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ABSTRACT 

This paper summarizes a contract report of work undertaken on behalf of the 
Department of Energy, Mines and Resources to ascertain the effectiveness of 
surface applied chemicals as a swelling retardant for use in underground coal 
mines. It addresses the mineralogical, chemical and mechanical aspects of 
the swelling clay problem. The experience of the use of swelling retarders 
in the oil well drilling industry is reviewed and the various types of 
stabilizing chemicals discussed. Finally, potential applications of the 
technology in coal mining are discussed with mention of the toxicity of the 
chemical agents and their relative costs. 



INTRODUCTION 

The strength and stability of underground coal measures strata is known to be 
affected by water from various sources, such ase the mine atmosphere, dust 
suppressor sprays and connate water. One of the effects frequently associ- 
ated with water absorption is the strength reduction and swelling of coal 
underclays, resulting in plastic flow of floor material into the opening. In 
some cases this can cause severe deformation of the roadways, necessitating 
costly and often repetitive repair. 

Traditionally, the response to water softening of the strata has been either 
reinforcement by bolting or modification of the stress distribution. The 
recent development of roof sealant technologies and the growing experience of 
oil well mud specialists in the control of clay swelling prompted a review of 
these methods and their possible application in coal mines to alleviate some 
of the floor heave problems. The conditioning of water used in mines with 
chemicals that prevent clay swelling is an attractive alternative to tradi- 
tional reinforcement/stress redistribution tzchniques. A contract to review 
the available information on behalf of the Department of Energy, Mines and 
Resources was let to Jacques, Whitford and Associates, Limited of Halifax, 
Nova Scotia. The final report (1) is summarized below. 

SWELLING CLAYS 

Both oil field engineering and civil engineering have to deal with problems 
which display some of the same swelling characteristics of clay materials, 
and much effort has been put into studies of cause, effect and remedies. It 
is worthwhile, therefore, to review some basic concepts which can provide 
insights into the behaviour of seat earth - a clay rich material frequently 
underlying coal seams. 

The characteristic common to mining, civil and oil well experience is that 
there exists a class of materials which swell and soften when subjected to 
stress relief in the presence of water. They are almost universally referred 
to as shales, but this name presents some concern in that wide differences of 
opinion exist in regard to the classification and identification of shales. 

Underwood ( 2 )  provides a valuable starting point in order to understand this 
class of materials. His classification of sedimentary rocks distinguishes 
between "soil-like or compacted" shale and "rock-like or cemented" shale. 
The soil-like shales include clay shale, silty shale, sandy shale and black 
shale. The clay shales have received much attention because they are notori- 
ous for creating difficulties in geotechnical engineering (3) and may also be 
the most important in the present context 

Morgenstern and Eigenbrod (4) concentrated on the softening-upon-immersion in 
water aspect as an aid to classifying argillaceous soils and rocks. This 
approach was selected because it is the water deterioration characteristics 
which are important for many practical applications. Among these they 
include durability of tunnel walls, which retttrns us to the question of seat 
earths. 

It seems a constructive hypothesis to suggest that coal measure shales can be 
included in the shale classifications cited above and that the potentially 
troublesome seat earths can be placed in the "compaction shale" category. 



Furthermore,  t h e  troublesome m a t e r i a l s  e x h i b i t  t h e  c h a r a c t e r i s t i c s  which i r  
t h e  l i t e r a t u r e  f a l l  under t h e  c o l l e c t i v e  heading "swel l ing  c lays" .  This 
hypothes i s  i s  p resen ted  i n  Figure 1. 

Swel l ing  Processes  

Clay s h a l e s  t h a t  s w e l l ,  wi th  a s s o c i a t e d  s o f t e n i n g  and s l a k i n g ,  do s o  f o r  
reasons  of both mechanics and mineralogy/chemistry.  Swell ing occurs  only as  
a  r e s u l t  of s t r e s s  r e l e a s e  i n  almost  a l l  p r a c t i c a l  cases  - t h i s  is the 
mechanical  a s p e c t  of swel l ing  behaviour. However, some s h a l e s  s w e l l  and 
o t h e r s  do n o t ,  because of d i f f e r e n c e s  i n  t h e  mineralogy and chemistry of the  
c l a y  p a r t i c l e s  and pore f l u i d  - t h i s  is t h e  chemical aspec t .  Non-clay 
m i n e r a l s  a r e  a l s o  p r e s e n t  i n  c l a y  s h a l e s  and c l a y s ,  but  they a r e  e s s e n t i a l l y  
i n e r t .  

A  s i m i l a r  view of t h e  swel l ing  process  of c l a y s  and c l a y  s h a l e s  i n  s i t u  i s  
g iven  by O'Brien and Chenevert (5 ) :  a )  uptake of wate r  due t o  d i f f e r e n c e s  
between t h e  e l e c t r o l y t e  components of t h e  s h a l e  pore water  and t h e  e x t e r n a l  
f l u i d  and b)  uptake of water  due t o  s t r e s s  r e l e a s e .  They n o t e  t h a t  the  
former p rocess  has a  much g r e a t e r  s w e l l i n g  p o t e n t i a l .  

According t o  P e t e r s  and S tou t  (6 )  t h e  c l a y  p a r t i c l e s  a r e  i n  f l o c c u l a t e d  
e q u i l i b r i u m  wi th  t h e i r  n a t i v e  f l u i d s .  Reduction of c a t i o n  c o n c e n t r a t i o n  by 
d i l u t i o n  w i t h  induced f l u i d s  such a s  mine wate r  can occur and w i l l  r e s u l t  in  
d i s p e r s i o n .  They p o s t u l a t e  t h a t  a  phenomenon s i m i l a r  t o  osmosis e x i s t s  and 
t h e  weaker s o l u t i o n  f o r c e s  i ts  way i n t o  t h e  c l a y  l a t t i c e  i n  an a t t empt  t a  
d i l u t e  t h e  dense atmosphere of c a t i o n s  surrounding t h e  c l a y  p l a t e s .  I n  t h i s  
way t h e  c l a y  t a k e s  up t h e  f r e s h  water. 

The chemical  and mechanical a s p e c t s  of t h e  swel l ing  of c l a y s  a r e  reviewed 
b r i e f l y .  

Chemical Aspects  

Clay minera l s  a r e  composed of s h e e t s  of molecules,  w i t h  t h e  s h e e t s  bound t c  
each  o t h e r  by atomic bonds of vary ing  s t r e n g t h s .  The s h e e t s  a r e  made up of 
u n i t s  which c o n t a i n  s i l i c o n ,  aluminium, magnesium, e t c .  a s  p o s i t i v e l y  charged 
a t  oms. 

When t h e  " r i g h t "  atom is  i n  p l a c e ,  t h e  s h e e t s  o r  combinations of s h e e t s  
( " l a y e r s " )  a r e  e l e c t r i c a l l y  n e u t r a l .  However, due t o  isomorphous s u b s t i t u -  
t i o n  of t h e s e  atoms by o t h e r s  of d i f f e r e n t  e l e c t r i c a l  charge,  t h e  s h e e t s  or  
l a y e r s  i n v a r i a b l y  have a  ne t  p o s i t i v e  charge d e f i c i e n c y ,  which is balanced by 
adsorbed,  exchangeable c a t i o n s  he ld  on t h e  o u t s i d e  of t h e  shee t s .  The na ture  
of t h e  isomorphous s u b s t i t u t i o n  and t h e  r e s u l t a n t  charge d e f i c i e n c y  e x p l a i n  
most of t h e  d i f f e r e n c e s  between t h e  common c l a y  minerals .  The n a t u r e  of the 
adsorbed c a t i o n  e x p l a i n s  much of t h e  p h y s i c a l  behaviour of the  c l a y  p a r t i c l e s  
made up of bundles of t h e s e  s h e e t s  and l a y e r s .  
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Figure  1 - A suggested c l a s s i f i c a t i o n  of c o a l  measures s h a l e s  

The permanent ne t  n e g a t i v e  charge c a r r i e d  by t h e  c l a y  p a r t i c l e  i s  measured by 
t h e  c a t i o n  exchange c a p a c i t y ,  

CEC = e l e c t r i c a l  charge d e f i c i e n c y  
u n i t  mass 

u s u a l l y  expressed a s  m i l l i e q u i v a l e n t s  of e l e c t r i c  charge p e r  100 grams of  
p a r t i c l e  weight. The CEC i s  u s e f u l  i n  a s s e s s i n g  t h e  p o t e n t i a l  f o r  s w e l l i n g ,  
a s  w e l l  a s  p l a s t i c i t y  and o t h e r  c h a r a c t e r i s t i c s .  

The exchangeable c a t i o n s  a r e  p o s i t i v e l y  charged p a r t i c l e s .  I n  a  c l a y  suspen- 
s i o n  i n  water  o r  i n  a  s a t u r a t e d  c l a y  s o i l ,  t h e  c a t i o n s  and wate r  molecules 
a r e  f r e e  t o  move i n  t h e  f l u i d  phase,  bu t  they take  up p o s i t i o n s  adsorbed on 
t h e  p a r t i c l e  f a c e s  f o r  t h e  reasons g iven  prev ious ly .  Therefore ,  when a c l a y  
p a r t i c l e  i s  dropped i n t o  wate r ,  both t h e  minera l  s u r f a c e s  and a t t a c h e d  
exchangeable i o n s  p ick  up d i p o l a r  wate r  molecules,  i.e. hydrate.  

The i o n s  w i t h  t h e i r  s h e l l s  of wate r  move away from t h e  minera l  s u r f a c e  t o  
p o s i t i o n s  of equ i l ib r ium t o  produce t h e  "double l ayer" .  Th is  behaviour i s  a t  
t h e  r o o t  of swel l ing  c h a r a c t e r i s t i c s  s i n c e  d i f f e r e n t  i o n s  r e s u l t  i n  d i f f e r e n t  
double  l a y e r  t h i c k n e s s e s ,  which i n  t u r n  change t h e  p r o p e r t i e s  of t h e  mass of 
t h e  p a r t i c l e s .  The c o n t r o l s  on t h e  r a t e  and d i r e c t i o n  of t h e  exchange 
r e a c t i o n s  a r e  va lence ,  c o n c e n t r a t i o n  of c a t i o n s  and pH. 

Engineer ing  exper ience  and t h e  s tudy  of c l a y  mineralogy have i d e n t i f i e d  
c e r t a i n  c l a y  minera l s  which a r e  more s u s c e p t i b l e  t o  s w e l l i n g  than  o t h e r s ,  
a l though  t h e  a c t u a l  amount of s w e l l i n g  depends upon o t h e r  f a c t o r s  such a s  t h e  



exchangeable cations and pH. Clay minerals can be arranged in descending 
order of swelling potential as follows: 

sodium montmorillonite 
calcium montmorillonite 
illite (hydrous mica) 
kaolinite 

The most common cations occuring naturally are ~a', caC+, M ~ + + ,  and K+. Of 
these, sodium has been found to have an important bearing on the structural 
status of a clay and is often described in terms of the exchangeable sodium 
percentage (ESP) where: 

ESP = Na+ x 100 
CE C 

A more comprehensive treatment of this topic can be found in standard refer- 
ence texts (7,8,9), 

Mechanical Aspects 

In the compaction shales, the high density and the moderately high strength 
and stiffness which are associated with the unswelled state are attributed to 
the consolidating effect of many metres of overburden, which may have been 
thicker in the past than it is today, and also to the consolidating effect of 
dessication processes. In the first of these processes, the mineral grains 
have been squeezed together. In this squeezing process, the volume decreases 
&y three mechanisms: i) sliding of grains past each other to produce a 
denser state of packing, ii) elastic deformation including bending of platey 
particles and iii) compression of the double layers at clay contact points. 
The high pore water tensions associated with dessication also force the 
particles close together. An additional effect of dessication is to drive 
off some of the water of hydration. 

When these shales are subsequently unloaded, either by overburden removal or 
by the stress relief effects of a nearby excavation, borehole, tunnel and 
water is present, the above mechanisms tend to reverse and the volume 
increases. 

A study of swelling due to unloading can provide insight into the potential 
magnitude of volume change and concurrent change in strength. In addition, 
an understanding of in situ behaviour requires a knowledge of the rate at 
which swelling occurs since swelling is a time-dependent process. 

According to Terzaghi (101, the rate of swelling depends upon the permeabil- 
ity of the rock mass, which in turn has to be considered in terms of per- 
meability of the intact shale and secondary permeability of the mass. 

Taylor and Spears (11) point to structural features such as bedding plane 
laminations, joints, shear planes and rootholes in seat earth, which provide 
pathways for easier flow of water and hence are significant for the per- 
meability and rate of swelling. 



The magnitude of stress relief can be estimated from mathematical analyses 
which provide solutions for the stresses around openings of various shapes 
(12i, and an-estimate of the in situ stresses prior to mining. 

Chemical - Mechanical Interaction 
As noted above, stress release is a requirement before swelling occurs. 
Thus, the mechanical effect must occur before the chemical effect manifests 
itself. A link between these processes is described by Morgenstern and 
Balasubramonian (13). Two shales, the montmorilloritic Bearpaw shale and the 
predominantly illitic Morden shale, were allowed to swell both in their 
connate pore fluids and in distilled water after first establishing the 
swelling pressure for which the volume change was zero. The authors were 
able to demonstrate that the swelling in distilled water is predictable on 
the basis of double layer theory and that the double layer repulsion can be 
expressed as a component of the effective stress, i.e. 

crl = effective stress 
a = total stress 
u = pore water pressure 

(R - A) = component of effective stress associated with 
physico-chemical changes 

SWELLING CLAYS IN ENGINEERING PRACTICE 

In geotechnical engineering, swelling clays and clay shales are recognized 
for their tendency to cause heave of lightly loaded structures, with the 
heave of spillways constructed in clay shale cuts being a notable example 
(3). Softening due to stress relief and water uptake has also been widely 
experienced historically, leading to a variety of construction procedures. 

Volume changes due to swelling are commonly measured by direct methods such 
as one-dimensional compression and swelling tests carried out on undisturbed 
samples. The swelling index, C, is obtained from these tests. The swelling 
potential is used for compacted soils; it is defined as the percentage volume 
change occurring for a sample compacted at optimum moisture content using 
standard procedures and allowed to swell under a surcharge of 7 kPa. 

It is common in geotechnical engineering to seek empirical relationships 
between behavioural characteristics such as swelling and simple index tests 
such as Atterberg limits and grain size distribution. 

The relationships between strength and the swelling process are part of a 
larger picture which relates consolidation stress history, weathering, stress 
changes during loading, pore water pressures during loading and other factors 
which are beyond the scope of this study. However, the essential features 
pertinent to this study is reliance upon direct measurement of strength after 
the clay has been permitted to swell rather than indirect correlations. 

Another characteristic closely associated with swelling is disintegration 
when subjected to wetting and drying cycles. Slaking and dispersion are 
associated with the disintegration. Although this behaviour occurs in all 



c l a y s ,  i t  i s  of g r e a t e r  i n t e r e s t  t o  g e o t e c h n i c a l  e n g i n e e r s  i n  t h e  case  of 
c l a y  s h a l e s  ( 3 ) .  

I n  o i l  w e l l  e n g i n e e r i n g ,  s h a l e  fo rmat ions  a r e  recognized f o r  t h e i r  tendency 
t o  be u n s t a b l e  and t o  h y d r a t e  and t o  d i s p e r s e  i n  t h e  p resence  of water .  
B r i t t l e  o r  s loughing  s h a l e s  a r e  one c l a s s  of i n s t a b i l i t y  problem which i s  due 
t o  mechanical  and h y d r a u l i c  f r a c t u r i n g ;  however, i n  t h e  c o n t e x t  of t h i s  
paper  i t  is t h e  h y d r a t a b l e  o r  s w e l l i n g  s h a l e s  which a r e  of i n t e r e s t .  Whet- 
d r i l l i n g  w i t h  f r e s h  wate r  o r  f r e s h  wate r  mud, t h e s e  s h a l e s  h y d r a t e  and become 
e n t r a i n e d  i n  t h e  mud, adding t o  t h e  v i s c o s i t y  and c r e a t i n g  problems of b i t  
b a l l i n g ,  mud r i n g s ,  plugged f low l i n e s ,  plugged s h a l e  s h a k e r s  and h i g h  s o l i d s  
c o n t e n t .  The ensu ing  enlargement  of t h e  w a l l  bore promotes cav ing  of the 
o v e r l y i n g  fo rmat ion .  

Hydra t ion  i s  d e f i n e d  i n  t h e  o i l  w e l l  c o n t e x t  a s  t h e  p rocess  of r e a b s o r p t i o n  
of w a t e r  which was e x p e l l e d  from t h e  c l a y  s h a l e  due t o  h igh  s t r e s s e s  during 
t h e  compaction per iod .  T h i s  p rocess  t a k e s  p l a c e  a s  a  r e s u l t  of t h e  s t r e s s  
r e l i e f  a d j a c e n t  t o  t h e  boreho le .  

Once a  s h a l e  has  swel led  by h y d r a t i o n  t h e  p a r t i c l e s  a r e  l e s s  t i g h t l y  bound. 
Those on t h e  s u r f a c e  s l a k e  o f f ,  a ided  by h y d r a u l i c  o r  mechanical  q r o s i o n  i n  
some cases .  T h i s  is known a s  d i s p e r s i o n .  Amounts of s w e l l i n g  and d i s p e r s i o n  
a r e  o f t e n ,  b u t  n o t  n e c e s s a r i l y ,  p r o p o r t i o n a l  ( 5 ) .  

I n  c o a l  mining,  mudstones, s h a l e s  and s e a t  e a r t h s  have been i d e n t i f i e d  a s  
s u b j e c t  t o  d i s i n t e g r a t i o n  o r  weathering.  A r t l e r  (14)  d e s c r i b e s  a  f i r e c l a y  
below t h e  c o a l  and a  c l a y  s h a l e  l a y e r  above i t  which wea ther  - become s o f t  
and d i s i n t e g r a t e  - when exposed t o  mois t  a i r ,  e s p e c i a l l y  i n  summer when the 
a i r  i s  warm. Tay lor  and Spears  (12)  d e s c r i b e  s t r a t a  breakdown by up take  of 
w a t e r ,  a ided  by t h e  l a m i n a t i o n s ,  bedding p l a n e s ,  s h e a r  p l a n e s  and o t h e r  
s t r u c t u r a l  f e a t u r e s  which permit  i n g r e s s  of w a t e r  and permit  s w e l l i n g  t o  be 
c o n c e n t r a t e d  i n  mixed-layer c lays .  The o x i d a t i o n  of p y r i t e ,  accompanied by 
s w e l l i n g ,  is a l s o  c i t e d  a s  be ing  a  c o n t r i b u t i n g  f a c t o r  i n  breakdown. 

A s t u d y  of t h e  I l l i n o i s  Bas in ,  hy Rockaway ( 1 5 ) ,  d e s c r i b e s  b r i e f l y  t h e  cyclo-  
them and t h e  environment i n  which "underc lays"  ( s e a t  e a r t h ,  s e a t  rock ,  
g a n i s t e r ,  f i r e c l a y )  a r e  depos i t ed .  It i s  hypothes ized  t h a t  t h e  underc lay  was 
l a i d  down i n  sha l low f r e s h  wate r ,  such a s  a  d e l t a .  T y p i c a l l y  i t  is composed 
of c l a y  m i n e r a l s ,  is s l i c k e n s i d e d  , i r r e g u l a r l y  f r a c t u r e d  and c o n t a i n s  t r a c e s  
of p l a n t  r o o t s  (16) .  I n  a d d i t i o n ,  t h e  c l a y  mineralogy is q u i t e  v a r i e d .  
Th icknesses  v a r y ,  u s u a l l y  being 1 t o  2  m, hu t  o c c a s i o n a l l y  up t o  10 m. The 
lower boundary i s  g r a d a t i o n a l  w i t h  t h e  under lay ing  s h a l e ,  l imes tone  o r  sand- 
s t o n e .  They a r e  d e s c r i b e d  a s  l a c k i n g  bedding,  but  do have a  v e r t i c a l  
zona t ion :  t h e  upper  zone be ing  carbonaceous and l eached  of calcium and i r o n ,  
seldom more than  25 cm t h i c k ;  t h e  nex t  be ing  more h i g h l y  p l a s t i c  and f r e e  of 
c a r b o n a t e s ;  t h e  lower be ing  g e n e r a l l y  l e s s  p l a s t i c ,  en r iched  i n  i r o n  
compounds and c a r b o n a t e s ,  w i t h  l imes tone  o r  i r o n  ca rbona te  nodules  and p y r i t e  
o f t e n  be ing  found. 

F r a c t u r e s ,  f i s s u r e s  and s l i c k e n s i d e s  a r e  t h e  main s t r u c t u r a l  f e a t u r e s .  
Rockaway ( 1 5 ) ,  p o i n t s  o u t  t h a t  t h e s e  d i r e c t l y  a f f e c t  t h e  b e a r i n g  c a p a c i t y  of 
underc lays  below p i l l a r s  by mechan ica l l ly  weakening t h e  mass. 

The s t u d i e s  r e p o r t e d  by Rockaway (15) show t h a t  t h e  c h a r a c t e r i s t i c s  of t h e  
underc lay  vary  g r e a t l y  bo th  h o r i z o n t a l l y  and v e r t i c a l l y ,  and conclude t h a t  



"... i t  i s  e v i d e n t  t h a t  s i g n i f i c a n t  changes  i n  t h i c k n e s s ,  l i t h o l o g y  and 
i n d u r a t i o n  t a k e  p l a c e  o v e r  s h o r t  d i s t a n c e s  . . . ". The s i g n i f i c a n c e  of t h i s  
o b s e r ~ a t i o n  is  t h a t  d a t a  o b t a i n e d  i n  one s p e c i f i c  l o c a t i o n  could be inade -  
q u a t e  i n  o t h e r  nearby a r e a s  of t h e  same mine. 

The m o i s t u r e  a d s o r p t i o n  and s w e l l i n g  behav iour s  of a  c o a l  mine s h a l e  a r e  
d e s c r i b e d  by Chugh e t  a l .  ( 1 7 ) .  A 75% i l l i t e l m i x e d  l a y e r s ,  25% k a o l i n i t e  
c l a y  was t e s t e d  i n  d i f f e r e n t  c o n d i t i o n s  of humid i ty .  R e s u l t s  demons t ra t ed  a  
s u b s t a n t i a l  g a i n  i n  m o i s t u r e  c o n t e n t  of 4.1% and f o u r f o l d  l o s s  i n  s t r e n g t h  a s  
t h e  ambient  c o n d i t i o n s  change from t h e  n a t u r a l  s t a t e  t o  f u l l  immersion i n  
w a t e r .  The r e p o r t  a l s o  shows t h a t  m o i s t u r e  a d s o r p t i o n  o c c u r s  o v e r  r e l a t i v e l y  
s h o r t  d i s t a n c e s  from t h e  f r e e  s u r f a c e  bu t  t h i s  i s  s u f f i c i e n t  t o  c a u s e  r e a l  
s w e l l i n g  problems because of m o i s t u r e  m i g r a t i o n  i n t o  t h e  rock  mass a l o n g  
f r a c t u r e s .  

E f f e c t s  of S w e l l i n g  

The e f f e c t s  of s w e l l i n g  r e f e r r e d  t o  above f a l l  i n t o  t h r e e  c a t e g o r i e s :  

volume i n c r e a s e  ( s q u e e z i n g  of w e l l  b o r e s  and t u n n e l  w a l l s )  - 
d i s p e r s i o n  and s l o u g h i n g  
s t r m g t h  d e g r a d a t i o n  

A c o r o l l a r y  t o  s w e l l i n g  i s  s w e l l i n g  p r e s s u r e ,  which deve lops  where s w e l l i n g  
is p h y s i c a l l y  r e s t r a i n e d  b u t  where chemical ly- induced s w e l l i n g  p r o c e s s e s  a r e  
a c t i n g .  

Examples of volume i n c r e a s e  have a l r e a d y  been d i s c u s s e d  i n  p r e c e d i n g  sec-  
t i o n s .  

D i s p e r s i o n  and s l o u g h i n g  a r e  commonly c i t e d  i n  t h e  l i t e r a t u r e ,  b u t  s p e c i f i c  
examples  have n o t  been found i n  t h e  p r e s e n t  s tudy .  

Examples of l o s s  of s t r e n g t h  due t o  t h e  a d s o r p t i o n  of w a t e r  f o r  a  s e l e c t i o n  
of c l a y  s h a l e s  a r e  g i v e n  by Chenever t  (18 ) .  I n  a l l  c a s e s ,  u p t a k e  of a  few 
p e r c e n t  of w a t e r  caused s u b s t a n t i a l  s t r e n g t h  r e d u c t i o n s .  

S w e l l i n g  p r e s s u r e s  i n  c l a y s  can be v e r y  l a r g e  and Chenever t  ( 1 8 )  shows an  
example where t h e  p r e s s u r e  r e q u i r e d  t o  p r e v e n t  s w e l l i n g  reached 35 MPa i n  a n  
i l l i t e  c l a y  s h a l e .  

CHEMICAL STABILIZATION 

I n  b o t h  o i l  w e l l  and c i v i l  e n g i n e e r i n g  p r a c t i c e ,  s o i l  and rock  f o r m a t i o n s  a r e  
t r e a t e d  i n  s i t u  t o  improve t h e i r  c h a r a c t e r i s t i c s .  T rea tmen t s  a r e  g e n e r a l l y  
d i v i d e d  i n t o  two types :  i )  a d d i t i v e s  which produce a  cement o r  g e l  i n  t h e  
v o i d s  ( such  a s  cement g r o u t )  and i i )  a d d i t i v e s  which r e a c t  w i t h  t h e  s o i l  
p a r t i c l e s  t o  improve s t r e n g t h ,  r educe  h y d r a t i o n  and s w e l l i n g  and reduce  
d i s p e r s i o n  of p a r t i c l e s .  



The t r e a t m e n t  methods i n  the  f i r s t  c a t e g o r y ,  which produce cements o r  g e l s  i r  
t h e  v o i d s ,  a r e  n o t  cons idered  f u r t h e r  i n  t h i s  r e p o r t  f o r  t h e  fo l lowing  
r e a s o n s  : 

Some of t h e s e  a g e n t s  a r e  i n t r o d u c e d  by g r o u t i n g  methods. P e n e t r a t i o n  of 
pumped g r o u t s  is l i m i t e d  by t h e  g r o u t  p r e s s u r e  t h a t  can be used and f o r  
underground a p p l i c a t i o n s  p r e s s u r e  g r o u t i n g  seems e n t i r e l y  i n a p p r o p r i a t e .  

Other  methods r e q u i r e  i n t i m a t e  mixing of s t a b i l i z i n g  agen t  w i t h  t h e  s o i l  by 
mechanical  means. Th is  is most common i n  highway and a i r f i e l d  cons t ruc-  
t i o n .  Th is  a g a i n  seems e n t i r e l y  i n a p p r o p r i a t e  f o r  mining purposes.  

I n  t h e  second c a t e g o r y ,  t h e  t r ea tment  methods a l l ,  i n  one way o r  a n o t h e r ,  
r e l y  upon t h e  s u r f a c e  chemis t ry  of t h e  c l a y  f r a c t i o n  of t h e  s o i l .  The u s e  of 
chemicals  t o  s t a b i l i z e  problems i n  o i l  w e l l  d r i l l i n g  and p r o d u c t i o n  i s  wide ly  
r e p o r t e d  i n  t h e  l i t e r a t u r e .  A  wide v a r i e t y  of m a t e r i a l s  a r e  psed ,  depending 
on l o c a l  a v a i l a b i l i t y  and o t h e r  f a c t o r s .  

To a  much l e s s e r  e x t e n t ,  chemical  c l a y  s t a b i l i z a t i o n  has  been used i n  c i v i l  
eng ineer ing .  Clay s o i l  s t a b i l i z a t i o n  w i t h  l ime  (Ca(OH)2) has  been d e s c r i b e d  
i n  connec t ion  w i t h  highway, r a i l  and a i r p o r t  c o n s t r u c t i o n  t o  improve roadbeds 
and b e a r i n g  l a y e r s .  The p r i n c i p l e  i s  t h e  replacement  of exchangeable c a t i o n s  
( u s u a l l y  sodium) by calcium, r e s u l t i n g  i n  f l o c c u l a t i o n  and an  i n c r e a s e  i n  
s t r e n g t h .  

Wagener e t  a l .  (19)  d e s c r i b e  t h e  u s e  of gypsum (CaS042H20) t o  s t a b i l i z e  d i s -  
p e r s i v e  c l a y  which occurs  i n  t h e  f l o o r  and embankment of a  r e s e r v i o r  i n  South 
A f r i c a .  The p r i n c i p l e  of t h e  a p p l i c a t i o n  was t o  r e p l a c e  t h e  h i g h l y  exchange- 
a b l e  sodium percen tage  which produces l o o s e  bonding between c l a y  p l a t e l e t s  
w i t h  calcium, which w i l l  bond t h e  p l a t e l e t s  s t r o n g l y  and p reven t  d i s p e r s i o n .  
The gypsum was in t roduced  both by d i r e c t  a p p l i c a t i o n  and a s  i n  a  s o l u t i o n  i n  
t h e  r e s e r v o i r  water .  

Sydansk (20)  r e p o r t s  t h e  u s e  of po tass ium hydroxide t o  s t a b i l i z e  c lays .  I n  
l a b o r a t o r y  t e s t s ,  t r e a t m e n t  e f f e c t i v e n e s s  was found t o  depend on concen t ra -  
t i o n ,  fo rmat ion  t empera tu re  and c o n t a c t  time. A  15% by weight  aqueous solu-  
t i o n  of KOH and 16 hours  c o n t a c t  t ime  was found t o  "permanently a l t e r  t h e  
c l a y  chemis t ry  and render  t h e  c l a y  i n s e n s i t i v e  t o  f r e s h  water .  

H y d r a u l i c  f r a c t u r i n g  of impervious fo rmat ions  employing a  combinat ion of g e l s  
and o t h e r  compounds, a s  w e l l  a s  po tass ium c h l o r i d e  (KC1) t o  s t a b i l i z e  t h e  
c l a y s ,  i s  a  w e l l  e s t a b l i s h e d  t echn ique  (21,  22, 23, 24). KC1 has  a l s o  been 
used t o  s t a b i l i z e  s h a l e  i n t e r v a l s  by c l e a n i n g  d r i l l  h o l e s  u s i n g  KC1 concen- 
t r a t i o n s  of between 3 and 5% by weight  i n  wa te r  (25). 

Lauzon (26)  n o t e s  t h a t  t h e  b e s t  chemical  t r ea tment  no t  only i n h i b i t s  s w e l l i n g  
of w a t e r - s e n s i t i v e  s h a l e s  bu t  must a l s o  adsorb  q u i c k l y  and p reven t  d i s p e r s i o n  
of f i n e s .  Chemicals t h a t  i n h i b i t  s w e l l i n g  most r e a d i l y  w i l l  show charge  
n e u t r a l i z a t i o n  i n  d i l u t e  z e t a  p o t e n t i a l  experiments .  

Thompson e t  a l .  (27)  d e s c r i b e  Cla-Ban, a  p r o p r i e t a r y  polymer a d d i t i v e .  
Wil l iams and Underdown (28)  d i s c u s s  new polymers f o r  permanent c l a y  s t a b i l i z -  
a t i o n .  Labora to ry  s t u d i e s  of Polyamines (PA), po lyqua te rnary  amines (PQA) 
and po lyacry lamides  show t h e  f i r s t  two prov ide  t h e  b e s t  s t a b i l i z a t i o n .  As 
l i t t l e  a s  2% PA o r  PQA i s  e f f e c t i v e  i n  main ta in ing  p e r m e a b i l i t y  ga ined  a f t e r  
a c i d a t i o n .  



Roehle and Hackett  (29)  d e s c r i b e  l a b o r a t o r y  techniques  f o r  t e s t i n g  sha le -  
s w e l l i n g  i n h i b i t o r s .  They r e p o r t  polyacrylamides had l i t t l e  e f f e c t  on a 
smect i t e -kao l i , l i t e  sha le .  

Minton (30) d i s c u s s e s  d r i l l i n g  f l u i d s  used i n  d r i l l i n g  North Sea T e r t i a r y  
sha les .  A s e a  ~ater/KCl/~olyacrylamide mixture is used f o r  "hydra tab le"  
s m e c t i t e  and i l l i t e  c lays .  

H i l l  (31)  r e p o r t s  t h a t  c a t i o n  exchange c a p a c i t y  of t h e  c l a y  i s  u s e f u l  f o r  pre- 
d i c t i n g  t h e  c o n c e n t r a t i o n s  of c l a y  c o n t r o l  a d d i t i v e s .  The CEC can be e a s i l y  
determined by a d s o r p t i o n  of methylene b l u e  and by sodium i o n  exchange w i t h  
ammonium a c e t a t e .  

Thomas and Crowe (32) r e f e r  t o  t h e  use  of f l u o b o r i c  a c i d  t o  reduce CEC and 
hence enhance s t a b i l i t y .  

Penkov and Levik (33) r e p o r t  s u c c e s s f u l  c l a y  s t a b i l i z a t i o n  w i t h  gypsum- 
potassium muds wi th  pH 8.5 - 9.5, 1000 - 2000 mg caC+ and 5000 - 15000 mg 
 litre. re. 

D r i l l i n g  f l u i d s  c o n s i s t i n g  of o i l  and o i l  wa te r  emulsions (o i l -base  muds) a r e  
r e p o r t e d l y  e f f e c t i v e .  However, a p p l i c a t i o n s  underground w i t h  o i l  o r  o i l  
w a t e r  mix tures  do no t  appear  a t t r a c t i v e  and have no t  been pursued i n  t h i s  
r e p o r t .  

Ze ina lov  e t  a l .  (34)  a l s o  d e s c r i b e  gypsum mud, wi th  a  recommended Ca concen- 
t r a t i o n  of 900-1100 mg/l. 

MacLauchlin (35) d e s c r i b e s  a  c l a s s  of a g e n t s  known a s  s u r f a c t a n t s  which 
impart  o i l  wetness t o  t h e  c l a y  s u r f a c e  s o  t h a t  wate r  w i l l  not  wet it. This  
t r e a t m e n t  w i l l ,  i n  p r i n c i p l e ,  d e a l  e f f e c t i v e l y  w i t h  humid a i r  o r  dus t - lay ing  
wate r ;  however, it w i l l  have no e f f e c t  on s w e l l i n g  by uptake of fo rmat ion  
water .  Organic amine s u r f a c t a n t s  a c t  by t h e  at tachment of n i t r o g e n  atoms a t  
t h e  c a t i o n  exchange s i t i e s  of t h e  p a r t i c l e  o r  l a y e r  sur face .  

What emerges from t h e s e  r e p o r t s  is t h a t  a  smal l  v a r i e t y  of water-based chemi- 
c a l  a d d i t i v e s  have been used repea ted ly ,  w i t h  success ,  p r i m a r i l y  potassium 
s a l t s ,  i n o r g a n i c  polymers and organ ic  polymers. However, a  v a r i e t y  of o t h e r  
chemicals  can a l s o  be used. 

Potassium 

As a d i s s o c i a t e d  c a t i o n  i n  an e l e c t r o l y t e ,  potassium w i l l  d i s p l a c e  the  sodium 
o r  calcium on t h e  c l a y  s u r f a c e  and because of i t s  extremely low h y d r a t i o n a l  
energy and h igh  bonding energy w i l l  i n i t i a t e  dehydra t ion  of t h e  p l a t e l e t s .  
The potassium ion  causes t h e  c l a y  p l a t e s  t o  be pu l led  c l o s e r  and c l o s e r  
t o g e t h e r  meanwhile f o r c i n g  ou t  t h e  a t t a c h e d  wate r  molecules. The s m a l l e r  
d iameter  of t h e  potassium ion  al lows t h e  c o n t r a c t i o n  t o  con t inue  u n t i l  t h e  
c l a y  l a t t i c e s  and l a y e r s  reach minimal dimensions. 

O'Brien and Chenevert ( 5 )  recommend t e s t i n g  t o  determine t h e  e f f e c t i v e n e s s  of 
i n h i b i t i v e  f l u i d s ,  a l though  a s  a  guide,  KC1 c o n c e n t r a t i o n s  i n  water  a t  
between 3 t o  5% f o r  i l l i t e s  and 10% f o r  montmor i l lon i tes  a r e  suggested.  

KOH may be used f o r  a l k a l i n i t y  con t ro l .  Maintaining pH l e v e l s  i n  t h e  10-12 
range w i l l  reduce t h e  l e v e l  of corrosion.  Foaming can be a  problem wi th  K C 1  



c o n c e n t r a t i o n s  above 5%. A defoamer ,  such  a s  I M C O  "Defoam-L" shou ld  be used .  
Po tas s ium is a v a i l a b l e  a s  nond i spe r sed  KCl, d i s p e r s e d  KCI, KOH-lignite and 
KOH-lignosulphonate. Nondispersed KC1 i s  seldom used a t  c o n c e n t r a t i o n s  above 
4%. KOH is d e s i r a b l e  when h i g h  C1-ion c o n c e n t r a t i o n  i s  o b j e c t i o n a b l e .  

P o t a s s i u m  t e s t  s t r i p s  a r e  used much l i k e  l i t m u s  pape r  and w i l l  measure  con- 
c e n t r a t i o n s  between 300 and 1000 ppm. They a r e  easy  t o  u s e  and r e l a t i v e l y  
a c c u r a t e .  

Polymers  

MacLaughlin e t  a l .  ( 3 5 )  n o t e  t h a t  sodium c l a y s  a r e  t h e  major  s o u r c e  of swel- 
l i n g  i n  r o c k s  o r  s o i l s .  A s u c c e s s f u l  method of t r e a t m e n t  i s  rep lacemen t  of 
t h e  ~ a +  by K+, ~ a + '  o r  NHI++ i o n s .  The sodium i o n  h y d r a t e s  t o  many t imes  i t s  
s i z e ,  w h i l e  t h e  o t h e r s  do n o t ;  t h u s  t h e r e  i s  l e s s  s w e l l i n g .  However, t h i s  i s  
t empora ry  p r o t e c t i o n  i n  o i l  f i e l d  p r o d u c t i o n ,  s i n c e  sodium i o n  from t h e  
f o r m a t i o n  w a t e r  q u i c k l y  r e p l a c e s  t h e  i o n  induced from t h e  d r i l l i n g  f l u i d .  
T h e r e f o r e ,  f o r  long-term s t a b i l i t y  d u r i n g  hydrocarbon p r o d u c t i o n ,  polymers  
a r e  advoca ted .  

A new s e r i e s  of polymer m a t e r i a l s  h a s  proved t o  be e f f e c t i v e  i n  t r e a t i n g  
w a t e r  s e n s i t i v e  f o r m a t i o n s .  These polymers  adsorb  t e n a c i o u s l y  t o  t h e  su r -  
f a c e s  of c l a y  m i n e r a l s  and o t h e r  f o r m a t i o n  f i n e s ,  v i a  m u l t i p l e  i o n i c  a t t a c h -  
men t s ,  h e l p i n g  t o  p r e v e n t  c l a y s  from s w e l l i n g  and f i n e s  from m i g r a t i n g  shou ld  
f o r e i g n  w a t e r  be i n t r o d u c e d  i n t o  t h e  f o r m a t i o n .  The polymers  win e a s i l y  i n  
c o m p e t i t i o n  w i t h  o t h e r  s i m p l e  i o n s  ( s u c h  a s  ammonium, ca lc ium o r  po tas s ium)  
f o r  b e i n g  d e p o s i t e d  on c l a y  s u r f a c e s .  Fur the rmore ,  once d e p o s i t e d  on c l a y  
s u r f a c e s ,  t h e  polymers  a r e  n o t  e a s i l y  r e p l a c e d  by exchange w i t h  o t h e r  i o n s .  
Subsequent  a c i d i z i n g  t r e a t m e n t s  cause  no d e t e c t a b l e  harm t o  t h e  a b i l i t y  of 
t h e  polymers  t o  p r o t e c t  t h e  c l a y .  

I n o r g a n i c  Polymers 

I n o r g a n i c  polymers  such  a s  hydroxy l  aluminum and z i r con ium o x y c h l o r i d e  
p r o v i d e  s t a b l e  t r e a t m e n t  m a t e r i a l s .  Many c a t i o n s  a r e  u n i t e d  i n  a  complex 
s t r u c t u r e  i n  t h e  polymer and t h e s e  f i l l  many c a t i o n  exchange s i t e s  on t h e  
p a r t i c l e  o r  l a y e r  s u r f a c e .  The r e s u l t i n g  p roduc t  i s  d i f f i c u l t  t o  d i s l o d g e .  
M i l d l y  a c i d i c  c o n d i t i o n s  (pH 4 t o  5 )  a r e  n e c e s s a r y  t o  keep t h e  chemica l  i n  
s o l u t i o n ,  and a c i d  t r e a t m e n t  of t h e  c l a y  can remove t h e s e  polymers. The pH 
c o n t r o l  of mine w a t e r  i s  t h e r e f o r e  i n d i c a t e d ,  which may n o t  be p o s s i b l e  i n  
c i r c u m s t a n c e s  where c a r b o n a t e s  i n  t h e  s t r a t u m  may i n t e r f e r e  w i t h  t h e  
r e a c t i o n s  (35) .  

P e t e r s  and S t o u t  ( 6 )  r e p o r t  s u c c e s s f u l  r e s u l t s  w i t h  z i r con ium s a l t s ,  which i n  
w a t e r  p roduce  hydro lyzed  p o l y n u c l e a r  i o n s  t h a t  pe r fo rm a s  i o n s  of much h i g h e r  
cha rge .  

Coppel  e t  a l .  (36 )  d e s c r i b e  r e s u l t s  f rom w e l l s  t r e a t e d  w i t h  hydroxy-aluminum, 
which t h e y  r e f e r  t o  a s  s l i g h t l y  a c i d i c ,  nonhazardous,  c o l o r l e s s ,  o d o r l e s s ,  
n o n t o x i c  and r e q u i r i n g  no u n u s u a l  h a n d l i n g  p rocedures .  L a b o r a t o r y  ev idence  
i s  t h a t  p o l y m e r i z a t i o n  on t h e  c l a y  m i n e r a l  s u r f a c e s  t a k e s  p l a c e  r a p i d l y  
d u r i n g  t h e  f i r s t  few hours  and becomes s l o w e r  a f t e r  abou t  1 2  hours .  

Both t h e  z i r con ium and hydro lyzed  aluminum were used i n  t h e  c a s e s  r e p o r t e d  by 
P e t e r s  and S t o u t  ( 6 )  and Coppel e t  a l .  ( 3 6 )  t o  c o n t r o l  d i s p e r s i o n  and 



m a i n t a i n  o r  improve w e l l  p r o d u c t i o n  r a t e s .  Although s w e l l i n g  and d i s p e r s i o n  
a r e  o f t e n  d e s c r i b e d  a s  t o  m a n i f e s t a t i o n s  of t h e  same c l a y - c a t i o n i c  r e a c t i o n s ,  
i t  may be t h a t  t h e s e  chemica l s  a r e  l e s s  e f f e c t i v e  i n  s w e l l i n g  c o n t r o l  t h a n  i n  
p r e v e n t i n g  d i s p e r s i o n .  

O r g a n i c  Polymers 

C e r t a i n  o r g a n i c  polymers have been found t o  be e f f e c t i v e  and l o n g  l a s t i n g  f o r  
t r e a t i n g  exposed s u r f a c e s  of c l a y s .  They a r e  c h a r a c t e r i z e d  by m u l t i p l e  
n u c l e i  o r  groups which can r e a c t  w i t h  c a t i o n  exchange s i t e s  on t h e  p a r t i c l e  
o r  l a y e r  s u r f a c e s .  The r e s u l t  i s  a  connec ted  assembly of i o n i c  n u c l e i  
( r a t h e r  t h a n  c a t i o n s )  l i n k e d  t o g e t h e r  l i k e  a c h a i n l i n k  f ence .  

O r g a n i c  polymers a r e  no t  a c i d i c  n o r  do t h e y  r e q u i r e  a n  a c i d i c  pH w h i l s t  i n  
s o l u t i o n .  Carbona te  components i n  t h e  c l a y  have no  e f f e c t .  The o r g a n i c  
polymers  can be used w i t h  s o l u t i o n s  of NH4C1, KC1, CaC12 and HC1, a l l  of 
which a r e  themse lves  used a s  c l a y  s t a b i l i z i n g  a g e n t s  (35) .  

The o r g a n i c  p o l y a e r  can be mixed by s imply  s t i r r i n g  i t  i n t o  c l e a r  w a t e r .  
Q u a n t i t y  and c o n c e r l t r a t i o n  have t o  be de te rmined  f o r  each  g i v e n  c l a y  t o  be 
t r e a t e d .  

POTENTIAL APPLICATIONS I N  COAL MINES 

The f o r e g o i n g  review h a s  p a i n t e d  t o  two s w e l l i n g  mechanisms: 

s w e l l i n g  due t o  s t r e s s  r e l i e f  ( r ebound)  
s w e l l i n g  due t o  i o n  exchange 

I n  t h e  underground mine s i t u a t i o n ,  two p o s s i b i l i t i e s  can t h e n  be i d e n t i f i e d :  

- polymers  which s e a l  t h e  s u r f a c e  t o  which they  a r e  a p p l i e d ,  t h u s  l i m i t i n g  
s w e l l i n g  t o  t h a t  a s s o c i a t e d  w i t h  u p t a k e  of f o r m a t i o n  wa te r .  

- c a t i o n  t r e a t m e n t s  which p r e v e n t  o r  i n h i b i t  i o n  exchange r e l a t e d  s w e l l i n g ,  
t h u s  l i m i t i n g  s w e l l i n g  t o  t h a t  a s s o c i a t e d  w i t h  s t r e s s  r e l i e f :  t h e  w a t e r  
may be e i t h e r  f o r m a t i o n  wa te r  o r  mine wa te r .  

It would seem t h a t  rebound i s  d i f f i c u l t  t o  p r e v e n t  because s t r e s s  r e l i e f  and 
f o r m a t i o n  w a t e r  a r e  l a r g e l y  unavo idab le ;  however, t h e r e  is a  p o s s i b i l i t y  t h a t  
t h e  r i g h t  k ind  of c a t i o n  used a s  a t r e a t m e n t  could a c t u a l l y  p reven t  rebound 
(and  p o t e n t i a l l y  s t r e n g t h e n  t h e  c l a y  s h a l e ) .  

The p r i n c i p a l  q u e s t i o n s  t o  be a d d r e s s e d  i n  u s i n g  chemica l  t r e a t m e n t s  i n  c o a l  
mines a r e :  

1. What i s  t h e  g o a l  of t h e  t r e a t m e n t  - t o  s t a b i l i z e  i n  s i t u  m a t e r i a l ,  t o  
improve i t  o r  t o  minimize d e g r a d a t i o n ?  

2. What chemical  t r e a t m e n t s  would p r o v i d e  t h e  b e s t  r e s u l t s ?  
3. How much chemical  shou ld  be used and how can it he a p p l i e d ?  
4. What a r e  t h e  env i ronmenta l  consequences? 
5. How permanent is t h e  treatment? 

These  q u e s t i o n s  cannot  be answered s o l e l y  from a  l i t e r a t u r e  review. It is 
c l e a r  t h a t  t h e  underground m o i s t u r e  environment  and d e t a i l s  of t h e  s o f t e n i n g  



p r o c e s s ,  t o  name on ly  two q u e s t i o n s ,  need c l a r i f i c a t i o n  and t h a t  i r ~  s i t u  
s t u d i e s  shou ld  r e c e i v e  a h i g h  p r i o r i t y  i n  any f u t u r e  work. 

T o x i c i t y  and C o s t s  

A p p l i c a t i o n  of t h e  s h a l e  s t a b i l i z e r s  i n  t h e  mine environment  w i l l  expose  t h e  
mine r s  t o  any haga rdous  c h a r a c t e r i s t i c s  of t h e  chemica l s  which must a l s o  be 
c o n s i d e r e d  a s  c r i t e r i a  i n  t h e  s e l e c t i o n  p rocess .  

The s a f e t y  c h a r a c t e r i s t i c s  of some s h a l e  s t a b i l i z e r s  a r e  summarized i n  
Tab le  1. Only two of t h e  p r o d u c t s  a r e  c l a s s i f i e d  a s  haza rdous  and most a r e  
g e n e r a l  food a d d i t i v e s .  I t  i s  recommended, however, t h a t  M a t e r i a l  S a f e t y  
Data  S h e e t s  be r e q u e s t e d  when p u r c h a s i n g  a  s p e c i f i c .  chemical .  

The c o s t  of o i l  w e l l  chemica l s  is dependent  upon a v a i l a b i l i t y ,  demand, pack- 
a g i n g ,  fo rma t  and s i z e  of t h e  purchase .  Most s u p p l i e r s  a r e  r e l u c t a n t  t o  
q u o t e  p r i c e  v e r b a l l y ,  s t a t i n g  t h a t  p r i c e s  a r e  n e g o t i a b l e .  One s u p p l i e r  d i d  
g i v e  p r i r e s  f o r  s e v e r a l  p r o d u c t s ,  b u t  s t a t e s  t h a t  t h e s e  may be v a r i 3 b l e  w i t h  
a  f i r m  o rde r .  

'This r ev iew i n d i c a t e s  t h a t  po tas s ium is t h e  pr imary form of c a t i o n  t r e a t m e n t ,  
w i t h  ca lc ium a  somewhat d i s t a n t  second ,  a l t h o u g h  ca lc ium ?n t h e  form of l ime  
is q u i t e  c l e a r l y  cheap and non tox ic .  These a r e  obv ious  f i r s t  c h o i c e s  f o r  
chemica l s  t o  t e s t .  I n  t h e  polymer f i e l d ,  p r o p r i e t a r y  p r o d u c t s  s u c h  a s  
H a l i b u r t o n ' s  Sta-Cla  and T e c h n i f l u i d s ' s  SS-100 po lyac ry lamide  a r e  c a n d i d a t e s .  
The o t h e r  m a t e r i a l s  r e f e r r e d  t o  have n o t  been d e s c r i b e d  i n  t h e  l i t e r a t u r e  we 
have reviewed and some f u r t h e r  i n q u i r i e s  a r e  c a l l e d  f o r .  

CONCLUSION AND FURTHER WORK 

The s t u d y  h a s  shown t h a t  t h e  t r a n s f e r e n c e  of o i l  w e l l  c l a y  s t a b i l i z a t i o n  
t echno logy  t o  t h e  problems encoun te red  w i t h  s w e l l i n g  c l a y  f l o o r s  i n  c o a l  
mining is worthy of p u r s u i t .  R e s u l t s  of t h e  l i t e r a t u r e  review s u g g e s t  t h a t  
p o t a s s i u m  t r e a t m e n t  is t h e  p r e f e r r e d  method, due t o  i t s  a v a i l a b i l i t y  a s  KCL, 
w i t h  ca lc ium a  d i s t a n c e  second a l t h o u g h  i t  is cheap and non-toxic. 

Befo re  a  d e f i n i t i v e  answer t o  t h e  a p p l i c a b i l i t y  of t h i s  t echno logy  t o  c o a l  
mining can be g i v e n ,  knowledge of underground m o i s t u r e  c o n d i t i o n s  and d e t a i l s  
of t h e  s o £  t e n i n g  p r o c e s s  r e q u i r e  c l a r i f i c a t i o n  and t h e s e  q u e s t i o n s  shou ld  be 
a d d r e s s e d  i n  c o n j u n c t i o n  w i t h  l a b o r a t o r y  d e t e r m i n a t i o n  of t h e  p r o p e r t i e s  and 
e f f e c t s  of t h e  v a r i o u s  chemica l s  a v a i l a b l e .  I t  i s  n o t  a n t i c i p a t e d  t h a t  
l a b o r a t o r y  t e s t s  would g i v e  an  a b s o l u t e  a s s u r a n c e  t h a t  any s e l e c t e d  t r e a t m e n t  
would work i n  t h e  mine due t o  t h e  wide d i f f e r e n c e s  i n  l a b o r a t o r y  and mine 
c o n d i t i o n s .  However, r e a l i s t i c  compara t ive  t e s t  r e s u l t s  would be o b t a i n e d ,  
o r  b e n e f i t  t o  f u t u r e  i n  s i t u  t r i a l s  of t h e  chemical  s w e l l i n g  i n h i b i t o r .  

As a  r e s u l t  of t h e  s u c c e s s  of t h i s  work i n  conf i rming  t h a t  t h e  t echno logy  i s  
a p p r o p r i a t e ,  a  l a b o r a t o r y  t e s t  programme compr i s ing  t h e  p h y s i c a l  p r o p e r t i e s  
t e s t i n g  of a  r ange  of s e a t  e a r t h s  from t h e  Sydney C o a l f i e l d  w i l l  he i n i t i -  
a t e d .  The programme w i l l  i n c l u d e  t h e  t r e a t m e n t  of s e a t  e a r t h s  w i t h  a  range 
of chemica l s  and t h e  d e t e r m i n a t i o n  of t h e  e f f e c t s  of t h e s e  chemica l s  on t h e  
d e g r a d a t i o n  of t h e  t e s t  specimens w i t h  t h e  aim of i d e n t i f y i n g  t h e  most appro- 
p r i a t e  t r e a t m e n t  method and a p p l i c a b l e  chemica l  c o n c e n t r a t i o n s .  
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