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The use of a s e r i e s  of thickeners f o r  washing of the slime 
f rac t ion  of a leached ore is  not uncommon i n  the uranium industry; 
however, few ore processing mills have used a thickener c i r c u i t  f o r  

I 

1 
washing leached t o t a l  ore. The c m o n  pract ice  is t o  wash the sand 

I f r ac t ion  i n  c l a s s i f i e r s  and the slime f rac t ion  only i n  thickeners. 
1 
I A t  the Uravan m i 1 1  of Union Carbide Nuclear Company, a 

I t o t a l  ore acid leach is employekl t o  ex t rac t  uranium values from 
sandstone ores, These leached ores a r e  then washed a t  a nominal 1 r a t e  of from 1,000 t o  1,300 tons per day i n  a s e r i e s  of washing 

1 thickeners, A typ ica l  screen analysis  of the ore being washed i n  I these thickeners is 25 percent -200 mesh, 3 percent +35 mesh and 
about one percent4-14 mesh, The amount of slimes (-200 mesh) w i l l  
vary from 20 t o  30 percent a s  the m i l l  receives ore from 150 d i f fe r -  
ent: mines, The washing l iquor  is acidic ,  from a pH of about 2 i n  
the  f i r s t  thickener t o  0,6 pH i n  the l a s t  thickener and of course 
ell ac id  duty equipment must be used, 

i 

I The Uravan m i l l  of Union Carbide Nuclear Company is lo- 
t cated in  Montrose County, Colorado and is physically located on a 

canyon wall  along 'the San Miguel r iver .  The thickeners referred t o  
i n  t h i s  paper a r e  located on top of the mesa above the canyon, For 
purposes of i d e n t i f i c a t i  ese  thickeners numbered 1 through 

I 8 from south t o  north. 
I 

/I 
i GENERAL DESCRIPTION OF CIRCUIT 

The c i r c u i t  u t i l i z e d  cons is t s  of e ight  60-foot diameter by 
3.2-foot deep wooden f i r  tanks s e t  i n  a l i n e  and staggered i n  eleva- 
t i on  by approximately 3 f e e t ,  The washing water flows through the 
thickeners by gravi ty  while the ore pulp is pumped uph i l l  from 
thickener t o  thickener, Adequate piping and pumping capacity a r e  
ava i lab le  such t h a t  any of the  thickeners can be bypassed i n  the 
c i r c u i t ,  A 1 1  the  controls  f o r  the thickeners a r e  located i n  a cen- 
t r a l i z e d  control  roam and approximately 80 percent of one operator 's  
t h e  is used t o  operate t h i s  c i r c u i t ,  
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"EQUIPMENT 

The drive mechanisms used f o r  these thickeners a re  driven 
by 3-horsepower motors. The mechanism is of the non-l i f t ing type, 
and a torque arm is employed i n  the drive t o  indicate overloads, A 
pointer i s  attached t o  the torque arm and the load on the thickener 
i s  indicated on a d i a l  attached t o  the drive* Whenever 50 percent 
of the maximum allowable load on the thickener is  at tained,  a mer- 
coid switch aotuafas a warnltag l i g h t  i n  the control  room and when a I 
pre-set maximum loadis  reached, another mercoid shuts off the drive, s 

Normally the thickeners a r e  operated a t  no load, 

The rake mechanism consists  of two long rake arms, extend- , 

ing the e n t i r e  diameter of the thickeners and two shorter  arms which 
extend only 2 or  3 f e e t  from the centerwell, A l l  of the rakes a re  
constructed of 316 s t a i n l e s s  s t e e l ,  The long arms a r e  hinged a t  the 
centerwell and w i l l  r a i s e  a t - t h e  outer  ends whenever a load accumu- 
l a t e s  i n  the thickener, 

The centerwell of the thickeners are  approximately 10 f e e t  
.bn diameter and 4 f e e t  deep and a wooden launder i s  attached t o  the  
inside circumference of the well ,  The pulp feed t o  the thickener is 
fed i n t o  the  launder which then overflows d i s t r ibu t ing  the feed a- 
round the e n t i r e  centerwell, A diagram of the thickener tank and 
rake mechanism is shown i n  Figure 1, 

A f locculat ing agent is fed i n t o  the overflow of the pre- 
vious thkckener and the d i lu ted  mixture is  directed i n t o  the center- 
well  through a s ingle pipe, The overflow launders i n  the thickener 
encompass approximately 1/3 of the c i r c m f  erence of the thickener, 

The underflow pumps used a re  3-inch centr ifugal  pumps, 
These pumps a re  driven by 10-horsepower motors through a magnetic 
clutch which i s  used f o r  automatically varying the pump speed, These 
pumps, along with a l l  piping associated with the thickeners, a r e  lo- 
cated beneath the thickeners i n  a tunnel tha t  t raverses the e n t i r e  
length of the  thickener c i r c u i t ,  

Two methods of providing sea l  water t o  the pumps a re  used, 
The principal  method and method t h a t  has been usedin the past,  i s  t o  
pump thickener overflow l iquor with centr i fugal  pumps from the Nos. 
1, 3, 5, and 7 thickeners t o  each of the underflow pumps, Overflow 
l iquor  from No, 1 thickener i s  used f o r  seal ing the pumps under NOS, 
I. and 2 thickeners, l iquor from No, 3 is used f o r  the Nos, 3 and 4 
pumps and s o  on down the c i r c u i t ,  An a l t e rna te  source of m i l l  water 
i s  a l s o  provided f o r  cases where the overf lowofthe thickener is not 
c lear ,  The second method employed f o r  pump s e a l i n g i s  the use of m i l l  
water only, fed a t  a controlled r a t e  through a control system t o  o 
modified packing gland. Originally, it was nece'ssary to use thil-.: . i i : ~ -  

overflow f o r  seal ing the pumps, 'With the or ig ina l  vncking glands 
ra the r  large quant i t ies  of water (In the range of 20 to 30 gpm) were 
required due t o  Large clearance8 between the packhg gland housing 



and the pump shaf t .  Of course if m i l l  water instead of thickener 
overflow had been used, washing e f f i c i enc ie s  would have been serious- 
l y  reduced. A modified gland i s  now avai lable  t h a t  has considerably 
l e s s  clearance between the gland and shaf t  and s e a l  water r a t e s  of 
l e s s  than one gallon p e r  minute can be used s a t i s f a c t o r i l y ,  The 
l a t t e r  system has proven desirable  and we a r e  present ly converting 
a l l  of the underflow pump to th i s  system, The advantages of the 
l a t t e r  system are: 1) no acid duty s e a l  water pumps a re  required: 2) 
an increase i n  capacity O E  the atnderflov pump is achieved; 3) no con- 
corn arFsaa wllt;l~ dfkey thicltanea: ovarElmo, and 4) Q. more scliable, 
steady supply of clear sea l ing  water i s  provided by the cont ro l le r ,  

A l l  of the  piping used i n  the thickener underflow is rub- 
ber-lined, whereas p l a s t i c  p ip ing  i s  u t i l i z e d  f o r  the overflow l i q -  
uor, A schematic diagram o f  the piping and control  system used is 
shown i n  Figure 2, 

CONTROL OF' CIRCUIT 

To achieve maximum ~saslzing e f f i c i enc ie s  i n  a thickener 
washing c i r c u i t ,  it is of course necessary t o  achieve maximum thick- 
ener underflow dens i t i e s ,  The nomal  operating underflow spec i f i c  
gravi ty  of the  t o t a l  ore thickeners a t  Uravan i s  1,53 t o  1,55 with 
an ore t h a t  has a t rue  densicy o f  about 2,6. The underflow a t  these 
condi-tions contains  approximately 56 t o  58 percent so l ids ,  The 
thickeners have be'en operated cons is ten t ly  a t  60 t o  62 percent so l ids  
in t h i s  c i r c u i t ;  however, a t  these conditions there is  a tendency 
f o r  the thickeners ts backlog or bui ld up excessive loads and is- 
lands, thus requi r ing  considerably more operator a t ten t ion ,  

An automatic cent ra l ized  control system i s  u t i l i z e d  t o  
maintain and control  the thickener underflow dens i t ies .  This system 
cons i s t s  of a sensing device attached t o  the underflow pipe which 
senses the  densi ty  of the underflow pulp,  A s ignal  i s  transmitted 
t o  a cont ro l  c i r c u i t  which va r i e s  the underflow pump speed t o  main- 
t a i n  a s e t  density,  The sensing device used cons is t s  of a Cesium 
137 50 m i l l i c u r i e  source tha t  transmits gamma rays through theunder- 
flow pipe and i n  turn the undcrf1or.r gulp. An ion chamber de tec ts  
the quant i ty  of gamma rays passing through the pipe and pulp and a s  
i s  well  known the amount of shielding, or absorption of gamma rays,  
i s  proportional t o  the densizy o f  the mater ial ,  Consequently, the 
amount of gamma rays measured by the ion chamber i s  proportional t o  
the densi ty  of the  underflow pu lp  as the absorption by the pipe i s  
constant. The measured s igna l  l a  fed through an amplif ier  t o  an 
e l ec t ron ic  recorder-controller.  T l x  a ignal ,  o r  indicated density,  is  
recorded and compared by the esatroX1er t o  a s e t  point,  and a s ignal  
i s  produced which& proportional to the difference between the input 
signal and the s e t  value, This  s ignal  i s  transmitted through a con- 
t r o l l e r  t o  the  magnetic clutch cm, the underflow pump which increases 
or decreases the speed of the pump as necessary, A pre-set minimum 
pump speed of about 650 rpm h.an been establ ished t o  insure there is 
always flow from the thickener underflow t o  prevent sanding of the 
underflow piping, Nanual. density melrsurementa a r e  taken every t w o  



hours a t  the pump i n l e t  t o  check the cal ibra t ion of the  instruments, 
An experienced operator can detect  from the type pattern obtained on 
the density recorder char ts  i f  good s e t t l i n g i s b e i n g  achieved i n  the  
thickener. A d i s t i n c t l y  d i f fe ren t  pat tern  is obtained i f  the  under- 
flow pump is primarily sand, slimes, or  a uniform mixture, 

FLOCCULATXON 

A phenomena which occurs i n  a thickener used f o r  washing 
t o t a l  ore, t ha t  i s  somewhat d i f fe ren t  than when only slimes a r e  fed, 
i s  t ha t  the  coarse ore sand. f rac t ion  w i l l  f a l l  d i r ec t l y  t o  the bot- 
tom of the thickener or duclcs nest ,  whereas the slimes w i l l  d i s t r i -  
bute throughout the e n t i r e  a rea  of the  thickener. An important fea- 
t u r e  i n  a t t a in ing  good operation is to  maintain a uniform s e t t l i n g  
rare of the  slime f rac t ion  or: a c l a s s i f i c a t i on  w i l l  occur and the 
thickener underflow w i l l  a l t e rna t e ly  conriist of slimes and then 
sands, We have found t ha t  t o  obtain a uniform mixture of sands and 
slimes i n  the thickener underflow t ~ e 3  must keep the  slime leve l  i n  
the  thickener a t  the bottom of the  thickener tank, I f  non-uniform 
underflaw mixtures a r e  obtained, density control  i s  extremely d i f f i -  
c u l t  because of the  d i f fe ren t  compaction dens i t i es  achievable with 
gands and slimes, 

f t  is of course necessary t o  u t i l i z e  a f locculent  t o  conc 
t r o l  the  s e t t l i n g  r a t e  of the slime f rac t ionc  We are current ly  us- 
ing polyacrylamide type f locculents  t o a i d  the s e t t l i n g  i n  the  thick- 
eners 

The flacculent  i s  prepared a t  a strength of about 0.10 
weight percent, This solutioll is fed from a head tank through a 
piping manifold t o  the thickeners and then introduced i n to  the over- 
flow of each thickener through pipe cap or i f i ces ,  The solution is 
fur ther  d i lu ted by the thickener overflow t o  about 5 ppm and then 
fed d i r ec t l y  i n t o  the centerwell of the  following thickener, 

The pulp feed t o  t he  th ickener is  introduced In the  launder 
previously mentioned which i n  turn overflows gently i n t o  the  center- 
well. This method of feeding r e s u l t s  i n  a gentle mixing of the pulp 
feed and flocculent  solut ion i n  the  centerwell where the f l oc s  of 
slimes form and the sand f a l l s  f r ee ly  i n  an evenly d i s t r ibu ted  pat- 
t e rn  @ 

Two methods of automatic control  a r e  used t o  regulate the 
quanti ty of f locculent  fed t o  the  thickeners, The primary method, 
which is  used on the  majority of the thickeners, is based upon the 
r a t e  of pulp feed t o  the thickener, I n  t h i s  case, two feed streams 
of f locculent  a r e  fed through or i f i ces ,  One of these streams can be 
turned off or on by a solenoid valve, The solenoid valve is actuated 
by an e l e c t r i c a l  c i r c u i t  i n  the underflow pump speed control  c i r c u i t  
on the  previous thickener. Whenever the pump speed and the pulp 
flow increases above a s e t  value, the second o r i f i c e  i s  opened. 
Prior t o  install ing t h i s  method of control, i t  was necessary t o  feed 



1 
s u f f i c i e n t  f locculent  a t  a l l  times t o  insure t h a t  the slimes would 
s e t t l e  a t  the maximum pumping ra tes .  Consequently, when the previous 
thickener underflow pump decreases in  speed, an excess of f locculent  
was added. I n s t a l l a t i o n  of t h i s  semi-automatic feed system reduced 
our f locculent  usage about 20 percent. Tale hope t o  decrease the us- 
age fu r the r  by replacing the solenoid valve with a control  valve 
t h a t  w i l l  proportion the f locculent  feed as determined by the pre- 
vious thickener underflow pump speed, An addi t ional  manual method 
of control ,  which augments the automatic system, is  changing of o r i -  
f i c e  s i zes ,  The thickener operator manually measures the slime l eve l  
i n  the thickeners every two hours with a transparent dip tube, The 
operator w i l l  then change o r i f i c e  s i z e  t o  insure adequate s e t t l i n g  
i s  occurring but w i l l  use the minimum sized o r i f i c e  t o  achieve s e t -  
t l i n g .  This i s  necessary a s  the r a t i o  of slimes and sands i n  the 
pulp w i l l  vary considerably, 

The second automatic method employed f o r  adding Elocculent 
i s  u t i l i z e d  on the No. 8 thickener which i s  Eed with a constant 
speed pump from the leach c i r c u i t .  This system u t i l i z e s  a method of 
automatically monitoring the slime depth i n  the thickener and using 
t h i s  measurement t o  ac tua te  a solenoid valve on the f locculent  feed. 
The slime sensing device cons i s t s  of two bubble tubes submerged i n  
the thickener a t  two leve ls .  The pressure difference between the 
bubble tubes i s  measured and as the slime leve l  i n  the thickener 
moves up and down between the lower extremit ies  of the tubes, a d i f -  
ference i n  densi ty  i s  detected a s  a pressure d i f f e r e n t i a l .  The pres- 
sure d i f f e r e n t i a l  i s  measured with a pneumatic t ransmit ter  and when- 
ever the d i f f e r e n t i a l  reaches a pre-set point,  the solenoid valve on 
the second f locculent  feed o r i f i c e  i s  opened or  closed, U t i l i z ing  
t h i s  device a l s o  resu l ted  h a  reduction i n  f locculent  usage of about 
20 percent. In  t h i s  case also,  we a r e  inves t iga t ing  the p o s s i b i l i t y  
of u t i l i z i n g  s t r i c t l y  proportional cont ro l  of f locculent  feeding 
through a cont ro l  valve. 

With regards t o  t o t a l  f locculent  usage, we a r e  cur rent ly  
achieving a usage of about 0.16 t o  0,18 pound per ton of ore proc- 
cessed i n  the e igh t  thickeners.  

WATER CONTROL 

The CCD c i r c u i t  operates on a l:l wash r a t i o ,  e . ,  one 
ton of wash water i s  used per ton of ore processed. Water i s  ob- 
ta ined  from two sources; f r e sh  m i l l  water and re turn  water from the 
t a i l i n g s  a rea ,  C la r i f i ed  r i v e r  water and re turn  water from the t a i l -  
ings dam a r e  pumped t o  a s torage tank and fed i n t o  the washing c i r -  
cuit by gravi ty,  The flow i s  control led by a conventional o r i f i ce ,  
recorder-control ler ,  cont ro l  valve arrangement. The recorder-con- 
t r o l l e r  i s  located i n  the control  room. The water system is re l a -  
t i v e l y  maintenance f r e e  as a periodic  check on the ca l ib ra t ion  of 
the cont ro l  c i r c u i t  i s  a l l  t h a t  is  required. The f locculent  f o r  No, 
1 thickener i s  comingled with the  wash water a s  it i s  added t o  t h i e  
thickener,  The amount of water added by the f locculent  streams i s  
about 5 percent of the  net water r a t e  down the c i r c u i t .  



OPERATIONAL FEATURES 

The washing eff ic iency of the c i r c u i t  approaches theoret i -  
c a l  performance indicating t ha t  the method of contacting pulp and 
wash water is adequate, A typical  p ro f i l e  of concentration and pH 
is presented i n  Table I, L i t t l e  o r  no leaching of uranium is  obtain- 
ed i n  the thickener circuAt, 

Tabla a: 

PROFfLE OF U3O8 CONCENTRATION AND OP WASH CfRCUIT 
. % 

Thickener No, "3-8 7 U O  - PH 

1 .0018 2 *oo 
2 .003 8 1,80 
3 .0078 1,70 
4 ,0173 1.50 
5 .a339 1,25 
6 .0522 1 , O O  
7 ,1080 0.80 
8 . 2000 0.60 

Uranium losses  i n  the c i r c u i t  a r e  i n  the order of 100 t o  
200 pounds per month, primarily resu l t ing  from3eepage losses  a t  the  
t a i l i n g s  dam. A s  noted previously, the pH i n  the  f i r s t  thickener is 
approximately 2 so  t ha t  no prec ip i ta t ion  of uranium occurs. This pH 
leve l  is na tura l  t o  the system and no acid addit ion is necessary f o r  
pH control  purposes, 

The most common sources of trouble i n  the c i r c u i t  a r e  what 
have been termed' "slime ~ u r g e s ' ~ .  These surges r e s u l t  fram three  
sources: a) excess amount of slimes i n  the feed t o  the c i r cu i t ;  b) 
poor s e t t l i n g  of slimes i na th i ckene r  causing the thickener t o  back- 
log slimes, and c)  change of concentration of an impurity i n  the  
leach l iquor  which complexes the  f locculent  and reduces i ts  effec- 
tiveness. In a l l  cases, the trouble i n v ~ l v e s  the  slime f rac t ion  of 
the  ore and the r e s u l t s  a r e  a s  follows: 

a) The slimes do not s e t t l e  s a t i s f a c t o r i l y  and baclclog 
i n  the thickener, 

b) The sand f rac t ion  f a l l i n g  i n t o  the ducks nes t  w i l l  
not contain the r i gh t  proportion of slimes and thus 
pack t o  a density greater  than normal. 

Fortunately, these troubles a r e  ea s i l y  detected from a 
r i s e  i n  slime l eve l  i n  the  thickener a s  the  operator makes h i s  5x1- 
spection t r i p  over the  thickener every two hours, or  by a change i n  
pa t te rn  on the  char t  oE the  recording density control ler .  The method 
used i n  correct ing these problems i s  as follows: 



r by 10 t o  20 percent, Although t h i s  
l p  the slimes tha t  are  already back- 
nsures tha t  the slimes i n  the thickener 
e t t l e  rapidly and w i l l  not add t o  the 

underflow pump an manual canera1 ~ n d  $8- 
rhe speed t o  maximum i n  order t o  pump out 

ickener, The densi ty i n  the underflow w i l l  
l y  remain steady or increase a s  the sand bed 

moved and then decrease indicat ing t h a t  slimes 
a l s o  being removed, When the slime bed has been 

emoved a s  indicated by manual measurements and ia 

o m a l  recorder c l ~ a r t ,  the density control  can be 
eturned t o  automatic, 

he next thickener i n  the c i r c u i t  w i l l  a l s o  show 
he surge but  it i s  usually not necessary t o  in- 
crease f locculent  r a t e  or  manually pump out the 
thickener a s  the  automatic controls  w i l l  handle the  
maximum input t o  the thickener, 

may take as long a s  e ight  hours t o  eliminate a large 
s ingle  thickener, so t h a t  i f  the surge occurs i n  No. 8 
more than two days a r e  required fo r  the surge t o  pass 

e system. The magnitude of the  surge normally decreases 
it moves up the c i r c u i t .  The occurrence of surges t h i s  s i ze  are 
e since they can be detected e a s i l y  and cause no d i f f i c u l t y  i f  
ght e a r l y  enough. It should be noted tha t  the washing c i r c u i t  
ine ly  accepts  50 percent changes i n  so l ids  feed r a t e  with the 
a t o r  needing only to  change f locculent  o r i f i c e s  i n  the  i n t e r e s t  

MALEJTENANGE AND OPERATING COSTS 

of the  c i rcu  

n prevail ing power r a t e s  at a 








