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ABSTRACT 

P i l o t  Plant  operat ions a t  the Nat ional  Lead Company of Ohio 

include the so lvent  ex t r ac t ion  of thorium, tne  t e s t i n g  of new 

methods f o r  thorium metal production, and var ious operations w i t h  

uranium mater ia l s -  Most l i q u i d  wastes from these operations a r e  

given local treatment and then sen t  t o  a c e n t r a l  f a c i l i t y  f o r  addi- 

t i o n a l  treatment. 

s e n t  t o  a s e t t l i n g  basin.  Clear e f f luent  from the  basin i s  dis-  

charged t o  the  Great Miami Rive r .  

Neutralized wastes w i t h  no scrap value a r e  then 

Res idues  from acid-digest ion processes may be drummed f o r  

l a t e r  uranium o r  thorium recovery. Most s o l i d  waste i s  sen t  t o  

on-s i te  d i sposa l  p i t s ;  however, c e r t a i n  thorium residues a r e  drummed 

for  d i s p o s a l  a t  an o f f - s i t e  commercial b u r i a l  ground. 
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INTRODUCTION . 
The National Lead Company of Ohio produces uranium and thorium 

materials for the Atomic Energy Commission. The major product i s  

uranium metal f o r  AEC reactors .  Production begins w i t h  feeds of 

various types and F u r i t i e s  from other  s i tes .  Solvent e x t r a c t i o n  of 

the uranium may be ca r r i ed  - out f o r  a d d i t i o n a l  pu r i f i ca t ion .  The 

ex t rdc t ion  product, an ac id i c  so lu t ion  of uranyl  n i t r a t e  hexahydrate, 

i s  converted t o  uranium t r iox ide ,  an rrangc powder ca l l ed  orange 

oxide." The UOa i s  reduced by hot hydrogen t o  UOp,  and the  UO2 i s  

I1 

reacted w i t h  anhydrous hydrogen f l u o r i d e  t o  form uranium t e t r a f l u o r i d e ,  

commonly c a l l e d  "green s a l t .  " Uranium r e g u l i  a r e  produced by r eac t ing  

UF4 and magnesium metal i n  a reduct ion vessel. The r e g u l i  a r e  remelted 

under vacuum t o  produce a uranium ingot  which i s  then r o l l e d  i n t o  rods. 

Blanks a r e  c u t  from the rods and then machined t o  f i n a l  dimensions. 

The f i n a l  metal product i s  a f u e l  element core. 

L 

- 

Vari-ous forms .of thorium have also been produced. These products 
- 

have included (1) ac id  so lu t ions  of thorium n i t r a t e  te t rahydra te  ( 2 )  

thorium hydroxide gel and powder (3) thorium t e t r a f l u o r i d e  ( 4 )  thorium 

oxala te  and (5) thorium metal. 

PIrxyT PIAar 

A c t i v i t i e s  i n  the P i l o t  Plant  have included experimental p i l o t  

operat ions and tonnage quant i ty  production of both thorium and uranium 

mater ia ls .  A t  present ,  8 major a c t i v i t y  i s  the production of thorium 

metal, using new processes., The handling of wastes from t h i s  and o ther  

P i l o t  P lan t  operat ions will be t h e  major s u b j e c t s  of t h i s  paper -  

0 0000 3. 3482297 
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The main P i l o t  P lan t  bu i ld ing  covers about 23,000 square feet .  - 
The e n t i r e  complex cons i s t ing  of the main bu i ld ing , ,  storage pads, and 

tanks covers about 100,000 square feet. MaJor equipment includes a 

solvent  ex t r ac t ion  system; a so-cal led " w e t  a rea"  f o r  aqueous feed 

d i s so lu t ion  and p r e c i p i t a t i o n  s t eps ;  and a "dry a rea"  which contains  

furnaces,  heat t r e a t i n g  systems, a n d o t h e r  equipment f o r  metal pro- 
- 

ductiocb, These operat ions produce s e v e r a l  waste streams, a l l  of 

which contain low l c v e l s  of r ad ioac t iv i ty .  

THORIUM REFINING 

Feed mater ia l  f o r  the  P i l o t  P lan t  thorium operations c o n s i s t s  

pr imari ly  of thorium n i t r a t e  t e t r ahydra t e ,  Th(NOs)r'4HaO, and thorium 

dioxide. Sol ids  which a r e  r e a d i l y  so luble  a r e  dissolved without added 

heat i n  5 N n i t r i c  acid.  Less so luble  feeds a r e  digested a t  230' F i n  

12 N n i t r i c  acid.  

needed, t o  ca ta lyze  the reac t ion .  After d iges t ion ,  the prepared so lu t ion  

i s  f i l t e r e d  through a c a r t r i d g e  f i l t e r  o r  a plate-and-frame f i l t e r .  

- 
A small  amount of hydrofluoric ac id  I s  added, i f  - 

Another major source of feed i s  thorium which has been reprocessed 

after i r r a d i a t i o n  i n  a nuclear reac tor .  It i s  received a s  a semi- 

p u r i f i e d  thorium n i t r a t e  so lu t ion .  

t o  the proper concentrat ion of n i t r i c  ac id  and thorium, and then f i l t e r e d  

For ex t r ac t ion  feed it is adjusted 

through a c a r t r i d g e  f i l t e r .  

Thorium is separated from the  remaining impuri t ies  i n  the feed 

so lu t ion  by so lvent  e x t r a c t i o n  i n  a series of pulse columns (see Figure 

1).lP2 I n  the  f i r s t  column, the thorium n i t r a t e  feed so lu t ion  i s  mixed 

with a n  E-~??IC c c l v e n t  (30% diamylamyl phosphcn2te (EAA-P) 222 ?cy4 

-2- 
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Solvesso-100). I n  the second column, the thorhm-laden organic phase 

is  scrubbed w i t h  deionized water t o  a i d  i n  t h e  removal of impuri t ies .  

I n  the t h i r d  column, the scrubbed organic i s  mixed w i t h  d i l u t e  n i t r i c  

acid which re -ex t rac ts  the thorium. T h i s  aqueous phase, which now 

contains the thorium, is then passed through a c a r t r i d g e  f i l t e r  and 

t ransfer red  t o  a steam-heated boildown tank. Heating i s  continued 

u n t i l  the desired thorium concentrat ion is  achieved. If uranium was 

present i n  the f e e d ,  t h i s  concentrated so lu t ion  i s  passed through a 

-second ex t r ac t ion  system t o  remove i t  ( s e e  Figure 2 ) .  

- 

The uranium 

ex t r ac t an t  i s  an organic solvent  cons i s t ing  of 12% t r i b u t y l  phosphate, 

30s Solvesso-100, and 58s kerosene. Af t e r  ex t r ac t ion ,  the  TBP so lu t ion  

is mixed w i t h  water t o  s t r i p  the  uranium and the small amount of 

thorium which is  a l s o  extracted.  T h i s  s t r i p  so lu t ion  is reduced i n  

volume by heat ing t o  increase  the thorium concentrat ion from 20 g/l 

t o  400 g/l. 

- 

When enough of t h i s  concentrated s t r i p  s o l u t i o n  has been 

accumulated, i t  i s  recycled through the ex t r ac t ion  system for uranium 

removal and recovery of thorium. 

PRECIPITATION OF ThF4 - 

Purif ied thorium n i t r a t e  so lu t ion  is  used a s  the feed f o r  the 

production of ThF+ Hydrofluoric ac id  is added t o  the thorium n i t r a t e  

so lu t ion  i n  a polypropylene tank. Thorium t e t r a f l u o r i d e  i s  prec ip i -  

t a t ed  and co l l ec t ed  i n  a box f i l t e r .  The washed damp cake i s  scooped 

from the f i l t e r  i n t o  s t a i n l e s s  s t e e l  pans and then oven-dried. The 

ThF4 i s  subsequently calcined a t  1000° F i n  an Inconel r e t o r t .  

ca lc in ing ,  the r e t o r t  i s  Durged w i t h  a nitrogen-HF stream. 

During 
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REDUCTION OF ThF4 TO THORIUM METAL 

I n  t h e  production of thorium metal,  calcined ThF4 and a zinc 

hal ide a r e  blended w i t h  calcium metal and t h e  m i x t u r e  i s  placed i n  

a s t e e l  furnace v e s s e l  w i t h  a r e f r ac to ry  l i n e r .  The charge i s  heated 

u n t i l  a thermite-type r eac t ion  occurs,  reducing the .TIS4 and zinc 

hal ide t o  a Th-Zn a l l o y  and converting the  calcium metal t o  a c a l -  

cium ha l ide  s lag .  

vaporize the zinc.  F i n a l  product is a dense thorium metal sponge. 

The Th-Zn regulus i s  then heated under vacuum t o  

WASTE TREATMENT 
\ 

Aqueous e f f l u e n t s  a r e  the major type of contaminated waste from 

t h e  thorium operat ions described i n  the preceding sect ion.  Treatment 

of these e f f l u e n t s  i s  required f o r  one o r  more of the following 

reasons : 

1. 

2. 

3. 

An e f f l u e n t  may contain enough thorium t o  make recovery 

economica 1. 

Radioactive daughter products of thorium may be present i n  

s u f f i c i e n t  quant i ty  t o  requi re  removal so t h a t  the combined 

p l an t  e f f l u e n t  meets requirements f o r  re lease  t o  the Great 

Miami River. 

Acid so lu t ions  requi re  n e u t r a l i z a t i o n  before being sen t  t o  

the c e n t r a l  waste handling f a c i l i t y  f o r  add i t iona l  treatment 

and disposal .  

Ef f luents  from c e r t a i n  processes, such a s  thorium ex t r ac t ion ,  

-4 - 
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a r e  t r ans fe r r ed  t o  hold tanks and rece ive  s p e c i f i c  treatment. Other 

l i q u i d  wastes and f l o o r  washings d ra in  i n t o  f l o o r  trenches and below- 

ground sumps. From these sumps, the wastes a r e  pumped t o  cbove-ground 

accumulator tanks and then t r e a t e d  f o r  ma te r i a l  recovery or for d i s -  

posal. 

- 
EXTRACTION WASTE 

The ex t r ac t ion  process produces a s  much a s  1500 gal lons per day 

of an a c i d i c  waste c a l l e d  "ex t rac t ion  r a f f i n a t e . "  This  r a f f i n a t e  i s  

what remains of the feed so lu t ion  a f t e r  the  thorium has been ext rac ted .  

It contains about 2 N n i t r i c  a c i d  and most of the impuri t ies  o r i g i n a l l y  

present i n  the feed so lu t ion :  sodium, calcium, s u l f a t e ,  f l u o r i d e ,  
- 

r a r e  earths, i r o n ,  e t c .  It also contains  the rad ioac t ive  decay pro- 

ducts of thorium. Treatment i s  aimed a t  n e u t r a l i z i n g  the ac id  and 

reducing the amount of radium-228, a r ad ioac t ive  daughter product of 

thorium. Radium-228 is a beta emitter with a 6.7 year h a l f - l i f e  and 

has a low permissible l eve l  i n  dr inking water. I t s  concentration i n  

the waste so lu t ion  is  cont ro l led  t o  prevent i t s  reaching water suppl ies  

via  the Great Miami River. 

t a t i o n  w i t h  barium s u l f a t e .  Decontamination i s  improved by the  formation 

of insOluble hydroxides when the so lu t ion  i s  neut ra l ized  with sodium 

hydroxide. 

- 

- 

- 

The radium-228 i s  removed by coprecipi-  

As the ex t r ac t ion  r a f f i n a t e  i s  generated,  i t  i s  pumped t o  a 

s t a i n l e s s  s t ee l  n e u t r a l i z e r  tank which hDlds a 500-gallon batch ( s e e  

Figure 1). 

solu t ion .  Sulfate i s  added a s  15 pounds of  aluminum s u . l i e t . ~  nr 1 55 

Thi r ty-s ix  pounds of barium carbonate i s  added t o  the 
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gal lons of concentrated s u l f u r i c  acid.  The mixture i s  a g i t a t e d  f o r  

15 minutes and then heated t o  190' F. Sodium hydroxide i s  added t o  
- 

y i e l d  a pH grea te r  than 8.  The s o l u t i o n  i s  f i l t e r e d  through a p la te -  

and-frame f i l t e r ,  and the f i l t r a t e  i s  returned f o r  a second treatment 

w i t h  barium and su l f a t e .  After r e t r e a t i n g  and r e f i l t e r i n g ,  the 

s o l i d s  a r e  co l lec ted  i n  55-gallon d r E s  f o r  shipment t o  an approved 

b u r i a l  ground. The f i l t r a t e  i s  combined w i t h  o the r  P i l o t  Plant  l i qu id  

wastes and i s  pumped t o  a c e n t r a l  treatment f a c i l i t y  c a l l e d  the 
- 

General Sump. 

I n  the General Sump, aqueous process e f f l u e n t s  from a l l  production 

p l an t s  a r e  co l lec ted  i n  l a rge  tanks (see Figure 3) 

adjusted t o  a pH grea te r  than 8 ,  and a f l o c c u l a t i n g  agent i s  added. 

After mixing, the t r ea t ed  waste i s  discharged' t o  one end of a 4.5 ac re  

rubber-lined s e t t l i n g  bas in  (Figure 4 )  which has a capac i ty  of 

The waste i s  

.. . 

23,OOO,OOO gal lons.  The discharge from the opposi te  end of the basin 

i s  mixed w i t h  water from the  storm sewer system, t h e  s a n i t a r y  sewage 

treatment p l an t ,  and the combined e f f l u e n t  i s  discharged t o  the Great 

Miami River via  an underground p ipe l ine .  These major e f f l u e n t  streams 

a r e  sampled and analyzed da i ly .  If needed, the r a t e  of r e l ease  from 

the s e t t l i n g  bas in  i s  reduced t o  maintain drinking-water standards i n  

the r i v e r .  

Table I contains t y p i c a l  a n a l y t i c a l  data for the  P i l o t  Plant 

wastes before  and a f t e r  the P i l o t  Plant  treatment. The radium-228 

concentrat ion i s  f u r t h e r  reduced by the General Sump treatment,  bas in  

s e t t l i n g ,  and d i lu t ion  w i t h  radium-free streams from other  sources,  

p r i o r  t o  discharge t o  the r i v e r =  After  d i l u t i o n  i n  the r i v e r ,  t he  

-6 - 
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concentration of radium-228 i s  l e s s  than 5 d i s in t eg ra t ions  per minute 

per l i ter;  the maximum permissible concentration f o r  dr inking water i s  

66 d / d 1 .  

'WEATMEXI' OF OTHER LIQUID WASTES 

Another major waste l i q u i d  i s  the f i l t r a t e  obtained from the 

p rec ip i t a t ion  of thorium t e t r a f luo r ide .  About 1000 gal lons per day 

a r e  produced. Treatment of t h i s  waste depends on the concentration 

of radium-228, and the  amount of t h i s  isotope present depends on 

- 

- 

the length of time s ince  the thorium was l a s t  separated from i t s  

daughters. If recent ly  re f ined  thorium i s  used, the f i l t r a t e  w i l l  

have a low radium concentration, and neut ra l iza t ion  of the  f r e e  hydro- 

f l u o r i c  ac id  i s  the only treatment needed. 

been s tored  f o r  s eve ra l  years ,  the amount of radium-228 will be 

s ign i f i can t ,  and the f i l t r a t e  w i l l  be given the barium s u l f a t e  t r e a t -  

ment f o r  radium removal. 

If the  thtorium feed has 

- 

I n  general ,  radium-free wastes a r e  co l lec ted ,  neut ra l ized  w i t h  

sodium hydroxide, and f i l t e r e d .  If the drummed f i l t e r  cake contains 

enough thorium or  uranium, i t  is s to red  f o r  l a t e r  recovery. 

reprocessing i s  not warranted, the  cake i s  dumped i n  an on-si te  b u r i a l  

If 

p i t  0 - 

Despite the containment of spec i f i c  process wastes,  a considerable 

amount of l i qu id  s t i l l  reaches the P i l o t  Plant f loor .  

treatment of t h i s  waste is needed because of the a c i d i t y  or because 

the  waste contains recoverable amounts of uranium or thorium. 

Collect ion and 

Recently, 

improvements were m_nri_o i~ the system f o r  d r a i r a g e ,  co l l ec t ion  and 

f 
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treatment. These improvements 

tamination, t o  reduce chemical 

were needed t o  prevent ground con- . 

damage, and t o  provide a system 

which would separate  drainage from uranium and thorium operations.  

Unt i l  the recent  waste handling changes, f l o o r  drainage from 

P i l o t  Plant thorium and uranium operations was co l lec ted  i n  two 

below-grade sump p i t s  (8 feet by 8 feet by 12 feet  deep) located 

outside the  plant .  The l i qu id  flowed t o  the p i t s  tnrough f loo r  

drains and buried pipes. The north p i t  received a l l  the f loo r  drainage 

and outside pad drainage. This l i q u i d  was pumped back t o  tanks ins ide  

the plant  f o r  treatment. Whenever simultaneous thorium and uranium 

operations were car r ied  O u t ,  the f l o o r  drainage would contain both 

of these valuable mater ia ls .  Uranium can be recovered from wastes 

contaminated w i t h  thorium. However, thorium cannot be economically 

recovered i f  the uranium content is  high. 

The south p i t  co l lec ted  f i l t r a t e  from neutral ized waste, steam 

condensate, and water from an outs ide in t e rcep to r  sump, which is  the  

co l l ec t ion  point f o r  an underground drainage t i l e  system. 

co l lec ted  i n  t h i s  sump was r e l a t i v e l y  clean and d i d  not require  local 

treatment. It was automatically pumped t o  the General Sump where i t  

wa6 mixed w i t h  o ther  l i q u i d  wastes,  t r e a t e d ,  and discharged t o  the 

Great Miami River o r  the s e t t l i n g  basin.  

Liquid 

When o r i g i n a l l y  i n s t a l l e d  i n  1951, the two outs ide sump p i t s  had 

s t a i n l e s s  s t e e l  l in ings .  These l i n ings  soon bulged inward and cross- 

s tays  were added t o  keep the l i n ings  i n  place. During 1960-1961, the 

s t a i n l e s s  s t e e l  l in ings  became badly corroded by waste l iquors  con- 

ta in ing  large amounts of hydrochloric,  hydrofluoric,  and s u l f u r i c  acids.  

-8- 
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The remaining s t a i n l e s s  s t e e l  l i n i n g  was then removed, the concrete 

patched, and a new l i n i n g  of nonalloy s teel  was i n s t a l l e d .  A spec ia l  

p l a s t i c  l i n i n g  (having the t rade name, F l ig id )  was applied t o  the 

s t e e l  l i ne r .  T h i s  mater ia l  consis ted of a f l e x i b l e ,  r e l a t i v e l y  s o f t  

layer  of p las t ic ized-polyvinyl  ch lo r i ae  next t o  the s teel  and an outer  

layer of r i g i d  unplast ic ized polyvinyl ch lor ide  which has better r e s i s -  

tance t o  corrosive chemicals and high temperatures than the p l a s t l c i zed  

WC . 
T h i s  l i n i n g  remained i n t a c t  f o r  s eve ra l  years u n t i l  solvent  

ex t rac t ion  operations were resumed i n  the  P i l o t  Plant i n  1965. Con- 

t i n u e d  exposure t o  solvents w i t h  an organic-phosphate base and aromatic 

hydrocarbon d i luen t  destroyed the composite WC l i ne r .  The underlying 

s t e e l  l i n e r  and concrete wal l  were a l s o  heavily damaged I n  places ,  - 
espec ia l ly  near the point where the p lan t  f l o o r  drainage entered the 

sump p i t .  The buried f l o o r  drains  i n  the p l an t  were a l s o  known t o  be 

leaking, allowing l i qu id  t o  c o l l e c t  under the p lan t  floor in c a v i t i e s  

caused by corrosive ac t ion  of the waste. 

- 

- 

Because of  the damage and the need t o  prevent mixing of thorium 

and uranium wastes,  the co l lec t ion  and treatment system was a l t e r e d  i n  

ear ly  1970. A system o r  f l o o r  trenches was i n s t a l l e d  t o  replace the 

f l o o r  drains  and buried pipe. Floor l i q u i d s  now drain t o  the trenches 

and flow t o  four  small below-grade sump p i t s  ( s e e  Figure 5). 

trenches and sumps a r e  located s o  t h a t  the trenches can be blocked, 

as required,  t o  permit the separate  and simultaneous co l l ec t ion  of 

The 

wastes from the  thorium and uranium processing areas.  From the small 

sump p i t s ,  the  l i qu id  i s  pumped' t o  e i t h e r  of t w o  8,000 g a l l o n  A h w e -  
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ground s t a i n l e s s  s t e e l  accumulator tanks (10 feet  i n  diameter and 

14 feet  high). One tank i s  used f o r  thorium wastes and t h e  other f o r  

uranium wastes. Wastes are pumped from the accumulator tanks t o  ei ther 

of t w o  n e u t r a l i z e r  tanks where an a l k a l i  i s  added t o  n e u t r a l i z e  the 

- 

ac id  and p r e c i p i t a t e  the uranium or thorium. Each n e u t r a l i z e r  tank 

has a plate-and-frame f i l t e r  t o  c o l l z c t  the so l id s .  

f i l t r a t e  i s  eventual ly  pumped t o  the General Sump f o r  f i n a l  disposal .  

The f i l t e r  cake Is drummed and s to red  i f  i t  contains  enough thorium 

or uranium t o  J u s t i f y  reprocessing. If recovery is not j u s t i f i e d ,  t h e '  

cake is dumped i n  an on-s i te  b u r i a l  p i t .  The two outs ide  sumps have 

The neu t r a l i zed  - 
- 

been repa i red  and re l ined .  

neu t r a  l i z  ed was t e. 

They now rece ive  only c l e a r  water or 

Approximately 325 feet  of t rench  was i n s t a l l e d .  The t rench  i s  

6 inches wide and the depth va r i e s  from 6 t o  15 inches. The depth 

v a r i a t i o n  is due t o  changes i n  the f l o o r  level.  The t rench bottom 

i s  l e v e l  throughout the  system t o  permit trench blocking and dra in ing  

a s  needed t o  prevent mixing of thorium and uranium wastes. To prevent 

chemical damage t o  the concrete ,  the t rench  i s  coated w i t h  a r e s i s t a n t  

polymeric mater ia l  c a l l e d  Cei lco te  6400B. 

covered w i t h  a s t a i n l e s s  s t e e l  gra t ing .  S t a i n l e s s  s tee l  piping i s  

used f o r  the t r a n s f e r  of untreated l iqu ids .  

used f o r  the t r a n s f e r  of neut ra l ized  wastes. 

The trenches and sumps a r e  

Carbon s t ee l  piping i s  

CONTAMINATED DRY SOLIDS 

Only small amounts of contaminated dry so l ids  a r e  produced in the  

P i l o t  Plant .  Ccrnmstible s o l i d s  a r e  sen t  t o  the plant incinerator. 
I 
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Noncombustible s o l i d s  a r e  s e n t  t o  an on-s i te  b u r i a l  p i t .  Waste o i l  

and solvent  a r e  burned i n  a s p e c i a l  burner and the ash i s  drummed f o r  

l a t e r  reprocessing ( s e e  Figures 6 and 7) .  

The s l a g  which is  produced when thorium f l u o r i d e  i s  reduced t o  

thorium metal i s  buried a t  the on-s i te  d i sposa l  p i t .  Although the 

slag contains thorium, the  concentrat ion i s  not high enough t o  warrant 

recovery . - 

Contaminated graphi te  from the P i l o t  P l a n t ' s  uranium operat ions 

i s  processed f o r  ma te r i a l  recovery. Graphite c ruc ib l e s  a r e  used f o r  
- - 

the melting and c a s t i n g  of uranium under vacuum. I m p u r i t i e s ,  includ- 

ing  the daughter products of Uranium, migrate t o  the top and t o  the  

s i d e  of the molten metal. The impur i t ies  and small amounts of uranium 

a l s o  pene t ra te  the graphi te .  A f t e r  s eve ra l  u s e s ,  a -graphi te  c ruc ib l e  

contains enough uranium t o  make recovery economical. 

Crucibles a r e  used u n t i l  they f a i l ;  then they a r e  s tored  fo r  

severa l  months t o  allow uranium daughter products t o  decay. These 

daughters thorium-234 and protactinium-234 , decay w i t h  a h a l f - l i f e  

of 24 days. After the holdup, the graphi te  i s  broken and burned i n  

a simple outdoor b u r n e r d s e e  Figures 6 and 8) .  The a sh ,  which con- 

t a i n s  10-30s uraniums i s  returned f o r  reprocessing. 
- 

AIRBORNE WASTES 

To prevent worker exposures t o  dus ts  and vaporss d u s t y  operations 

a r e  c a r r i e d  out i n  v e n t i l a t e d  equipment o r  enclosures.  Bag-type d u s t  

c o l l e c t o r s  remove a i rborne  p a r t i c l e s  before t h e  exhaust i s  discharged 

- 11- 
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t o  the atmosphere. T h i s  ma te r i a l  i s  drummed for  l a t e r  reprocessing. 

Since the exhausts from the  oven drying and r e t o r t  ca l c in ing  of ThF4 

contain ac id ,  these air streams are passed through scrubbers containing 

a caus t i c  so lu t ion .  The spent scrubber so lu t ions  do not contain 

recoverable amounts of mater ia l ;  hence, tney a r e  combined w i t h  o ther  

l i q u i d  wastes f o r  d i sposa l  a s  previously described. 

-12- 
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- TABLE I 

EFFECT OF WASTE‘ TREATMENT ON EXTRACTION RAFFDIATE, 

TYPICAL VALUES 

R A W  TREATED - 
Ra&m-228 be ta  r a d i o a c t i v i t y ,  d/m/l(’) 107 lo4 
T o t a l  Beta r a d i o a c t i v i t y ,  d / d l  
- 107 6 10 

6 10 Total Alpha r a d i o a c t i v i t y ,  d/m/l 107 
Thorium, m u 1  

Fluor ide ,  m g / l  

mas, ,M 

PH 

(1) d / d l  = disintegrations/minute/ l i ter .  

I 
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FIGURE 1 Thorium Purification Cycle Using Diamyl -Amyl Phosohonate 
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FIGURE 2 Flowsheet for Removal of Uranium from Thorium Nitrate 
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FIGURE 3 Plant- Wide Waste Treatment Process 
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FIGURE 7 Close-up of O i l  Burner in Operation. h!ot.- Absence of Visible Stack Emissions. 
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FIGURE 8 Graphite Burner in Operation 
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