

I n t r o d u c t i o n  

During t h e  development phase of  B r i t i s h  C o a l ' s  new Se lby  Mine, c o v e r  
g r o u t i n g  h a s  been used  i n  a  number o f  d i f f e r e n t  a p p l i c a t i o n s .  The main 
a q u i f e r s  i n t e r s e c t e d  by t h e  v a r i o u s  s h a f t s  and s u r f a c e  d r i f t s  were t h e  
Bunte r  Sands tone ,  t h e  Lower Magnesian Limestone,  t h e  B a s a l  Permian Sands,  
and s e v e r a l  t h i c k  Coal  Measures s a n d s t o n e s .  These a q u i f e r s  o c c u r r e d  
v a r i o u s l y  a t  t h e  d i f f e r e n t  s i t e s  between s u r f a c e  and d e p t h s  of  some 750m. 
W h i l s t  t h e  s h a l l o w e r  and e x t e n s i v e  Bunte r  Sands tone  was f r o z e n  a t  a l l  t h e  
s h a f t  s i t e s ,  t h e  o t h e r  a q u i f e r s ,  w i t h  t h e  e x c e p t i o n  of  t h e  B a s a l  



Sands a t  Gascoigne Wood, were cover grouted.  D e t a i l s  of  t h e  g rou t i ng  for 
t h e  f o u r  s i t e s  where Cementation Mining Ltd.  were involved  a r e  eunuuariaed 
i n  Table 3. 

More d e t a i l s  of  t h e s e  v a r i o u s  g rou t i ng  ope ra t i ons  have been de sc r i bed  i n  
e a r l i e r  papers  f o r  example by Keeble (1981), Black (1982) and Cockett  
(1984).  A s  an i l l u s t a a t i o n  f o r  t h e  con t ex t  of  t h i s  paper  we examine t h e  
g rou t i ng  of t h e  Lower pagnes ian  Limestone a t  Gasooigne Wood No.1 d r i f t .  

D r i f t  - Gascoigne Wood No.1, Selby 

A t  t h e  Gascoigne Wood d r i f t  s i t e  t h e  exp lo r a to ry  borehole  programme had 
i n d i c a t e d  a f r a c t u r e d  and vuggy Lower Magnesian Limestone a q u i f e r ,  w i th  a 
p o t e n t i a l  in f low i n  excess  of 380 11s (5000 gpm).,between depths  of  about 
125 and 150m, corresponding t o  d r i f t  cha inages  of 540 t o  650m 
approximately.  Th i s  a q u i f e r  d i r e c t l y  o v e r l a i d  t h e  h igh ly  permeable and 
r e l a t i v e l y  weak Basal  Permian Sands, which were f rozen  i n  o rde r  t o  
a ch i eve  t h e  requi red  s t a b i l i s a t i o n  and impermeabi l i ty  r equ i r ed  f o r  d r i f t  
excavat ion .  It  was decided t h a t  t h e  l imes tone  would be  t r e a t e d  by a 
s e r i e s  of over lapping  g rou t  covers ,  each 30m long w i th  a 12m advance 
between f a c e s .  The f i n a l  grout  cover  would " i n t e r l ock"  wi th  t h e  f rozen  
ground, w i th  s p e c i a l  cons t ruc t i on  procedures  r equ i r ed  i n  t h i s  a r ea .  

I n  p r a c t i c e ,  ground water  was encountered a t  a  h ighe r  l e v e l  than  
a n t i c i p a t e d  and t h e  g rou t i ng  sequence was commenced from a chainage of 
473m, and a t o t a l  of  14 g rou t  covers  were then  r equ i r ed  t o  reach  t h e  
f rozen  zone. This  i s  shown schemat ica l ly  i n  F igure  11. The g rou t  h o l e  
con f igu ra t i ons  were changed dur ing  p rog re s s  of t h e  passage through t h e  
a q u i f e r  zone. I n  t h e  f i r s t  s i x  covers  an 18 h o l e  p a t t e r n  was used,  
t o g e t h e r  wi th  4 c e n t r a l  t e s t  ho les .  A l t e r n a t e  covers  were d r i l l e d  i n  
e i t h e r  A o r  B p a t t e r n s  where t h e  d i f f e r e n c e  was i n  t h e  l o c a t i o n  of 
c e n t r a l  g rou t  and t e s t  ho l e s  w i th  p a t t e r n s  r o t a t e d  t o  g i v e  a f u l l e r  
g rou t i ng  coverage of t h e  c e n t r a l  zone. I n  covers  7 t o  12 t h e  number of  
i n j e c t i o n  ho l e s  was i nc r ea sed  t o  20, wi th  t h e  l o c a t i o n  of t h e  o u t e r  ho l e s  
a l s o  r o t a t e d  i n  a l t e r n a t e  covers ,  t o  g i v e  p a t t e r n s  C and D. I n  t h e  f i n a l  
two covers ,  f o r  t h e  c r i t i c a l  zone up t o  t h e  i c e  w a l l ,  a  t o t a l  of  39 ho l e s  
were d r i l l e d  i n  each cover.  These v a r i o u s  con f igu ra t i ons  a r e  a l s o  shown 
i n  F igure  11. 

I n  each cover 3m long s t andp ipe s  were used and t h e  h o l e s  were then  
extended i n  r e g u l a r  s t a g e s  and grouted  w i t h  a cement g rou t ,  a l though i f  
an  excep t i ona l l y  heavy water  inf low was encountered t h e  s t a g e  l eng th  was 
reduced accord ingly .  By i t s  n a t u r e  t h e  l imes tone  proved very  v a r i a b l e ,  
and whereas i n  some covers  inf lows  of s e v e r a l  hundred g a l l o n s  p e r  minute 
were encountered i n  a s i n g l e  i n j e c t i o n  ho l e ,  i n  o t h e r  c a se s  t h e  ho l e s  
were completely dry .  D e t a i l s  of a l l  14 g rou t  covers  a r e  summarised i n  
Table  4. 
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TABLE 4: GROUTING OF LOWER MAGNESIAN LIMESTONE AT GASCOIGNE WOOD 
NO. 1 DRIFT 

Locat  i on  Approx. Average Quant i ty  Cement 
Cover of  f a c e  Depth Range Inflow/Hole Grout I n j e c t e d  
No. m m 11s (gpm) tonnes  

For t h e  f i r s t  e l even  covers  t h e  t ime taken  f o r  d r i l l i n g  and g rou t i ng  
procedures  ranged from 8 t o  18 days p e r  cover.  Somewhat longer  was taken 
w i th  t h e  l a s t  two covers  w i th  t h e  i nc r ea sed  number of i n j e c t i o n  ho l e s  and 
t h e  ve ry  c a r e f u l  approach r equ i r ed  i n  t h e  v i c i n i t y  of t h e  i c e  wa l l .  
Procedures  i n  t h i s  a r e a  a r e  de sc r i bed  i n  d e t a i l  elsewhere (Daw 1983).  
The complete ope ra t i on  spanned t h e  pe r i od  from January t o  October 1979, 
w i t h  a comparable programme c a r r i e d  ou t  almost  s imul taneous ly  i n  t h e  No.2 
d r i f t .  T o t a l  r e s i d u a l  in f low t o  t h e  d r i f t  through t h i s  zone was reduced 
t o  l e s s  t han  4 11s (52 gpm) by t h e  g rou t i ng  ope ra t i on .  

S h a f t  Plug (Temporary Consol ida t ion)  - North Selby Mine ( ~ u l d  1983) 

I n  December 1982, t h e  No.1 s h a f t  a t  B r i t i s h  Coal ' s  North Selby Mine had 
reached  a dep th  of 540.2m, w i th  t h e  sump loca t ed  i n  t h e  upper s e c t i o n  of 
sands tone  of t h e  Ackworth Rock. P r ev ious ly  cover g rou t i ng  had been 
c a r r i e d  o u t  from sump l e v e l s  of approximately 472m, i n  t h e  Lower 
Magnesian Limestone,  a t  507m and 525m i n  t h e  B r i e r l y  Rock. Below t h e  
sump l a y  a major a q u i f e r  zone i n  t h e  middle s e c t i o n  of t h e  Ackworth Rock 
from some 545 t o  570m, f o r  which f u r t h e r  cover g rou t i ng  was planned.  

During t h e  p r ev ious  g rou t i ng ,  problems were experienced w i th  t h e  
i n s t a l l a t i o n  of t h e  g rou t  s t andp ipe s ,  due t o  t h e  poor rock  cond i t i ons ,  
and d e t e r i o r a t i o n  and heave of t h e  sump had occurred .  I n  a d d i t i o n ,  t h e  
long  cover  l e n g t h s  of  40m made i t  d i f f i c u l t  t o  o b t a i n  a f u l l  s e a l  a t  t h e  
lower l e v e l s  of  i n j e c t i o n .  For t h e  Ackworth Rock g rou t  cover,  t h e r e f o r e ,  
i t  was dec ided  t o  t a k e  t h e  sump c l o s e r  than  normal t o  t h e  a q u i f e r  zone, 
and t o  i n s t a l l  a  conc re t e  plug.  By c a s t i n g  t h e  g rou t  s t andp ipe s  i n t o  t h e  
p lug ,  a  p r e s s u r e  pad was provided f o r  t h e  next  g rou t  cover.  



Due t o  t h e  h igh  p o t e n t i a l  wa t e r  inf lows  from t h e  Ackworth Rock below t h e  
p lug  i t  was necessary  t o  i n s t a l l  a  pump lodge  f o r  s t a g e  pumping t o  t h e  
s u r f a c e ,  and t h e  only  choice  of p o s i t i o n  was immediately below t h e  l a s t  
c a s t  s e c t i o n  of t h e  s h a f t  wa l l .  (See Fig.  12) .  

A t  t h e  t ime of p l ac ing  t h e  p lug ,  s h a f t  wa t e r  i n f l ow  was approximately 11 
11s (145 gpm). The framework f o r  suppo r t i ng  t h e  g rou t  p ipe s  and water  
c o n t r o l  r i s i n g  mains dur ing  c a s t i n g  of t h e  plug i s  a l s o  shown i n  Fig.12. 
A  cement replacement m a t e r i a l  was i nco rpo ra t ed  i n  t h e  mix des ign  t o  
reduce  t h e  hea t  of hyd ra t i on ,  and a d d i t i o n a l  h e a t  removal was obta ined  
through t h e  r i s i n g  mains and g rou t  p ipes .  The des ign  was a l s o  such t h a t  
p r e s s u r i s i n g  f o r  wa t e r  s topping  was p o s s i b l e  a t  t h e  e a r l i e s t  oppor tuni ty .  

Grout ing  t h e  a c t u a l  p lug  s t a r t e d  from t h e  bottom through 50mm g rou t  p i p e s  
i n s t a l l e d  i n  t h e  r i s i n g  mains. These p i p e s  were grouted  i n ,  l e av ing  t h e  
bottom f r e e  f o r  i n j e c t i o n  i n t o  t h e  g r a v e l  bed, and a l s o  secured  by h igh  
p r e s s u r e  f l anges  b o l t e d  t o g e t h e r  a t  t h e  t o p  of t h e  r i s i n g  mains. The 
bottom i n j e c t i o n  was phased t o  fo l low backwall  i n j e c t i o n  of t h e  s h a f t  
w a l l  above t h e  plug and c o n t r o l l e d  by u s ing  t h e  s t andp ipe s  a s  
" t e l l - t a l e s "  be fo r e  c l o s i n g  o f f  f o r  f i n a l  p r e s s u r i s i n g .  

The s h a f t  wa t e r  make was reduced t o  approximately 0.45 11s (6 gpm) b e f o r e  
f i n a l  t i g h t e n i n g  up,  t h i s  q u a n t i t y  be ing  predominantly from behind t h e  
s h a f t  l i n e d  above t h e  pump lodge.  To enab l e  t h e  p lug  t o  b e  subsequent ly  
broken out  wi thout  damaging t h e  s h a f t  w a l l ,  t h e  bottom s u r f a c e  of t h e  
w a l l  was pa in t ed  w i th  a  bond breaking  agen t ,  t h e  hanging rod ends were 
s l e eved  and two wa t e r  b a r s  were i nco rpo ra t ed ,  t h e  i n n e r  one p ro t ec t ed  and 
t h e  o u t e r  one s a c r i f i c i a l  f o r  p lug  s e a l i n g .  

Following s ecu r ing  of t h e  p lug ,  t h e  Ackworth Rock g rou t  cover was c a r r i e d  
o u t  s u c c e s s f u l l y  and t h e  conc re t e  plug subsequent ly  removed and s h a f t  
s i nk ing  continued.  

Roadway Dams 

B r i t i s h  Gypsum Ltd . ,  Sherburn Mine - Emergency Plug  (Auld 1983) 

I n  1980 B r i t i s h  Gypsum cons t ruc t ed  a  p r e s s u r e  pad i n  an a t t emp t  t o  s e a l  
o f f  wa t e r  inf low which had developed i n t o  t h e  a r e a  of t h e  pump sump. The 
main acce s s  t o  t h e  mine was v i a  a  1 i n  4  a d i t  which was c l o s e  t o  t h e  
i n f l ow  p o s i t i o n .  When t h e  p r e s su re  pad f a i l e d  du r ing  g rou t i ng  ope ra t i ons  
t h e  i n f l ow  was es t imated  t o  b e  182 11s  (2400 gpm). Cementation Mining 
Ltd.  were asked t o  des ign  a  new scheme f o r  s e a l i n g  o f f , t h e  wa t e r ,  which 
cont inued  t o  r i s e  t o  some 379 11s  (5000 gpm) and was t h r e a t e n i n g  t h e  
mine. The complete p lug  scheme adopted i s  shown i n  F igure  13. 

Another g r a v e l  bed was l a i d  ove r  t h e  t op  of t h e  remaining s e c t i o n s  of t h e  
o r i g i n a l  p r e s su re  pad, con t a in ing  s i x  a d d i t i o n a l  wa t e r  c o n t r o l  p ipe s .  
These p i p e s  c a r r i e d  t h e  wa t e r  t o  a  new sump p o s i t i o n  ad j acen t  t o  t h e  
proposed p lug  s i t e ,  and a d d i t i o n a l  r i s i n g  mains were i n s t a l l e d  i n  t h e  
s h a f t  t o  cope wi th  t h e  i n c r e a s i n g  inf low.  The v a r i o u s  s t a g e s  of 
conc re t i ng  a r e  a l s o  shown i n  F igu re  13 ,  and because of t h e  l a r g e  mass of  
conc re t e  i t  was nece s sa ry  t o  i nco rpo ra t e  cons t ruc t i on  j o i n t s  and a  cement 
replacement m a t e r i a l  i n  t h e  mix des ign .  

The conc re t e  was pumped from t h e  s u r f a c e  down t h e  1 i n  4  a d i t ,  through a  
lOOmm p i p e  d i r e c t l y  i n t o  p o s i t i o n  i n  t h e  plug.  g in ima l  t r u e  des ign  was 
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Figure12 : -  Temporary Consolidation Plug at N o r t h  S e l  by N2.l ---- 
Shaf t.(9) 



a )  Underground Layout Showing Location of Plug. 

b ) Longitud i n a l  Section Through Plug Showing Sequence of Concreting 

Figure 13 :- Emergency Plug a t  Br i t i sh  Gypsum Ltd. Sherburn Mine. ( 9 )  



r equ i r ed  f o r  t h e  p lug  a s  t h e  depth below ground was only 48m r e s u l t i n g  i n  
a  h y d r o s t a t i c  p r e s su re  of 470 kPa (68 p s i ) ,  and t h e  plug was extremely 
long - t h e  l a t t e r  d i c t a t e d  by p r a c t i c a l  r a t h e r  than  pu re ly  t e chn ica l  
cons ide ra t i ons .  The fou r  week per iod  f o r  p l ac ing  t h e  concre te  r e s u l t e d  
from v a r i o u s  eqaipment, labour ,  and gene ra l  cons t ruc t i on  problems, bu t  
once conc re t i ng  had commenced t h e  wa te r  inf low was con t ro l l ed  a t  a  peak 
l e v e l  of 606 l / s  (8000 gpm). 

On completion of t h e  va r ious  s t a g e s  of concre t ing  t h e  c o n t r o l  p ipe  va lves  
were c losed  and t h e  inf low was stopped almost completely.  F i n a l  s e a l i n g  
by cement g rou t  i n j e c t i o n  involved a  combination of grout  p ipe  pos i t i ons .  
Some of t h e s e  were previous ly  c a s t  i n t o  t h e  plug t o  reach p o s i t i o n s  not  
o therwise  a c c e s s i b l e  by d r i l l i n g  from t h e  plug f ace s .  Addi t ional  
i n j e c t i o n s  through t h e  water  c o n t r o l  p ipe  and i n t o  t h e  con t ac t  zones 
through h o l e s  d r i l l e d  i n  t h e  p lug  f a c e s ,  enabled t h e  water  t o  be  sea led  
o f f  on a  permanent b a s i s .  

Bolsover C o l l i e r y  Underground Dams (Auld 1986) 

I n  1984 f i v e  underground dams were placed by Cementation Mining Ltd. f o r  
B r i t i s h  Coal ( then  N.C.B.) i n  o rde r  t o  p r o t e c t  t h e  workings a t  Bolsover 
C o l l i e r y  from a  sudden in rush  o r  overflow s i t u a t i o n  from the  ad j acen t  
Arkwright C o l l i e r y  fo l lowing i t s  c l o s u r e  and t h e  swi tching  o f f  of i t s  
pumps . 
For t h i s  work Cementation used technology developed a t  t h e i r  Gascoigne 
Wood c o n t r a c t  f o r  t r a n s p o r t i n g  a  s t r u c t u r a l  cement i t ious  mix through a  
small diameter  p i p e l i n e  from s u r f a c e  t o  t h e  requi red  underground 
l o c a t i o n .  I n  t h i s  i n s t a n c e  t h e  mix was t r anspo r t ed  372m v e r t i c a l l y  and 
then  a  maximum of 262m h o r i z o n t a l l y  i n  a  s i n g l e  1% in .  nominal bore  s t e e l  
p i p e l i n e ,  and d ischarged d i r e c t l y  a t  t h e  dam s i t e s .  

A p a r t i c u l a r  problem a t  Bolsover was t h a t  of s h a f t  i n a c c e s s i b i l i t y ,  but  
due t o  t h e  r e l a t i v e l y  l i g h t  weight of t h e  p i p e l i n e  i t  was a t tached t o  a  
s t e e l  rope  suspended from a  winch down t h e  f u l l  l eng th  of t h e  372m deep, 
s ea l ed  o f f  No.1 s h a f t  (See Fig.14).  

With t h i s  arrangement i t  proved pos s ib l e  t o  p l ace  t h e  cement i t ious  mix a t  
r a t e s  of 4-5 m3/hr i n t o  t h e  dams f u r t h e s t  inbye and a t  5-6 m3/hr i n  those  
c l o s e s t  t o  t h e  s h a f t .  The l a r g e s t  dam was i n s t a l l e d  i n  a  5.2m wide by 4m 
high D-shaped roadway and was 7.4m i n  l eng th .  It contained 194 m3 of 
conc re t e  and was poured i n  4 l i f t s  of 4m. A t  a  p l ac ing  r a t e  of about 5 
m3/hr i t  was pos s ib l e  t o  complete each l i f t  i n  j u s t  over  a  s i n g l e  e i g h t  
hour s h i f t .  

Temperature monitoring was c a r r i e d  ou t  i n  another  of t h e  l a r g e  dams and 
ind i ca t ed  a  maximum temperature of 70°C, wi th  d i f f e r e n t i a l  temperatures 
no t  exceeding 22"C, from an i n i t i a l  temperature of 18°C. No v i s i b l e  
shr inkage  o r  thermal c r acks  were de t ec t ed ,  and only smal l  amounts of 
cement g rou t  were i n j e c t e d  i n  t h e  f i n a l  t i gh t en ing  phase. 

Concrete s t r e n g t h s  achieved i n  t h e  dams were 30 ~ / m m *  a t  28 days and 70 
~/mm' a t  one yea r .  Such high q u a l i t y ,  high s t r e n g t h  mixes which a r e  
capable  of be ing  t r anspo r t ed  long d i s t a n c e s  underground, a r e  only 
p o s s i b l e  by t h e  i nco rpo ra t i on  of cement replacement m a t e r i a l s  and 
admixtures.  
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Remedial Work t o  Sha f t s  

Be l l e  I s l e  S a l t  Mine, Louisiana U.S.A. (Greenwood 1982) 

This  p a r t i c u l a r  example, al though some t ime ago, i s  of i n t e r e s t  a s  i t  
involves  both  t h e  recovery of a s h a f t  and t h e  use  of t h e  squeeze grout ing  
method. 

Fig.  15 shows t h e  in tercbnnect ion  of t h e  two sha f t s '  w i th  roadways on two 
d i f f e r e n t  l e v e l s  separa ted  by about 17m. An acc ident  ockurred i n  1973 
r e s u l t i n g  i n  an i n rush  mainly of s i l t y  sand down t h e  No.2 v e n t i l a t i o n  
s h a f t .  Some 30,000 m3 of a l luvium "flowed" f o r  some 300m from t h e  s h a f t  
bottom a t  a  speed of about 1 m l s  and f i l l e d  t h r e e  roads and c r o s s c u t s  a t  
t h e  3 7 h  l e v e l .  It i s  l i k e l y  t h a t  l i q u e f a c t i o n  occurred temporar i ly  
dur ing  flow which accounts f o r  t h e  ex t ens ive  t r a v d l  and poor and 
i r r e g u l a r  compaction a t  r e s t .  

A conc re t e  p lug  had t o  be  cons t ruc ted  i h  o rde r  t o  recover  t h e  s h a f t  
s a f e l y ,  and t o  f a c i l i t a t e  t h i s  t h e  i n rush  m a t e r i a l  was consol ida ted  by 
squeeze grout ing  (Fig.15).  F i r s t  of a l l  a  void a t  t h e  roof where t h e  
f i l l i n g  had s e t t l e d  was grouted w i th  a  sandlcement mix t o  a l low squeezing 
i n  l a t e r  i n j e c t i o n s .  Squeeze grout ing  was then s t a r t e d  i n  0.9m 
descending s t a g e s  with i n j e c t i o n s  l im i t ed  t o  0.43 t ons  of cement and a  
p r e s su re  of 4.86 ~ / m m ~ .  An average of e i g h t  r epea t  i n j e c t i o n s  were 
requi red  be fo re  i t  proved p o s s i b l e  t o  d r i l l  f u r t h e r  without co l lapse .  
Some in t e r connec t ion  occurred between ho l e s  d r i l l e d  on a  1.8m square  g r i d  
from t h e  ove r ly ing  a i r  e n t r y  a t  t h e  354.3m l eve l .  I n i t i a l l y  t h e  upper 
p a r t s  of t h e  f i l l  i n  t h e  7m square  roadway were moist  and loose ,  w i th  t h e  
lower 2m s a t u r a t e d  and "soupy". Af t e r  conso l ida t i on  by t h e  squeeze 
g rou t ing  i t  proved pos s ib l e  t o  excavate t h e  m a t e r i a l  and t o  cons t ruc t  t h e  
plug 

Once t h e  s h a f t  had been secured t h e  concre te  plug and consol ida ted  f i l l  
were excavated completely. The g rou t ing  had been s o  succes s fu l  and 
provided such good con tac t  wi th  t h e  roof and w a l l s  over t h e  l a s t  12m-15m 
of excavat ion  t h a t  b l a s t i n g  was necessary  t o  remove it. 

C.S.M.E. Varangevi l le  Emergency Sha f t ,  France 

The emergency s h a f t  a t  Varangevi l le  was o r i g i n a l l y  sunk t o  a  depth of 
64.15m and l i n e d  wi th  b r i c k  t o  g ive  an i n t e r n a l  diameter of 1.6m. The 
s h a f t  was l a t e r  l i ned  wi th  s t e e l  t o  1.4m diameter ,  deepened t o  t h e  lower 
s a l t  bed a t  101.5m, and subsequently l i n e d  from su r f ace  t o  t o t a l  depth 
wi th  a  l.h diameter s t e e l  l i n i n g .  

The seepage of b r i n e  &to  t h e  s h a f t  was f i r s t  observed i n  1972, and by 
1981 had increased  t o  0.5 l i t r e l s e c  (6.6 gpm). The source  of b r i n e  was 
t h e  b r i n e  s t ream a t  t h e  top  of t h e  s a l t  bed, which t racked down behind 
t h e  s t e e l  l i n i n g  t o  e n t e r  t h e  s h a f t  a t  c e r t a i n  po in t s ,  notably  v i a  a  
buckled s t e e l  l i n e r  p l a t e  a t  - 6 6 . h .  

It was decided t h a t  t h e  s h a f t  would be  s ea l ed  by i n f i l l i n g  w i th  concrete.  
(See Fig.16). 

The s h a f t  f u rn i sh ings  were s t r i p p e d  ou t  from su r f ace  t o  t o t a l  depth. 
Temporary ga r l ands  were i n s t a l l e d  a t  -51.5m and -70.0m, and a  r e l i e f  p ipe  
caulked i n  t h e  buckled l i n e r  p l a t e  a t  - 6 6 . h .  A s t e e l  support  frame was 
e r ec t ed  i n  t h e  roadway a t  t h e  ba se  of t h e  s h a f t  and an i n i t i a l  concre te  



I n u n d a t e d  G a l l e r i e s  of 1216' Leve l  a n d  N a . 2  S h a f t  

Mine Roadways in V i c i n i t y  of Sha f t  Bo t tom 

Soi l  I n r u s h  Mate r ia l  

Concrete P l u g  

Squeeze Grou t .  

G r o u t  to F i l l  Roof Void 

Plan of  Vicinity of N9.2 Sha f t  on 1216' Level After Grouting 
and Plug Construct ion. 

Figure15 :- Shaft Recovery by Squeeze Grouting and Plug Constructior 
a t  Belle Isle Sal t  M ine ,  Louisiana , U . S . A  .(BI 
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p l u g  poured t o  s h a f t  depth -94.5m. Th i s  was allowed t o  cu re  f o r  10 days,  
and t h e  i n f i l l i n g  completed w i th  a f u r t h e r  t h r e e  pours.  The bottom of 
t h e  i n f i l l e d  s h a f t  was then  sea led  by i n j e c t i n g  br ine lcement  grout  i n t o  a 
s e r i e s  of h o l e s  ~ h i c h  had been d r i l l e d  t o  i n t e r s e c t  con t ac t  zones and 
voids .  A summary of t h e  grout  i n j e c t e d ,  i n  chronologica l  o rde r ,  i s  given 
below i n  Table 5: 

TABLE 5: GROUTING DETAILS FOR SEALING SHAFT AT VARANGEVILLE MINE 

Hole - 
13  
12 
11 

5 
8 
1 
4 
9 

1 0  
6 
3 
2 

Lower h o l e s  

Connections Quant i ty  kg 

The g rou t  h o l e s  were then r e - d r i l l e d  and a secondary i n j e c t i o n  of t h i n  
br ine lcement  g rou t  i n j ec t ed .  A t o t a l  of 400 kg cement was i n j e c t e d  i n t o  
h o l e s  7 ,  12, 2, 3, 1. 

A s e r i e s  of 6 No. ho l e s  was d r i l l e d  from s u r f a c e  down t o  t h e  b r i n e  
s t reams a t  43.5m p r i o r  t o  t h e  i n j e c t i o n  of t h e  main seepage po in t  a t  
- 6 6 . h  v i a  t h e  p r ev ious ly  i n s t a l l e d  r e l i e f  p ipe .  Th i s  i n j e c t i o n  was 
commenced w i t h  b r i n e  cement g rou t  a t  a mix r a t i o  of 1.4 and decreased i n  
s t a g e s  t o  0.9. A t o t a l  of 6.3 tonnes  of cement were i n j e c t e d .  

Subsequent t e s t s  c a r r i e d  ou t  on t h e  s i x  s u r f a c e  boreholes  found them t o  
b e  blocked a t  dep ths  between -36.2m and 43.lm, and only  ho l e s  2 and 6 
accepted  b r i n e  from pumping-in t e s t s .  Both t h e s e  ho l e s  were then  
i n j e c t e d  w i th  br ine lcement  g rou t  a t  mix r a t i o s  varying  between 1.4 and 
0.68 a t  a t o t a l  p r e s s u r e  of 1.7 ~ / r m n ~  (246 p s i )  a t  t h e  e l e v a t i o n  of t h e  
b r i n e  stream. A t o t a l  of 2.5 tonnes  of cement was i n j e c t e d .  The ho l e s  
were then  grouted  up t o  t h e  s u r f a c e  u s ing  t h i c k  g rou t  i n j e c t e d  through 
25mm bore  p i p e s  which extended t o  t h e  bottom of each hole .  

The s h a f t  s e a l i n g  was concluded by removing t h e  temporary suppor t  frame 
and s h u t t e r i n g  a t  t h e  bottom of t h e  s h a f t  and excavat ing  a 0.20m wide x 
1.8m high  annu la r  void.  This  annulus was s h u t t e r e d  and subsequently 
f i l l e d  w i th  t h i c k  b r i n e  cement g rou t  v i a  6 v e r t i c a l  s t e e l  p ipe s ,  us ing  a 
t o t a l  of  0.9 tonnes  cement. 

Although 'bone-dry' when completed, some 3 y e a r s  l a t e r  a s l i g h t  weep 
(approx. 0.2Iday) h a s  occurred due t o  b r i n e  t r ack ing  down through t h e  
s eve re ly  corroded s t e e l  l i n i n g .  
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