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ABSTRACT 

Concentrat ions o f  rad ionucl ides der ived from urani ferous mater ia l  embedded i n  

a perv ious unconsolidated a q u i f e r  have been determined a t  Key Lake. 

cluded t h a t  d ispers ion and r e t a r d a t i o n  can prov ide safe storage o f  r a d i o a c t i v e  

waste i n  shal low aqu i fe rs  over a l ong  term period. 

It i s  con- 

INTRODUCTION 

A t  Key Lake, Saskatchewan (Fig. l ) ,  economic uranium deposits have been d i s -  
Major p a r t s  of the de- covered and are p resen t l y  i n  the process o f  development. 

p o s i t s  are found i n  bedrock formations however, some pa r t s  were eroded du r ing  the 

quaternary g l a c i a t i o n  and incorporated i n  g l a c i a l  sediments. 

eroded ore ranges from boulder s i z e  t o  s i l t  size. I n  v i c i n i t y  o f  one o f  t he  fu -  

t u r e  open p i t s ,  about 840,000 tonnes o f  uranium ore a t  an average grade of about 

0.6% U308 have been del ineated. 

D r i l l i n g  and pump t e s t i n g  o f  a se r ies  o f  we l l s  designated t o  dewater the g l a c i a l  

sediments above the main orebody opened up the oppor tun i t y  t o  assess the impact of  

the g l a c i a l  uranium deposi t  on the groundwater q u a l i t y .  

The gradat ion o f  the 

GROUNDWATER REGIME 

The g l a c i a l  sediments, predominantly s i l i c a  sand, form the main aqui fer  a t  Key 

Lake. 

saturated th ickness vary ing between 20 rn and 70 m i n  the  area under consideration. 

The g l a c i a l  uranium ore i s  found w i t h i n  the r e l a t i v e l y  coarse gra ined lower p o r t i o n  

o f  the aqui fer .  The 

average hyd rau l i c  c o n d u c t i v i t y  o f  t he  bedrock format ion was found t o  be several 

order  o f  magnitudes lower t o  the e f f e c t  t h a t  a major c o n t r i b u t i o n  t o  the t o t a l  

groundwater f l o w  cannot be expected (UNLANO & HOLL, 1980). 

They are embedded i n  a trough shaped bedrock depression and have a water 

The average hyd rau l i c  conduc t i v i t y  i s  about 4 x 10-4 m/s. 
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The groundwater f l o w  i n  t h e  g l a c i a l  a q u i f e r  i s  m a i n l y  d i r e c t e d  f rom Sb! t o  N E  and 

t r a v e r s e s  t h e  g l a c i a l  o r e  d e p o s i t  ove r  a maximum w i d t h  o f  500 m and o v e r  a maximum 

l e n g t h  o f  about 1,100 m. 

e s t a b l i s h e d  about 8,000 years  ago when t h e  Wisconsin i c e  masses r e t r e a t e d  and gave 

way t o  t h e  p resen t  s u r f a c e  d ra inage  p a t t e r n .  

The a c t u a l  groundwater regime i s  assumed t o  have been 
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RESULTS OF GROUNDWATER QUALITY ANALYSES 

Water q u a l i t y  samples were taken a t  t h e  end o f  constant  r a t e  pump t e s t s  which 

l a s t e d  f o r  a minimum o f  17 hours. A t o t a l  o f  34 w e l l s  were t e s t e d  i n  t h e  v i c i n i t y  

o f  t h e  g l a c i a l  o r e  d e p o s i t  w i th  an average d ischarge r a t e  o f  3.5 m3/min. The t o t a l  

i o n  con ten t  o f  t h e  groundwater i s  f a i r l y  l ow  and r e s u l t s  i n  an average s p e c i f i c  

c o n d u c t i v i t y  o f  25 pmhos/cm. Eh va lues have been 

measured a t  a few w e l l  s i t e s  and were found t o  average between +ZOO mV and +50mV, 

decreas ing w i t h  depth. 

The average i r o n  concen t ra t i on  was found t o  be about 0.6 mg/L. 

v a r i a b l e s  show some l o c a l  v a r i a t i o n s ,  however most ev iden t  d i f f e r e n c e s  were found 

i n  t h e  r a d i o n u c l i d e s  analysed. Concentrat ions o f  n a t u r a l  uranium peak a t  more than 

700 u g / l  w i t h i n  t h e  g l a c i a l  o r e  d e p o s i t  t o  d e c l i n e  t o  about 60 pg/L approx imate ly  

400 m groundwater downstream and t o  assume background values o f  <0.5 ug/L a t  a 

d i s tance  o f  1500 m groundwater downstream. 

o n l y  w i t h i n  a l i m i t e d  area o f  t h e  a q u i f e r  h o s t i n g  t h e  g l a c i a l  o re  deposi t .  Con- 

c e n t r a t i o n s  below t h e  d e t e c t i o n  l i m i t  (<0.1 pCi /L)  were c o n s i s t e n t l y  found about 

600 m groundwater downstream t h e  g l a c i a l  o r e  depos i t .  

a t  0.3, whereas s i g n i f i c a n t l y  b e t t e r  c o r r e l a t i o n s  were found between Ra-226 and 

Pb-210 and Ra-226 and Po-210 i n  t h e  groundwater (UNLAND, 1981). 

The average pH value i s  6.4. 

A l l  water  q u a l i t y  

Levels  o f  t o t a l  Ra-226 above approx imate ly  0.4 Bq/L (10 pCi/L) were encountered 

The c o e f f i c i e n t  f o r  d i r e c t  l i n e a r  c o r r e l a t i o n  between Ra-226 and U i s  v e r y  l ow  

INTERPRETATION 

Al though t h e  samples taken d u r i n g  w e l l  pump t e s t s  average over  a l a r g e r  s e c t i o n  

o f  t h e  a q u i f e r ,  t hey  i n d i c a t e  c l e a r l y  a considerable decrease o f  t h e  r a d i o n u c l i d e  

concen t ra t i ons  groundwater downstream o f  t h e  g l a c i a l  o re  depos i t .  

t h e  observed d i s t r i b u t i o n  a l though  t h e  mechanism f o r  t h e  a t t e n u a t i o n  o f  U and 

Ra-226 i s  n o t  y e t  f u l l y  understood. However, t h e  more e f f i c i e n t  r e t a r d a t i o n  o f  

Ra-226 i n  comparison w i t h  U under o x i d i z i n g  c o n d i t i o n s  has been observed elsewhere 

(JOHNSTON & GILLHAM, 1980). 

s i s t e d  over  t h e  l a s t  8,000 yea rs  under p r a c t i c a l l y  t he  same c o n d i t i o n s  as present,  

t he  r e t a r d a t i o n  c a p a c i t y  o f  t h e  a q u i f e r  seemed t o  be ve ry  s i g n i f i c a n t .  

Dynamic processes such as adso rp t i on  t o  i o n i z e d  s i l i c a  su r faces  o r  f e r r i c  hy- 

d rox ides  (GRISAK & JACKSON , 1978) a r e  considered t o  be t h e  most a c t i v e  

mechanisms. 

The concept o f  d i s p e r s i o n  and r e t a r d a t i o n  y i e l d s  the  formal  d e s c r i p t i o n  f o r  

Since t h e l e a c h i n g  o f  U and o t h e r  r a d i o n u c l i d e s  per-  
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CONCLUSION 

Long term aspects of d isposal  of low r a d i o a c t i v e  waste de r i ved  from min ing o r  

c e r t a i n  p a r t s  o f  t he  nuc lear  fuel cyc le  are o f  considerable concern due t o  l a c k  o f  

experience and l i m i t a t i o n s  o f  l a b o r a t o r y  - scale tes t i ng .  

ma te r ia l  i n  shal low unconsolidated aqui fers  must n o t  necessa r i l y  r e s u l t  i n  a wide 

spread contamination of groundwater resources. 

capaci ty  o f  aqu i fe rs  composed main ly  o f  s i l i c a  sand can be s i g n i f i c a n t  enough t o  

make we l l  planned storage of r a d i o a c t i v e  waste i n  unconsolidated aqu i fe rs  a v iab le  

a l t e r n a t i v e  t o  o the r  options. 

water appear t o  be o f  l i m i t e d  value f o r  t he  e x p l o r a t i o n  on U orebodies. 

The s i t u a t i o n  observed a t  Key Lake c l e a r l y  i n d i c a t e s  t h a t  storage o f  rad ioac t i ve  

The r e t a r d a t i o n  and d i spe rs ion  

On the  o the r  hand, U and Ra-226 d i sso l ved  by ground- 
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