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URANIUM IJIINIliG INDUSTRY - POLLUTION CONTROL RESEARCH 

1 INTRODUCTION 

Environment Canada is  currently  carrying out  two maJor research 
proJects a t  i t s  Wastewater Technoloyy Centre (WTC) in  Burlinyton, 
Ontario. These proJects deal  with: 1) the  physical- chemical 
removal  of Ra-226 from m i  11 effluents  (Section 2 )  and ;  2 )  the 
leachabili ty of radioactive  constituents froln  uranium mine tailiriys 
(Section 3 ) .  

I n  addition,  Section 4 ,  offers  brief  description of a nunlber of 
other  research  pro,jects beiny carried out i n  Canada. The l i s t i n g   i s  
r e s t r i c t ive  in  the  sense t h a t  i t   per ta ins  t o  research  relating t o  
potential  technologies or measures t o  reduce  ttle release o f  

contarni nants  yenerated  duri ng  the mining and mi 11 i n y  of urani u ~ l .  I t  
does not  address, for example, the  research  being  undertaken on 
envi ronruental impacts of contaminants, envi rorlmcntal pathbrays, etc. 

2 PHYSICAL-CIiEMICAL REMOVAL OF RADIUM-226 FROM MILL 
EFFLUENTS 

The Wastewater Technoloyy Centre in i t ia ted  a study i n  1975 t o  
devcl op irrlprvved  rllethods  of  rernoviny radionucl  ides from effluents 
from  uraniuln  mines and rllills. The study was designed t o  refine and 
upgrade existing  technoloyy  rather t h a n  to  replace  currrrlt rrlettlods 
w i t h  corrlpletely new approaches. 

I n  lilarch 1976, prelirninary bench scale experirrletlts were in i t ia ted  
to   be t t e r  understand and irllprove the Ra-226 removal process. Duriny 
1977 ,  the Atomic  Eneryy Control  Board,  encouraged by the   in i t ia l  
success of the s tudy ,  assisted i n  accelerating  the proyrarrl by 

providiny  additional  funds. 
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Based on these  preliminary  studies, a jo in t ly  managed and funded 
govcrnment/i ndustry  project was devel oped. The project  is  
f inancial ly  supported by Rio A1 yom Ltd . ,  Madawaska  Mines Ltd. ,  

Denison Mines L t d . ,  Eldorado  Nuclear Ltd. ,  AMOK Ltd . ,  the A E C B ,  
Environment Canada and the Federal Department o f  Energy, Mines and 
Resources. Gulf Minerals Canada Ltd. and Key Lake  Mining 
Corporation  are  also  participants.,. The specific  goals developed for  
the  program are  as  fol lows: 

1. To dcvel op a t  pi lot   scale ,  a physical -chemical process to  reduce 
the Ra-226 content of uranium mining  and mi 1 1  ing effluents.  

2. To demonstrate a t  pilot   scale,  a reasonably  achievable  level of 
Ra-226 in  the  effluent, with target  levels of lOpCi/l total  
Ra-226 and 3pCi/l  dissolved Ra-226. 

3. To establish a d a t a  base for  the  design o f  a full   scale 
t reatrnent systerrl. 

4. To evaluate  process  alternatives  for  dewatering  the  sludge 
produced i n  the  physical -chemical treatment  process. 

5. To e s t a b l  i s h  a d a t a  base  f o r  t h e  design of a f u l l   s c a l e   s l u d g e  

dewateri ny process. 

6. To estimate  costs  for  physical-chemical  treatment and sludge 
dewatering  for a full   scale systern. 

The project  included bo th  bench scale and p i  lot   scale  experimental 
programs. Two treatruent  proces8s a1 ternatives were  exarnirled; the 
f i r s t  consisted of bariurn-radium coprecipitation  followed by 
coaguldtion,  flocculation and sedimentation  (Figure 1). The second 
process  consisted of bariunl-radliunl coprccipitation followed by 
granular media f i l t ra t ion  (Figure 2 ) .  



Ferric  Chlorlde 
Barium  Chloride 

Influent 
""e 

Flocculatoro 
I C I ar i f ie r  

Precipitation  Reactors 

S C H E M A T I C  FIGURE I 

Barium Chloride 

3 

Prec ip i ta t ion   Reactors  

I """"_ ""l""") 
Sludge  Recycle 

OF C L A R I F I C A T I O N   P R O C E S S  

Ferric  Chloride  or  Pblymer 

1 
F i  I t e r  

F I G U R E  2 S C H E M A T I C  OF FILTRATION PROCESS 



- 4 -  

2.1 Bench Scale Program 

The  bench scale  experiments were conducted a t  the Wastewater 
Technology Centre  in  Burlington,  Ontario. The purpose of these 
experiments was t o  identify optimum operatiny  conditions f o r  the 
copreci  pitation of r a d i  um w i t h  barium sulphate and for  chemical 
coayul ation and flocculation of the  result ing GaRaSOq 
suspension. Both batch and continuous  flow  techniques were 
elnployed. Sarllples o f  a t a i  1 ings  area  decant were obtained from an 
acid  leach uranium milling  operation. Ra-226 activity  level 
deterrni nations were perforrued by radon de-ernanation. 

For the  precipitation  operation, batch  experiments were conducted t o  
identify  the  process  variables having a significant  effect  on 
soluble radium activity  levels  in  the  effluent and t o  determine 
optimum operating  conditions.  Kinetic  experiments were performed t o  
dctermi ne the  order and ra te  0.f the  precipitation  reaction. The 
inforrilatiorl  obtained was used t o  size  reactors  for  continuous flow 
experirllents which  were conducted t o  confirm the  resul ts  of the 
batch  experiments. The  optilrlum precipitation  conditions  selected 
for   fur ther   tes t ing  a t   p i lot   scale   consis ted of barium chloride 
dose of 16 mg/l (as Ba) and  a retention time o f  110 t o  120 minutes 
i n three series-connected s t i  rrcd t ank  reactors. 

Similar  experiments were undertaken to  develop  the  coagulation/ 
flocculation  operation.  Ferric:  chloride was chosen as the 
coayulant a t  a dosage of 4 mg/l (as Fe). There was considerable 
f l e x i b i l i t y  in  the  rapid mix timc; and the optirnum contact  t ine,  in 
two continuous  flow  series-connected mechanical flocculation  units, 
was determined t o  be 80 minutes.  Sludge  recycle from the   c l a r i f i e r  
underflow t o  the  influent of the   f i r s t   f loccula tor  was found to  be 
beneficial when employed in  conjunction with a polymeric 
f 1 occul a t  i on ai d. 
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2.2 P i l o t   Sca le   P rog ram 

P i l o t   s c a l e   e x p e r i m e n t s  were  undertaken  at  

Q u i r k e   M i n e   t o   i n v e s t i y a t e   b o t h   t h e   c l a r i f  

t h e   R i o  Algorn Ltd., 

i c a t i o n  and f i l t r a t i o n  

sol i ds   separa t ion   a l te rna t ives .   Mob i le   phys ica l -chemica l   was tewater  

t r e a t m e n t   f a c i l i t i e s   w i t h  a nomina l   capac i ty   o f  5 gpm were used. 

Wi th   respec t  t o  t h e   c l a r i f i c a t i o n - p r o c e s s ,   t h e   o b j e c t i v e s   o f   t h i s  

s e r i e s   o f  experirncmts  were: 1) t o   v e r i f y   t h e   r e s u l t s   o f   t h e  bench 

s c a l e   t e s t s ,   2 )   t o   i d e n t i f y   s c a l e - u p   r e l a t i o n s h i p s  and 3 )  t o   p r o v i d e  

i n f o r m a t i o n  on o p e r a t i n g   c o n d i t i o n s   n o t   r e a d i l y   a v a i l a b l e   f r o m  bench 

s c a l e  systems.  Results  of  the  development  phase o f  t h e   c l a r i f i -  

ca t i on   p rocess   s tud ies   a re   p resen ted   i n   Tab les  1 and 2. Developnlent 

o f   t h e   f i l t r a t i o n   p r o c e s s  was under taken   exc lus i ve l y  a t  p i l o t  

sca le.  

I n   T a b l e  1 t h e   d a t a  on a "once-- throush"   process  invo lv ing 

p r e c i p i t a t i o n ,   c o a g u l a t i o n  and s o l i d / l i q u i d   s e p a r a t i o n   u s i n g  a 

c o n v e n t i o n a l   c i   r c u l  a r  c l  a r i  f i er   (Exper iment  1) i s presented   (1  ). 
D a t a  a re   a l so   p resen ted  on a s i n r i l a r  p rocess   i nvo l v ing   s ludge  

r e c y c l e   f r o i n   t h e   c l a r i f i e r   t o  tihe f l o c c u l a t o r s  and a l s o   t h e   a d d i t i o n  

o f  a polyrl ler  (1 ). I n   T a b l e  2 t h e   r e s u l t s   o f  a p r o c e s s   i n v o l v i n g  

p r e c i p i t a t i o n ,   c o a g u l a t i o n ,   p o l y m e r   a d d i t i o n ,  and s o l i d / l i q u i d  

s e p a r a t i o n   u s i n g  a " p l a t e "  c l a r i f i e r  wi th s l u d y e  r e c y c l e  f r o m  t h e  

c l a r i f i e r   t o   t h e   f l o c c u l a t o r s   a r e   p r e s e n t e d   ( 1 ) .  Tl~e t a r g e t  

d i s s o l v e d  Ra-226 l e v e l   o f  3 p C i / l  was rnet when t h e   h y d r a u l i c   l o a d i n y  

ranged  from  600 t o  2000 I y a l / f t Z / d  and t h e   f l o c c u l a t o r  suspended 

s o l   i d s   ( d e s i g n )   c o n c e n t r a t i o n  was 3000 mg/l . 
W i t h   r e g a r d   t o   t h e   d e v e l o p l e n t   o f   t h e   f i l t r a t i o n   p r o c e s s ,   s e v e r a l  

screening  exper iments  have  been  conducted  using  pressure  and 

y r a v i  t y  o p e r a t i o n a l  llrodes, s i n g l e  and dual  media  beds,  several 

h y d r a u l i c   l o a d i n g   r a t e s  and  two  chemical f i l t r a t i o n   a i d s   a t   s e v e r a l  

dosages. A t  t h i s   t i m e ,  it appecirs t h a t   e f f l u e n t   t o t a l  Ra-226 
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TABLE 1 CLARIFICATION PROCESS PERFORMANCE - CONVENTIONAL 
C IKCULAR CLARIF [Et?* 

Experiment 1 Experiment 3 
Once-Through S1 udge Recycle t Recycle t 

Treatment Mode Recycle 0.4 mg/l 1.2 mg/l 
(Base1 i ne) On1 y Polymer  Polymer 

Infl  uent  Total 
Ra-226 (pCi/l)  

Precipitation 
Effl uent D i  ssol ved 
Ra-22G (pCi/l)** 

C 1  a r i  f i et- Eff 1 uent 
Total Ra-226 (pCi/l ) 

Clarif ier   Eff luent  
Di ssol ved  Ra-226 
(pCi/l)** 

1080 
(148) 

11 
( 5 )  

6 
( 3 )  

* Results  expressed  as mean atld (standard  deviation). 
** Dissolved - 0.45 rnicron f i   I t e r .  

TABLE 2 TOTAL Ra-226 ACTIVITY 114 THE PROCESS EFFLUENT - 
PLATE CLARIFIER WITH SLUDGE RECYCLE* 

Floccul a t o r  Hydraul i c  Load ( Iya l / f tz /d)  
Suspended 

Sol ids GOO 900 1200  2000  3500  5000 7500 10000 

15O0 mg/l*** 14 
( 5 )  

* Data presented  as mean arld ( s t a n d a r d  deviation)  in p C i / l .  
** The suspended solids  concentration  in  the  flocculators was 

*** Approximate concentrations. 
approximately 2000  my/l bemuse o f  operational  problem. 
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act ivi ty   levels  of less  than  10 pCi/l can be achieved  using 
granular media f i l t r a t i o n  a t  hydraulic  loads of up t o  7 

gpm/f t*  ( 2 , 3 ) .  

2.3 Project  Continuation 

i f i  1 t ra t ion  Devel  opment and Jernonst rat  i on of the  cl  ari  f  i  cat  i on an( 
processes were continued  unti 1 September, 1979. Other process 
options,  including  sludye  recycle  in  the  precipitation  operation 
and the use o f  floc weighting  agents  in  the  flocculation 
operations, wi 11 be invcsti  gated a t  bench scales and tested a t  
p i lo t   sca le   i f  warranted.  Sludge characterization and dewatering 
experiments are a l s o  planned. Preliminary  cost  estimates  for  the 
various process  options  are  expected t o  be  compl eted by October, 
1979. 

3 LEACHABILITY OF RADIOACTIVE CONSTITUENTS FROPi URANIUM MINE 
TAILINGS 

In  response t o  techno1 oyy yaps identified  during  the development of 
the Federal Metal  Minir-ly Liquid Effluent  Regulations and Guidelines 
a project was init ' iatcd by the Wastewater Technoloyy Centre t o  
assess: 

1 ) the  extent o f  the  leachi n y  of potentially  environmentally 
hazardous  radionucl ides (Ra-226, Pb-210, Th-228, Th-230 attd 

Th-232) f rotn urani u~ mi ne t a i  1 ings ; 
2 j  techniques f o r  the ul tilllate  disposal of t a i l  ings and related 

treatment  residues such as BaRaSoq sediments. 

The program was in i t ia ted  i n  1974 and has subsequently been refined 
and expanded. I n  Figure 3 an experitiletltal  chronology i s  presented. 
During the past year three  concurrent phases have  been actively 
pursued. A discussion of the work carried out  follows ( 4 ) .  
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EXPERIMENT I 

PHASE I 
(Sept. I974 - 
March  1976) 

I Leachability from Abandoned Tailings with ad without BaRaSOq Sediments I 
H20/ Month Phase 2 

41 mm 8 2  m m  March 1976 

EXPERiMENT 2 1 BaRaSOq Simulated  Settling  Ponds1 

( June 1978- 

EXPERIMENT 3 

(June 1978-1 

FIGURE 3 

41 mm 460 m m  * 
Tailings  Tallings 

(Control) . uu Discontinued Discontinued 

Tailings 

Sedlments Sediments 

* Continuous Flow 

Fresh Tailings  Chemical/  Biological  Stabilization  Test 

R A D I O A C T I V E   L E A C H A B I L I T Y   P R O J E C T  
E X P E R I M E N T   P H A S I N G   A N D   C H R O N O L O G Y  
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Exper iment 1 

The 1 e a c l l i   n g   o f   s t o r e d   t a i  1 i n y s  and t a i  1 i n y s   p l  us BaiiaSOq 

sed iments   f rom  the   t rea tment   o f  an a c i d i c  seepage  has  becn i n  

p r o y r e s s   f o r   f o u r   y e a r s .  Two f l o w   r a t e s  were  used t o   e s t a b l   i s h   t h e  

e f f e c t   o f   w a t e r   f l o w   r e g i m e  on t h e   r a t e  o f  r e l e a s e   o f   r a d i o a c t i v e  

cons t i t uen ts .   Du r ing   t he   pas t   yea r  Ra-22G l e v e l s   i n   l e a c h a t e  

c o n t i n u e d   t o   i n c r e a s e  a t  t h e   h i g h   w a t e r   a p p l i c a t i o n   r a t e .   T h i s  

i ncreasc i n  Ra-226 1 evel  was g r e a t e r   f r o r n   t h e   t a i l   i n g s  p1 us 

BaRaSOq sludge  than  f rorn t a i  1 i n y s  a1 one. I n  September,  1977, 

t h e  1 evel  s averaged 9 and 33 yCi  /1 cornpared t o  l e v e l  s i n  June, 

1978, o f  7 and  76 pCi / l   f ro t r l   the  low and h i y h   w a t e r   a p p l i c a t i o n  

r a t e s ,   r e s p e c t i v e l y .   L e v e l s  o f  Pb-210 i n   l e a c h a t e   i n  September, 

1377  averayed 3150 and  940 pCi / l ,   decreas iny   by  March,  1978, t o  

2244  and  852 p C i / l   f o r   t h e   l o w   a r d   h i g h   w a t e r   a p p l i c a t i o n   r a t e s ,  

r e s p e c t i v e l y .   L e v e l s  o f  thor iun l  i t 1  the   leachate   re r r la in   to  be 

deterrni  ned, and wi 11 be r e p o r t e d  a t  a l a t e r   d a t e .  The exper iment 

wi 11 c o n t i n u e   t o   r u n   t h r o u g h  1979, bu t   sanp l   i ng  wi 11 be r e d u c e d   t o  

once y e a r l y   t o   e s t a b l i s h   l o n g   t e r m   s t a b i l i t y .  

Exper iment 2 

S i m u l a t e d   s e t t l i n g  ponds have  been used t o   d e t e r m i n e  the e f f e c t   o f  

c h e m i c a l   f i x a t i o n  on t h e  re lease   o f   rad ionuc l i des   f ro r l l  EaKaSOq 

s e d i m e n t s   d e r i v e d   f r o m   t h e   t r e a t m e n t   o f  an a c i d i c  seepage. T h i s  

p r o J e c t  was i n i t i a t e d   i n   J u l y ,  1976. F o l l o w i n g  26 months  of 

m o n i t o r i n g ,   t h e   l e v e l s   o f  Ka-226 i n   e f f l u e n t  have  remained  stable a t  

about 7 p C i / l   f o r   t h e   c o n t r o l  colrlpared t o  3 p C i / l   f r o m   t h e  

chemical ly   f ixed  sediments.   Levels   o f   Pb-210  have  remained  15 

p C i / l  f o r   a l l   t r e a t m e n t s .   B i o a s s a y   t e s t s   c o n d u c t e d  on t h e   l e a c h a t e  

f rorn t h e  chertli c a l  l y  f ixed  sediments  dur i   ng  Septelnber,   1978, 

i n d i c a t e d  no t o x i c i t y  cornpared t o  t e s t s   d u r i n g  1977 i n  which  the 

1 cachate was t o x i c   t o   r a i n b o w   t r o u t .  The r e a s o n   f o r   t h e   c h a n y e   i n  

t h e   t o x i c i t y  was not  determined. 
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Experiment 3 

A third study was in i t ia ted  in 1976 in  order t o  establish  the  rate 
of radioactive  leaching fruln freshly  milled  tai l ings  (control)  frora 
the Quirke Mine, El l iot  Lake, m d  t o  reduce this   ra te  by: 

1 . cherni cal  fixation; 
2. sewage sludge  application t o  obtain 3% organic  matter in  the 

surface 15 crn followed by revegetation; 
3 .  a combination of 1 and 2. 

Levels of Ra-226 in  leachate  during  the f i r s t  harvest  period of 1978 
averaged 113 arld 27  pCi/l for  the non-fixed and ctlerrlically fixed 
tail   inys,   respectively.  This represents a decrease frorn the  levels 
measured in November, 1977. Non-vegetated treatments  leached 2OU 

and 149 l/lysirncter compared to  129 and 103 l/lysirneter fro111 
veyetated  treatments  for non-fixed and chemically  fixed t a i l i ngs ,  
respectively. Level s of Pb-210 in  leachate  during  the f i r s t  harvest 
i n 1978 increased t o  an average of  384 pCi/l for  the non-fixed 
t a i l i ngs  and remained a t  15 pCi/l for  the  chemically  fixed 
ta i l ings .  Levels o f  thorium  in  leachate  are not  yet  determined. 
Yields of grass were similar t o  low productive  soils, producing 
2.61 and 3.05 t o n s / a c r e  frorn the s l u d y e d   t a i l i n g s  and chenlically 

fixed sludrjed t a i l  i n y s  respectively. A1 t h o u g h  the  stand of 
vegetation has remained stable,  the  decrease  in  yield  (approxirllately 
50% of 1977 yield)  indicates a lack of proper  nutrient supply. No 

radiochemical  analyses have  been performed on the  veyetation t o  
date. 

3.1 

Duri n g  
objecti 
sol ubi 1 

Bench Scale  Tests 

1978, two bench scale   tes ts  were also  set up. The prilllary 
ve of t he   f i r s t  bench study was t o  determine if  the 
i t y  of sulfate  i n  tai l ings  directly  affects  the  level of 
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Ra-226 i n   t h e   l e a c h a t e .   V a r i o u s   w a t e r   f l o w   r a t e s ,   b o t h   i n t e r m i t t e n t  

and  cont inuous,   were  appl   ied  to  t a i  1 i n g s   f r o m   R i o  A1 cJom's q u i   r k e  

Mine  and  Madawaska's mi ne. A n a l y s i s   o f   t h e   p r e l   i n i i n a r y   d a t a   i s   n o t  

coi i lplete  and  consequently,  cause and e f f e c t   r e l a t i o n s h i p s  have  not 

been  establ ished. A c u r s o r y   e x m i n a t i o n   o f   t h e   d a t a  does i n d i c a t e  

some genera l i zed   t rends .  The leacha te   f ro in   t he   R io   A l yom  ta i l i ngs  

dropped  f rom a pH o f  8 t o   l e s s   t h a n  4 over  a pe r iod   rany iny   f rom  14  

t o  28 weeks. When t h e  pH dropped  below 7, i nc reases   o f  200 t o  300 

p C i / l  were  observed i n   t h e   r a d i u m   l e v e l s   f r o m  most  treatments. The 

pH o f   t h e  Madawaska t a i l i n g s   l e a c h a t e  has  remained  stable,  between 7 
and 8, and l e v e l s   o f  Ra-22G have  cont inued  to   decrease.  The 

a b s o l u t e   l e v e l s   o f  Ra-226  depend on t h e   w a t e r   f l o w   r a t e  and t h e  mode 

o f  a p p l   i c a t i o n .   M o n i t o r i n g   o f  the system and d a t a   a n a l y s i s   a r e  

c o n t i   n u i  ny. 

The o b J e c t i v e   o f   t h e  second  bench  scale  test  was t o   e s t a b l i s h   t h e  

e f f e c t   o f   q u i e s c e n t  and a y i t a t e d   c o n d i t i o n s  on t h e   s o l u b i l i t y   r a t e  

o f  Ra-226 f rom 6aRaS04 sedirllents. Due t o  equipiuerlt 

mal   fur lc t  i ons,  re1  ocat i on o f   t ne   exper imen t  and h igh   evapora t i on  

r a t e s ,   t r e n d s   c o u l d   n o t  be i d e n t i f i e d   i n   t h e   d a t a .  It i s  expected 

t h a t   t h e   e x p e r i m e n t  will be r e p e a t e d   n e x t   y e a r   a f t e r   m o d i f y i n g   t h e  

opera t iona l   p rocedures .  

4 AN OVLKVIEW OF OTIIER URANIUM INDUSTRY POLLUTION CONTROL 

RESEARCH 

I n   t h i s   s e c t i o n ,   u l a j o r   i n d u s t r y   p o l l u t i o n   c o n t r o l   r e s e a r c h   p r o j e c t s  

b e i n y   c a r r i e d   o u t   i n  Canada a r e   o u t l i n e d  (5 ) .  It i s   n o t   o u r  

i n t e n t i o n   t o   d e s c r i b e  e a c h   p r o j e c t   i n   d e t a i l   b u t   r a t h e r   t o  

i d e n t i f y :  

1 )   t h e  work b e i n y   c a r r i e d   o u t ;  2) t h e   o r y a n i z a t i o n ( s )   i n v o l v e d   i n  

each  p ro jec t .  I f  a d d i t i o n a l   i n f o r m a t i o n  on a p a r t i c u l a r   r e s e a r c h  

p r o J e c t  i s  needed, t h e   o r g a n i z a t i o n ( s )   i n v o l v e d   i n   t h e   s t u d y   s h o u l d  

be approached. 
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