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DISCUSSION ON 
AQUIFER RESTORATION AT URANIUM IN SITU LEACH SITES 

by F. S. Anastasi and R. E. Williams 

I am writing to place on record some discussion on the paper of Anastasi 
and Williams. My comments are as follows. 

Many workers in the field of mining engineering believe that solution 
mining or in situ leach mining represents the next quantum leap in 
mining technology. Many problems are yet to be overcome in the 
application' of this technology amongst which are the identification of 
more highly specific solution reagents (lixivients) and the development 
of techniques for aquifer restoration or at least reasonable mining 
residue containment. 

The paper by Anastasi and Williams (I.M.W.A. Vo1.3 (4), 1984, 29-37) 
exemplifies and demonstrates the problems we have inherited from the 
early years of solution mining. The authors correctly identify the 
processes involved and describe the difficulties of restoration. It 
seems to me however that they have not identified all the reasons that 
result in groundwater sweep/surface treatment restoration processes 
failing after a period of time. They speculate on the possibilities of 
hydraulic and physical characteristics being the cause, and their 
speculations may well be contributory, but other more fundamental 
problems exist. 

Experience of experimental solution mining operations in Australia for 
both gold and uranium and of waste water (second sewage effluents) 
infiltration and contaminant hydrology in general has elucidated some 
interesting and relevant phenomena. 

(i) In the process of solution mining concentrated lixivients are 
injected under pressure into the aquifer and under go diffusion and 
dispersion into the aquifer skeleton following both chemical 
concentration as well as hydraulic gradients. As a result some 
lixivient will enter fine and blind pore spaces under chemical 
concentration gradients, even though no hydraulic conductivity 
exists. Such dispersion is reversed when the concentration 
gradient is reversed by pump out of the lixivient or groundwater 
sweep operations but the reemergence process is slow. For ions 
which are highly mobile and which are only tolerable at low levels 
in natural waters the effect is to produce a delayed upset of 
apparent restoration. 



( i i )  L i x i v i e n t s  which i n c l u d e  ammonia i n  high c o n c e n t r a t i o n s  have t h e  
power t o  r e p l a c e  o t h e r  c a t i o n s  ( i r o n ,  ca lc ium,  magnesium, sodium 
and even potassium) i n  and around c l a y ,  c h l o r i t e  and mica l a t t i c e s .  
The a d s o r b t i o n  of ammonia i s  however q u i t e  weak and when 
hydrochemical  c o n d i t i o n s  change,  a s  dur ing  r e s t o r a t i o n ,  t h e  i o n  i s  
e a s i l y  r e p l a c e d  by o t h e r  c a t i o n s .  Simple change i n  pH i s  adequate 
t o  e l l u t r i a t e  much ammonia. Again t h e  r e l e a s e  which i s  slow u p s e t s  
t h e  apparen t  r e s t o r a t i o n .  

( i i i ) S i m i l a r  p r o b l e m s  o c c u r  w i t h  i o n s  which a r e  m o b i l i z e d  by t h e  
l i x i v i e n t ,  f o r  example  f e r r i c  i o n  g e n e r a t e d  by o x i d i z i n g  a c i d  
l i x i v i e n t s  w i l l  p r e c i p i t a t e  a s  t h e  a c i d s  a r e  exhausted and w i l l  
scavenge heavy meta l s  i n  t h e  p r o c e s s ,  e.g. a r s e n i c ,  manganese, 
r ad ium,  e t c . ,  uranium, bu t  a s  t h e  f e r r i c  hydroxide i s  conver ted  
back  t o  f e r r o u s  i o n  many of t h e  scavenged heavy meta l  i o n s  a r e  
remobi l i zed  aga in .  

The a u t h o r s  c o r r e c t l y  i d e n t i f y  t h a t  t h e  h e t e r o g 2 n e i t y  of t h e  systems i s  
a  problem no t  o f t e n  adequa te ly  addressed  i n  t h e  p a s t .  We would s t r e s s  
t h a t  i t  i s  v e r y  impor tan t  t o  know more of the  chemis t ry  of t h e  systems 
i n  s i t u .  

T h i s  may r e q u i r e  e x t e n s i v e  and c a r e f u l  c o r i n g  and c o r e  hand l ing  
programmes t o  o b t a i n  and p r e s e r v e  In  sit11 conrl i t ions.  Leachinc~ t e s t s  
under taken  w i t h  r e a l i s t i c  h y d r o s t a t i c  p r e s s u r e s  app ly ing  w i l l  need t o  he 
done and l i x i v i e n t s  w i l l  have t o  be developed which a r e  more s p e c i f l c  i n  
t h e i r  m o b i l i z a t i o n  e f f e c t s .  

R e s t o r a t i o n  must s e e k  t o  no t  on ly  remove a s  much of t h e  l i x i v i e n t  a s  
p o s s i b l e ,  b u t ,  a s  w i t h  a l l  mine was tes  must seek t o  f i x  and c o n t a i n  t h e  
p o t e n t i a l  con taminan ts  genera ted  i n  t h e  worked o u t  o r e  body. I n  some 
c a s e s  r e s t o r a t i o n  may be achieved by u s i n g  t h e  a r e a  f o r  a  purpose which 
i s  commensurate w i t h  t h e  wa te r  r e s o u r c e  p resen t  which i s  b e n e f i c i a l  i n  
a c h i e v i n g  f u l l  r e s t o r a t i o n  long term. For example where ammonia has  
been used i n  uranitim l e a c h i n g  long term r e h a b i l i t a t i o n  hy i r r i g a t i o n  i s  
g e n e r a l l y  both d e s i r a b l e  and p r o f i t a b l e  where o t h e r  f a c t o r s  a r e  not  
l i m i t i n g .  

I f  a  m i n i n g  t e c h n i q u e  s u c h  a s  i n  s i t u  l e a c h  w h i c h  h a s  few v i s i b l e  
env i ronmenta l  r e s u l t s ,  i t  i s  impor tan t  t h a t  i t  be planned from t h e  
o u t s e t  of i n v e s t i g a t i o n  t o  have minimal hidden environmental  hazards.  
T h i s  means t h a t  n o t  o n l y  must t h e  mining t echn ique  be e f f i c i e n t  i n  
r e c o v e r i n g  v a l u a b l e  r e s o u r c e s  a t  t h e  s u r f a c e ,  b u t  i t  must  a l s o  b e  
capab le  of be ing  con ta ined  o r  r e s t o r e d  on complet ion.  The l a t t e r  i s  a s  
much a  p a r t  of miners  r e s p o n s i b i l i t y  a s  i s  t h e  e f f i c i e n t  u t i l i z a t i o n  of 
t h e  e a r t h ' s  r e s o u r c e s .  
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