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LIGHT WATER B R E E D E R  REACTOR DEMONSTRATION PROGRAM 

J .  R .  Par ro t t ,  Sr. 
W .  T .  McDuffee 
R. G .  Nicol 
W .  R .  Whitson 
A.  M.  Krichinsky 

ABSTRACT 

Oak Ridge National Laboratory, under contract  w i t h  Bettis 
Atomic Power Laboratory ( B A P L )  , recently completed the prepa- 
ration of several hundred kilograms of ceramic-grade 233U02 f o r  
the L i g h t  Water Breeder Reactor (LWBR) Demonstration Program. 
The contract  a l so  included the recovery of 2 3 3 U  from 29 tons of 
U02-Th02 scrap generated d u r i n g  pel l e t  fabr icat ion a t  BAPL. 
This report describes the various steps associated w i t h  the 
remote dissolution and purif icat ion (solvent extraction and/or 
ion exchange) of the scrap and oxide feed material and the con- 
version of the purified uranyl n i t r a t e  t o  ceramic-grade U02 
powder. In addi t ion,  the nuclear sa fe ty ,  radiation exposures, 
and qual i ty  assurance aspects of the program are  discussed. 

1 .  INTRODUCTION 

The work done by O R N L ,  under contract  w i t h  BAPL, t o  prepare several 
hucdred kilograms of ceramic-grade 233U02 fo r  use i n  the LWBR Demonstra- 
t ion Program included: 

1 .  performing s tudies  w i t h  natural uranium t o  determine the oper- 

2.  
3. des igning  and constructing additional storage f a c i l i t i e s  f o r  

4. adding an ion exchange system f o r  fur ther  purif icat ion,  
5. 

6. 

a t ing parameters of the conversion process, 
designing and in s t a l l i ng  conversion process equipment, 

both 233U oxide  and n i t r a t e  solut ions,  

d e s i g n i n g  and in s t a l l i ng  two dissolvers  fo r  the U02-Th02 scrap 
generated a t  BAPL,  and 
updating the exis t ing solvent extraction system t o  increase 
re1 iabi 1 i ty.  

Although the feed material for the LWBR Program was unirradiated,  
the age o f  the recycled U02-Th02 made remote handling and dissolution 
pr ior  t o  purif icat ion necessary, essent ia l ly  duplicating the principal 
s teps  required i n  reprocessing oxide fue ls  f o r  the Thorium Recycle Program. 

5. -_ 
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D e t a i l s  o f  t h e  operas t ion  , i n c l u d i n g  nuc lea r  s a f e t y  and personnel  

r a d i a t i o n  exposure data,  a re  inc luded.  

2. SUMMARY c 

A t o t a l  o f  1543.6 kg o f  h i g h - q u a l i t y  ceramic-grade 233U02 was pre-  

pared a t  ORNL under c o n t r a c t  w i t h  Westinghouse-BAPL and t r a n s f e r r e d  i n  
94 shipments t o  BAPL f o r  f a b r i c a t i o n  i n t o  f u e l  f o r  t h e  LWBR. I n  add i -  
t i o n ,  d 8 . 6  m e t r i c  tons  (MT) o f  f a b r i c a t i o n  scrap p e l l e t s ,  powder, and 

g r i n d e r  s ludge was re tu rned  t o  ORNL and processed t o  recover  t h e  

An o v e r a l l  m a t e r i a l  balance of 99.8% was ob ta ined  f o r  t h e  program. 

233U source m a t e r i a l  ( 2 3 2 U  conten t ,  6 t o  10 ppm) t h a t  had been prepared 

f o r  t h i s  program a t  t h e  A t l a n t i c  R i c h f i e l d  (Hanford)  and Savannah R i v e r  

P lan ts  and assembled a t  ORNL i n  t h e  fo rm o f  ox ides  and n i t r a t e  so lu t i ons .  

The feed sou,rce m a t e r i a l ,  some o f  which had been s t o r e d  as l o n g  as 5 

years,  was processed as n i t r a t e  s o l u t i o n  by an i o n  exchange techn ique 

immediately p r i o r  t o  convers ion t o  233U02 t o  remove t h e  232U daughters.  

o f  6.3 kg per  day i n  a glove-box f a c i l i t y  us ing  an ORNL-developed process 

o u t l i n e  t h a t  f e a t u r e s  p r e c i p i t a t i o n  o f  ammonium d i u r a n a t e  (ADU) f rom a 

low-ac id  (50.5 - M) s o l u t i o n  w i t h  NH3 gas, separa t i on  and washing o f  t h e  
ADU cake by c e n t r i f u g a t i o n ,  d r y i n g  o f  t h e  washed cake v i a  microwave 

energy, and r e d u c t i o n  o f  t h e  d r i e d  ADU i n  hydrogen a t  650°C. 

was made s t a b l e  t o  t h e  atmosphere by c o n t a c t i n g  t h i n  l a y e r s  o f  t h e  f r e s h l y  

reduced p y r o l y t i c  233U02, as they  f lowed down a s loped t rough,  f i r s t  w i t h  

h u m i d i f i e d  argon and then w i t h  h u m i d i f i e d  a i r .  

The s t a b l e  233U02 powder was packaged i n  s t a i n l e s s  s t e e l  p r imary  

cans, each h o l d i n g  %400 g o f  powder, and shipped by t r u c k  upon request  

t o  BAPL as t h e i r  need d i c t a t e d ;  normal ly ,  t h i s  occur red  w i t h i n  t h e  16- 

233u 

The s t a b l e  233U02 powder was prepared i n  20- t o  26-kg l o t s  us ing  

- 
P u r i f i e d  n i t r a t e  s o l u t i o n  was conver ted i n t o  233U02 powder a t  t h e  r a t e  

-- 

The powder 

day p e r i o d  f o l l o w i n g  complet ion o f  t h e  i o n  exchange p u r i f i c a t i o n  s tep.  

The h igh  q u a l i t y  o f  t h e  233U02 powder was ensured by t h e  admin is-  

t r a t i o n  o f  a Q u a l i t y  Assurance (QA) Program developed a t  ORNL i n  compl i -  

ance w i t h  c o n t r a c t u a l  requi rements and approval  o f  BAPL. The QA Program 

inc luded .  p r o v i s i o n s  f o r  c o n t r o l l i n g  t h e  ( 1 )  q u a l i t y  o f  t h e  feed  m a t e r i a l s ,  

( 2 )  manufactur ing process parameters and reagents,  ( 3 )  q u a l i f i c a t i o n  o f  

7 - .  
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t h e  o p e r a t i n g  personnel , ( 4 )  c a l i b r a t i o n  o f  t h e  process equipment, and 

( 5 )  i n s p e c t i o n s  r e q u i r e d  f o r  q u a l i f y i n g  each l o t  o f  powder f o r  shipment. 
Both t h e  manufactur ing process and t h e  U02 convers ion f a c i l i t y  were 

q u a l i f i e d  and approved by BAPL upon complet ion o f  a p reproduc t ion  pro-  

gram i n  which approx imate ly  20 kg o f  233U02 powder was prepared and 

t r a n s f e r r e d  t o  BAPL f o r  t e s t i n g  i n  t h e i r  f a b r i c a t i o n  f a c i l i t y .  O f  t h e  

t o t a l  q u a n t i t y  o f  233U02 powder produced (2030 kg) i n  t h e  produc t ion  pro-  

gram, o n l y  99 kg f a i l e d  t o  meet a l l  s p e c i f i c a t i o n s ;  none o f  t h e  powder 
, shipped t o  BAPL was r e j e c t e d  f o r  f a i l u r e  t o  meet q u a l i t y  requirements.  

... 

-b -. 

Approximately 28.5 MT o f  b i n a r y  (233U02-Th02) f a b r i c a t i o n ,  scrap (as 

p e l l e t s ,  powder, and g r i n d e r  s ludge)  was generated a t  BAPL and shipped 

t o  ORNL i n  108 shipments f o r  233U recovery.  T h i s  m a t e r i a l  was d i s s o l v e d  
233u i n  n i t r i c  a c i d  t o  y i e l d  s o l u t i o n s  c o n t a i n i n g  a t o t a l  o f  711 kg o f  

I n  a d d i t i o n ,  a t o t a l  o f  40 kg o f  233U02 powder c o n s i s t i n g  o f  sample 

r e s i d u a l s ,  glove-box scrap, and unused powder was r e t u r n e d  t o  ORNL f o r  

d i s s o l u t i o n  i n  n i t r i c  a c i d  and subsequent recyc le .  

The n i t r a t e  s o l u t i o n s  generated by d i s s o l v i n g  t h e  b i n a r y  f a b r i c a t i o n  

scrap descr ibed above, p l u s  a l l  o f  t h e  i n t e r n a l  r e c y c l e  m a t e r i a l s  gene- 

r a t e d  i n  t h e  p u r i f i c a t i o n  and convers ion processes, were processed by a 

s o l v e n t  e x t r a c t i o n  f l  owsheet f e a t u r i n g  5% d i - E - ' b u t y l  phenyl phosphonate 

(DSBPP) i n  d ie thy lbenzene (DEB) as t h e  e x t r a c t a n t ;  thor ium i n  t h e  feed 

s o l u t i o n  i s  d ischarged t o  waste s torage.  S ix ty-seven runs, each o f  about 

1 week's d u r a t i o n ,  were r e q u i r e d  t o  complete t h i s  phase o f  t h e  program. 

These runs y i e l d e d  1390 kg o f  233U, which was recovered as h i g h - p u r i t y  

n i t r a t e  s o l u t i o n  s u i t a b l e  f o r  r e c y c l e  t o  t h e  233U02 convers ion process. 

A t o t a l  o f  2710 kg o f  233U ( i n c l u d i n g  a l l  r e c y c l e )  was processed 

through t h e  i o n  exchange p u r i f i c a t i o n  system d u r i n g  t h e  program i n  p re-  
p a r i n g  233U02(N03)2 f e e d  s o l u t i o n s  s u f f i c i e n t l y  f r e e  o f  232U daughters 

t h a t  t h e  convers ion t o  U02 c o u l d  progress i n  t h e  unsh ie lded convers ion 

f a c i l i t y  w i t h o u t  excess ive r a d i a t i o n  exposure t o  o p e r a t i n g  personnel .  

Toward t h e  end o f  t h e  program ( i . e .  , when t h e  o r i g i n a l  feed source 

m a t e r i a l  had aged $5 y e a r s ) ,  i t  was necessary t o  process t h e  n i t r a t e  

feed s o l u t i o n s  through two c y c l e s  o f  i o n  exchange t o  o b t a i n  t h e  r e q u i r e d  

decontaminat ion f rom 232U daughters.  
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Rad ia t i on  exposure t o  o p e r a t i n g  personnel--a s i n g l e  i n d i v i d u a l  o r  

t h e  group as a who le- -d id  n o t  exceed t h e  recommended maximum q u a r t e r l y  

dose (1250 mrem) a t  any t ime  d u r i n g  t h e  program. 

ce i ved  a weekly dose exceeding t h e  recommended maximum; however, h i s  

q u a r t e r l y  dose was h e l d  t o  1050 mrem, %85% o f  t h e  maximum. 

Only one person r e -  

The exposure o f  o p e r a t i n g  personnel  t o  r a d i a t i o n  v a r i e d  d i r e c t l y  

as t h e  p roduc t i on  r a t e  o f  t h e  233U0 powder; superimposed on t h i s  was 2 
t h e  exposure rece ived  i n  un load ing  aged scrap  m a t e r i a l s  f rom BAPL and 

cha rg ing  them t o  t h e  d i s s o l v e r s .  

sures were rece ived  when these opera t i ons  were i n  progress s imu l taneous ly .  

The maximum exposure t o  an i n d i v i d u a l  was rece ived  d u r i n g  a p e r i o d  when 

Obviously,  t h e  h i g h e s t  average expo- 

one incomp le te l y  decontaminated l o t  o f  233U02(N03), was be ing  conver ted  

t o  233U02 w h i l e  t h e  convers ion  f a c i l i t y  was o p e r a t i n g  a t  t h e  maximum r a t e  

o f  6 dayslweek. 

source m a t e r i a l ;  subsequent l o t s  o f  t h e  aged source m a t e r i a l  were g i ven  

two c y c l e s  o f  i o n  exchange p u r i f i c a t i o n  t o  a l l e v i a t e  t h e  decontaminat ion 

problem. 

From a mechanical s tandpo in t ,  t h e  process equipment g e n e r a l l y  f unc -  

t i o n e d  as designed. F a i l u r e  o f  t h e  r e s i n  bed r e t a i n e r s  i n  t h e  i o n  exchange 
system l e d  t o  t h e i r  replacement w i t h  a new design. 

success fu l  i n  e l i m i n a t i n g  t h e  problem o f  f a i l u r e  under load.  

This  l o t  o f  n i t r a t e  feed was d e r i v e d  from 5-year-aged 

Th is  m o d i f i c a t i o n  was 

Once t h e  c o n t r o l  parameters had been s e t  i n  t h e  p rep roduc t i on  phase 
o f  t h e  o p e r a t i o n  o f  t h e  convers ion  f a c i l i t i e s ,  we exper ienced no f a i l u r e s  

t h a t  h a l t e d  p roduc t i on .  The r e d u c t i o n  fu rnace f u n c t i o n e d  smoothly, and 

t h e  hydrogen c o n c e n t r a t i o n  i n  t h e  argon-purged end enc losures  never  ex- 
ceeded 5%. 

Charging scrap  t o  t h e  g love  boxes (and thence t o  t h e  d i s s o l v e r s )  was 

a t e d i o u s  and time-consuming task,  r e s u l t i n g  i n  a s i g n i f i c a n t  f r a c t i o n  o f  

t h e  r a d i a t i o n  exposure t o  o p e r a t i n g  personnel even though t h e  charg ing  

g love  box was sh ie lded.  Frequent f a i l u r e  o f  t h e  man ipu la to rs ,  as w e l l  as 

t h e  r e s t r i c t i v e  c a p a c i t y  i n h e r e n t  i n  man ipu la to r  ope ra t i ons  i n  opening and 

emptying cans of scrap, was a f r e q u e n t  occurrence. 

l a t o r s  and a s tu rdy ,  remote ly  operated can opening dev i ce  a r e  i n d i c a t e d  

f o r  t h i s  t ype  o f  ope ra t i on .  

Thus, heav ie r  manipu- 
1 

0 ”  
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The pe l le t  crusher functioned sa t i s f ac to r i ly  in reducing the s ize  
of the larger  pe l le t s ;  however, the model and type used in t h i s  operation 
were d i f f i c u l t  t o  adjust  fo r  varying pe l le t  s ize  and caused some delays 
in operation. 
t ing during service. 

Similarly, i t  was d i f f i c u l t  t o  maintain the aperture se t -  

The pel le t  crusher was n o t  equipped with a hood t o  contain dust ;  
t h i s  deficiency, along with the small f ract ion of pe l le t s  which was r o u - ,  
t ine ly  ejected back into the box,  resulted in a d i r ty  and dusty operation 
tha t  also contributed t o  the personnel exposure problem. 
system design i s  recommended fo r  future use; in addition, the design 
should include provisions for  a posit ive and  convenient ( f o r  remote 
operation) aperture adjustment. 

in Table 2 . 1 .  

A hooded feed 

An operating summary for  the LWBR Demonstration Program i s  presented 

3. RECEIPT AND STORAGE OF F E E D  MATERIAL 

The 233U used in t h i s  program came from three sources: ( 1 )  material 
recovered from thorium (as  metal and oxide) i r radiated a t  the Atlantic 
Richfield Hanford Works (ARHW) , ( 2 )  material recovered from thorium i r r a -  
diated a t  the Savannah River Plant ( S R P ) ,  and  (3 )  a smaller quantity of 
stock 233U02 previously held a t  the Nuclear Fuel ;Services,  Inc. (NFS) 
plant. Thorium oxide was i r radiated specif ical ly  for  t h i s  program such 
t h a t  the bred 233U contained 5 t o  10 parts 232U per 10 
The 2 3 2 U  content of t h a t  portion of the material prepared a t  the SRP 
ranged from 5 t o  8 ppm, while t h a t  from ARHW was s l igh t ly  higher, ranging 
from 6 t o  10 ppm. 

The bred 233U was separated from the thorium and f iss ion products 
and recovered in f a c i l i t i e s  located a t  the respective production s i t e s  
t h a t  previously had been used fo r  processing i r radiated normal uranium. 
Despite pr ior  exhaustive f a c i l i t y  equipment cleanout programs, early 
batches of the 233U recovered in these f a c i l i t i e s  fa i led t o  meet the 
specification l imit  of 0.5% maximum. Such off-specification l o t s  of 
material from ARHW were accumulated separately a t  ORNL and were n o t  

6 parts uranium. 

238u 
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Table 2.1. Operat ing summary f o r  t h e  LWBR Support Program 

U02 convers ion 

No. o f  batches produced 

T o t a l  q u a n t i t y  produced, kg U02 

Q u a n t i t y  f a i l i n g  t o  meet specs., kg U02 

Reason f o r  f a i l u r e  

Above 250 ppm i n  A1 

Above 50 ppm i n  N 

Q u a n t i t y  r e j e c t e d  by BAPL 

Scrap d i s s o l  u t i  ons 

No. o f  d i s s o l u t i o n  c y c l e s  

Gross we igh t  of a c t i v e  scrap, kg 

Thorium d isso lved,  kg 

Uranium d isso lved,  kg 

So lvent  e x t r a c t i o n  p u r i f i c a t i o n  jZ;- 

No. o f  runs  ( 1  per  week) 

Uranium p u r i f i e d  , kg 

I o n  exchange p u p i f i c a t i o n  

No. o f  runs  

Uranium p u r i f i e d ,  kg 

No. o f  U02 shipmentsa 

No. o f  scrap shipments r e c e i v e d  

1,610 

2,030 

99 

81 

18 

0 

670 

28 , 630 

24,484 

71 1 

67 

1,390 

110 

2,710 

94 

108 

aShipments c o n s i s t e d  of 0.5, 1.0, o r  1.5 p r o d u c t i o n  l o t s  each; 
t o t a l  p r o d u c t i o n  l o t s  = 86. 

... 

-. 

- .i 
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re leased t o  t h e  LWBR Program. 

produced a t  t h e  SRP was t r a n s f e r r e d  t o  ORNL. 

The m a t e r i a l  produced a t  ARHW, packaged as nominal 1.5 - M aqueous 

U02(N03)2 s o l u t i o n  i n  L-3 c o n t a i n e r s ,  was t r a n s f e r r e d  t o  ORNL i n  11 

shipments d u r i n g  t h e  l a s t  q u a r t e r  o f  1970. Upon a r r i v a l ,  t h e  s o l u t i o n  

was weighed, sampled, d i l u t e d  w i t h  water,  and then t r a n s f e r r e d  t o  one 

o f  t h e  b u l k  s o l u t i o n  s to rage tanks i n  t h e  L i q u i d  Storage F a c i l i t y  ( F i g .  

3.1). S i x  o f  t h e  s to rage tanks  were used f o r  s p e c i f i c a t i o n - g r a d e  m a t e r i a l  , 
and two f o r  t h e  remainder; one tank  was kept  empty a t  a l l  t imes f o r  emer- 
gencies.  The f i n a l  tank  was f i l l e d  w i t h  m a t e r i a l  f rom prev ious programs. 

The SRP m a t e r i a l  was t r a n s f e r r e d  t o  ORNL i n  n i n e  shipments as U308 

powder d u r i n g  t h e  t h i r d  q u a r t e r  o f  1970. Upon i t s  a r r i v a l ,  t h e  powder, 

which was packaged i n  cans c o n t a i n i n g  %l kg each, was s o r t e d  accord ing 

t o  q u a l i t y ,  t h a t  i s ,  i s o t o p i c  and i m p u r i t y  c o n t e n t  ( s u p p l i e d  by SRP) and 

s t o r e d  i n  t h e  S o l i d s  Storage F a c i l i t y  ( F i g .  3.2) u n t i l  needed. 

None o f  t h e  o f f - s p e c i f i c a t i o n  m a t e r i a l  

3.1 N i t r a t e  S o l u t i o n  f rom Hanford 

Eleven shipments o f  u rany l  n i t r a t e  s o l u t i o n ,  c o n t a i n i n g  600 kg o f  

233U, were rece ived from Hanford d u r i n g  t h e  p e r i o d  October 1970--March 

1971. The uranium c o n c e n t r a t i o n  i n  t h e  s o l u t i o n  was 350 g / l i t e r .  

sealed i n  po lye thy lene bags, which were conta ined i n  55-gal s h i p p i n g  

drums (one b o t t l e  p e r  drum, F i g .  3.3).  The drums used were o f  t h e  DOT- 

5330** and DOT-5795 s e r i e s ,  acceptable f o r  t r a n s p o r t  o f  f i s s i l e  m a t e r i a l s .  

A l l  shipments were made by AEC t ruck. '  

The s o l u t i o n  was r e c e i v e d  i n  3-1 i t e r  po lye thy lene b o t t l e s  (L-3)  , 

Each drum was d e l i v e r e d  i n d i v i d u a l l y  t o  t h e  t r a n s f e r  room, where i t  

was opened under t h e  s u r v e i l l a n c e  o f  opera t ions  s u p e r v i s i o n  and Hea l th  

Physics personnel .  

f e r  g l o v e  box i n  an a d j o i n i n g  room i f  no contaminat ion was .found i n s i d e  

The p l a s t i c  b o t t l e  was d e l i v e r e d ,  by hand, t o  a t r a n s -  

* 
Late  i n  t h e  program, these m a t e r i a l s  were re leased by BAPL f o r  use i n  
t h e  program and t h e  2 3 8 U  s p e c i f i c a t i o n  was r e l a x e d  t o  1.25%. 

Department o f  T r a n s p o r t a t i o n  p e r m i t  number. 
** 

'Now t h e  U.S. Department o f  Energy (DOE). 
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F i g .  3 .3 .  
3-1 i t e r  b o t t l e  f o r  sol u t i  on. 

ORNL foamglass s h i p p i n g  con ta ine r  w i t h  . - .  
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t h e  drum o r  on t h e  bag h o l d i n g  t h e  b o t t l e .  

c l o s e d  and r e t u r n e d  t o  t h e  t r u c k .  I f  contaminat ion  was de tec ted  i n s i d e  

t h e  drum, t h e  drum was c l o s e d  and t r a n s f e r r e d  t o  a contaminat ion zone 

where i t  c o u l d  be opened and t h e  conten ts  repackaged. The repackaged 

s o l u t i o n  was then hand-car r ied  t o  t h e  t r a n s f e r  g l o v e  box (mentioned pre-  

v i o u s l y )  , and t h e  drum sur faces  were decontaminated. 

Each b o t t l e  o f  s o l u t i o n  was bagged i n t o  t h e  t r a n s f e r  g love  box ( F i g .  

3.4) i n  t h e  presence o f  opera t ions  s u p e r v i s i o n  and Hea l th  Physics person- 

n e l ,  separated from t h e  p l a s t i c  bag used f o r  containment,  and uncapped. 

The b o t t l e  and i t s  con ten ts  were weighed u s i n g  a c a l i b r a t e d  l o a d  c e l l .  

T h i s  we igh t  was recorded on an ins t rument  c h a r t ,  a long w i t h  t h e  i d e n t i f i -  

c a t i o n  number o f  t h e  b o t t l e  and t h e  date.  Every f i f t h  b o t t l e  o f  a s h i p -  

ment of  s o l u t i o n  was sampled f o r  a n a l y s i s ,  which p r o v i d e d  t h e  bas is  upon 

which t o  v e r i f y  sh ipper  data.  

The conten ts  o f  each b o t t l e  was d i l u t e d  w i t h  water  t o  reduce t h e  

uranium c o n c e n t r a t i o n  f rom 350 g / l i t e r  t o  250 g / l i t e r  by d r a i n i n g  0.6 

l i t e r  o f  deminera l i zed  water  t o  a c a l i b r a t e d  d i l u t i o n  tank  hav ing a 

c a p a c i t y  o f  2.3 l i t e r s  ( l o c a t e d  i n  t h e  t r a n s f e r  g l o v e  box),  f o l l o w e d  by 

t h e  vacuum-transfer o f  1.5 l i t e r s  o f  u rany l  n i t r a t e  s o l u t i o n  f rom t h e  

s h i p p i n g  b o t t l e .  The conta ined s o l u t i o n s  were mixed and dra ined t o  a 

des ignated s to rage tank  ( F i g .  3 .1 ) .  Then t h e  d i l u t i o n  and t r a n s f e r  

procedure was repeated, h o l d i n g  t h e  r a t i o  o f  d i l u t i o n  water  t o  s o l u t i o n  

constant ,  u n t i l  each b o t t l e  was empty. When empty, each b o t t l e  was 

r i n s e d  w i t h  0.1 l i t e r  o f  water.  F i n a l l y ,  t h e  r i n s e  was t r a n s f e r r e d  t o  
t h e  d i l u t i o n  tank  b e f o r e  mix ing .  (Prev ious exper iments had shown t h a t  

about 0.1 g o f  uranium was l e f t  i n  t h e  b o t t l e  a f t e r  r i n s i n g . )  

Then, t h e  empty drum was 

c 

..- 

The t a r e  o f  t h e  b o t t l e  was v e r i f i e d  by weighing i n  t h e  same manner 

as t h a t  used t o  o b t a i n  t h e  gross weight.  

capped, bagged o u t  o f  t h e  box, and s t o r e d  f o r  d isposa l  i n  55-gal s t e e l  

waste drums. 

The empty b o t t l e  was then 

The above o p e r a t i o n  was repeated u n t i l  t h e  e n t i r e  shipment had been 

stored.  
i s t r y  D i v i s i o n  l a b o r a t o r y ;  f u l l  waste drums were sealed and d e l i v e r e d  t o  

t h e  b u r i a l  ground, and t h e  s h i p p i n g  drums were p laced on t h e  t r u c k  f o r  

r e t u r n  t o  ARHW. 

A t  t h i s  p o i n t ,  t h e  samples were d e l i v e r e d  t o  t h e  A n a l y t i c a l  Chem- 
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Toward t h e  end o f  t h i s  program, we r e c e i v e d  severa l  b o t t l e s  o f  
s o l u t i o n  which conta ined an organ ic  l a y e r  f l o a t i n g  on t h e  surface. 

o rgan ic  phase from each b o t t l e  was removed i n  t h e  d i l u t i o n  tank,  and t h e  

uranium present  i n  t h e  organ ic  was removed by s t r i p p i n g  w i t h  water.  A l l  
aqueous phases ( i n c l u d i n g  o r i g i n a l  s o l u t i o n )  were t r a n s f e r r e d  t o  t h e  

s to rage tank, and t h e  s t r i p p e d  organ ic  was packaged f o r  waste storage. 

Separat ion of aqueous and organ ic  phases i n  t h i s  procedure was incom- 

p l e t e  as no ted  by t h e  hazy appearance o f  t h e  separated aqueous s o l u t i o n  

and i t s  abnormal ly h i g h  phosphorus content .  

a i r  sparg ing and then sampled a t  t h e  end o f  t h i s  phase o f  t h e  program t o  

c o n f i r m  t h e  s h i p p e r ' s  data.  

The 

The conten ts  of  each f i l l e d  s to rage tank  were thorough ly  mixed by 

3.2 U03 f rom NFS and SRP 

3.2.1 Unloading and s to rage 

Approx imate ly  36 kg of uranium (as o x i d e )  was r e c e i v e d  i n  t h r e e  

shipments f rom NFS a t  Erwin, Tennessee, d u r i n g  March 1970. 

kg o f  uranium was r e c e i v e d  i n  n i n e  shipments f rom SRP d u r i n g  t h e  p e r i o d  

June-August 1970. 

s t e e l  cans, each c o n t a i n i n g  0.6 t o  0.8 kg o f  uranium. 

drums ( s i m i l a r  t o  DOT-5795), which a r e  acceptable f o r  t r a n s p o r t  o f  f i s -  

s i l e  m a t e r i a l  and a r e  l a r g e  enough t o  h o l d  two cans of  ox ide,  were used 

i n  t h i s  e f f o r t .  A l l  shipments were made by AEC t r u c k .  

t h e  Penthouse and p laced i n  t h e  v i c i n i t y  o f  a s p e c i f i e d  s torage w e l l  

( F i g .  3 .2) .  

t l e s  were checked f o r  a i r  a c t i v i t y  and sur face  contaminat ion.  

H e a l t h  Physics r e p r e s e n t a t i v e ,  a can was removed from t h e  drum by u s i n g  

t h e  vacuum c a n - l i f t i n g  dev ice  (F ig .  3 .5 ) .  The number on t h e  can was read 

a t  a d i s t a n c e  ( t o  keep r a d i a t i o n  exposure a t  a minimum) and compared w i t h  

Also,  Q 4 7  

A l l  o f  t h e  ox ide  powder was r e c e i v e d  i n  t i n - p l a t e d  

DOT-5330 s h i p p i n g  

* 

On a r r i v a l  a t  ORNL, t h e  drums were t r a n s f e r r e d  f rom the  t r u c k  t o  

The w e l l  was unlocked, each drum was opened, and t h e  b o t -  

When both  t h e  drum and t h e  w e l l  were v e r i f i e d  t o  be c lean by the  

* 
Now DOE. 

\ 
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shipper 's  records. Then, the can was lowered into the well and  allowed 
t o  r e s t  on the one stored previously. Finally, the vacuum system was 
vented and removed from the well, and  the operation was repeated until  
a l l  drums were empty. 

and  locked; the empty drums were then inspected, closed, and delivered 
to  the truck for  return t o  the shipper or  stored f o r  future use. 

A t  the end of each t ransfer  s e r i e s ,  the storage well was closed 

3.2.2 Di ssol u t  ion 

Most of the uranium received as oxide fo r  the LWBR Demonstration 
Program was dissolved and used. 
cause of f a i lu re  to  meet p u r i t y  specifications.  

were dissolved in n i t r i c  acid in June and July 1970. 
t ions were sampled f o r  accountability purposes and then stored in vessel 
U-5 (Fig. 3 .1) .  The remainder of the acceptable oxide was stored and 
was not dissolved until  July and August 1975, when the i n i t i a l  supply 
of stored uranyl n i t r a t e  solution had been converted t o  U02. 

Oxide dissolutions were conducted in dissolver S-15, shown in Fig. 
3.6, which was approved by the ORNL Cr i t i ca l i t y  Review Committee t o  con- 
ta in  a maximum of 5.5 kg of 233U a t  a maximum concentration of 400 g / l i t e r .  
Each batch s ize  was chosen t o  be close t o  5 kg of uranium. 
runs included, conversion of the SRP oxide t o  n i t r a t e  solution required 
abou t  60 dissolution cycles. An additional 40 dissolution cycles were 
completed t o  convert recycled oxide and ammonium diuranate ( A D U )  t o  solu- 
t i o n .  The recycled sol ids  came from the conversion f a c i l i t y ,  BAPL, and 
the Analytical Chemistry laboratories.  

s ta in less  s teel  pipes in parallel  joined by smaller piping a t  the t o p  
and bottom. One side contains a perforated s ta in less  steel  basket t o  
hold the oxide sol ids  and i s  surrounded by a 5-in.-diam pipe steam jacket.  
A sparger tube and a d ra f t  tube are  provided t o  maintain rapid circulation 
and keep "fines" suspended during operation. 
equipped with a vapor-liquid separator which connects with the off-gas 

Only 3 kg o f  uranium was rejected be- 

The oxide received from NFS and the f i r s t  two shipments from SRP 
The result ing solu- 

With cleanout 

The geometrically safe dissolver ( F i g .  3.6) features two 4-in. 

The t o p  of the cold side i s  
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system through a downdraf t  condenser. 
c o l d  l e g  through a h i d r a u l i c  seal .  

t o  t h e  c o l d  leg ,  c o l d  s o l u t i o n  e n t e r s  t h e  h o t  l e g  a t  t h e  bottom. 

The d i s s o l v e r  charg ing  o p e r a t i o n  i n c l u d e s  bagging t h e  cans o f  o x i d e  

i n t o  t h e  s h i e l d e d  charg ing  g l o v e  box, opening t h e  can u s i n g  a can opener 

and manipulators ,  opening t h e  b a l l  va lves t h a t  i s o l a t e  t h e  g l o v e  box f rom 

t h e  d i s s o l v e r ,  dumping t h e  o x i d e  down t h e  chute,  and, f i n a l l y ,  c l o s i n g  

t h e  b a l l  valves.  The b a l l  va lves  a r e  s e t  t o  m a i n t a i n  a pressure d i f f e r -  

e n t i a l  between t h e  charg ing  box and the  d i s s o l v e r  d u r i n g  t h e  charg ing pro-  

cedure. A r a d i a t i o n  d e t e c t o r  i s  used t o  v e r i f y  t h a t  t h e  powder has l e f t  

t h e  space between t h e  va lves  when t h e  bottom v a l v e  i s  opened. 

The condensate d r a i n s  back t o  t h e  
A s  h o t  s o l u t i o n  r i n s e s  and over f lows 

The q u a n t i t y  o f  o x i d e  o r  ADU s o l i d s  t o  be charged t o  t h e  system i s  

chosen such t h a t  t h e  t o t a l  uranium c o n t e n t  o f  t h e  d i s s o l v e r  w i l l  be l e s s  

than 5 kg, t a k i n g  i n t o  account any holdup remain ing f rom prev ious  runs. 

Then t h e  s t o i c h i o m e t r i c  amount o f  reagent-grade 15.8 - M n i t r i c  a c i d  (HN03) 
r e q u i r e d  t o  d i s s o l v e  t h e  uranium i s  determined. 

water  a r e  added t o  t h e  d i s s o l v e r  t o  y i e l d  a t o t a l  volume o f  14.0 l i t e r s ,  

i n c l u d i n g  t h e  prev ious  l i q u i d  heel .  
temperature of t h e  s o l u t i o n  -is h e l d  a t  about 50°C. The s o l u t i o n  i s  sparged 

w i t h  a i r  w h i l e  t h e  o x i d e  i s  be ing  charged. 

t o  .~100OC ( i . e . ,  j u s t  below t h e  b o i l i n g  p o i n t ) .  Both h o t -  and c o l d - l e g  

temperatures a r e  observed t o  be c e r t a i n  t h a t  thermosiphoning i s  i n  prog- 

ress.  When t h e  d e n s i t y  o f  t h e  s o l u t i o n  has remained cons tan t  f o r  2 h r ,  

d i s s o l u t i o n  i s  cons idered t o  be complete, and t h e  d i s s o l v e r  i s  a l lowed 

t o  coo l .  A t  40°C, t h e  s o l u t i o n  i s  d r a i n e d  by g r a v i t y  t o  an i n t e r i m  

s to rage tank  (R-35) , where i t  i s  sampled and t h e  volume measured. 

acceptable f o r  i o n  exchange, t h e  s o l u t i o n  i s  t r a n s f e r r e d  t o  s torage;  i f  
n o t  acceptable ( i . e .  , p u r i f i c a t i o n  i s  r e q u i r e d  o r  t h e  HN03 c o n c e n t r a t i o n  

i s  t o o  h i g h ) ,  t h e  s o l u t i o n  i s  t r a n s f e r r e d  t o  t h e  s o l v e n t  e x t r a c t i o n  

f a c i l i t y  f o r  removal o f  t h e  excess a c i d  and/or o t h e r  i m p u r i t i e s .  

ducted t o  s o l u b i l i z e  a s p e c i f i c  q u a n t i t y  o f  o x i d e ) ,  a c leanout  r u n  i s  

The HN03 and deminera l ized 

The o x i d e  o r  ADU i s  charged w h i l e  t h e  

A t  t h e  conc lus ion  o f  t h e  charg ing  opera t ion ,  t h e  s o l u t i o n  i s  heated 

I f  a n a l y t i c a l  r e s u l t s  f rom samples o f  t h i s  s o l u t i o n  show i t  t o  be 

F o l l o w i n g  a d i s s o l u t i o n  campaign ( a  s e r i e s  o f  d i s s o l u t i o n s  con- 
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performed t o  p r o v i d e  uranium a c c o u n t a b i l i t y  data.  A t  t h i s  t ime,  water  
.-. 

i s  poured down t h e  charg ing  chute  t o  wash powder f rom t h e  p i p e  w a l l .  

Excess HN03 i s  added, and t h e  d i s s o l u t i o n  proceeds as descr ibed above. 
. 

3.3 Accounta b i  1 i ty  

3.3.1 S o l u t i o n  

233" A c c o u n t a b i l i t y  measurements were made, on r e c e i p t ,  o f  a l l  

s o l u t i o n s  which came f rom ARHW. Each b o t t l e  o f  s o l u t i o n ,  con ta ined i n  

an L-3 p o l y e t h y l e n e  b o t t l e ,  was weighed b e f o r e  be ing  empt ied and a f t e r  

t h e  conten ts  had been t r a n s f e r r e d  t o  t h e  s torage system; each b o t t l e  was 

r i n s e d ,  dra ined,  and d r i e d  b e f o r e  i t s  t a r e  was determined. A c a l i b r a t e d  

s t r a i n  gauge was used f o r  weighing. 

h a u s t i v e l y  r i n s e d  t h e  i n s i d e  and o u t s i d e  o f  t h e  empty b o t t l e s  had shown 

t h a t  an average o f  0.1 g o f  uranium remained i n  t h e  b o t t l e s  a f t e r  t h e  

s i n g l e  r i n s e  procedure was adopted. 

m a t e r i a l  was ass igned t o  each o f  t h e  empty b o t t l e s  which were t r a n s -  

f e r r e d  t o  t h e  b u r i a l  

q u a n t i t y  o f  uranium t h a t  was expected t o  appear i n  t h e  s to rage tanks.  

every f i f t h  b o t t l e  o f  each s h i p p e r ' s  l o t  t h a t  was i n c l u d e d  i n  a 

shipment; i n  t h e  event  t h a t  a p a r t i a l  l o t  was inc luded,  a t  l e a s t  two 
b o t t l e s  o f  t h e  l o t  were sampled. The s h i p p e r ' s  l o t  was an e n t i t y  

o f  homogeneous s o l u t i o n  e s t a b l  i shed by thecsh ipper .  

P r e l i m i n a r y  t e s t s  i n  which we ex- 

Accord ing ly ,  t h i s  q u a n t i t y  o f  

.$ 
ground, and t h i s  amoynz was deducted f rom t h e  .* 

Samples o f  t h e  s o l u t i o n  were wi thzrawn f o r  chemical a n a l y s i s  f rom 

I 

The samples o f  s o l u t i o n  were examined i n  t h e  A n a l y t i c a l  Chemistry 

D i v i s i o n  l a b o r a t o r y  f o r  uranium c o n c e n t r a t i o n ,  i s o t o p i c  uranium conten t ,  
f r e e  a c i d  c o n c e n t r a t i o n ,  and s p e c i f i c  g r a v i t y .  Se lec ted  samples f rom 

those l o t s  which t h e  s h i p p e r  l i s t e d  as hav ing an i s o t o p i c  uranium 

c o n t e n t  t h a t  met s p e c i f i c a t i o n s  (Table 3.1) were a l s o  examined f o r  

i m p u r i t y  conten t .  

sh ipper ,  t h e  uranium c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  was a d j u s t e d  t o  

s o l u t i o n  was t r a n s f e r r e d  t o  t h e  a p p r o p r i a t e  s to rage tank.  

we igh t  measurements and chemical analyses. 

Based on t h e  analyses o f  each l o t  as l i s t e d  by t h e  

- 
i x.. 250 g / l i t e r  w i t h  water  ( i n c l u d i n g  t h e  p r a c t i c a l  r i n s e ) ,  and t h e  d i l u t e d  

. $  

The t o t a l  uranium c o n t e n t  o f  each shipment was computed f rom t h e  - 4  

The r e s u l t s  ( i n c l u d i n g  NFS 
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Tab le  3.1. I s o t o p i c  uranium con ten t :  s p e c i f i c a t i o n  

f o r  feed source m a t e r i a l  

I so tope 
Content 

(U b a s i s )  

- .. 

CI 

232u 

233u 

234u 

235u 

236u 

2 38u 

510 ppm 

>97.0 w t  % 

<2.5 w t  % 

<0.5 w t  % 

<0.1 w t  % 

<0.5 w t  %a 

aLate i n  t h e  program, t h e  238U s p e c i f i c a t i o n  was i n -  
creased t o  1.25% so t h a t  t h e  m a t e r i a l  i n  tanks  U-2 
and U-3 c o u l d  be used (see Table 3.2). 
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m a t e r i a l )  a r e  compared w i t h  t h e  s h i p p e r ' s  measurements i n  Table 3.2. 

Since t h e  p r e c i s i o n  o f  s h i p p e r ' s  measurements can be assumed t o  be ~ 0 . 5 %  
and t h a t  of t h e  ORNL values t o  be somewhat h i g h e r  ( ~ 1 % ) )  t h e  s h i p p e r ' s  

values were accepted. 

3.3.2 S o l i d s  

The m a t e r i a l  ob ta ined as U308 from t h e  SRP s i t e  and f rom NFS was 

accumulated and h e l d  i n  t h e  S o l i d s  Storage F a c i l i t y ,  a t  t h e  s h i p p e r ' s  

f i s s i l e  values, u n t i l  i t  c o u l d  be d i s s o l v e d  i n  HN03. The m a t e r i a l  from 

NFS (accounted f o r  i n  Table 3.2) and t h e  f i r s t  two shipments ( o f  a t o t a l  

o f  seven) f rom SRP (accounted f o r  i n  Table 3.3) were d i s s o l v e d  s h o r t l y  

a f t e r  t h e i r  r e c e i p t  a t  ORNL. The remainder was d i s s o l v e d  2 o r  3 years  

l a t e r  as t h e  demand r e q u i r e d .  

A c c o u n t a b i l i t y  measurements were conducted on t h e  d i s s o l v e r  s o l u -  

t i o n s  a f t e r  each nominal 5-kg (uranium b a s i s )  ba tch  had been d isso lved.  

Each c o n t a i n e r  o f  o x i d e  was s e l e c t e d  f o r  d i s s o l u t i o n  based on t h e  i s o -  

t o p i c  composi t ion and t h e  i m p u r i t y  da ta  r e p o r t e d  by t h e  sh ipper .  As a 

r u l e ,  a c c o u n t a b i l i t y  de termina t ions  were performed on every  two batches 

o f  d i s s o l v e r  s o l u t i o n  t h a t  were combined i n  t h e  r e c e i v i n g  vessel .  

uranium c o n t e n t  o f  each combined ba tch  o f  s o l u t i o n  was compared w i t h  

t h e  t o t a l  shown by t h e  sh ipper  i n  t h e  powder charged t o  t h e  d i s s o l v e r ,  

t a k i n g  i n t o  account any powder t h a t  remained i n  t h e  empty cans (average, 
. ~ 0 . 2 5  g p e r  can) .  

c o n t e n t  o f  t h e  combined batches had been v e r i f i e d  t o  comply w i t h  s p e c i f i -  

c a t i o n s ,  t h e  s o l u t i o n  was t r a n s f e r r e d  t o  (and accumulated i n )  one o r  more 
o f  t h e  l i q u i d  s torage tanks (U-5 through U-10). 

measurements o f  t h e  uranium i n  t h e  U308 powder f rom SRP used i n  t h i s  p ro-  

gram a r e  shown i n  Table 3.3. Since t h e  p r e c i s i o n  o f  s h i p p e r ' s  va lues can 

be assumed t o  be .~*0.5% and t h a t  o f  t h e  ORNL values ' ~ 1 % ~  t h e  s h i p p e r ' s  

va lues were accepted. 

The 

A f t e r  t h e  uranium i s o t o p i c  composi t ion and t h e  i m p u r i t y  

Resu l ts  o f  a c c o u n t a b i l i t y  

4. 233U PU R I  F I CAT1 ON 

N i t r a t e  s o l u t i o n s  o f  233U t h a t  had been generated i n  b i n a r y  scrap 

(Th02-U02) d i s s o l u t i o n  o p e r a t i o n s  (Sect .  8 )  o r  c o l l e c t e d  as h i g h - a c i d  

... 
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rr .. - 

Ta b l  3.2. Ur n i u m  2lution shipments: feed source materials 

Quantity ( kg ) 
Uranium 2 3 3 u  

Shipper 's  measurements 

Nuclear Fuel Services 
Atlant ic  Richfield Hanford Works 

Total t o  account f o r  

Receipts: O R N L  measurements 

Storage tank No. 

u-2 
u-3 

Rejected: a u-1 

Total 

Accepted : u-5 
U-6 
u-7 
U-8 
u-9 
u-lo 

Total 

Measured losses t o  waste storage 

Total accounted f o r  

Difference 

36.182 
599.867 

636.049 

8.604 
5.159 

102.785 

11 6.548 

35.534 
100.825 
101.410 
100.870 
95.300 
81.859 

515.798 

0.658 

633.004 

3.045 

(0.5%) 

35.544 
589.779 

625.323 

7.996 
5.070 

100.613 

113.679 

35.836 
99.243 
99.870 
99.357 
93.948 
80.638 

508.892 

0.648 

623.21 9 

2.104 

(0 .3%)  

a A t  the time of rece ip t ,  th is  material ,  a par t  o f  which was l a t e r  used 
i n  t h i s  program, was t ransferred t o  the 233U-p001 account. 
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Table 3.3. Uranium s o l i d s  shipments: feed source m a t e r i a l  

Q u a n t i t y  ( k g )  
Uran i  um 2331) 

S h i p p e r ' s  measurements 

Savannah R i v e r  P l a n t  246.652 241 .948 

Receipts  : ORNL measurements 
i 

D i s s o l u t i o n  

Campaign 1 
Campaign 2 
Campaign 3 

56.047 54.831 
140.055 137.143 
47.774 46.770 .. - 

T o t a l  d i s s o l v e d  243.876 238.744 _. 
.-. 

Remainder (und isso lved)  3.047 2.983 

T o t a l  accounted f o r  246.923 241 .727 

D i f f e r e n c e :  ( - )  = g a i n  .. (- )0.271 0.221 

(0.1%) (0.1%) 

c 
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r e c y c l e  m a t e r i a l  were p u r i f i e d  by s o l v e n t  e x t r a c t i o n  t o  recover  t h e  

uranium. Those n i t r a t e  s o l u t i o n s  which were e s s e n t i a l l y  f r e e  o f  m e t a l l i c  

i m p u r i t i e s  and were o f  low a c i d  concent ra t i ' on  ( H  /U mole r a t i o ,  <0.93) 
were p u r i f i e d  by c a t i o n  exchange t o  remove t h e  r e s i d u a l  t h o r i u m  and t o  

reduce t h e  l e v e l  o f  232U daughters s u f f i c i e n t l y  t o  p e r m i t  convers ion o f  

t h e  m a t e r i a l  t o  233U02 (Sect .  5 )  i n  unsh ie lded g love  boxes w i t h o u t  i n -  

t o l e r a b l e  personnel  exposure. 

+ 

4.1 Solvent  E x t r a c t i o n  

I The uranium conta ined i n  b i n a r y  scrap and o t h e r  h i g h l y  a c i d i c  so lu -  

t i o n s  was recovered by s o l v e n t  e x t r a c t i o n .  

(1  t o  7% 233U02 i n  Tho2) were r e t u r n e d  f rom t h e  f u e l  b lend ing  and p e l l e t  

manufactur ing f a c i l i t y  (BAPL) as s i n t e r e d  ox ides.  

i n  12 - M HN03 c a t a l y z e d  w i t h  f l u o r i d e  t o  form an aqueous n i t r a t e  s o l u t i o n  

f o r  s o l v e n t  e x t r a c t i o n  ( S X )  processing. 

c o n t a i n s  3 t o  6 g o f  uranium and 250 g o f  thor ium per  l i t e r  and i s  7 t o  

8 - M i n  HN03; such s o l u t i o n s  were a d j u s t e d  t o  feed c o n d i t i o n s  s p e c i f i e d  

i n  t h e  SX f lowsheet ,  which i s  descr ibed below. 

B i n a r y  p e l l e t  and powder scrap 

The scrap was d i s s o l v e d  

A t y p i c a l  d i s s o l v e r  s o l u t i o n  

4.1.1 Chemical f lowsheet  
* 

D e s c r i p t i o n .  The I n t - 2 3  f lowsheet  (F ig .  4.1) i s  a one-cycle opera- 

t i o n  conducted i r r  t h r e e  5- in.-diam pulsed columns t o  e x t r a c t ,  r e s p e c t i v e l y ,  

t h e  uranium f rom t h e  n i t r a t e  s o l u t i o n ,  scrub t r a c e s  o f  i m p u r i t i e s  f rom t h e  

e x t r a c t ,  and s t r i p  t h e  p u r i f i e d  uranium f rom t h e  scrubbed e x t r a c t a n t .  

The feed s o l u t i o n ,  which ' t y p i c a l l y  c o n t a i n s  140 g o f  thor ium and 6 g 

o f  uranium p e r  l i t e r  and i s  4.5 - M i n  HN03, was metered t o  t h e  t o p  o f  t h e  

e x t r a c t i o n  column ( e f f e c t i v e  length ,  34 f t )  c o u n t e r c u r r e n t  t o  a d ispersed 

organ ic  phase, 5% DSBPP i n  DEB d i l u e n t ;  uranium was e x t r a c t e d  i n t o  t h e  

organ ic  phase w h i l e  t h e  thor ium, 232U daughters,  and m e t a l l i c  i m p u r i t i e s  

remained i n  t h e  r a f f i n a t e .  

* 
The SX p u r i f i c a t i o n  f lowsheet  used d u r i n g  t h i s  program i s  a v a r i a t i o n  o f  
t h e  I n t - 2 3  f lowsheet ,  which was developed a t  ORNL i n  t h e  l a t e  1940s. 
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. -  

The pregnant o rgan ic  phase 
was then f e d  i n t o  t h e  bottom of 

l e a v i n g  t h e  t o p  o f  t h e  e x t r a c t i o n  column 

t h e  scrub column ( e f f e c t i v e  l e n g t h ,  12 

f t ) ,  passing c o u n t e r c u r r e n t  t o  a stream o f  aqueous 0.6 - M A1(N03)3 which 

was 0.6 - N a c i d  d e f i c i e n t  (AD). 

taminants  were scrubbed back i n t o  t h e  aqueous phase. The e x i t i n g  scrub 

stream was f e d  t o  t h e  t o p  o f  t h e  e x t r a c t i o n  column. 

( e f f e c t i v e  length ,  21 f t ) ,  where a c o u n t e r c u r r e n t  stream of 0.01 - M HN03 

a t  55°C s t r i p p e d  t h e  uranium i n t o  t h e  aqueous phase. 

aqueous produc t  stream conta ined 28 g o f  uranium p e r  l i t e r ,  500 t o  1000 

ppm thor ium (uranium b a s i s ) ,  and was 0.05 - M i n  HN03. 

t i o n  was concent ra ted  t o  QOO g o f  uranium p e r  l i t e r  by evapora t ion  p r i o r  

t o  s to rage o r  subsequent process ing.  

Flowsheet development. The I n t - 2 3  f lowsheet  i s  a m o d i f i e d  v e r s i o n  

o f  t h a t  used i n  t h e  K i l o r o d  program,’ i n  which t h e  c o n c e n t r a t i o n  o f  DSBPP 

i s  increased f rom 2.5% t o  5% and t h e  composi t ion o f  t h e  scrub changed t o  

0.6 - M A1(N03)3--0.06 - M AD. The uranium c o n c e n t r a t i o n  i n  t h e  feed v a r i e d  

f rom 3.2 t o  8.8 g / l i t e r ,  t h e  thor ium c o n c e n t r a t i o n  f rom 111 t o  170 g / l i t e r ,  

and t h e  a c i d  f rom 3.7 t o  6.0 - M y  depending on t h e  c h a r a c t e r i s t i c s  o f  t h e  r e -  

c y c l e d  m a t e r i a l  and d i s s o l v e d  scrap s o l u t i o n s .  

Because o f  t h e  wide range o f  feed composi t ions encountered i n  t h i s  

f lowsheet ,  t h e  r e l a t i v e  f l o w  r a t e s  o f  feed, scrub, and s o l v e n t  a r e  a l lowed 

t o  vary  as determined f rom Fig.  4.2. E x t r a c t i o n  of  >99% of t h e  uranium 

and maximum separa t ion  o f  uranium frcm thor ium a r e  ob ta ined w i t h  these 

c o n d i t i o n s .  

Ent ra ined thor ium and o t h e r  i o n i c  con- 

The scrubbed o r g a n i c  was f e d  i n t o  t h e  bottom o f  t h e  s t r i p p i n g  column 

T y p i c a l l y ,  t h e  

T h i s  product  s o l u -  

2 

4.1.2 So lvent  e x t r a c t i o n  r u n  procedures 

Data f rom severa l  t y p i c a l  s o l v e n t  e x t r a c t i o n  runs a r e  shown i n  Table 

The q u a n t i t y  o f  uranium processed i n  a s i n g l e  r u n  ranged f rom 4 t o  4.1. 

40 kg. 

thor ium, and a c i d  c o n c e n t r a t i o n s  (ranges i n  parentheses) was 6.34 (3.20 

t o  8.75) g / l i t e r ,  137.7 (111.0 t o  213.0) g / l i t e r ,  and 4.52 (1.68 t o  6.0) 

- M r e s p e c t i v e l y .  

The raw feed m a t e r i a l  was c o l l e c t e d  i n  a 1 5 0 0 - l i t e r  feed adjustment 

vessel .  Adjustment t o  %4.5 - M feed a c i d  c o n t e n t  and a Th/U mole r a t i o  o f  

The average composi t ion o f  t h e  feed w i t h  regard  t o  uranium, 
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O R N L  D w q  77-2834Rl 

F E E D :  U as shown 
140 q liter Th, 4.5 M H' 

E X T R A C T A N T :  5% DSBPP-  DEB.  
SCRUB: 0.6 M A I ,  0.06 E AD. 
S T R I P :  0.01 8 H N O 3  
B A S I S :  !j-in.-diam extraction column 

total combined flow = 175 l i te rs lhr  
(339 gal /hr - f t2 )  

F i g .  4.2. Flowsheet cond i t i ons  f o r  r e c o v e r i n g  233U f r o m  
aqueous s o l u t i o n  w i t h  5% DSBPP-DEB. 

I .  . i  
I 
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Table 4.1. Data from t y p i c a l  s o l v e n t  e x t r a c t i o n  runs 

Uranium Product Flow r a t e s ,  Feed compos i ti on 
U Th H+ f e e d / o r g / s c r u b / s t r i p  U Th H+ 1 oss 

Run No. ( g / d  (g /a )  (!> ( a h - )  ( g / d  ( s / O  (!!!I ( %  o f  feed)  

sx-3 8.19 148.5 4.5 82/81 /l 1 /20 194.35 1.25 0.45 1.04 

SX-13 5.86 111 4.03 83/85/13/20 204.1 0.71 0.61 0.27 

N 
F sx-19 7.31 127 4.31 80/82/15/21 191 .o 0.30 0.4 0.52 

SX-51 6.06 149.4 4.98 61 /67/9/20 229.7 0.36 0.66 0.84 

SX-61 7.09 140 4.4 63/67/9/20 21 7 0.14 0.30 0.60 



g r e a t e r  than 17 ( f o r  c r i t i c a l i t y  c o n t r o l ;  see Sect.  11 )  was completed 

p r i o r  t o  t r a n s f e r  t o  t h e  feed tank.  

t a i n  s o l u t i o n s  f rom b i n a r y  scrap d i s s o l u t i o n  and t h e  r e c y c l e  m a t e r i a l  

generated f rom s o l v e n t  e x t r a c t i o n ,  i o n  exchange, and o x i d e  convers ion 

opera t ions .  

a t  r a t i o s  determined by t h e  graph i n  F i g .  4.2. The r e l a t i v e  f low r a t e s  

were main ta ined a t  o r  near  these l e v e l s  d u r i n g  t h e  t i m e  uranium-bear ing 

f e e d  was pumped t o  t h e  system. 

The s o l v e n t  e x t r a c t i o n  system s t a r t u p  procedure began w i t h  estab-  

l i s h i n g  h y d r a u l i c  e q u i l i b r i u m  i n  t h e  columns. T h i s  i n c l u d e d  s e t t i n g  

scrub and s t r i p  f lows a f t e r  which t h e  organ ic  stream f l o w  was es tab l i shed.  

A f t e r  h y d r a u l i c  e q u i l i b r i u m  had been a t t a i n e d ,  feed was i n t r o d u c e d  i n t o  

t h e  system. 

and u n t i l  4 h r  a f t e r  t h e  feed s o l u t i o n  was in t roduced.  S t a r t u p  ( t o  t h e  
p o i n t  o f  feed i n t r o d u c t i o n )  u s u a l l y  r e q u i r e d  l e s s  than 3 h r  o f  opera t ion .  

E a r l y  i n  t h e  program, t h e  SX system s t a r t u p  procedure i n c l u d e d  t h e  

use of t h o r i u m  feed (130 g T h / l i t e r ,  4.5 - M H+ as n i t r a t e  s o l u t i o n ,  w i t h  

no uranium p r e s e n t ) .  T h i s  feed was i n t r o d u c e d  s imu l taneous ly  w i t h  t h e  

scrub and s t r i p  streams t o  e s t a b l i s h  a l l  aqueous f l o w  r a t e s .  

s o l u t i o n  was then in t roduced,  f o l l o w e d  by uranium-bear ing feed. The use 

of t h o r i u m  feed t o  e l i m i n a t e  uranium f rom t h e  o r g a n i c  phase was o r i g i -  

A feed ba tch  would t y p i c a l l y  con- 

Feed, o rgan ic ,  scrub, and s t r i p  s o l u t i o n s  were metered t o  t h e  system 

The produc t  s o l u t i o n  was r o u t e d  t o  r e c y c l e  d u r i n g  s t a r t u p  

Organic 

n a l l y  thought  t o  be requiised' f o r  optimum SX 'system performance. However, 

t h i s  was l a t e r  determined t o  be unnecessary, and i t s  use was e l i m i n a t e d  

f rom t h e  s t a r t u p  procedure. 

mented upon exhaust ion o f  t h e  uranium-bear ing feed. 

operated w i t h  a l l  streams (except  feed)  a t  f lowsheet  r a t e s  t o  scrub and 

s t r i p  r e s i d u a l  meta l  i o n s  f rom t h e  o r g a n i c  i n v e n t o r y .  T h i s  procedure was 

cont inued f o r  a p e r i o d  o f  4 h r  t o  p e r m i t  t rea tment  o f  a l l  t h e  o r g a n i c  

i n v e n t o r y .  Dur ing t h i s  p e r i o d  o f  shutdown, t h e  uranium produc t  s o l u t i o n  

s t i l l  low. 

Shutdown procedures f o r  t h e  s o l v e n t  e x t r a c t i o n  system were imp le-  

The system was 

. 
was r o u t e d  t o  t h e  produc t  vessel  s i n c e  t h e  Th/U and t h e  H+/U r a t i o s  were - .  

The scrub s o l u t i o n  f l o w  was then stopped, and t h e  s t r i p  s o l u -  
t i o n  cont inued t o  d e p l e t e  r e s i d u a l  meta l  i o n s  f rom t h e  o r g a n i c  s o l u t i o n .  ' 8  

(Scrub f l o w  was d i s c o n t i n u e d  i n  o r d e r  t o  m a i n t a i n  a h i g h - d e n s i t y  r a f f i n a t e  
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solution i n  the jack leg and t o  f a c i l i t a t e  establishment of column in t e r -  
face d u r i n g  subsequent system s t a r t u p . )  The stripping of organic continued 
f o r  an additional 4-hr period. Dur ing  t h i s  interval ,  the uranium product 
solution was collected f o r  recycle since i t  contained increasing amounts 
( r e l a t i v e  t o  uranium content) of thorium and acid. 

The f ina l  s tep d u r i n g  shutdown was t o  displace the organic solution 
from the three columns. 
t i v e  columns, while the organic supply was discontinued u n t i l l t h e  b u l k  of 
the organic phase i n  each column had been displaced. 
requ i red ~ 1 2  hr . 

Early i n  the program, the shutdown procedure included the use of 
thorium feed t o  deplete uranium from the organic phase; however, th is  
step was found to  be unnecessary and was thus eliminated. 

New extractant was t reated,  pr ior  t o  use i n  the solvent extraction 
system, t o  remove accompanying impurities generated d u r i n g  i t s  manufacture. 
A volume of new solution (5% DSBPP i n  D E B )  was scrubbed with 0.1 volume of 
0.1 - M Na2C03 solution followed by 0.1 volume of 0 . 2  - M HN03. 
noted t h a t  DSBPP i s  l e s s  prone t o  radiation degradation than other ,  more 
widely used extractants 
continuous organic treatment ( i  .e.  , carbonate scrub).  

Scrub and s t r ip  streams were pumped t o  the respec- 

The e n t i r e  procedure 

I t  should be 

3 (e.g. , tri-n-butyl - phosphate) , thus obviating 

. 
4.1.3 Solvent extraction system performance 

Uranium product. The uranium product stream from the stripping col-  
umn was evaporated t o  achieve f ina l  concentrations ranging from 103.9 to  
294.4 g / l i t e r .  
ppm (uranium bas is ) .  ( In  one r u n ,  the thorium concentration amounted t o  
50,000 ppm as the d i r e c t  r e su l t  of a mechanical problem c i t ed  below.) 

Thorium contents of the products varied from ~ 3 0 0  t o  11,400 

More 

I -  

.+ 

complete thorium removal d u r i n g  solvent extraction was limited by the ex- 
t ract ion column length and indications of poor efficiency, which were 
probably the r e su l t  of corrosion i n  the column a f t e r  23 years of usage. 
The H / U  mole r a t i o  i n  the product, ranging from 0.24 t o  1.59, i s  of prime 
importance f o r  subsequent ion exchange processing. The flowsheet specif i -  
cation f o r  ion exchange required tha t  this  r a t i o  be l e s s  than 0.93, while 
the flowsheet f o r  233U conversion specified a range of 0.18 t o  0.93. 

+ 
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+ 
Despi te  severa l  s o l v e n t  e x t r a c t i o n  runs which y i e l d e d  products  w i t h  H /U 
r a t i o s  of >0.93, p roduc t  b l e n d i n g  p e r m i t t e d  t h e  use o f  a l l  s o l v e n t  e x t r a c -  

t i o n  produc t  s o l u t i o n s  i n  subsequent opera t ions .  

Mechanical problems were t h e  pr imary  cause o f  v a r i a t i o n s  i n  t h e  

q u a l i t y  o f  t h e  produc t  s o l u t i o n s  c o l l e c t e d  d u r i n g  each run. 

and solut ion-pump performance plagued s o l v e n t  e x t r a c t i o n  o p e r a t i o n s  d u r i n g  

much o f  t h e  program (see Sect. 10.2) .  U n s a t i s f a c t o r y  .pu lser  o p e r a t i o n  

r e s u l t e d  i n  a decrease i n  c o n t a c t  between t h e  phases i n  t h e  columns, w h i l e  

i n c o n s i s t e n t  performance o f  t h e  aqueous s o l u t i o n  pumps caused v a r y i n g  

r e l a t i v e  f l o w  r a t e s  o f  t h e  i n t e r a c t i n g  s o l u t i o n s .  These m a l f u n c t i o n s ,  i n  

v a r y i n g  degrees and combinat ions,  r e s u l t e d  i n  h i g h e r  t h o r i u m  and f r e e  a c i d  

c o n c e n t r a t i o n s  i n  t h e  product .  

a f f e c t  t h e  q u a l i t y  o f  t h e  SX p roduc t .  

t a i n s  an u n i d e n t i f i e d  c o n s t i t u e n t ,  n o t  e l i m i n a t e d  by pre t rea tment  w i t h  

t h e  Na2C03 and t h e  d i l u t e  a c i d  washes, which reduced i t s  s e l e c t i v e n e s s  

f o r  uranium. T h i s  s u s p i c i o n  was conf i rmed by t h e  r e d u c t i o n  i n  decontami- 

n a t i o n  f rom i m p u r i t i e s  observed i n  t h e  uranium produc t  a f t e r  t h e  a d d i t i o n  

o f  f r e s h  organ ic .  For example, a l l  o f  t h e  o r g a n i c  s o l u t i o n  was r e p l a c e d  

a f t e r  Run SX-24, w h i l e  %50% o f  t h e  system's o r g a n i c  i n v e n t o r y  was r e p l e n -  

i shed a f t e r  Runs SX-41 and SX-55. The decontaminat ion o f  uranium f rom 

t h o r i u m  was, r e s p e c t i v e l y ,  62, 25, and 55% o f  t h e  average decontaminat ion 
exper ienced f o r  s i m i l a r  o p e r a t i n g  c o n d i t i o n s  w i t h  " o l d "  o rgan ic .  

e f f e c t  o f  adding new organ ic  t o  t h e  system appeared t o  p e r s i s t  f o r  $300 
h r  o f  opera t ion .  

It should be no ted  t h a t  t h e  c o n t e n t  o f  c e r t a i n  m e t a l l i c  i m p u r i t i e s  

had a d i r e c t  bear ing  on t h e  o v e r a l l  q u a l i t y  of t h e  f i n a l  SX uranium prod- 

u c t  (Sect .  6.1).  One such m e t a l l i c  i m p u r i t y ,  d i r e c t l y  i n t r o d u c e d  by SX 

opera t ions ,  was aluminum. 

s o l u t i o n ,  c a r e f u l  c o n t r o l  o f  i t s  f l o w  as w e l l  as i t s  i n t e r f a c e  l e v e l  i n  

t h e  scrub column was paramount t o  m a i n t a i n i n g  t h e  aluminum c o n t e n t  o f  

t h e  produc t  w i t h i n  s p e c i f i c a t i o n s  ( d 5 0  ppm, uranium b a s i s ) .  As expected, 

t h e  excess ive ent ra inment  t h a t  occur red  when t h e  aqueous-organic i n t e r f a c e  

i n  t h e  scrub column rose  above i t s  predetermined l e v e l  r e s u l t e d  i n  h i g h e r  

Poor p u l s e r  

The use o f  new, f r e s h l y  prepared o r g a n i c  s o l u t i o n  a l s o  appeared t o  
We suspect t h a t  f r e s h  s o l v e n t  con- 

The 

Since t h e  scrub i s  a b a s i c  aluminum n i t r a t e  

. 
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. -  

aluminum conten ts  of  t h e  uranium produc t  s o l u t i o n s .  I n  t h r e e  runs, t h e  
aluminum c o n t e n t s o f  t h e  products  analyzed 285, 275, and 325 ppm (uranium 

b a s i s ) .  However, b lend ing  p e r m i t t e d  t h e  use o f  a l l  t h e  SX p roduc t  so lu -  

t i o n s  generated. 

Uranium losses  t o  t h e  aqueous r a f f i n a t e  average f rom 

0.2 t o  1.0% of t h e  feed ( c a l c u l a t e d  from end-of - run m a t e r i a l  balance v a l -  

ues),  w i t h  occasional  losses  exceeding 1.5%. 

E v a l u a t i o n  of instantaneous uranium losses  t o  t h e  r a f f i n a t e  c o u l d  be 

c o r r e l a t e d  w i t h  p e r t u r b a t i o n s  i n  uranium feed composi t ion.  

losses  occur red  when t h e  uranium feed c o n c e n t r a t i o n  was suddenly lowered. 

Such a c o n d i t i o n  would commonly occur  as t h e  r e s u l t  o f  r e f i l l i n g  a n e a r l y  - 

empty feed tank  w i t h  a new batch o f  feed s o l u t i o n  l e s s  concentrated i n  

uranium. 

Uranium waste. 

The h i g h e s t  

To min imize t h e  e f f e c t s  o f  such p e r t u r b a t i o n s ,  t h e  1 1 5 0 - l i t e r  feed 

tank  was r e f i l l e d  ( d u r i n g  t h e  runs a f t e r  SX-56) t o  i t s  working c a p a c i t y  

a f t e r  each Q 2 0 0 - l i t e r  volume o f  feed had been processed ( i n s t e a d  o f  t h e  

former p r a c t i c e  o f  r e f i l l i n g  i t  j u s t  be fore  t h e  conten ts  were dep le ted) .  

T h i s  change i n  procedure had t h e  e f f e c t  o f  g r a d u a l l y  t r a n s f o r m i n g  t h e  

feed composi t ion f rom t h a t  o f  t h e  feed tank  t o  t h a t  o f  t h e  feed a d j u s t -  

ment vessel .  More c o n s i s t e n t  and s u b s t a n t i a l l y  decreased losses  ( ~ 0 . 6 %  

o f  feed)  were observed as a r e s u l t .  

i n e f f i c i e n t  p u l s e r  and s o l u t i o n  pump performance reduced t h e  degree o f  

m i x i n g  (and hence t h e  degree o f  e x t r a c t i o n  o f  uranium from feed s o l u t i o n s  

i n t h e  e x t r a c t  i on c o l  umn ) ; s i  m i  1 a r l  y , mechanical i nef f i c i enc i es perm i t t e d  

a h i g h e r  uranium c o n t e n t  i n  t h e  o r g a n i c  l e a v i n g  t h e  s t r i p p i n g  column. 

Since t h e r e  was no subsequent t rea tment  o f  t h e  spent o rgan ic  ( i  .e. , c a r -  

bonate scrub) ,  t h e  organ ic  phase e n t e r i n g  t h e  e x t r a c t i o n  column had a 

h i g h e r  uranium concent ra t ion ,  which l e d  t o  increased uranium i n  t h e  

r a f f  i n a t e  . 

Mechanical d i f f i c u l t i e s  a l s o  i n f l u e n c e d  uranium losses.  Occasional ly ,  

R e l a t i v e  f low r a t e s  o f  t h e  i n t e r a c t i n g  s o l u t i o n s  i n f l u e n c e d  uranium 

losses  as w e l l  as p roduc t  q u a l i t y .  I n  p a r t i c u l a r ,  an excess ive f l o w  r a t e  

o f  scrub s o l u t i o n  a l t e r e d  c o n d i t i o n s  i n  t h e  e x t r a c t i o n  column (due t o  t h e  

bas ic  n a t u r e  o f  t h e  scrub s o l u t i o n )  such t h a t  e x t r a c t i o n  o f  uranium i n t o  

t h e  organ ic  was reduced. 

, 
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Another f a c t o r  i n f l u e n c i n g  uranium losses  was t h e  ent ra inment  o f  

aqueous o u t  t h e  t o p  o f  t h e  s t r i p p i n g  column. Th is  r e s u l t e d  i n  an aque- 

ous phase being pumped w i t h  t h e  organ ic  t o  the  bottom o f  t h e  e x t r a c t i o n  

column. 

waste s o l u t i o n .  Since t h e  aqueous-phase uranium concen t ra t i on  was h i g h  

( i t s  uranium con ten t  was determined by chemical c o n d i t i o n s  i n  t h e  s t r i p  

column), t h i s  a d d i t i o n  t o  t h e  r a f f i n a t e  s i g n i f i c a n t l y  inc reased t h e  t o t a l  

uranium r e j e c t e d  t o  waste. 

The aqueous would j o i n  t h e  r a f f i n a t e  and become p a r t  o f  t h e  

Free a c i d  con ten t  o f  t h e  feed appeared t o  a f f e c t  t h e  e x t r a c t i o n  o f  

uranium. 

some increase i n  uranium losses  t o  the  r a f f i n a t e ,  which i s  i n  agreement 

w i t h  e a r l y  e q u i l i b r i u m  s tud ies  f o r  t h e  DSBPP e x t r a c t a n t .  

r a f f i n a t e  stream i s  i n e f f i c i e n t  column opera t i on  due t o  mechanical f a i l -  

' u r e  ( i . e . y  "channeling," ove rs i ze  ho les  i n  t h e  pu lse  p l a t e s  due t o  c o r -  

r o s i o n  o r  e ros ion ,  o r  l o s s  o f  p l a t e s ) .  The column has been i n  o p e r a t i o n  

f o r  over  20 years,  and c a l c u l a t i o n s  show t h a t  t h e  p l a t e  h e i g h t  o f  34 f t  

i s  s u f f i c i e n t  t o  p rov ide  a uranium loss o f  0.1%. 

Lower f r e e  a c i d  concen t ra t i on  i n  t h e  feed was accompanied by 

Perhaps t h e  most s i g n i f i c a n t  cause o f  h i g h  uranium losses  t o  t h e  

4.2 I o n  Exchange 

Uranyl  n i t r a t e  s o l u t i o n s  were p u r i f i e d  by c a t i o n  exchange t o  remove 

232U daughters  and t o  pe rm i t  convers ion t o  233U02 w i t h i n  unsh ie lded g love  

boxes. Aged u rany l  n i t r a t e  s o l u t i o n s  conta ined s u f f i c i e n t  amounts o f  

daughter  products  t o  p rec lude t h e i r  d i r e c t  hand l i ng  w i t h o u t  f u r t h e r  p u r i -  

f i c a t i o n .  

c o l l e c t e d  f o r  t h i s  program conta ined ~ 9 7 %  233U and 5 t o  10 ppm 232U ( t o t a l  

uranium b a s i s ) .  

and b e t a - e m i t t i n g  daughters conclud ing,  about o n e - t h i r d  o f  t h e  t ime,  w i t h  

208? lywh ich  decays Lo '08Pb by be ta  emiss ion accompanied by a 2.6-MeV 

gamma. T h i s  ene rge t i c  gamma prec luded d i r e c t  hand l i ng  s ince  harmful  gamma 

exposures t o  ope ra t i ng  personnel  would r e s u l t ;  t h e r e f o r e ,  i t s  e f f e c t  was 

reduced. 

and 224Ra, and p e r m i t t i n g  t h e  o t h e r  daughters t o  decay a t  a r a t e  d i c t a t e d  

by '12Pb w i t h  i t s  10.6-hr h a l f - l i f e ,  temporary r e l i e f  f rom t h e  2.6-MeV 

gamma was prov ided.  

232u 

As p r e v i o u s l y  no ted  (Sect .  3 ) ,  t h e  uranium i n  t h e  feedstocks 

The 232U decay cha in  (F ig .  4.3) i nc ludes  severa l  a lpha-  

By i n t e r r u p t i n g  t h e  decay chain,  through t h e  removal o f  228Th 

.. 
-- 

- _  



33 

.23ZU a 228Th a 224Ra 3 .64  a d ' 220Rn 1.9 y 72 Y + 

B 21 2Bi 
212pb 10.6 h ' 

a 
216po 0.2 s + 

a 
220Rn 55.6 s ' 

Fig .  4.3. Uranium-232 decay cha in .  

A p l o t  o f  r e l a t i v e  232U daughter a c t i v i t y  (as a f u n c t i o n  o f  t i m e  

Each curve  o r i g i n a t e s  a t  a r e l a t i v e  gamma a c t i v i t y  o f  1.0, 

I t  has been 

f o l l o w i n g  removal o f  thor ium and v a r y i n g  amounts o f  radium) i s  shown i n  
F ig .  4.4. 

which represents  232U i n  e q u i l i b r i u m  w i t h  i t s  daughters.  

shown t h a t  233U c o n t a i n i n g  up t o  10 ppm 232U and l e s s  than 2% o f  t h e  

e q u i l i b r i u m  gamma can be handled i n  unshie lded g l o v e  boxes w i t h o u t  over -  

exposure o f  personnel .4 

t h e  thor ium and >95% o f  t h e  radium f rom e q u i l i b r a t e d  feedstock ( < l o  ppm 

232U) would r e s u l t  i n  uranium which can be processed i n  unshie ded g love  

boxes d u r i n g  t h e  p e r i o d  o f  1 t o  3 weeks a f t e r  i n t e r r u p t i n g  t h e  decay chain.  

Therefore,  i t  may be seen t h a t  remova o f  a l l  o f  

. -  
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F i g .  4.4. Pred'  t e d  232U-daughter gamma a c t i v i t y  as a 
f u n c t i o n  o f  age and J58Th-224Ra removed. 
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4.2.1 I o n  exchange f lowsheet  

. -  

D e s c r i p t i o n .  A schematic i o n  exchange f lowsheet  i s  shown i n  F ig .  

4.5. 

two se ts  of product  tanks (each o f  1 8 0 - l i t e r  c a p a c i t y  and c o n s i s t i n g  o f  

an assembly of 4 - i n .  p i p e  tanks on common m a n i f o l d s ) ,  and e l u t i o n  ca tch  

tanks.  The i o n  exchange column, which was f a b r i c a t e d  from 4 - i n .  sched 

40 s t a i n l e s s  s t e e l  p ipe,  was designed t o  h o l d  9 l i t e r s  o f  r e s i n .  To 

r e t a i n  t h e  r e s i n  w i t h i n  t h e  column, a s i n t e r e d  s t a i n l e s s  s t e e l  d i s c  

(10-pm mean pore s i z e )  w i t h  a p e r f o r a t e d  suppor t  p l a t e  was h e l d  i n  p lace  

a t  each end by bol ted-on f langes .  

r e s i n  (200 t o  400 mesh), charged t o  t h e  column as an aqueous s l u r r y ,  was 

used i n  t h i s  system. 

Cat ion  exchange methods had p r e v i o u s l y  been developed 

f o r  separa t ing  thor ium f rom uranium, b u t  t h e  e f f e c t i v e n e s s  o f  radium 

removal had n o t  been determined. Labora tory -sca le  (about  1/2000 o f  p l a n t  

s c a l e )  exper iments were conducted a t  ORNL t o  determine t h e  e f f e c t i v e n e s s  

o f  t h i s  method f o r  separa t ing  radium and thor ium from uranium. 

exper iments showed t h a t  p u r i f i c a t i o n  by c a t i o n  exchange o f  U02(N03)2 

s o l u t i o n  c o n t a i n i n g  <10 ppm o f  232U, aged 1 year ,  y i e l d e d  a uranium 

produc t  s o l u t i o n  which would be acceptable f o r  d i r e c t  hand1 i n g  2 days 

a f t e r  p u r i f i c a t i o n .  T h i s  represented a removal o f  >99X of t h e  Y 

~ 9 8 %  o f  t h e  224Ra, and ~ 5 0 %  o f  t h e  '12Pb f rom t h e  feed s o l u t i o n .  

The s o l u t i o n  vessels  inc luded two feed tanks (115 l i t e r s  each), 

A 12% c r o s s - l i n k e d  c a t i o n  exchange 

Development. 

5 

These 

2 2 q h  

I n  s c a l i n g  t h i s  system t o  p l a n t  s i z e ,  a r e s i n  r e t e n t i o n  system was 

developed t o  p e r m i t  r e v e r s e - f l o w  opera t ion .  Q u o t i n g  from ORNL-4731, by 

R. H. Rainey: 

The use o f  f i n e ,  u n i f o r m l y  s i z e d  r e s i n ,  r e s u l t i n g  i n  a h i g h  
pressure drop across t h e  r e s i n  bed, made a s i m p l e r  des ign 
poss ib le .  
s t e e l  f r i t s  a t  each end t o  c o n t a i n  t h e  r e s i n  i n  t h e  column. 
The space between t h e  2 f r i t s  was n e a r l y  f i l l e d  w i t h  r e s i n  
l e a v i n g  o n l y  enough f r e e  space t o  ensure t h a t  t h e  r e s i n ,  i n  
i t s  most expanded form, d i d  n o t  exceed t h e  space prov ided.  
Wi th a g l a s s  column of t h i s  design, we demonstrated t h a t ,  
when f l o w  was reversed, t h e  r e s i n  bed mere ly  s l i d  up and 
down t h e  column i n  t h e  form of a compact c y l i n d e r .  
d e t e c t a b l e  m i x i n g  occurred. '  

The r e s i n  column was equipped w i t h  s t a i n l e s s  

No 
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Most convent ional  column designs have employed mechanical systems, such 

as spr ings ,  t o  keep t h e  r e s i n  bed s t a b i l i z e d  and prevent  f l u i d i z a t i o n  o f  

t h e  bed d u r i n g  reverse  f low.  

4.2.2 Run procedures 

T y p i c a l  procedures. A t o t a l  o f  89 produc t ion  runs were made us ing  

P r i o r  t o  t h e  run, t h e  r e s i n  was t r e a t e d  w i t h  6 - M HN03 t o  ensure t h a t  

t h e  f o l l o w i n g  t y p i c a l  procedure:  

i t  was i n  t h e  H+ form. 

f r e e  ac id .  

uranium and 0.2 g of thor ium per  l i t e r  and 0 .3  - M i n  H+, was then pumped 

a t  t h e  r a t e  o f  0.5 l i t e r / m i n  through t h e  r e s i n  column a t  ambient temper- 

a t u r e .  

feed volume e q u i v a l e n t  t o  t h e  f i r s t  2.5 kg o f  uranium pumped t o  t h e  c o l -  

Next, t h e  bed was f l u s h e d  w i t h  water t o  remove t h e  

The feed, a n i t r a t e  s o l u t i o n  c o n t a i n i n g  t y p i c a l l y  120 g o f  

The r e s u l t i n g  pressure  drop was 50 p s i .  The e f f l u e n t  f rom t h e  

umn was d i v e r t e d  t o  r e c y c l e  s i n c e  i t  was c o l l e c t e d  d u r i n g  r e s i n  convers ion 

t o  U022+ form. 

which met t h e  uranium c o n c e n t r a t i o n  s p e c i f i c a t i o n . )  A f t e r  a l l  o f  t h e  feed 

had been processed, water  was passed through t h e  r e s i n  bed t o  d i s p l a c e  t h e  

i n t e r s t i t i a l  volume and t h e  l i n e  holdup o f  p u r i f i e d  urany l  n i t r a t e  so lu -  

t i o n  t o  t h e  produc t  tank.  

t o  desorb t h e  remain ing uranium f rom t h e  r e s i n  and then by a 4.5 - M 

ammonium a c e t a t e  (NH40Ac)--3.9 - M a c e t i c  a c i d  (HOAc) wash a t  60°C t o  e l u t e  

t h e  remain ing i o n s  ( p r i n c i p a l l y  thor ium) .  Resin p re t rea tment  and e l u t i o n  

were conducted w i t h  t h e  s o l u t i o n s  f l o w i n g  down through t h e  column, w h i l e  

f e e d  p u r i f i c a t i o n s  were performed i n  t h e  up f low mode. 

c a l l y  y i e l d e d  produc t  c o n t a i n i n g  ~ 9 0 %  o f  t h e  uranium i n  t h e  feed, ~ 1 0 %  

t h a t  was recyc le ,  and <0.2% as waste. Data f rom severa l  i o n  exchange 

runs a r e  shown i n  Table 4.2. 

( T h i s  p r a c t i c e  was necessary t o  o b t a i n  p u r i f i e d  s o l u t i o n  

T h i s  was f o l l o w e d  by a 6 - M HN03 wash a t  60°C 

These runs  t y p i -  

Adjustment o f  feed s o l u t i o n s .  S o l u t i o n s  t o  be used as feed t o  t h e  

i o n  exchange column were c o l l e c t e d ,  blended, and a d j u s t e d  t o  f lowsheet  

s p e c i f i c a t i o n s  i n  t h e  feed tanks. Sources o f  t h e  feed i n c l u d e d  SX p roduc t  

s o l u t i o n s ,  d i s s o l v e d  233U02 powder, and s t o r e d  UNH s o l u t i o n s .  B lending 

was r e q u i r e d  t o  p revent  overburdening t h e  i o n  exchange column w i t h  thor ium 

and t o  t a k e  advantage o f  some observat ions and development descr ibed below. 
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Table 4.2. Data from typical ion exchange runs 

Feed composition 

U Th H+ Total radium Volume Radium i n  product 
Run No. ( g h >  ( g l a )  @> ( C i )  ( a >  ( %  of feed) 

IX-107 104.66 0.011 0.14 0.138 184.1 40 

IX-114 110.24 0.24 0.28 0.538 181 .O 3 

IX-129 110.05 0.535 0.305 0.504 173.7 15 

IX-145 132.56 0.066 0.27 0.040 196.2 60 

IX-178 123.38 0.041 0.23 0.773 223.7 27 

w co 
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Equat ion ( 1  ) , 
[Th4'] 

Th:ic = K ([Th4'] + [U022'] + [H + 3 )  3 '  

where 

Th4' = r e s i n  o p e r a t i n g  c a p a c i t y ,  moles, 

K = e m p i r i c a l  constant ,  

[ 3 = i o n  c o n c e n t r a t i o n ,  e q u i v / l i t e r ,  

was developed f rom t h e o r e t i c a l  c o n s i d e r a t i o n s  and e m p i r i c a l  observat ions 

t o  descr ibe  and p r e d i c t  t h e  o p e r a t i n g  c a p a c i t y  o f  t h e  i o n  exchange r e s i n  

f o r  thor ium (Th:ic) as d i r e c t l y  p r o p o r t i o n a l  t o  t h e  thor ium c o n c e n t r a t i o n  

and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  t h i r d  power o f  t h e  t o t a l  n o r m a l i t y  o f  
t h e  feed s o l u t i o n .  

ance w i t h  respec t  t o  thor ium s o r p t i o n  f o r  each o f  t h e  89 i o n  exchange 

runs conducted. 

When t h e  r e s i n  o p e r a t i n g  c a p a c i t y  f o r  thor ium was r e l a t e d  t o  t h e  

It has been used t o  r e l i a b l y  p r e d i c t  column perform- 

t o t a l  t h o r i u m  i n  t h e  feed l o t ,  a f a c t o r  d e s c r i b i n g  t h e  r e l a t i v e  excess 

4t 4+ ) .  T h i s  f a c t o r  ( i n  i t s  percentage form) was then used i n  

- r e s i n  o p e r a t i n g  c a p a c i t y  f o r  thor ium (Threroc ) r e s u l t e d  ( i  .e. , ThrerOc - 

hroc /Thf  eed 
Eq. ( 2 )  t o  e s t i m a t e  t h e  expected percent  radium removal: 

% Ra removal = % ThrerOc - 44%. ( 2 )  

T h i s  r e l a t i o n  was developed from data generated d u r i n g  e q u i l i b r a t i o n s  o f  
r e s i n  w i t h  u rany l  n i t r a t e  s o l u t i o n s  c o n t a i n i n g  low concent ra t ions  o f  meta l  

ions. '  

w i t h i n  5% o f  t h e  observed radium removal i n  30% o f  t h e  runs i n v e s t i g a t e d  

and w i t h i n  30% i n  t w o - t h i r d s  o f  t h e  runs. 

d i c t e d  radium removal was n o t  w i t h i n  5%, t h e  observed radium removal was 

l e s s  than t h a t  p red ic ted .  

m i x i n g  o f  i o n  exchange produc t  w i t h  s o l u t i o n  hee ls  l e f t  i n  p roduc t  tanks 

f rom e a r l i e r  runs. 

A f t e r  Run IX-143, t h e  i o n  exchange system was capable o f  process ing 

two d i f f e r e n t  feeds - w i t h  respec t  t o  H , Th4+, and U02*+ concent ra t ions  - 

w i t h i n  a s i n g l e  run. 

T h i s  method o f  e s t i m a t i n g  radium removal proved t o  be accura te  t o  

I n  every case where t h e  pre-  

T h i s  was b e l i e v e d  t o  be caused by t h e  cross-  

t 

Making use o f  t h i s  f l e x i b i l i t y ,  we s p e c i f i e d  
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d i f fe ren t  concentration requirements between the f i r s t  and second halves 
of the feed t o  enhance the resin operating capacity f o r  thorium. Appli- 
cation of E q .  ( 1 )  showed tha t  di lut ion ( t o  lower "[UO, ] + [H']") accom- 
panied by increased thoriim concentration, by feed blending or Th 
addition, could s igni f icant ly  increase the resin operating capacity f o r  
thorium. When t h i s  adjustment was r e s t r i c t ed  t o  the l a t t e r  par t  of the 
feed, i t s  e f f ec t  was t o  allow la rger  feed batches t o  be t reated a t  higher 
average uranium feed concentrations. 
since l imitat ions on process tank volume res t r ic ted  r u n  capacity,  and 
since a minimum uranium product concentration had been specified.  ) T h i s  
technique was successfully applied,  using 232Th a s  the thorium addi t ive,  
in several runs where calculations pr ior  t o  t h i s  feed adjustment indicated 
tha t  substant ia l  amounts of thorium (and consequently radium) would have 
been eluted i n t o  the product. 

of low-thorium-bearing U N H  solutions which had aged 4.5 years since puri-  

ac t iv i ty .  

- -  

2+ 
4+ 

(This was an important consideration 

As the program proceeded, i t  became necessary t o  u t i l i z e  large stocks 

f ica t ion  and which, therefore ,  contained %86% of t h e i r  equilibrium gamma 
_" 

These 'solutions could n o t  be d i r ec t ly  used as  ion exchange feed, -- 
in l o t  s izes  required t o  maintain the desired production r a t e ,  since exces- 
s ive quant i t ies  of 224Ra would have been eluted in to  the product. However, 
i f  such solutions could be stored f o r  %30 days a f t e r  purif icat ion,  instead 
of the usual 3 t o  4 days allowed with the normal 20 t o  25 kg of uranium 
production batch, most o f  the  224Ra would decay. 
approach was taken in which the aged U N H  solutions were p a r t i a l l y  purified 
in large batches (%lo0 kg each a t  ~ 1 5 0  g U / l i t e r ,  %0.2 - M H ) and the prod- 
ucts stored f o r  224Ra decay. 
these t o  provide fu l ly  purified solutions f o r  feed t o  the U02 conversion 
system. 

5.3 mR/hr  was observed a t  1 f t  from an oxide-line process vessel containing 
a nominal 1 . 2  kg of uranium in n i t r a t e  solut ion;  with the previously proc- 
essed product, the  mean dose r a t e  was reduced by 35% t o  3.4 m R / h r .  

Accordingly, a two-step 

+ 
Later, production batches were taken from 

Prior t o  the implementation of t h i s  procedure, a mean dose r a t e  o f  

System modification. The system described above i s  a modification 
of the e a r l i e r  version, which employed two resin columns piped in ser ies .  
The f i r s t  column ( 2 - l i t e r )  was subjected t o  feed solut ions in the upflow 
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mode , wh i 1 t h e  s cond c lumn ( 3 - l i t e r )  was operated i n  t h e  downflow 
mode. 

S t a r t u p  w i t h  t h i s  system was f r e q u e n t l y  plagued by a i r  l o c k s ,  due t o  a i r  

accumulated i n  t h e  r e s i n  bed, e s p e c i a l l y  i n  t h e  downflow mode. 

r e s u l t e d  i n  channel ing i n  t h e  r e s i n  bed and a reduced column e f f i c i e n c y ,  

as w e l l  as ,an increased pressure drop. 

The two-column system was a l s o  found t o  be inadequate f o r  p u r i f y i n g  

t h e  o l d e r  ( longer-aged) feeds as t h e  program cont inued.  I t became neces- 

s a r y  t o  process feed s o l u t i o n s  c o n t a i n i n g  thor ium a t  s i g n i f i c a n t l y  h i g h e r  

concent ra t ions  than those f o r  which t h e  system was designed. 

radium removal was observed, i n d i c a t i n g  t h e  l a c k  o f  i n s u f f i c i e n t  r e s i n  

v o l  ume. 

(Pret reatment  and e l u t i o n  o f  bo th  columns were conducted downflow.) 

Th is  

I n s u f f i c i e n t  

Some mechanical problems were encountered w i t h  t h e  o l d e r  system. 

These problems and t h e i r  s o l u t i o n s  a r e  descr ibed i n  Sect. 10.2. 

4.2.3 Performance of t h e  i o n  exchange system 

Product s o l u t i o n s .  P u r i f i e d  i o n  exchange produc t  s o l u t i o n s  were pre-  

pared 4 t o  5 days p r i o r  t o  t h e i r  in tended use as p u r i f i e d  feed f o r  conver-  
s i o n  t o  oxide. T y p i c a l l y ,  t h e  produc t  s o l u t i o n  had a uranium c o n c e n t r a t i o n  

o f  115 g / l i t e r ,  was 0.3 - M i n  H+, and conta ined no thor ium ( w i t h i n  t h e  l i m i t s  

of d e t e c t i o n  by mass spect rometry) .  Each l o t  o f  p u r i f i e d  produc t  s o l u t i o n  

was analyzed f o r  H , uranium concent ra t ion ,  uranium i s o t o p i c  d i s t r i b u t i o n ,  

and m e t a l l i c  i m p u r i t i e s  p r i o r  t o  re lease t o  t h e  convers ion process. 

Radium removal was determined by comparing t h e  gamma a c t i v i t y  growth- 
decay curve  ( a f t e r  c o r r e c t i o n  f o r  i n i t i a l  feed a c t i v i t y )  w i t h  t h e  c a l c u -  
l a t e d  curves (F ig .  4.2).  

+ 

An average o f  70% o f  t h e  feed radium was sorbed 

on t h e  i o n  exchange r e s i n  d u r i n g  each run. I n  some cases, r e l a t i v e l y  

young feeds e x h i b i t e d  low radium removal, which was a t t r i b u t e d  t o  con- 

t a m i n a t i o n  by produc t  tank  heels  remain ing from t h e  prev ious  run. 

Thorium was d e t e c t a b l e  ( b u t  w e l l  w i t h i n  i o n  exchange produc t  s p e c i f i -  

c a t i o n s )  i n  t h r e e  produc t  s o l u t i o n s  (IX-102, -105, and -109). Each o f  t h e  

corresponding runs was conducted u s i n g  t h e  two-column system, which was 

l a t e r  determined t o  be inadequate t o  meet convers ion feed s p e c i f i c a t i o n s .  

One o f  t h e  produc t  s o l u t i o n s  ( IX-105) r e s u l t e d  i n  an average r a d i a t i o n  
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exposure o f  136 mrem/man-week t o  o p e r a t i n g  personnel  d u r i n g  o x i d e  conver-  

s ion .  T h i s  was t h e  o n l y  week d u r i n g  t h e  e n t i r e  program t h a t  t h e  average 

dosage r e c e i v e d  by o p e r a t i n g  personnel  exceeded t h e  e s t a b l i s h e d  exposure 

l i m i t  (100 mrem/week). 

n o t  r e s u l t  i n  exposures above 100 mrem/man-week. 

was t h a t  con ta ined i n  a c e t a t e  e l u t i o n  s o l u t i o n s .  As no ted  above, t h i s  waste 

averaged <0.2% o f  t h e  uranium i n  t h e  feed. L a t e r  i n  t h e  program, a l l  i o n  

exchange process s o l u t i o n s ,  i n c l u d i n g  t h e  a c e t a t e  s o l u t i o n ,  were r e c y c l e d  

t o  s o l v e n t  e x t r a c t i o n  w i t h o u t  d e l e t e r i o u s  e f f e c t s .  

Resin s t a b i l i t y .  

* 

Conversion o f  t h e  o t h e r  two l o t s  o f  uranium d i d  

Waste s o l u t i o n s .  The o n l y  source o f  uranium l o s s  d u r i n g  i o n  exchange 

The schedule f o r  r e s i n  replacement was based on 

two main cons idera t ions :  

removing radium as determined by t h e  produc t  gamma decay curve, and ( 2 )  a 

gradual  inc rease i n  pressure drop across t h e  column d u r i n g  t h e  l o a d i n g s  and 

e l u t i o n s  t h a t  were observed w i t h  each success ive run. 

drop approached 100 p s i  w i t h  t h e  f l o w  r a t e  a t  50% o f  t h a t  n o r m a l l y  used 

w i t h  new r e s i n ,  t h e  column was rep laced.  T h i s  inc reased pressure  drop was 

b e l i e v e d  t o  be t h e  r e s u l t  o f  a breakdown i n  t h e  r e s i n  c r o s s - l i n k a g e  due t o  

i r r a d i a t i o n  and/or chemical a t t a c k .  Breakdown o f  t h e  c r o s s - l i n k a g e  would 

cause t h e  r e s i n  s t r u c t u r e  t o  l o s e  some o f  i t s  r i g i d i t y  and s w e l l  beyond i t s  

normal expanded s i z e .  

( 1 )  t h e  apparent  r e d u c t i o n  i n  e f f e c t i v e n e s s  of  

When t h e  pressure 

5. CONVERSION OPERATIONS 

The 233U02 convers ion process i s  descr ibed i n  d e t a i l  i n  t h e  manufac- 

t u r i n g  process o u t l i n e 6  and shown s c h e m a t i c a l l y  i n  F ig .  5.1. Steps i n  t h e  

process i n c l u d e  p r e c i p i t a t i n g  t h e  uranium f rom t h e  aqueous f e e d  u s i n g  ammo- 

n i a  gas; s e p a r a t i n g  t h e  p r e c i p i t a t e  f rom mother l i q u o r  and washing t h e  pre-  

c i p i t a t e  u s i n g  a c e n t r i f u g e ;  d r y i n g  t h e  p r e c i p i t a t e  i n  a microwave oven; 

g r a n u l a t i n g  t h e  d r i e d  powder; c a l c i n i n g  t h e  powder i n  a hydrogen atmosphere 

a t  650°C; s t a b i l i z i n g  t h e  d i o x i d e  powder by c o n t a c t i n g  w i t h  argon f o l l o w e d  

.I. 

.. 

- _  * 
It should be no ted  t h a t  t h e  weekly personnel  exposures i n c l u d e d  doses f rom 
o t h e r  o p e r a t i o n s  ( e s p e c i a l l y  b i n a r y  scrap d i s s o l v e r  charg ing ;  see Sect.  7 .2 ) .  - 
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-- by a i r ,  bo th  s a t u r a t e d  w i t h  water,  a t  ambient temperature;  r e g r a n u l a t i n g  

t h e  r e s u l t i n g  powder; b l e n d i n g  and packaging; and p r e p a r i n g  f o r  shipment II 

o r  storage. 

s t a i n l e s s  s t e e l  a lpha enc losures ( F i g .  5.2) which v e n t i l a t e  i n t o  an a lpha 

v e n t i l a t i o n  system. The fu rnace i s  a m u l t i z o n e  u n i t  designed f o r  con- 

t ro l led-a tmosphere  opera t ion ;  t h e  midzone operates w i t h  hydrogen, w h i l e  

t h e  end boxes enc los ing  t h e  ent rance and e x i t  o f  t h e  fu rnace a r e  designed 

f o r  o p e r a t i o n  w i t h  argon. 

cont inued f o r  about 1 year ,  d e f i c i e n c i e s  i n  t h e  process were de tec ted  and 

A l l  t h e  process equipment, except  t h e  furnace,  i s  con ta ined i n  

Dur ing f a c i l i t y  s t a r t u p  and shakedown, which began i n  May 1972 and 

improvements i n  t h e  o p e r a t i o n  o f  t h e  system were made. Preproduc t ion  runs, 

made throughout  t h e  l a s t  h a l f  o f  t h i s  per iod ,  r e s u l t e d  i n  minor  r e v i s i o n s  

t o  t h e  process o u t l i n e  and equipment. 

1976. 

E igh ty -n ine  p r o d u c t i o n  runs were made from May 1973 through May 

Only one complete l o t  o f  powder (OX-179) was r e j e c t e d  f o r  f a i l u r e  

t o  meet s p e c i f i c a t i o n s ;  however, two and one-ha l f  l o t s  meet ing a l l  spec i -  

f i c a t i o n s  (OX-145, -147, and o n e - h a l f  o f  -152) were r e c y c l e d  a t  t h e  reques t  

o f  BAPL. T o t a l  q u a n t i t i e s  shipped d u r i n g  t h i s  p e r i o d  amounted t o  21 kg o f  

p reproduc t ion  U02 and 1747 kg o f  p r o d u c t i o n  U02. 

n 

< 

5.1 Receipt  o f  Uranyl  N i t r a t e  Feed S o l u t i o n  

5.1.1 Operat ing c o n d i t i o n s  

Uranyl  n i t r a t e  s o l u t i o n  meet ing a l l  s p e c i f i c a t i o n s  was t r a n s f e r r e d ,  

i n  batches o f  1000 t o  1100 g o f  uranium, f rom t h e  i o n  exchange system 

produc t  s to rage tank  t o  t h e  c a l i b r a t e d  UNH meter ing  vessel .  The t r a n s f e r  

was performed by evacuat ing t h e  l a t t e r  vessel  t o  a pressure o f  -24 i n .  Hg 

and opening va lves  i n  t h e  p i p i n g  connect ing  t h e  two vessels .  

o f  l i q u i d  i n  t h e  meter ing  vesse l ,  which was f a b r i c a t e d  o f  g lass ,  was d e t e r -  

mined s imp ly  by v i s u a l  observa t ion .  

amount o f  s o l u t i o n  was t r a n s f e r r e d  f o r  t h e  f i r s t  batch t o  compensate f o r  

t h e  holdup i n  t h e  meter ing  and p r e c i p i t a t i o n  vessels.  

The l e v e l  

A q u a n t i t y  g r e a t e r  than t h e  r e q u i r e d  

T h i s  ensured batches 

of u n i f o r m  s i z e  d u r i n g  t h e  week's opera t ion .  * -  

The maximum-size l o t  produced conta ined 24 batches ( ~ 2 6  kg o f  uranium).  
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After the batch of solution contained in the metering vessel had 
been received and measured, the  desired volume was t ransferred t o  the 
cal ibrated,  glass  precipi ta t ion vessel in Enclosure B by applying a i r  
pressure t o  the  U N H  metering vessel ,  opening valves in the connecting 
t ransfer  l i nes ,  and visual ly  observing the r i s e  in l iquid level in the 
precipi ta t ion vessel. The batch s i ze  was previously determined from 
the volume and uranium concentration of the  ion exchange product and 
the l o t  s i ze  specified by BAPL f o r  a given week. 

5.2.1 

5.'2 Precipitation and Centrifugation 

Operating conditions 

The uranyl n i t r a t e  solut ion,  col lected in the precipi ta t ion vessel 
(Fig. 5 .1) ,  contained 115 ? 15 g of uranium per l i t e r  and had a HN03 
concentration of 0.1 t o  0 .4  - M. During prec ip i ta t ion ,  the solution was 
circulated from the bottom of the  vessel ,  t h r o u g h  a pH c e l l ,  and re- 
turned t o  the t o p  of the vessel a t  the  r a t e  of 45 t 15 l i te rs /min .  .- 

Argon was bled into the  c i rcu la t ing  solution downstream of the  pH .e 

meter a t  the r a t e  of 5 s t d  l i ters /min t o  minimize plugging in the l i ne .  
> 

... Ammonia gas was then introduced i n t o  the l i n e  and the argon flow stopped. 
The ammonia flow was regulated t o  1 1 . 2  t 2 . 2  s td  l i t e rs /min ,  which required 
no external cooling t o  maintain the temperature of the solution between 20 
and 60°C during precipi ta t ion.  Progress of the precipi ta t ion was followed 
by observing the  pH meter reading. 
into the  ammonia stream a t  the r a t e  of 5 s t d  l i ters /min.  
the solution reached 8 .3 ,  the flow of ammonia was halted automatically. 
Argon flow was continued during a 5-min digestion period t o  p u r g e  the 
piping o f  ammonia. This served t o  prevent plugging when f resh uranyl 
n i t r a t e  solution passed the m o u t h  o f  the  ammonia l i n e  a t  the beginning 
o f  precipi ta t ion of the subsequent batch. 

After the centrifuge had been s t a r t ed  and had at ta ined a speed of 

A t  a pH of 7.5, argon was again bled 
When the pH of 

3300 rpm, the supernate col lect ion vessel in Enclosure A was evacuated - . .  

l i n e r  ( F i g .  5 .3) .  The flow of s lur ry  was regulated i n  such a way tha t  I .  

and a small flow of s lur ry  was diverted t o  the bowl containing a Teflon 

no v i s ib le  prec ip i ta te  overflowed from the t o p  o f  the  l i n e r  in to  the 
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6.. . 

waste supernate c o l l e c t i o n  ,vessel. 

remained i n  t h e  p r e c i p i t a t i o n  vessel ,  r i n s i n g  o f  t h e  vessel  and, sub- 

sequent ly ,  t h e  p r e c i p i t a t e  i n  t h e  T e f l o n  l i n e r  was i n i t i a t e d .  

batches o f  deminera l i zed  water  were passed through t h e  p r e c i p i t a t i o n  

vessel  t o  t h e  T e f l o n  l i n e r  i n  t h e  c e n t r i f u g e  and over f lowed t o  t h e  cen- 

t r i f u g e  supernate vessel .  When t h e  p r e c i p i t a t i o n  vessel  became empty, 

t h e  c i r c u l a t i n g  pump and c e n t r i f u g e  motor  were stopped. 

i n  t h e  supernate c o l l e c t i o n  vessel  was then t r a n s f e r r e d  t o  t h e  waste 

n e u t r a l i z a t i o n  vessel  (by  evacuat ing t h e  l a t t e r ) ,  and t h e  former vessel  

was ready f o r  t h e  n e x t  batch. A f t e r  two batches o f  c e n t r i f u g e  supernate 

had been c o l l e c t e d  i n  t h e  waste n e u t r a l i z a t i o n  vessel ,  t h e  s o l u t i o n  was 

sparged and sampled t o  determine uranium conten t .  

When o n l y  ~ 0 . 5  1 i t e r  o f  s l u r r y  

c 

I n  t h e  r i n s i n g  procedure, t h r e e  2 - l i t e r  ( f o l l o w e d  by one 4 - l i t e r )  

The s o l u t i o n  

I f  t h e  uranium concen- 

t r a t i o n  was <0.05 g / l i t e r ,  t h e  s o l u t i o n  was sent  t o  t h e  ORNL h o t  chemical 

waste s to rage system, a long w i t h  238U02(N03)2 s o l u t i o n  a t  a 238",233" 

r a t i o  o f  100/1. 
s o l u t i o n  was r e t u r n e d  t o  t h e  s o l v e n t  e x t r a c t i o n  f a c i l i t y  v i a  t h e  waste ..- 

recovery  vessel  f o r  uranium recovery.  

I f  t h e  uranium c o n c e n t r a t i o n  was >0.05 g p e r  l i t e r ,  t h e  

2 ,. When t h e  c e n t r i f u g e  was s t a t i o n a r y ,  t h e  holddown r i n g  clamp and cover  

were removed from t h e  c e n t r i f u g e  bowl; then t h e  Tef lo r l  l i n e r ,  c o n t a i n i n g  

t h e  ADU cake p l u s  about 1.2 l i t e r s  o f  water ,  was l i f t e d  o u t  o f  t h e  bowl. 

The l i n e r  was p laced on an i n c l i n e d  e l e v a t o r  and t r a n s p o r t e d  t o  t h e  
ent rance t o  t h e  microwave oven i n  Enclosure C.  

5 . 2 . 2  Problems encountered and methods o f  r e s o l u t i o n  

Dur ing t h e  p e r i o d  o f  equipment checkout and o p e r a t i n g  procedure 
s t a n d a r d i z a t i o n ,  t h e  ammonia charg ing  p i p e l i n e  j o i n e d  t h e  c i r c u l a t i n g  

l i n e  a t  t h e  bottom o f  t h e  p r e c i p i t a t i o n  vessel ,  upstream o f  t h e  c i r c u l a -  

t i o n  pump. Thus, when ammonia was admi t ted  t o  t h e  system, i t  came i n t o  

c o n t a c t  w i t h  f r e s h  u r a n y l  n i t r a t e  s o l u t i o n  w h i l e  s t i l l  i n  t h e  branch l i n e  

and t h e  r e s u l t i n g  p r e c i p i t a t e  plugged t h e  l i n e .  T h i s  problem was c o r r e c t e d  
- _  by j o i n i n g  t h e  ammonia p i p e l i n e  t o  t h e  s e c t i o n  o f  c i r c u l a t i n g  l i n e  near  

t h e  t o p  o f  t h e  p r e c i p i t a t i o n  vessel  and by purg ing  t h e  gas l i n e  w i t h  argon 

b e f o r e  a d m i t t i n g  ammonia. - 1  
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The o r i g i n a l  procedure d i d  n o t  i n c o r p o r a t e  t h e  p r e c i p i t a t e  washing 

steps. Consequently, t h e  ADU cake sent  t o  t h e  microwave oven conta ined 

~ 1 . 2  l i t e r s  o f  ~1 - M NH4N03 s o l u t i o n .  

c y c l e  i n  t h e  microwave oven, t h e  NH4N03 would i g n i t e  and t h e  cake would 

glow, r e s u l t i n g  i n  damage t o  t h e  powder and Tef lon.  
decomposi t ion o f  T e f l o n  contaminated t h e  powder, making i t  unacceptable 

as f i n a l  product .  To c o r r e c t  t h i s  problem, t h e  ADU cake was r i n s e d  wi%h 

water  u n t i l  t h e  s o l u t i o n  above t h e  p r e c i p i t a t e  conta ined ~ 0 . 1 %  o r  l e s s  

o f  t h e  NH4N03 h e l d  o r i g i n a l l y .  The cake was n o t  r e s l u r r i e d  by r i n s i n g  

so t h a t  t h e  s o l u t i o n  beneath t h e  surface of t h e  cake was n o t  removed 

complete ly ;  however, t h e  danger o f  burn ing  o f  NH NO was reduced con- 

s i d e r a b l y  s i n c e  i t s  c o n c e n t r a t i o n  was reduced f rom 21% t o  0.6%. 

Near t h e  end o f  t h e  a i r - d r y i n g  

F l u o r i d e  f rom t h e  

4 3  

5.3 Uranate Dry ing  and Granu la t ion  

5.3.1 D e s c r i p t i o n  o f  equipment 

-. The microwave genera t ing  system (Reeve E 

a t  a power l e v e l  between 0.7 and 2.5 kW. The 

r a t e d  by a magnetron tube coupled t o  a wavegu 

was mounted on t o p  o f  t h e  c o n t r o l  c a b i n e t  and 

mate c e n t e r  o f  t h e  d r y i n g  oven. 

L. 

... 
A 

The i n t e r i o r  dimensions o f  t h e  s t a i n l e s s  

e c t r o n i c s  I n c . )  operated 

microwave energy was gene- 

de launch ng s e c t i o n  t h a t  

connected t o  t h e  approx i -  

.- 

s t e e l  oven were 30 x 30 x 

30 i n .  and inc luded a r i s i n g  door, 16 i n .  h i g h  by 22 i n .  wide, i n  t h e  

f r o n t  w a l l .  A t u r n t a b l e ,  connected t o  a motor by a s h a f t  through t h e  
bottom, was mounted i n s i d e  t h e  oven t o  h o l d  t h e  ADU i n  t h e  T e f l o n  l i n e r  

and ensure u n i f o r m  exposure t o  t h e  microwave energy. ( T e f l o n  i s  t r a n s -  

paren t  t o  microwave energy. ) 

t o  p revent  i n t e r n a l  condensat ion o f  m o i s t u r e  d u r i n g  opera t ion .  

oven and e x i t e d  through a p o r t  a t  t h e  t o p  swept t h e  m o i s t u r e  o u t  o f  t h e  

oven. 

e f f i c i e n c y  f i l t e r  b e f o r e  be ing  exhausted i n t o  t h e  a lpha enc losure v e n t i -  

l a t i o n  system. 

The o u t s i d e  w a l l s  and t o p  o f  t h e  oven were heated by s t r i p  heaters  

An a i r  stream t h a t  en tered  through a p o r t  near  t h e  bottom o f  t h e  

T h i s  ho t ,  s a t u r a t e d  a i r  was passed through a condenser and a h igh-  
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Two s t a i n l e s s  s t e e l  g r a n u l a t o r s ,  manufactured by Erweka-Apparatevau- 

GMbH, were i n s t a l l e d  i n  t h e  system f o r  t h e  purpose o f  reduc ing  t h e  p a r t i c l e  

s i z e s  o f  t h e  d r i e d  ADU and c a l c i n e d  U02. 

rods, which were r o t a t e d  t o  anchor t h e  screen i n  p o s i t i o n .  

t h e  screen were sealed t o  p revent  t h e  leakage o f  powder by p r e s s i n g  a g a i n s t  

a shoulder  i n  t h e  housing. 

powder through t h e  screen. 

i n g ' t h e  c u r r e n t  t o  t h e  d r i v e  motor  by a r h e o s t a t .  

- 

The screen ends f i t  i n t o  s l o t t e d  .. 
The edges o f  

An a g i t a t i n g  four -b laded paddle f o r c e d  t h e  

Speed of t h e  paddle was c o n t r o l l e d  by r e g u l a t -  

5.3.2 Operat ing c o n d i t i o n s  

The T e f l o n  l i n e r ,  c o n t a i n i n g  wet ADU, was t r a n s p o r t e d  v i a  t h e  i n c l i n e d  

e l e v a t o r  t o  t h e  t u r n t a b l e  i n  t h e  microwave oven. (The t u r n t a b l e  was t i l t e d  

a t  a ang le  o f  20" f rom h o r i z o n t a l  and r o t a t e d  a t  10 rpm by a motor  t h a t  was 

l o c a t e d  under t h e  oven and connected by a s h a f t  pass ing through t h e  bottom 

o f  t h e  oven.) The t u r n t a b l e  motor was s t a r t e d  and t h e  r o t a t i o n  observed t o  

ensure t h a t  t h e  l i n e r  d i d  n o t  s l i d e  o u t  o f  p o s i t i o n .  

had been closed, t h e  f l o w  o f  a i r  th rough t h e  oven was a d j u s t e d  t o  5 cfm 

and t h e  f l o w  o f  c o o l a n t  t o  the  oven o f f - g a s  condenser was s t a r t e d .  

s ides  o f  t h e  oven were a d j u s t e d  so t h a t  t h e y  were 200 t o  240°F, t h e  c o o l i n g  

water  t o  t h e  magnetron tube was tu rned on, and t h e  condensate p o t  i n  t h e  

oven o f f - g a s  l i n e  was observed t o  ensure t h a t  i t  was empty. 
c o n d i t i o n s  were found t o  be normal, power t o  t h e  microwave oven was t u r n e d  

on and t h e  fo rward  power was s e t  a t  2.0 h 0.25 kW, where i t  was h e l d  f o r  

45 5 15 min w h i l e  adjustments were made w i t h i n  t h e  range, depending on 

batch s ize .  Dry ing  was completed a t  a fo rward  power o f  1.0 k 0.2 kW f o r  

45 t 25 min, again w i t h  ad justments be ing  made w i t h i n  t h e  lower  p a r t  o f  

t h e  range, depending on t h e  appearance o f  t h e  powder. 

The T e f l o n  l i n e r  c o n t a i n i n g  d r i e d  ADU was removed f rom t h e  oven and 

v i s u a l l y  inspec ted  f o r  dryness. I f  s t i l l  wet, t h e  ADU was r e t u r n e d  t o  

t h e  oven and d r y i n g  cont inued;  i f  acceptable,  i t  was t r a n s f e r r e d  by e l e -  

A f t e r  t h e  oven door 

- 
2. 

Then 

t h e  temperature c o n t r o l s  f o r  t h e  e l e c t r i c  h e a t i n g  b l a n k e t s  on t h e  t o p  and .r 

n 

When these 

v a t o r  t o  t h e  t o p  o f  t h e  g r a n u l a t i o n  box i n  Enclosure D. - _  
Here t h e  Tef lon l i n e r  was empt ied by anchor ing i t  i n  a h o l d e r  and 

- .  t u r n i n g  i t  ups ide  down v i a  a crank (connected by a sprocket  cha in  t o  t h e  
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holder) located near the granulator controls.  
were actuated,  and the holder was rotated and tipped u n t i l  powder poured 
down the chute. 
screen was forced t o  the e x i t  end of the draw-off pipe by a vibrator  
and collected in Inconel furnace boats (Fig. 5 .4) .  The powder from a 
l-kg uranium batch was dis t r ibuted evenly across four boats. 
weight of each boat was determined, and the powder surface was leveled 
t o  ensure tha t  the  depth was 53/4 in.  
i n  a t ransfer  tube which was subsequently sealed,  purged with argon ( t o  
displace the a i r ) ,  and delivered t o  the furnace entrance (Enclosure E )  
as  required. 

The granulator blades 

Powder passing t h r o u g h  the 35-mesh s t a in l e s s  s tee l  

The gross 

The fou r  loaded boats were placed 

After each l o t  of dried ADU had been removed from the microwave 
oven, the door was closed and the condenser coolant flow stopped. The 
outside surface heaters were then turned on, and the flow of warm a i r  
t h r o u g h  the oven was allowed t o  continue fo r  1 hr in order t o  dry the 
off-gas f i l t e r  located downstream of the condenser and condensate p o t .  

The condensate in the  p o t  was t ransferred t o  the washdown vessel,  
measured and sampled f o r  uranium content,  and disposed of accordingly. 

The emptied Teflon l i n e r  was returned t o  the centrifuge enclosure 
fo r  reuse. 

5.3.3 Problems encountered and methods of resolution 

- 
_. 

. 

During the LWBR Demonstration Program, 1 . 1 %  of the batches of ADU 
(18 o u t  of 1642) ignited during drying in the microwave oven; only 0.6% 

burned during t h e  drying of the l a s t  96% of the batches (Fig. 5 .5) .  
Since the frequency was acceptably low, no extensive modifications t o  
the process were necessary. Aside from rinsing the wet prec ip i ta te ,  
only two changes were made: ( 1 )  ins ta l l ing  an audible alarm tha t  ac t i -  
vated when the oven turntable  stopped rotat ing during the drying cycle,  
and ( 2 )  a l te r ing  the drying times in accordance with batch s izes .  

As the l o t  s izes  were increased, the tendency of the oven off-gas _ -  f i l t e r  t o  plug increased a s  a r e su l t  of moisture which collected on the 
f i l t e r  medium. This problem was eliminated by purging the external ly  
heated, empty oven fo r  1 hr (with the condenser coolant turned o f f )  
a f t e r  completion of each drying cycle. 
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I t  
residua 

was important 
moisture wou 

t o  examine the dried powder c losely;  too much 
d cause the granulator screen t o  "blind" and thus 

make granulation impossible. 
had t o  be replaced, and the excess powder collected and returned t o  the 
drying oven, redried,  and regranulated. If there  was any indication of 
contamination during reprocessing, the batch was rejected and recycled 
t o  the dissolution and purif icat ion system. 
drying of the powder resulted in excessive "dusting," which caused the 
.off-gas f i l t e r  f o r  the enclosure t o  plug rapidly. 

Two Teflon l i ne r s  were used, col lect ing a l t e rna te  batches of pre- 
c i p i t a t e .  
reuse, thus eliminating the d i f f i c u l t i e s  associated with positioning a 
warm l i n e r  on the  centrifuge spindle. 

The 35-mesh granulator screen had a l i f e  expectancy of about four 
lo t s .  Failure was a t t r ibu ted  t o  rubbing of the  granulator blades on 
the screen; occasionally t ea r s  developed i f  the screen was stretched 
t o o  t i gh t ly  against  the blades. 
indicated a damaged screen o r  an excessive feed r a t e  t o  the granulator. 
I n  the  l a t t e r  case, the excess bypassed the  screen by flowing over the 
screen-positioning rods a t  the t o p  of the granulator,  entered the chute 
t o  the vibrating pipe, and collected in the furnace boats. 
lumps appeared i n  a col lect ion boat, the screen was examined, replaced 
i f  necessary, and the powder regranulated. 

In such a s i t ua t ion ,  the granulator screen 

A t  the  other extreme, over- 

This technique allowed each l i n e r  t o  cool an extra  4 h r  before 

Granulated powder containing lumps 

Whenever 

5.4 Calcination-Reduction 

5.4.1 Description of equipment 

Calcination and reduction of the  ADU were conducted i n  a multizone, 
controlled-atmosphere furnace featur ing a hydrogen region in the midsec- 
t ion bounded by argon regions a t  the  ends. The furnace was manufactured 
by BTU Engineering Corporation. The to t a l  connected e l ec t r i ca l  load was 
30 kW (440 V ,  60 Hz, three-phase) , and 12  controlled heated zones were 
avai lable  t o  maintain a normal temperature over the range of 200 t o  
700°C. Each heated zone was 1 2  or 18 in.  long (Fig. 5.6).  Heat bar- 
r i e r s  separated the  f i r s t  and second, the f i f t h  and s ix th ,  the seventh 
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ab1 e 

20..5 

s i n g  

each 

1 f t  

and e i g h t h ,  and t h e  n i n t h  and t e n t h  zones. 

r a t e d  t h e  second and t h i r d  zones and t h e  t w e l f t h  zone and t h e  c o o l i n g  

sec t ion ;  a hydrogen atmosphere was main ta ined between these b a r r i e r s  , 
w i t h  an argon atmosphere a t  each end o f  t h e  tube. 

purge and i s o l a t i o n  gas. 

w i t h  argon f rom t h e  fu rnace and boxes, exhaust f rom t h e  heat-  and gas- 

b a r r i e r ,  and f i n a l l y  d i l u t e d  t o  <1% hydrogen c o n c e n t r a t i o n  w i t h  a i r  by 

an a i r  j e t  connected t o  t h e  o f f - g a s  l i n e .  

p r o t e c t i o n  was prov ided i n  t h e  event  t h a t  hydrogen o r  argon man i fo ld  

pressures dropped below a p r e s e t  p o i n t  o r  t h a t  a l o s s  o f  power was 

experienced. Emergency hydrogen s h u t o f f  swi tches were p r o v i d e d  f o r  

manual o p e r a t i o n  when hydrogen concent ra ted  i n  t h e  end boxes o r  a i r  

l e a k s  developed. 

The m u f f l e  was 4.5 i n .  wide w i t h  a 4.5- in .  c learance above a mov- 

endless I n c o l o y  c h a i n  b e l t  pass ing a long t h e  f l o o r .  The m u f f l e ,  

A 

Heat and gas b a r r i e r s  sepa- - 

. 
Hydrogen was used as t h e  reduc ing  gas, w h i l e  argon was used as t h e  

The hydrogen-conta in ing o f f - g a s  was d i l u t e d  

Automat ic hydrogen shutof f  

f t  long,  was connected t o  an i n l e t  ( E )  and e x i t  ( F )  enc losure.  -- 
L e gas d i s t r i b u t i o n  tube was mounted below t h e  m u f f l e .  

The woven I n c o l o y  c h a i n  b e l t  was designed t o  c a r r y  a t  l e a s t  24 boats,  

hav ing a gross weight  o f  3.5 kg when f i l l e d .  The normal speed was 

( t h e  l e n g t h  o f  one boat )  p e r  hour, b u t  c o u l d  be v a r i e d  f rom 0.5 t o  
Each boat  measured 4 i n .  wide x 12 i n .  l o n g  x 1.5 i n .  

The zone temperature was r e g u l a t e d  by s o l i d - s t a t e  c o n t r o l l e r s  and 

< -_  

3.0 f t  p e r  hour.  

deep. 

t r i m  po ten t iometers  and p r o t e c t e d  by P r o t e k t a l l  o v e r h e a t - p r o t e c t i o n  con- 
t r o l  1 e rs .  

A separate,  r u b b e r i z e d - c l o t h  conveyor b e l t  was used t o  r e t u r n  empty 

boats  f rom t h e  o u t l e t  end o f  t h e  m u f f l e  (Enclosure F )  t o  t h e  i n l e t  end 

(Enclosure E) f o r  reuse. T h i s  b e l t ,  which was l o c a t e d  i n s i d e  t h e  f u r -  

nace housing b u t  o u t s i d e  t h e  muff le, t r a v e l e d  a t  t h e  speed o f  5 fpm. 

The empty boats  were t r a n s f e r r e d  f rom Enclosure E t o  t h e  ADU g r a n u l a t i o n  

Enclosure (D) th rough a t r a n s f e r  tube c o n t a i n i n g  argon. 
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5.4.2 Operating conditions 

A t  the beginning of each week of operation (production of one l o t ) ,  
the i n l e t  and ou t l e t  end boxes (Enclosures E and F ,  respectively) of the 
reduction furnace were purged with argon a t  the r a t e  of 50 s t d  f t  /hr t o  
remove a i r  or moisture. A t  the  same time, the temperature control lers  
f o r  the various furnace zones were s e t  a t  predetermined values. Argon 
flows t o  the muffle were then in i t i a t ed  by se t t i ng  the flow rotameters 
a t  1 scfm; the be l t  drive was actuated, and the furnace e l e c t r i c  heaters 
were turned on. 

3 

After the furnace temperatures had reached the desired leve ls ,  hydro- 
gen was introduced a t  a to ta l  flow of 22.1 l i t e r s h i n  into the three ports 
in the reduction zone of the muffle. Gas flows and pressures were s e t  so 
tha t  hydrogen was kept from the end boxes and argon did n o t  d i lu t e  the 
hydrogen in the furnace; these were controlled a t  the heat and gas bar- 
r i e r s  located a t  the  f ront  and rear  of the hydrogen zone. 

The temperature prof i le  th roughou t  the furnace was checked, pr ior  t o  
introduction of the ADU,  by using a Chromel-Alumel thermocouple anchored 
t o  an empty boat ( F i g .  5.7).  
reel located beyond the  end o f ' t h e  moving be l t .  As the special boat 
passed through the furnace rest ing on the conveyor, the l'ead wire unreeled 
and t r a i l e d  behind the boat. Normally, the desired temperature prof i le  was 
maintained by adjusting the heaters based on r e su l t s  of temperature meas- 
urements made as the thermocouple progressed t h r o u g h  the furnace. 
typical temperature prof i le  i s  shown in Fig. 5.8. 

on the conveyor be l t  following the thermocouple assembly. 
of 1 f t / h r ,  therefore ,  one batch (nominally 1 kg of uranium) entered the 
furnace every 4 hr, and the maximum production r a t e  of the l i n e  was s ix  
batches per day. 

heated t o  625 ? 25°C ( in  ~3 hr) before passing t h r o u g h  the f i r s t  heat and 
gas bar r ie r  into a hydrogen atmosphere. 
argon barrier was based on the phosphorus content of the feed; i t  was s e t  
near 650°C i f  the phosphorus content was high and near 600°C i f  the content 

The thermocouple lead wire was wound on a 

A 

The ADU was loaded into l - f t - long boats, which were placed end t o  end 
A t  a bel t  speed 

Each loaded boat entered the furnace i n  an argon atmosphere and was 

The temperature maintained a t  the 

was low (see Sect. 5.4.3).  
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c 

-_ Whi le i n  t h e  hydrogen atmosphere, t h e  powder was heated t o  650 2 25°C 

f o r  6 2 0.5 h r  and then cooled t o  100 k 25°C. F o l l o w i n g  t h i s  t rea tment ,  

i t  passed through t h e  second heat  and gas b a r r i e r  i n t o  an argon atmosphere, 

where i t  was a l lowed t o  coo l  t o  ambient temperature b e f o r e  l e a v i n g  t h e  f u r -  

nace. 

- - 

5.4.3 Problems encountered and methods o f  r e s o l u t i o n  

E a r l y  i n  t h e  program, t h e  l e a d  w i r e  f o r  t h e  p r o f i l e  thermocouple o f t e n  

broke as i t  unwound f rom t h e  r e e l .  Very l i t t l e  f o r c e  was needed t o  r o t a t e  

t h e  r e e l  and, s i n c e  t h e  1/8- in . -d iam s t a i n l e s s  s t e e l  sheath was under 

s t r e s s  when wound on to  t h e  r e e l ,  t h e  l e a d  w i r e  would tend t o  unwind f a s t e r  

than i t  was p u l l e d  through t h e  furnace. 

w i r e  was p u l l e d  t i g h t  a g a i n s t  t h e  smal l -d iameter  hub o f  t h e  r e e l ,  where i t  

was sub jec ted  t o  a cont inuous rubb ing  a c t i o n  t h a t  e v e n t u a l l y  caused a break. 

T h i s  problem was e l i m i n a t e d  by i n s t a l l i n g  a t e n s i o n  a d j u s t i n g  n u t  on t h e  

r e e l .  

When t h e  s l a c k  was taken up, t h e  

Occas iona l l y  i n  i n i t i a l  runs,  boats  c o n t a i n i n g  powder wouqd form a .- 
" l o g  jam" i n  t h e  furnace because o f  misal ignment.  Also,  such jams occur red  

because t h e  v e n t u r i  tubes ( o f f - g a s )  were o r i g i n a l l y  s e t  t o o  low i n t o  t h e  

m u f f l e  a t  t h e  heat  and gas b a r r i e r s .  These i n c i d e n t s  caused t h e  b e l t  t o  

s t o p  and t h e  b e l t  shear p i n  t o  break. 

boats )  o f  powder were r e j e c t e d  because o f  excess ive t i m e  i n  t h e  hydrogen 

zone. The f i r s t  problem was c o r r e c t e d  by i n s t a l l i n g  guide boxes on bo th  

s ides  o f  t h e  b e l t  a t  t h e  fu rnace ent rance,  ensur ing  a l ignment  o f  t h e  boats,  

w h i l e  t h e  second problem was c o r r e c t e d  by r a i s i n g  t h e  v e n t u r i  tubes f rom 

1/8 i n .  t o  1/4 i n .  above t h e  t o p  edge o f  t h e  boats.  

(12 boats )  o f  powder were r e j e c t e d  because they  were n o t  kep t  i n  a hydro- 

gen atmosphere f o r  the  r e q u i r e d  l e n g t h  o f  t ime. 

by a sudden l o s s  o f  power, pressure surges i n  end boxes, a c c i d e n t a l  p ress-  

i n g  o f  emergency shutdown but tons ,  and h i g h  hydrogen concent ra t ions  i n  t h e  

- 
As a r e s u l t ,  two batches ( e i g h t  

We a l s o  exper ienced an occasional  l o s s  o f  hydrogen. Three batches 

T h i s  problem was caused 

end boxes. Loss o f  power occur red  d u r i n g  e l e c t r i c a l  storms o r  o t h e r  power ... 

surges. Pressure surges i n  t h e  end boxes were caused by o p e r a t i n g  per -  

sonnel who o c c a s i o n a l l y  i n s e r t e d  t h e i r  hands and arms i n  t h e  g loves t o o  

r a p i d l y  when p r e p a r i n g  t o  handle boats  o f  powder; t h i s  problem was 
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-. 
4 

- .  

c o r r e c t e d  by i n s t a l l i n g  a t ime-delay s w i t c h  i n  t h e  hydrogen s h u t o f f  

system. 

on t h e  n o r t h  and south s i d e s  o f  Enclosures E and F a t  p o i n t s  l e s s  sus- 
c e p t i b l e  t o  i n a d v e r t e n t  a c t u a t i o n .  

t h e  p i p i n g  t o  t h e  exhaust v e n t u r i s  became plugged w i t h  powder. 
o f  s i t u a t i o n ,  which was u s u a l l y  encountered near  t h e  end o f  a run,  was 

n o r m a l l y  c o r r e c t e d  by v i b r a t i n g  t h e  o f f - g a s  l i n e ,  reduc ing  t h e  f l o w  o f  

hydrogen, and adding empty boats.  

as 67% and s t i l l  s a t i s f y  t h e  process requirements,  making t h i s  t h e  pre-  

f e r r e d  method. 

fu rnace was kept  f u l l  o f  empty boats  u n t i l  t h e  l a s t  loaded boat  was o u t  

o f  t h e  hydrogen zone and t h e  hydrogen f l o w  c o u l d  be terminated;  i n  t h i s  

way, t h e  same gas f l o w  p a t t e r n  was main ta ined throughout  t h e  run  and t h e  
hydrogen c o n c e n t r a t i o n  remained low i n  t h e  end boxes. 

The furnace temperature p r o f i l e  was s e t  t o  produce U02 w i t h  a s u r f a c e  

area o f  6 Tz m2/g. L e i t n a k e r ' s  exper iments showed t h a t  t h e  temperature a t  

which ADU e n t e r e d  t h e  hydrogen zone a f f e c t e d  t h e  s u r f a c e  area;7 a h i g h  

temperature produced a low-sur face-area powder. A t  approx imate ly  t h e  mid- 

p o i n t  of o u r  p roduc t ion ,  we s t a r t e d  u s i n g  u r a n y l  n i t r a t e  feed which con- 

t a i n e d  a h i g h e r  c o n c e n t r a t i o n  o f  phosphorus ( . ~ 4 0 0  ppm U02) and found t h a t  

i t  produced a h igh-sur face-area powder. To reduce t h e  sur face  area o f  

t h i s  powder t o  an acceptab le  va lue,  we r a i s e d  t h e  temperature a t  which 

t h e  powder en tered  t h e  hydrogen zone f rom 625°C t o  635°C. When t h e  phos- 

phorus c o n t e n t  was < l o 0  p a r t s  p e r  m i l l i o n  p a r t s  U02, t h e  ent rance tempera- 
t u r e  was s e t  a t  about 600°C t o  inc rease t h e  s u r f a c e  area t o  an acceptable 

value. The e f f e c t  o f  phosphorus c o n t e n t  on s u r f a c e  area a t  a g iven temp- 

e r a t u r e  i s  shown i n  F ig .  5.9. 

Emergency shutdown but tons  f o r  t h e  hydrogen supply  were p laced 

Hydrogen en tered  t h e  end boxes when 

T h i s  t y p e  

Hydrogen f l o w  c o u l d  be reduced as much 

Dur ing  t h e  l a s t  two c a l c i n a t i o n  batches each week, t h e  

5.5 S t a b i l i z a t i o n  

5.5.1 Operat ing c o n d i t i o n s  

" .  The U02 l e a v i n g  t h e  fu rnace i s  pyrophor ic  an'd, on exposure t o  a i r ,  

o x i d i z e s  r a p i d l y  t o  U308, e m i t t i n g  cons iderab le  heat.  

o x i d a t i o n ,  t h e  U02 powder was s t a b i l i z e d  by c o n t a c t  w i t h ' m o i s t  argon 

f o l l o w e d  by exposure t o  m o i s t  a i r  i n  t h e  s t a b i l i z e r .  

To prevent  t h i s  
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Boats of  U02 l e a v i n g  t h e  furnace were empt ied i n  a second enc losure 

i n s i d e  Enclosure F t o  c o n f i n e  t h e  dus t  produced. The powder f e l l  through 

a chute t o  a v i b r a t i n g ,  cascaded s t a b i l i z e r  t h a t  was 7 f t  l o n g  ( F i g .  5.10). 
It then flowed down t h e  i n c l i n e d  (about 5" f rom t h e  h o r i z o n t a l )  v i b r a t i n g  

t r a y  i n  a t h i n  ( 1 / 8 - i n . )  l a y e r  t o  t h e  o u t l e t  end, where i t  was c o l l e c t e d  

i n  a can t h a t  was clamped t o  t h e  p l a s t i c  chute.  T h i s  can was removed from 
t h e  system when t h e  powder f rom f o u r  boats  (one ba tch)  had been accumulated. 

Powder passed down t h e  upper h a l f  of t h e  s t a b i l i z e r  i n  c o n t a c t  w i t h  a con- 

c u r r e n t  stream of argon s a t u r a t e d  w i t h  water.  Dur ing t h e  l a s t  h a l f  o f  t h e  

s t a b i l i z a t i o n ,  i t  contac ted  a c o u n t e r c u r r e n t  stream o f  a i r  s a t u r a t e d  w i t h  

water. The two gas streams were exhausted f rom t h e  m i d p o i n t  of t h e  s t a b i -  

l i z e r  housing through an a s s a u l t  mask c a n i s t e r  f i l t e r  i n t o  t h e  o u t e r  

s t a b i l i z e r  enc losure,  which exhausted i n t o  t h e  a lpha enc losure  v e n t i l a t i o n  

system. 

F i f t y -  

f i v e  percent  of t h e  p r o d u c t i o n  l o t s  shipped had an oxygen-to-metal (O /M)  
mole r a t i o  o f  2.04. The lowest  O/M r a t i o  ob ta ined was 2.03; t h e  h i g h e s t  

was 2.07 ( F i g .  5.11). 

* 

"Stab le"  powder was produced throughout  t h e  e n t i r e  program. 

-- - 
The BAPL s p e c i f i c a t i o n  r e q u i r e d  t h a t  t h i s  r a t i o  be 

- 4'. 18. 
" 

5.5.2 Problems encountered and methods of r e s o l u t i o n  

I n  t h e  f i r s t  weeks o f  opera t ion ,  t h e  powder p roduc t  c o l l e c t i o n  can was 

anchored r i g i d l y  t o  t h e  o u t l e t  end o f  t h e  s t a b i l i z e r .  I t s  heavy weight  

adverse ly  a f f e c t e d  t h e  v i b r a t i o n  c h a r a c t e r i s t i c s  o f  t h e  s t a b i l i z e r  and 

a l s o  presented t h e  r i s k  of p o s s i b l y  causing t h e  s t a b i l i z e r  bed t o  crack 

premature ly .  
sure f l o o r  and j o i n i n g  i t  t o  t h e  s t a b i l i z e r  by a f l e x i b l e  p l a s t i c  s leeve. 

t h e  g l a s s  cover  and t h e  aluminum frame o f  t h e  s t a b i l i z e r .  

T h i s  problem was e l i m i n a t e d  by p l a c i n g  t h e  can on t h e  enc lo -  

As opera t ions  cont inued,  s l i g h t  leaks  developed a t  t h e  seal  between 
The smal l  

. .  

q u a n t i t y  o f  escaping 

c l e a n e r  and r e c y c l e d  

c o r r e c t  t h i s  problem 

powder was o c c a s i o n a l l y  removed w i t h  a vacuum 

through t h e  recovery  system. 

was necessary. 

No a t tempt  t o  f u r t h e r  

* 
The t r a y  was a p a r t  o f  t h e  i n n e r  enc losure.  
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5.6 U02 Granulation and Blending .. . 
5.6.1 Description of equipment 

As analyses of batches of granulated, s tab i l ized  U02 powder were 
found t o  meet the specif icat ions,  they were released by the QA Group and 
t ransferred t o  the blender. The V-blender was a commercial (Patterson- 
Kelley Company) , double-shell type fabricated of s t a in l e s s  s tee l  with the 
2 - i n .  void f i l l e d  w i t h  lead. The blender had a s ingle  port  housing a 
3-in. s t a in l e s s  s tee l  ball valve, which served f o r  b o t h  charging and dis- 
charging. (24.6 l i t e r s ) .  

port rotated on a horizontal axis .  The system was carefu l ly  balanced 
so tha t  the blender could be rotated by hand. 
was rotated a t  24 rpm by a small e l e c t r i c  motor. 

3 The bulk volume of the blender was 0.87 f t  
The rotat ing axis  passed t h r o u g h  b o t h  legs of the V such t h a t  the 

In operation, the blender 

5.6.2 

The s tab i l ized  U02 powder was passed t h r o u g h  a 100-mesh screen i n  a 

The granulator screen could be inspected readi ly  a f t e r  
granulator of the same design as t h a t  used fo r  dried ADU (see description 
in Sect. 5.3.1). 
the passage of each batch of powder. If the  screen was found t o  be torn ,  
i t  was replaced and the powder regranulated. 

was subsequently weighed; the weight was then compared with tha t  of the 
original uranate in the batch. 
0.85, depending on the dryness of the uranate, sp i l lage  during handling, 
and holdup in the U02 granulator. 

f ina l  four batches) were sampled f o r  determination of surface a rea ,  O/M 

The granulated powder from four boats was col lected in a can, which 

The UO,/ADU r a t i o  varied from 0.75 t o  

The f i r s t ,  fourth,  and each fourth batch thereaf te r  (except the 

r a t i o ,  and concentration of uranium. When analysis showed a sampled 
batch t o  be acceptable, t ha t  batch plus those preceding i t  were t rans-  
ferred t o  the blender. The exception was t h a t  the f ina l  four batches 
could be charged t o  the blender when the l a s t  of the ser es of sampled 
batches proved t o  be acceptable. 
stored in a rack by the t o p  of the blender unt i l  the ana y t ica l  r e su l t s  

Granulated and weighed batches were 
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became available.  On receipt  of unacceptable values, the rejected batch 
was resampled o r  returned f o r  recycle i f  any i r r egu la r i ty  was suspected. 

When a l l  acceptable batches of the l o t  had been accumulated in the 
blender, the charging valve was closed; the blender then remained id le  
unt i l  about 4 hr before packaging was t o  begin. 
was rotated once slowly by hand t o  ensure tha t  no object was in i t s  path. 
When ready, the blender was s ta r ted  and allowed t o  ro ta te  a t  25 ? 2 rpm 
fo r  1 hr. Finally,  the motor was stopped, and the  blender was inverted 
f o r  product removal. 

A t  t ha t  time, the blender 

5.6.3 Problems encountered and methods of resolution 

Early in the program, we experienced an average of one granulator 
screen f a i l u r e  per l o t .  
most frequently a t t r i bu ted  t o  the extremely t i g h t  f i t  of the screen 
against  the paddle. To reduce the frequency of f a i l u r e ,  the supervisor 
was required t o  inspect the screen a f t e r  each batch and t o  replace i t  i f  
damage was evident. As a preventive measure, the  screen was routinely 
replaced a t  the midpoint and a t  the end of each r u n ,  regardless of i t s  
condition. 

Failure was caused by excessive wear, which was 

c 

-4 

- _. 
Near the end of the program, the top par t  of the p l a s t i c  granulator 

housing became b r i t t l e ,  resul t ing in a 3/4-in. hole. Since the hole was 
located near the  t o p  of the granulator and very l i t t l e  dusting occurred 
during granulation of a batch, the housing was n o t  patched or replaced. 

5 .7  Product Removal and Distribution 

5.7.1 Operating co'na.1 Lions 

After the powder from one l o t  had been thorough y mixed, the blender 
was positioned' manually so tha t  the charge-discharge valve pointed down. 
The horizontal draw-off pipe was sealed t o  the blend r by applying pneu- 
matic press,ure t o  a f l ex ib l e  connection. 
Syntron vibrator  t o  induce the flow of powder; any material adhering t o  
the walls of the  blender was dislodged by a pneumatically powered ball 
vi brator.  

This pipe was vibrated by a 

. 
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W i t h  the ball valve open and the above two vibrators  act ivated,  
powder flowed f ree ly  t o  previously weighed and labeled s t a in l e s s  s tee l  
primary cans. 
Ainsworth electronic  balance d u r i n g  loading; thus the to t a l  weight was 
displayed on a readout panel. 
stopped by shutting off the vibrator  on the draw-off pipe when 400 f 5 g 
of U02 had collected in a can. 

After the l i d  had been screwed on the primary can, the can was 
reweighed on a previously cal ibrated Metler balance t o  determine the 
f ina l  o f f i c i a l  weight. The gross, t a r e ,  and net weights, as well as the 
l o t  number, were subsequently recorded on a label attached t o  the can. 

The labeled can was bagged out of the  glove box, and two primary 
cans were placed in an isotope can ( % l - l i t e r  capaci ty) .  

Health Physics personnel routinely checked the sealed surfaces for 
leaks using an alpha probe. 
( a t  the  beginning and a t  the end of the operation) f o r  beta-gamma radia- 
t ion a t  distances of 1-1/2 and 1 2  in.  
formed t o  confirm tha t  the powder met radiation specif icat ions.  

t o  provide the customer a gross weight which could be eas i ly  ver i f ied  
upon receipt .  
bered isotope can. An aluminum pla te  (1/16 in.  t h i c k ) ,  w i t h  a diameter 
s l i gh t ly  l e s s  than the inside diameter of the  isotope can, was inserted 
t o  keep the excess p l a s t i c  away from the sealing surface between the  
body of t he  isotope can and the l i d ;  the can was then sealed. 

The sealed isotope can was checked f o r  contamination t o  ensure the 
in tegr i ty  of the p l a s t i c  a f t e r  sealing. 
the cavity of a 55-gal shipping drum (DOT-5795 or -5330); the remainder 
of the void space was f i l l e d  with crinkled aluminum f o i l .  A blank flange 
was bolted t o  the  gasketed mating flange on the cavity pipe. The bol ts  
were tightened t o  85-in.-lb torque. 

Each can and i t s  cover rested on the  weighing pans of an 

T h e  t r ans fe r  of powder was automatically 

They a l so  checked randomly selected cans 

This l a t t e r  monitoring was per- 

Each can, now sealed in p l a s t i c ,  was reweighed on an O'Haus balance 

Two of these plastic-covered cans were placed in a num- 

Two isotope cans were placed in 

The t o p  void space in the drum was f i l l e d  with nonflammable spacing 
material .  
i n  position and bolted t i gh t .  A numbered tamper-indicating seal was 

The gasketed l i d  was inser ted,  and the drum ring was placed 
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... p o s i t i o n e d  so t h a t  i t  would break i f  t h e  drum was reopened. 

l o a d i n g  arrangement f o r  t h e  s h i p p i n g  drums i s  shown i n  F i g .  5.12. 

n u c l e a r  m a t e r i a l  s to rage v a u l t  f o r  temporary s torage.  When a l l  o f  t h e  

l o t  analyses had been completed and t h e  l o t  v e r i f i e d  t o  meet a l l  spec i -  

f i c a t i o n s ,  a QA t a g  was a t tached t o  each drum; if, f o r  any reason, s h i p -  

ment o f  t h e  l o t  ( o r  p a r t  o f  i t )  was delayed and r a d i a t i o n  became excessive,  

t h e  QA t a g  was removed and t h e  drummed m a t e r i a l  recyc led .  

When t h e  l o t  was re leased f o r  shipment by t h e  customer (BAPL), t h e  

drummed powder was r e i n s p e c t e d  (tamper seal  , drum i d e n t i t i e s  , e t c .  ) p r i o r  
t o  shipment o r  t r a n s f e r .  

When a l o t  o f  U02 was t o  be shipped, t h e  loaded drums were t r a n s f e r r e d  
f rom t h e  s to rage v a u l t  t o  t h e  ERDA -approved t r a i l e r  w i t h  ORNL s e c u r i t y  and 

H e a l t h  Physics personnel  i n  attendance. 

t i o n ,  t h e  s e c u r i t y  sea ls  g i v e n  a f i n a l  i n s p e c t i o n ,  and t h e  drum numbers 

recorded on a l o c a t i o n  c h a r t .  

i n s i d e  t h e  t r a i l e r .  F i n a l l y ,  t h e  t r a i l e r  doors were c losed,  locked, and 

The t y p i c a l  

F i n a l l y ,  t h e  f i l l e d  and sealed drums were d e l i v e r e d  t o  a s p e c i a l  

* 

The drums were anchored i n  p o s i -  

A copy o f  t h e  s h i p p i n g  data was then p laced 

a tamper-proof seal  a t tached.  

a t tached t r a c t o r  cab were surveyed f o r  r a d i a t i o n  background; i f  found 

acceptable,  t h e  package was t r a n s f e r r e d  t o  a u t h o r i z e d  ERDA c o u r i e r s ,  

who s igned a r e c e i p t  which then a l lowed t h e  shipment t o  leave t h e  ORNL 

area. 

5.7.2 Problems encountered and methods o f  r e s o l u t i o n  

.* Both t h e  e x t e r i o r  o f  t h e  loaded t r a i l e r  and t h e  i n t e r i o r  o f  t h e  
-a 

7 * 

c -  

A pneumatic v i b r a t o r  was i n s t a l l e d  on t h e  o u t e r  s h e l l  o f  t h e  b lender  

s h o r t l y  a f t e r  t h e  s t a r t  o f  opera t ions  when i t  was found t h a t  t h e  U02 pow- 

d e r  d i d  n o t  f l o w  f r e e l y  f rom t h e  b lender .  Another problem was encountered 

w i t h  t h e  powder on h igh-humid i ty  days i n  t h a t  i t  tended t o  f l o w  i n  b u r s t s ,  

r e s u l t i n g  i n  occas ional  o v e r f i l l i n g  o f  a p r imary  can. T h i s  s i t u a t i o n  was 

remedied by scooping o u t  t h e  excess w i t h  a s p a t u l a  and t r a n s f e r r i n g  i t  t o  

t h e  empty p r imary  can t h a t  was scheduled t o  be used next .  

* 
Now DOE. 
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VERMICULITE L-3 SHIPPING CONTAINER, DOT 5330 

F ig .  5.12. T y p i c a l  loaded s h i p p i n g  drum. 

I . .  

- .  
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_. Used pr imary  cans were r e t u r n e d  by t h e  customer a f t e r  be ina emptied. 

Upon r e t u r n ,  t h e y  were inspec ted  and reused un less  damaged o r  found t o  

- c o n t a i n  f o r e i g n  m a t t e r .  - 
The mass 1 i m i  t f o r  t h e  powder-product c o l l  e c t i o n  enc l  osure ( G )  was 

increased f rom 22 kg t o  26 kg o f  233U i n  o r d e r  t o  meet t h e  produc t ion  

requirements o f  t h e  customer toward t h e  end of t h e  program. Th is  was 

done w i t h  t h e  approval  o f  t h e  ORNL C r i t i c a l i t y  Review Committee. 

A t  i n t e r v a l s  throughout  t h e  program, t h e  rubber  g loves used i n  

Enclosure G had t o  be rep laced because t h e  f i n g e r s  became tacky;  a l s o ,  

t h e  r a d i a t i o n  background increased because some U02 adhered t o  t h e  t a c k y  

surfaces. Tes ts  were r u n  t o  determine whether d i f f e r e n t  types o f  rubber  

g loves were b e t t e r  than t h e  t y p e  o r i g i n a l l y  i n s t a l l e d ;  however,, s ince  

t h e  supply  o f  g loves was l i m i t e d ,  we were f o r c e d  t o  use those t h a t  were 

r e a d i l y  a v a i l  ab le.  

5.8 Cleanup Operat ions and Waste Hand1 i n g  

A f t e r  t h e  f i n a l  ba tch  o f  p r e c i p i t a t e  i n  a l o t  had been adequately 

washed, 4 l i t e r s  of 0.3 - M HN03 s o l u t i o n  was charged t o  t h e  UNH meter ing  

vessel ,  sparged, and t r a n s f e r r e d  t o  t h e  waste recovery  vessel  where i t  was 

sampled and r e c y c l e d  t o  t h e  s o l v e n t  e x t r a c t i o n  system f o r  recovery  o f  

t h e  uranium. 

charged t o  t h e  UNH meter ing  vessel ,  t r a n s f e r r e d  t o  t h e  p r e c i p i t a t i o n  

vessel  where i t  was c i r c u l a t e d ,  pumped through one T e f l o n  l i n e r  i n  t h e  

o p e r a t i n g  c e n t r i f u g e  t o  t h e  c e n t r i f u g e  supernate vessel ,  and f i n a l l y  

r o u t e d  t o  t h e  waste recovery  vessel  f o r  sampling and r e c y c l e .  A t h i r d  

batch of t h e  d i l u t e  a c i d  was t r e a t e d  s i m i l a r l y  except  t h a t  i t  was a l lowed 

t o  pass through t h e  second T e f l o n  l i n e r  i n  t h e  c e n t r i f u g e .  A l l  o f  t h i s  

equipment was then g i v e n  two 4 - l i t e r  r i n s e s  w i t h  water  and p laced i n  

s tand by. 

was f l u s h e d  w i t h  4 l i t e r s  o f  0.3 HN03. 

pressure,  through a p o r t a b l e  p l a s t i c  tube t o  r i n s e  areas c o n t a i n i n g  s p i l l e d  

s o l i d s ;  t h e  i n t e r n a l  sur faces o f  t h e  oven were a l s o  c leaned. Any s o l u t i o n  

remain ing i n  pumps was c o l l e c t e d  i n  t h e  washdown vessel  by use o f  vacuum 

and p l a s t i c  tub ing ,  sampled, and t r a n s f e r r e d  v i a  r i n s e  vessel  No. 1 t o  

t h e  waste recovery  vessel  f o r  r e c y c l e .  

A second 4 - l i t e r  batch o f  0.3 - M HN03 was subsequent ly 

The washdown vessel  i n  the,microwave oven enc losure (Enclosure C) 

T h i s  s o l u t i o n  was forced, under 



72 

._ Powder s p i l l s  in a l l  o ther  enclosures ( D ,  E ,  F ,  and G )  were recovered 
by use of a portable e l e c t r i c  vacuum cleaner. 
t ha t  collected in the f i l t e r  bag was shaken into a tared metal can f o r  
storage. 
bagged o u t  of the enclosure, and returned t o  the solvent extraction dis-  
solver f o r  dissolution and recovery of the uranium. 

damaged rubber gloves were bagged o u t  of the enclosures and stored in 
s t a in l e s s  s tee l  55-gal waste drums. An up-to-date record was kept of 
the material t ransferred into the drums. When a drum became f i l l e d ,  i t  
was scanned against  a 233U02 standard t o  determine the uranium content of 
the waste (Sect.  9 ) .  Any drum containing 136 g of 233U was t ransferred 
t o  the ORNL aboveground storage f a c i l i t y ;  any drum containing >36 g of 
233U was reopened and the contents monitored and repackaged into addi- 
t ional drums t o  meet the above specif icat ion.  Occasionally, t h i s  method 
uncovered cer ta in  items with suf f ic ien t ly  high 233U contents t o  make s a l -  

vage worthwhile. ..* 

The free-flowing material 

- - 
Final ly ,  the can was sampled fo r  uranium content,  weighed, 

The emptied vacuum cleaner bag, other c loths  used in cleanup, and 

- 
The off-gas f i l t e r s  serving Enclosure E ,  which housed the ADU granu- 

la t ing  and boat loading equipment , eventually became loaded with 233U02 
d u s t  during operation. When the accumulated d u s t  began t o  r e s t r i c t  the  
off-gas flow s igni f icant ly ,  the f i l t e r  element was replaced. 

a 

..- 

The loaded 
f i l t e r  was dismantled and the f r ee  
f o r  recycle; the remaining uranium 
w i t h  d i l u t e  HN03, and the solution 
system. 

powder shaken in to  a col lect ion can 
was then leached from the f i l t e r  medium 
was recycled t o  the solvent extraction 

5 .9  Analysis of Degradation of Specification 
Requ i remen t s  ( DSR) 

Of the 89 l o t s  of ceramic-grade U02 powder produced in the ORNL Con- 
version Fac i l i t y ,  only one was rejected f o r  f a i l u r e  t o  meet specif icat ions.  
The feed f o r  tha t  l o t  was contaminated by colloidal carbon due t o  f a i l u r e  

higher radiation levels  than the specified maximum were held in storage,  
a t  the customer'.s request, for greater  than the or ig ina l ly  prescribed 

of a pump bearing before i t  entered the system. Those l o t s  exhibit ing - -  
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.. 

.. - 

16 days. 

f o r  shipment w i t h o u t  reprocess ing.  

between l o t s .  Increased exposure was r e c e i v e d  when t h e  u r a n y l  n i t r a t e  

s o l u t i o n  had aged about 4 years and thus  conta ined q u a n t i t i e s  o f  224Ra 

which exceeded t h e  c a p a c i t y  o f  t h e  i o n  exchange column. 

( h a l f - l i f e ,  3.6 days) passed through t h e  i o n  exchange column i n t o  t h e  

produc t  tank  and subsequent ly i n t o  t h e  convers ion feed tank,  t h e  feed 

s o l u t i o n  e x h i b i t e d  a h i g h  r a d i a t i o n  background (up t o  18 mR/hr a t  1 ft) 
t h a t  decreased t o  a minimum by t h e  t i m e  i t  was packaged f o r  shipment. 

T h i s  problem was c o r r e c t e d  by pass ing t h e  aged u r a n y l  n i t r a t e  s o l u t i o n  

through t h e  i o n  exchange system tw ice ,  a l l o w i n g  a minimum o f  2 weeks 

( f o r  decay o f  radium) between phases. Normal feed s o l u t i o n  e x h i b i t e d  a 
r a d i a t i o n  background o f  about 5 mR/hr a t  a d i s t a n c e  o f  1 f t  f rom t h e  feed 

tank. 

o r i g i n a l l y  s p e c i f i e d  as acceptable.  

However, a l l  b u t  one and one-hal f  l o t s  were e v e n t u a l l y  accepted 

The r a d i a t i o n  exposure r e c e i v e d  by o p e r a t i n g  personnel v a r i e d  w i d e l y  

When some radium 

Several l o t s  o f  powder conta ined i m p u r i t i e s  a t  l e v e l s  g r e a t e r  than 

These can be summarized as f o l l o w s :  

One l o t  had a h i g h  copper conten t  as t h e  r e s u l t  o f  u s i n g  copper 

t u b i n g  t o  supply  steam t o  a t r a n s f e r  j e t  i n  t h e  i o n  exchange 

i n t e r i m  produc t  tank.  

f lowsheet  so as t o  e l i m i n a t e  t h e  need f o r  t h e  i n t e r i m  produc t  

tank.  

S ix teen l o t s  had h i g h e r  phosphorus conten ts  than o r i g i n a l l y  

s p e c i f i e d .  The source o f  t h e  phosphorus was found t o  be t h e  

s t o r e d  u r a n y l  n i t r a t e  feed f o r  t h e  i o n  exchange system. Rather 

than a t t e m p t i n g  t o  p u r i f y  t h i s  l a r g e  q u a n t i t y  i n  t h e  s o l v e n t  

e x t r a c t i o n  system, we sought and r e c e i v e d  approval  t o  r a i s e  

t h e  s p e c i f i c a t i o n  l i m i t .  

s p e c i f i e d .  

creased. 

One l o t  o f  powder had a h i g h  n i t r o g e n  conten t .  

h i g h  sur face  area, r e s u l t i n g  i n  g r e a t e r  s o r p t i o n  o f  n i t r o g e n  

1. 

T h i s  problem was so lved by changing t h e  

2. 

3. Fourteen l o t s  had aluminum contents  h i g h e r  than o r i g i n a l l y  

The s p e c i f i c a t i o n  l i m i t  f o r  aluminum was a l s o  i n -  

4. T h i s  l o t  had a 
I -  



74 

from the a i r .  The surface area of the powder was controlled 
by adjusting the furnace zone temperatures according t o  the 
phosphorus content of the feed. 

Three l o t s  of powder which had low surface areas a l so  had low phos- 
phorus contents. Again, surface area was controlled by adjusting furnace 
temperatures. * 

One l o t  h a d  a portion exposed t o  hydrogen f o r  l e s s  than the specified 
time because the furnace off-gas l ines  plugged and hydrogen was interrupted 
a t  in tervals  for  safety reasons. This problem was corrected by cleaning 
the off-gas l ines  and reducing ' the  hydrogen flow rate .  

which was ident i f ied as pieces o f  granulator screen. The operating pro- 
The examination of two l o t s  revealed the presence of foreign material ,  

cedure was changed t o  require inspection of the screen a f t e r  each granula- 
t ion and i t s  replarment  followed by regranulation of the product when a 
defective screen was detected. 

Two l o t s  fa i led  t o  meet specifications f o r  par t ic le  s ize  dis t r ibut ion 
because they containe'd less  f ines  than required. This deficiency was prob- - 
ably associated with low surface area. 

a 35-mesh screen (as  specif ied)  was not available when required as a re- 
pl acemen t. 

fied t o  prevent possible burning. 
production; therefore,  the process out l ine was revised near the end of the 
program. 

Two l o t s  of ADU powder were granulated using a 20-mesh screen because - 

Several l o t s  of precipi ta te  were dried f o r  times shorter  t h a n  speci- 
Batch s izes  were increased t o  accelerate 

6.  MATERIAL BALANCE 

A uranium balance for  the overall program i s  shown in Table 6.1.  
The i n i t i a l  allotment of feed material t o  the program was based on obtain- 
ing a product with a maximum 238U content of 0.5%; any material found t o  
be o u t  of specification with regard t o  238U was diverted t o  the 233U pool 
which was held in storage tanks U - 1 ,  - 2 ,  and -3. Later, authorization 
was granted by BAPL t o  use t h a t  portion of the pool material (including 
a f ract ion of the material diverted from the ARHW shipments, which was 

. .. 
-, 

"The furnace temperature o f  three l o t s  was purposely held below the 
minimum in order t o  compensate for low phosphorus content. 

~ 
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Table 6.1. M a t e r i a l  balance f o r  t h e  LWBR Demonstrat ion Program 

(February 1970-November 1976) 

Uranium (kg)  
T o t a l  2 3 3 u  

1. Receipts  p e r  s h i p p e r ' s  es t imate  

(A)  Nuclear  Fuel Serv ices,  Inc .  
(B) Savannah R i v e r  P l a n t  
( C )  Hanford 
(D) B e t t i s  scrap r e t u r n s  
( E )  233U-p001 (ORNL measurement) 
(F )  T o t a l  r e c e i p t s  

2. Sh ipper - rece iver  d i f f e r e n c e  

3. T o t a l  t o  account f o r  

4. Shipments o u t  

(A) BAPL 
(B)  To R&D 
( C )  Approved t r a n s f e r s  t o  

T o t a l  
o t h e r  prog rams 

5. Waste d i s c a r d s  

6. I n v e n t o r y  

(A) Unused o x i d e  (Savannah 
R i v e r  P l a n t  + Lawrence 
L i  vermore Labora tory  

(B) O f f  -spec i  f i c a t  i on m a t e r i  a1 
t o  Tank U-1 

( C )  Arch ive  samples 
(D) Stored pure n i t r a t e  (U-10) 
( E )  Waste drums a w a i t i n g  

d isposa l  
( F )  Scrap r e s i d u a l s  
( G )  Process system holdup 

(mea s u r e d  ) 
(H) P i p i n g  holdup (es t imated)  

+ a n a l y t i c a l  samples 
T o t a l  i n v e n t o r y  

7. T o t a l  accounted f o r  

8. D i f f e r e n c e  

( t 1  s tandard d e v i a t i o n )  

36.182 k 0.105 
246.652 2 0.548 
599.867 k 1.036 
711.446 ? 0.366 
81.747 f 1.036 

1675.894 't 1.627 

6.292 k 0.060 

1669.602 t 1.628 

1543.646 f 0.020 
0.322 k 0.004 

3.485 t 0.017 
1547.453 k 0.027 

19.930 t 1.177 

5.086 t 0.025 

8.604 f 0.112 
0.937 f 0.005 

70.455 t 0.916 

0.210 t 0.027 
0.239 t 0.001 

13.209 f 0.172 

0.160 k 0.043 
98.900 f 0.940 

1666.283 4 1.507 

3.319 f 2.218 

0.2 f 0.13% 

35.544 f 0.103 
241.948 t 0.538 
589.779 t 1.019 
699.068 f 0.356 

79.720 ? 1.036 
1646.059 t 1.593 

6.166 f 0.058 

1639.893 f 1.594 

1516.308 ? 0.020 
0.316 t 0.004 

3.420 f 0.017 
3520.044 t 0.027 

19.531 t 1.153 

4.991 f 0.025 

7.996 k 0.104 
0.919 t 0.005 

69.102 t 0.893 

0.205 f 0.026 
0.233 t 0.001 

12.944 t 0.169 

0.157 f 0.042 
96.547 t 0.916 

1636.122 t 1.473 

3.771 t 2.170 

0.23 f 0.13% 

r 
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a lso held in tanks U-2 and U-3). Accordingly, in Table 6 .1 ,  item 1 ( E )  
i s  the quantity from the pool (on hand pr ior  t o  t h i s  program) tha t  was 
eventually included when the 238U specif icat ion was raised t o  1.25%. 
Uranium from Hanford tha t  was included in the receipts  b u t  diverted t o  
tank U-1, which contained the 233U of highest 238U content,  i s  shown in 
item 6(B) .  

t h r o u g h  ( D )  a re  those of the shipper. 
on ORNL measurements, taking into account the e r rors  inherent in weigh- 
ing, volume determination, chemical analysis ,  and isotopic abundance 
determinations. 

The material balance fo r  the e n t i r e  program amounted t o  a feed- 

The e r ro r  bands associated with the receipts  l i s t e d  in item 1 ( A )  
All others were computed based 

.- 

accounted-for difference of 0.2 ? 0.13% ( a t  one standard deviat ion) .  
This provides assur3nce (95% confidence) t ha t  we have accounted f o r  a l l  
material processed during the program. 

7. QUALITY ASSURANCE 

The requirement t o  maintain a QA program was included in the contract  
with BAPL.  Details  are  contained in an o f f i c i a l  BAPL document.8 Any 
changes in these requirements were o f f i c i a l l y  transmitted t o  ORNL in the 
form of "Change Notices" and approved engineering changes , "REC- .  . . . ' I .  

Accordingly, in the "Cer t i f ica te  of Compliance" (Fig. 7.1 ) , which was 
required f o r  each l o t  of U02 shipped, reference was made t o  a l l  of the 
"Change Notices," approved requests fo r  engineering changes ( R E C -  .... - , 
and any approved deviations from specif icat ions (DSR-. . . . ) o r  or iginal  
process conditions. 

source feed mater ia l ,  manufacturing processes, operating procedures and 
f a c i l i t i e s  (and a l so  qua l i f ica t ions)  , program phases, i den t i f i ca t ion ,  
properties of the powder, and process controls.  I n  addi t ion,  the section 
on QA Provisions l i s t s  those requirements involving necessary approvals, 
Qual i ty  Control plans, inspections,  qua l i f ica t ions ,  t e s t  r e s u l t s ,  records 
and records handling and retent ion,  sampling plans, and ce r t i f i ca t ion .  
Other sections include those requirements re la ted t o  packaging and snip- 
ping the powder and the procedures t o  be used by BAPL i n  ordering and 

The BAPL document included a l l  the requirements re la t ing  t o  the 

.. 
.-. 

* *  



. . . . ., . , . 
' L .  . > '  

77 

OAK R I D G E  NATIONAL LABORATORY 
CERTIFICATE OF COMPLIANCE 

2 3 3 ~ ~ 2  POWDER FUEL FOR LWBR FUEL 

LOT NO. 165 

T h i s  i s  t o  c e r t i f y  t h a t  t h e  above i d e n t i f i e d  l o t  o f  233U02 powder 

meets B e t t i s  s p e c i f i c a t i o n s  s e t  f o r t h  i n  MEP-CM-3309A, r e v i s e d  8/6/73; 

t h a t  t h e  powder was prepared i n  q u a l i f i e d  equipment operated by q u a l i -  

f i e d  personnel  accord ing  t o  our  Process O u t l i n e  (submi t ted  under A.R. 

No. 459400-15A) and o u r  Q u a l i t y  V e r i f i c a t i o n  Plan (submi t ted  under A.R. 

No. 459400-21 ) u s i n g  233U-source m a t e r i a l  approved by purchaser under 

Westinghouse E l e c t r i c  Corpora t ion  Purchase Order No. 73-Y-459400-M 

(Oct.  4, 1969), i n c l u d i n g  Changes Not ices  1 through 14 , except  

as f o l l o w s :  

1. DSR-459400-07 (Reference o n l y )  

2. DSR-459400-08 (Reference o n l y )  
3. REC-459400-01 

4. REC-459400-02 

5. REC-459400-03 

Date 
W .  T.  McDuffee, Technica l  Group Leader 
Q u a l i t y  Cont ro l ,  LWBR P r o j e c t  
P i l o t  P l a n t  Sec t ion  
Chemical Technol ogy D i v i s i o n  

Date 
J .  R. P a r r o t t ,  LWBR P r o j e c t  Leader 
P i l o t  P l a n t  Sec t ion  
Chemical Technol ogy D i  v i  s i  on 

F ig .  7.1. T y p i c a l  C e r t i f i c a t i o n  o f  Compliance. 
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releasing the uranium feed materials f o r  powder manufacture and the  U02 .. 
powder product f o r  shipment. 
cuss the  act ions taken in complying with the requirements of the BAPL 
document. 

The following sect ions of t h i s  report  d i s -  

\ 

7.1  Quality Verification Plan 
8 In compliance with the requirements of the BAPL spec i f ica t ions ,  a 

Qual i t y  Control ( Q C )  program was developed by ORNL and approved by BAPL 
pr ior  t o  commencing operations. 
t ha t  presented a l l  aspects of the qual i ty  requirements r e l a t ive  t o  feed 
mater ia ls ,  process f a c i l i t i e s ,  the manufacturing process, and the qual i -  
f ica t ion  of the  finished powder and i t s  packaging, handling, and shipment. 
The manufacturing process, shown schematically in Fig. 7 . 2 ,  presents the 
operating ranges of each parameter. The QC program f o r  the process i s  
shown schematically in Fig. 7.3, which presents each item or area t h a t  
i s  controlled and iden t i f i e s  each qua l i ty  control re lease point. 

Other d e t a i l s  covered in the Quality Verification Plan and in the 
BAPL document a re  discussed below. 

9 The next s tep  was t o  develop a plan 

7 .2  Feed Material 

On receipt  of the feed material from the production s i t e s ,  i t  was 
segregated according t o  uranium isotopic content and/or gross impurity 
content as indicated by the respective shipper. 
feed source material being stored a s  n i t r a t e  solution (including t h a t  
resul t ing from the dissolution of powder from SRP and from NFS, which 
was stored in Tank U - 5 )  was sampled and analyzed. 
then used t o  qualify the solution against  specif icat ions f o r  feed 
material (Table 7 .1  ) .  In general ,  these specif icat ions were ident ical  
t o  those f o r  the U02 powder product with respect t o  isotopic  uranium 
content and impurit ies,  except f o r  the hal ide,  nitrogen, and thorium 
contents. Thereafter,  only material from these qual i f ied l o t s  was 

The f rac t ion  of the 

The r e su l t s  were 

- .  authorized f o r  release t o  the manufacturing system. 
data f o r  a l l  of the  i n i t i a l l y  stored n i t r a t e  feed a re  shown i n  Table 7 .1 .  

The SRP material remaining a f t e r  i n i t i a l l y  dissolving ~ 5 6  kg o f  the 
uranium t o  combine with the  NFS material (Table 7 . 1 )  was stored in the 

The qual i f icat ion 
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+] SIEVE (mesh)  235 p m  

ORNL D r p  72-641133 

1 1 

t 

BATCH TO BOATS 
DEPTH ( in <0.75 
EOAT N a -  

REDUCTION 'I 
CONTlNWXlS FUR- 

TEMP. PROFILE 
I AMEIENT TO 6 2 5  

t 2 5 O  C AT ZOO0- 
C/hr IN ARGON 

2 CROSS EARRJER 
AT 6 5 0  150  C 

rSOo C FOR 6 hr 0 

t25O C. 

4 2 0 5  hr 

3 tiom AT MX) 

h1 IN n2 
4 COOL IN nz TO 100 
5. COOL I N  ARGON .1 

. -  

(;a 

F R  ,0035 
byr lcm vo l r  

I 
SHIP WITHIN I6  DAYS AFTER 

ION EXCHANGE PURIFICATION 

NOTES AND LEGEND 

LIMITS OF SPECIFIC IMPURITIES POISON EOUIVALENT 
AD : ACID DEFICIENT V = V E L O C I T Y  

DSBPP - 01-SECONDARY-BUTYL 
DEB : DIETHYLEENZENE :WEIGHT PERCENT 

PHENYL PHOSPHONATE 
R =  FLOW RATE 
G - REAGENT GRADE 
A * SURFACE AREA 

SR - SPECIFIC RESISTANCE (ohms) 

233 
F ig .  7.2. Chemical process f lowsheet :  p r o d u c t i o n  o f  U02 

powder f o r  LWBR program. 
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ORNL DWQ 7 2 - 6 4 2  R 3  

I SOLIDS STORAGEI 
I 

SOLVENT EXTRACTION 
FEED ADJUSTMENT 

Process Control Inspection 

#me Since Ion Exchonqe Puriflcalion 

Fig .  7.3.  Process and q u a l i t y  c o n t r o l  f l o w  d iagram:  p r o d u c t i o n  
o f  233U02 powder f o r  LWBR Program. - .  

. 



Table 7.1. Inventory of 233U02(N03)2 feed material 

Tank No. 
Specification U-2 u-3 u-5 U-6 u-7 U -8 u-9 u-10 

Total 
Urani 
232u, 
233u, 

uran i um, kg 
wn conc., g / a .  
parts per 106 parts U 
wt % 

234uy wt % 
23511, wt % 
236u, wt % 
2 3 w ,  wt % 

Impurities, wt ppm U02 
A1 
B 
Ca 
Cd 
co 
Cr 
cu 
Fe 
H9 
M9 
Mn 
Mo 

I Ni 
P 
SC 
Si 
Ti 
Th 
V 
2 3 9 ~ ~  

a 
a 

51 0 
297 
~2.5 
< O .  5 
<o. 1 
< O .  gb 

250 
3 
50 
a 
15 
100 
40 
400 
30 
100 
20 
100 
200 
500 
75 
200 
20 

1000 
50 
25 

84.49 102.39 89..58 100.89 101.31 100.78 95.79 83.06 
250.0 255.2 
7 7 
97.55 98.02 
1.102 0.985 
0.078 0.022 
0.006 0.001 
1.268 0.968 

640 
<4 
200 
- 
- 

116 
60 
460 
31 5 
246 
18 

81 
105 

25 

7000 

- 

- 

- 

- 
- 

234.8 250.5 254.8 258.0 257.2 259.3, 
6.7 8.5 9.2 8.6 8.8 10.4 
97.91 98.43 98.48 98.50 98.58 98.51 
1.518 1.188 1.223 1.1199 1.204 1.231 
0.224 0.022 0.020 0.021 0.019 0.021 
0.064 <0.001 <0.0005 <0.0005 <0.0005 <0.0005 
0.282 0.359 

280 10 
<1 9 
39 21 
<3 <3 
<1 <1 
26 <5 
<3 <3 

525 26 
<9 <9 
<25 26 
< 1 <1 
< 9 <9 
< 5 <5 
12 73 

<44 <44 
<18 <44 
<9 285 
<9 <9 
<9 <9 

- - 

0.276 

25 

25 
<3 
<l 
19 
13 
45 
<9 
<26 
<1 
<9 
4 

190 

<44 
<44 

<(: 

<9 
" 9 

3.5 

- 

0.274 0.199 0.238 

E! 

_____ _ _ _ ~ _ _ _  -_ - _ _ _  ___ - __ - _ _  
aNone 1 isted, but nuclear safety considerations limited uraniuiii concentration to ':250 g /  . 
bAt the beginning of the program; later the 238U specification was changed to 1.25 
'Specification for sulfur was added after feed had been qualified and accepted. 

(Change Notice No. 17). 
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Solid Storage Faci l i ty  until  needed. A t  t h a t  time, a se r ies  of dissolu- 
t i o n s  (115 kg of  uranium each) was conducted, and the resul t ing solutions 
were composited i n  one of the storage tanks. The composite solution was 
then sampled and qualified against the updated specif icat ions,  as were 
the original lots o f  solution. 

7.3 Purification Processes 

Two purification systems were used in preparing uranium feed fo r  
the conversion: ( 1 )  the solvent extraction system, and ( 2 )  the ion  
exchange system. 

solutions with' high concentrations of acid (>0.5 - M )  and metall ic i m p u r i -  
t i e s  were processed t h r o u g h  the solvent extraction system. 
thorium content, t h ?  uranium product solution recovered from the solvent 
extraction system usually met the specif icat ions for  release t o  the con- 
version system. 
t e r s ,  including 228Th. 
d i lut ion with the b u l k  232Th t ha t  i s  required in the process. 

232U daughter content of a l l  aged purified n i t r a t e  solution (including 
solvent extraction product solut ion)  released t o  the conversion system. 
Some, although small, separation of the t r i va l en t  metal l ic  impurities 
was achieved. 
system was examined for  compliance w i t h  isotopic and chemical property 
specifications prior t o  i t s  release t o  the manufacturing process. Table 
7 .2  compares the qual i f icat ion data of a typical l o t  of purified uranyl 
n i t r a t e  feed solution w i t h  the  specifications for  such material .  

All dissolved binary scrap and a l l  o f  the recycle scrap n i t r a t e  

Except f o r  

The solution was exceptionally f r ee  of  232U decay daugh-  
The 228Th separation was obtained by isotopic 

The ion exchange system was used when i t  was necessary t o  reduce the 

Each purified uranyl n i t r a t e  solution from the ion exchange 

7.4 Manufacturing Process 

The manufacturing process deals only with the conversion o f  uranyl 
n i t r a t e  t o  ceramic-grade U02. The preceding purification steps t h a t  were 
required t o  remove the gamma-emitting 232U daughters , a1 t h o u g h  not quali ty 
requirements per se ,  were required t o  enable the conversion process t o  be 
conducted in unshielded f a c i l i t i e s  featuring d i rec t  access by operating 

. 

.- 
e 

' .  
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Table 7.2. Qualification data for typical purified 
233U02(N03)2 feed solution 

Specification Qualification data 

U conc., g / a  
HN03 conc., M 
232U, parts per 
233u, wt % 
2 3 4 u ,  wt % 
235u, wt % 
2 3 6 u ,  wt % 
23% wt % 

100 k 10 
0.25 ? 0.15 

297 
<2.5 
<o. 5 
<o. 1 
< O .  5 

IO6 parts u 51 0 

Impurities, wt ppm U02 (max.) 
A1 
B 
Ca 
C1 + Br 
co 
Cr 
c u  
F 
Fe 
Mg 
Mn 
Mo 
Ni 
P 
S 
Si 
Ti 
Th 
V 
239Pu 

250 
3 
50 
25 
15 
100 
40 
30 
400 
100 
20 
100 
200 
500 
75 
200 
20 
500 
50 
25 

112.9 
0.3 
6.8 
98.08 
1.449 
0.158 
0.053 
0.260 

50 

30 
23 ,<1 

<0.4 
9 
3 

<5 
133 
<3 
2 

<2 
4 

110 
50 
35 
<3 
<10 

<O.  3 
. <7 

0.7 
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personnel and t o  p e r m i t  shipment o f  t h e  powder t o  BAPL w h i l e  t h e  r a d i a -  

t i o n  was s t i l l  w i t h i n  t o l e r a n c e s  f o r  d i r e c t  handl ing.  

A paramet r ic  s tudy o f  t h e  convers ion process was completed p r i o r  

t o  t h e  design, c o n s t r u c t i o n ,  and o p e r a t i o n  o f  t h e  convers ion  system. 

The r e s u l t s  o f  t h i s  s tudy were used t o  develop a process o u t l i n e 6  t h a t  

was l a t e r  t e s t e d  i n  t h e  convers ion f a c i l i t y .  A f t e r  t h e  i n i t i a l  equ ip -  

ment t e s t i n g  had been completed, t h r e e  s h o r t ,  i n t e g r a t e d  runs  were con- 

ducted t o  produce d 0  kg o f  233U02 powder. These preproduc t ion  l o t s  o f  

powder were shipped t o  BAPL f o r  use i n  an e v a l u a t i o n  o f  t h e  q u a l i t y  o f  

t h e  produc t  and i t s  s u i t a b i l i t y  f o r  t h e  in tended use. On t h e  b a s i s  o f  

t h e  r e s u l t s  of t h i s  e v a l u a t i o n ,  BAPL d e c l a r e d  t h e  convers ion  system, 

t h e  o p e r a t i n g  s t a f f ,  and t h e  o p e r a t i n g  procedures t o  be q u a l i f i e d .  

A t o t a l  o f  189 l o t s  o f  233U02 powder, rang ing  i n  s i z e  f rom 15 t o  25 
kg, were then produced. Three o f  t h e  l o t s  ( L o t  119 and o n e - h a l f  each o f  

L o t s  145 and 147) were n o t  shipped t o  BAPL; ins tead,  t h e y  were s t o r e d  a t  

ORNL f o r  a pro longed p e r i o d  ( 4  t o  6 weeks) and then r e c y c l e d  a t  BAPL's 

request .  

because of a b e a r i n g  f a i l u r e  i n  a r e c i r c u l a t i n g  pump which r e s u l t e d  i n  

contaminat ion  o f  t h e  feed m a t e r i a l .  

9 

Produc t ion  o f  one l o t  (179) was abor ted  midway i n  t h e  process 

Process c o n t r o l .  Once a l o t  o f  feed s o l u t i o n  had been re leased f o r  

ox ide  manufacture, volumes o f  t h i s  s o l u t i o n  c o n t a i n i n g  1000 f 200 g o f  

uranium were t r a n s f e r r e d  t o  t h e  system and p r e c i p i t a t e d  w i t h  NH3 gas; 
t h e  r e s u l t i n g  s l u r r y  was then c e n t r i f u g e d  and washed w i t h  water.  The 

r e s u l t i n g  ADU was d r i e d  i n  a microwave oven. Any lumps i n  t h e  d r i e d  

powder were broken up by pass ing t h e  m a t e r i a l  through a 35-mesh s ieve .  

Each s ieved ba tch  was then d i v i d e d  i n t o  f o u r  equal s u b l o t s  and loaded 

i n t o  Inconel  t r a y s  (boats )  which were passed through a hydrogen reduc- 

t i o n  furnace.  The f i r e d  powder (U02) was s t a b i l i z e d  by c o n t a c t i n g  a 

t h i n  l a y e r  success ive ly  w i t h  m o i s t  argon and m o i s t  a i r .  The f o u r  sub- 

l o t s  of f i r e d  powder were subsequent ly recombined and res ieved,  t h i s  
t i m e  through a 100-mesh screen. 

s tored,  pending r e l e a s e  t o  t h e  U02 b lender ,  based on analyses o f  p re-  

s c r i b e d  samples. The f i r s t  ba tch  and, a t  a minimum, every  f i f t h  suc- 

ceeding ba tch  o f  t h e  recombined 233U02 batches were sampled and analyzed 

Each ba tch  o f  U02 was t e m p o r a r i l y  
8 .  
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f o r  compliance with finished product specif icat ions f o r  uranium content,  
surface area,  and O/M r a t io .  When these analyses were found t o  meet the 
required specif icat ions,  the  batches were released f o r  blending. 

After the en t i r e  l o t  of material had been homoge- 
nized i n  the  blender, duplicate samples were removed f o r  each se r i e s  of 
examinations. 

Product qual i ty .  

One s e t  of duplicate samples was examined f o r  chemical 
properties and physical charac te r i s t ics ,  one s e t  was analyzed t o  deter-  
mine the metal l ic  impurit ies,  one s e t  was retained f o r  our archives,  and 
one s e t  was assigned t o  accompany the shipment fo r  BAPL ver i f icat ion 
analyses. 

The r e su l t s  of the analyses and inspections of a typical l o t  of 
233U02 powder a re  shown in Table 7.3. Similar data f o r  a number of other 
l o t s  of powder shipped t o  BAPL a t  various stages of the program are  given 
in the  Appendix. 

of the QC Program, i t  was necessary t o  keep charts  showing the control 
S t a t i s t i c a l  control procedures. In complying with the requirements 

l imi t s  t o  be determined such tha t  a t  l ea s t  95% of the to ta l  ordered quan- 
t i t y  of 233U02 powder would meet the spec i f ic  qual i ty  o r  charac te r i s t ic  
with 95% confidence. Procedures were developed t o  calculate  the s t a t i s -  
t i c a l  (control)  l imi t s ,  and a computer program was writ ten t o  accomplish 
t h i s  goal. 10 , l l  

Important benefits  of the computer program tha t  accrued as  a r e su l t  
were: 

1 .  All of the raw data re la ted t o  the qual i f icat ion and shipment 
of each l o t  o f  powder were retained in the computer memory ( o r  
on punched tape) .  
The current weighted averages of a l l  specified a t t r i bu te s  of the 
233U02 powder produced and shipped, including the l a s t  l o t ,  were 
calculated and retained in the memory of the computer. 

2. 

3. The s t a t i s t i c a l  l imi t  of each specified charac te r i s t ic  was ca l -  

4. All of the r e su l t s  from the calculations were available in the 
culated fo r  the to t a l  quantity shipped, including the current l o t .  

desired form as  computer printout.  



Tab le  7.3. Summary d a t a  sheet  f o r  a t y p i c a l  l o t  o f  233U02 powder 

L o t  No. 180 
Shipment No. 89 

Shipment d a t e  04/07/76 
P u r i f i c a t i o n  d a t e  03/18/76 

Sample code LOP-180 

S t a t .  
Specs. Sample 1 Sample 2 Avg. Cum. l i m i t  

U conc., w t  % >86.5 87.34 87.37 87.35 87.31 86.94 
232u. D a r t s  Der 

1 0 6 - p a r t s  U' C10.0 6.5 6.9 6.7 7.7 9.6 ' 

23311, w t  z >97.0 98.130 98.130 98.130 98.279 97.896 
23411, w t  % ~ 2 . 5  1.132 1.131 1.132 1.312 1.559 
23511, w t  % <o. 5 0.056 0.054 0.055 0.088 0.218 
23611, w t  % <o. 1 0.01 3 0.01 3 0.013 0.023 0.070 
23*u ,  w t  % C1.25 0.671 0.674 0.672 0.299 0.575 

I m p u r i t i e s ,  ppm UO, 

Specs. Sample 1 Sample 2 Avg. Cum. 

A1 
B 
C 
Ca 
c1 
B r  
co 
C r  
cu 
F 
Fe 
H9 
M9 
Mn 
Mo 
N 
N i  
P 
S 
Si  
T i  
Th 
V 
7-39Pu 
TNPE 

250 
3 

500 
50 

a 
a 

15 
100 
40 
30 

400 
30 

100 
20 

100 
50 

200 
500 

75 
200 

20 
500 
50 
25 

<7 2 

65.0 
1.0 

23.0 
3 .0  

10.0 
51 .o  
~ 0 . 3  
10.0 
51 .o  
3.0 
58.0 

<O. 5 
1 .o  
1 .o 

<1 .o  
17.0 
10.0 

230.0 
10.0 
20.0 
51 .o  

210.0 
4 . 1  
<5.0 

65.0 
1 .3  

19.0 
7.0 

15.0 
51.0 
<O. 5 
10.0 
51 .o 

5.0 
48.0 
<O. 5 

1.0 
1.0 

<3.0 
17.0 
10.0 

300.0 
20.0 
30.0 
51 . o  

<10.0 
<0.5 
<5.0 

65.0 
1.2 

21 .o  
5.0 

12.5 
51 . o  
<0.4 
10.0 
51 .o  
4.0 

53.0 
<O.  5 
1 .o 
1.0 

<2.0 
17 .0  
10.0 

265.0 
15.0 
25.0 
51 .o 

<10.0 
<O. 3 
~ 5 . 0  

121 .o  
0.6  

19.0 
7.2 

11.7 
0 . 8  
0.5 

10.7 
6.3 
1 .8  

94.6 
0.6 
1.8 
1.7 
1.5 

20.7 
12.6 

209.5 
17.2 
41.6 

1.2 
11.9 
0.5 
5.1 

Po ison equ iv .  S t a t .  
L o t  Cum. l i m i t  

0.6 
34.5 

0.0 
0.4 

15.0 
1.2 
0.4 
0.7- 
0.1 
0.0 
3.2 
0.6 
0.0 
0.3 
0.2 
1 .9  
1.1 
7 ..9 
0.3 
0.5 
0.2 
0.0 
0.0 
0.0 

69.1 

1.2 
17 .6  
0.0 
0.5 

14.0 
1 .o  
0 .5  
0.7 
0.6 
0.0 
5.7 
0.7 
0.1 
0.6 
0.2 
2.3 
1 .4  
6 .3  
0.3 
0 .8  
0.2 
0.0 
0.1 
0.0 

54.7 57.1 

Supplementary da ta  

Specs. Sample 1 Sample 2 

Photo b Accept Accept 
Sur face  area, m2/g 6 6.0 5.9 

Upper s t a t .  l i m i t  6+3 
Lower s t a t .  l i m i t  6-2 

O/M mole r a t i o  ~ 2 . 1 8  2.04 2.04 
Mo is tu re ,  w t  % <O. 5 0.24 0.24 
Ave. p a r t i c l e  s i z e  c2.0 0.7 0.7 
P o r o s i t y  
P a r t i c l e  s i z e  d i s t .  

<50 LI >96.0 99.7- 99.6 
< l o  P >go. 0 96.0 96.0 
C2.5 LI >50.0 62.0 61.0 

P r o j .  r a d i z t i o n ,  mR/hr, 
f rom 500 g powder a t  
1 f t  on 1 6 t h  day C7.5 3.7 3.7 

S t a t .  
Ave. Cum. l i m i t  

5 .9  5.6 
Accept 

8.1 
3.1 

2.04 2.04 2.06 
0.24 0.20 0.31 
0.7 0.7 1.0 
0.80 

99.7 99.5 
96.0 95.0 
61.5 60.5 

3.7 5.1 7.7 - _  
aC1+Br (max.), 25. 

bRe jec t  f o r  any sample = r e j e c t  f o r  average. 
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The advantages of the program are  i l l u s t r a t ed  by the printout (see 
Table 7.3) , which includes l o t  ident i f ica t ion ,  purif icat ion data of the 
feed mater ia l ,  and the measured a t t r i bu te s  f o r  which a specif icat ion was 
included in the qual i ty  control requirements. The r e su l t s  of inspections 
(or analyses) of duplicate samples plus the average of the two, the cur- 
rent weighted average of material shipped t o  date,  and the s t a t i s t i c a l  
l imi t s  of each measurement a re  also, included. 
of the tab le  l i s t s ,  in two additional columns, the  neutron poison equiva- 
l en t  of each impurity (calculated by the computer) f o r  the current l o t  of 
powder as  well as the weighted average f o r  a l l  the powder shipped,  in- 
cluding the current l o t .  

The "Impurities" section 

8. SCRAP RECOVERY 

The contract  with BAPL included an agreement t o  recover the uranium 
from the pe l l e t  fabr icat ion scrap generated a t  BAPL.  
of grinder sludge and binary Th02-U02 powder and pe l le t s .  
various auxi l iary equipment, u t i l i z ing  HN03 dissolvent ,  were especially 
designed fo r  the scrap recovery operation and ins ta l led  in a process c e l l .  

In addition, the  UO, and ADU scrap qenerated in the manufacture of 

This scrap consisted 
A d issolver  and 

L 

233U02 a t  O R N L ,  as  well as any unused Z33UO2 powder returned by BAPL,  were 
solubilized in HN03 i n  an exis t ing dissolution system. 
n i t r a t e  solution was e i the r  directed t o  storage or t o  the solvent extrac- 
t ion system, depending on i t s  acid and impurity contents. As a ru l e ,  the 
solutions from the 233U02 scrap had suf f ic ien t ly  low impurity levels  t o  
be released d i r ec t ly  t o  the ion exchange system; however, those resul t ing 
from the dissolution of ADU had excessive HN03 concentrations and there- 
fore  had t o  be purified in the solvent extraction system prior  t o  proc- 
essing t h r o u g h  the ion exchange system. 

and 40 kg ,  respectively,  were returned from BAPL fo r  dissolution and 

The resul t ing 

Quantities of binary scrap and 233U02 powder amounting t o  28.5 MT 

uranium recovery. 

8.1 Dissolution of Binary Pel le ts  and Powder Scrap 

Binary scrap returned from BAPL consisted primarily of f i r ed  pe l l e t s  
(whole and fragmented) , with lesser  quanti t i e s  of blended U02-Th02 powder 
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and dried/baked grinder sludge. The pe l le t s  were of several s izes  
ranging from 0.25 in. diam x 0.5 in.  long t o  0.5 in. diam x 0.6 in. 
long. The powders and baked grinder sludge, which were f ine ly  divided, 
dissolved rapidly as received; the pe l le t  scrap, however, dissolved very 
slowly and had t o  be broken into smaller fragments in a crusher-mill in 
order t o  achieve a reasonable dissolution ra te .  

The scrap was shipped from BAPL i n  screw-top aluminum cans, each of 
which was f i t t e d  with a gasket made of f i b e r  ( f o r  pe l l e t s )  o r  rubber ( f o r  
powder). The primary container ( ~ 3  in. diam x ~5 i n .  long) was sealed in 
a p las t ic  bag and inserted in a secondary can ( ~ 4  in. diam x ~6 in.  long) 
t h a t  was crimp-sealed. 
assembly was ident i f ied and  checked against the shipping record pr ior  t o  
i t s  t ransfer  t o  the charging box f o r  the binary scrap dissolver (see Fig. 
8 .1) .  After each can was opened, i t s  contents were t ransferred t o  the 
dissolver t h r o u g h  the crusher. The crusher discharged the result ing pow- 
der and crushed pe l le t s  into the dissolver chute t h a t  fed in to  the upper 
section of the "basket." Although the nominal capacity of the basket 
was 200 kg of binary pe l le t  scrap, we found tha t  250 t o  275 kg of crushed 
scrap could eas i ly  be charged (some of the excess being held i n  the charg- 
ing chute) w i t h o u t  d i f f icu l ty .  As the charge in the basket dissolved, the 
material in the chute f e l l  i n t o  the basket and became exposed t o  the dis-  
solvent, a 1 2  - M HN03--0.1 - M A1--0.04 - M F- solution. 
since the thorium dissolution r a t e  i s  dependent on the surface exposed 
t o  the dissolvent.  

On removal from the shipping c a r r i e r ,  each can 

This was important 

During the dissolution of the scrap, which was conducted a t  100 t o  
105"C, the dissolvent was continuously sparged. The dissolution was termi- 
nated when the thorium concentration reached 250 g / l i t e r  as indicated by 
an equivalent sp gr of 1.52. The dissolver solution was then cooled and 
subsequently withdrawn t h r o u g h  an in-1 ine f i 1 t e r  ( t o  remove any coarse 
so l id s ) ;  the f i l t e r e d  product was collected in a catch t a n k .  

d i rec t ly  (without a f i l t e r )  t o  one of the large vessels used t o  prepare 
During the f i r s t  15 campaigns, the dissolver solutions were released 

feed f o r  the solvent extraction system. 
dissolved material was not suf f ic ien t ly  precise since the tank was large 

However, accountability of the 



89 

ORNL D w q  76-13241Rl 

, 

. -  

EMPTY CAN 

C ? . ,  

SAMPLE 
L INES 

--, 
a d  .. 

a. :. - _ .  . .- 

BOROSILICATE 
RASCHIG RINGS 

BASKET 

INLET 

DRAFT TUBE 

CONDENSATE 
OUTLET 

TO COLLECTION 
TANKS 

F ig .  8.1. Tho -U02 b i n a r y  scrap d i s s o l v e r .  2 
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and Fxtraneous solutions from other sources were also being accumulated -- 

in i t  a t  the same time. The removal of sol ids  became a necessity when 
grinder sludge became available fo r  dissolution. Accordingly, two t a n k s  
dedicated t o  accumulating dissolver solution were added t o  the system t o  
improve the measurement of dissolved scrap solut ions,  and a Cuno f i l t e r  
was placed in the withdrawal l i ne  of the dissolver t o  remove the sol ids .  
The f i l t e r  element, which was motorized f o r  e f f i c i e n t  operation, was 
operated a f t e r  each r u n  and a lso whenever the flow became res t r ic ted .  

was dissolved along with binary pe l le t  scrap. 
selected batches of grinder sludge showed tha t  from 2 t o  10% of the sludge 
was insoluble in the dissolvent. Analyses of the sol ids  contained in d is -  
solved grinder sludge indicated the following principal components: 

Large quant i t ies  of sol ids  were observed when baked grinder sludge 
Analyses of randomly 

Impurity 

A1 
C 
Ca 
Cr ' 

Fe 
Si 
Th 

ppm (uranium basis) 

Major 
5 00 
400 
500 
4000 

500 
Major  

100-200 

The dissolver solutions t h a t  accumulated in the catch tanks (two were 
available) were sampled f o r  accountabi 1 i t y  determinations and transferred 
t o  the solvent extraction system f o r  separation and recovery of the uranium 
as a high-purity n i t r a t e  solution. 

The resu l t s  o f  processing the binary-scrap returned from BAPL are  
shown in Table 8.1. Because a large inventory of crushed pe l le t s  had to  

-.. 



Table 8.1. Recovery o f  uranium f rom BAPL b i n a r y  scrap (as  o f  October 30, 1976) 

Campaign 
Scrap r e c e i p t s  ( k g )  

Thorium Uranium 
Q u a n t i t y  recovered ( kg) 
Thorium Urani  um 

1-15 

16 

17 

18 

19 
20 

21 
22 

16,629.1 

1,307.8 

1,441.4 

1,135.9 

730.3 

1,111.1 

1,246.7 

388.4 

485.294 

30.51 6 

31.744 

26.206 
22.241 

35.751 

36.238 

8.617 

To ta l  23,990.7 676.607 

Shipper - r e c e i v e r  d i f f e r e n c e  

17,217.0 

1,282.4 

1,428.7 

1,110.5 

725.7 

1,089.3 

1,227.7 

402.6 

24,483.9 

493.2 

480.91 0 
30.019 
31.244 

25.611 

21.940 

35.077 

36.685 

8.829 

670.31 5 

6.292 
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be maintained i n  the dissolver t o  ensure practical  dissolution r a t e s ,  
the binary scrap recovery program was conducted i n  campaigns. Each 
campaign involved dissolving t h e  scrap contained i n  a group of four t o  
f ive  shipments, each of which began w i t h  the dissolver empty and con- 
cluded with a s e r i e s  of cleanout dissolutions t o  ensure t h a t  a l l  material 
was d i  ssol ved. 

8.2 Uranium Oxide and ADU Scrap 

Uranium oxide scrap (a  t o t a l  of 4 kg of uranium) returned from BAPL 

1.  Unopened s h i p p i n g  cans as  or ig ina l ly  packaged a t  ORNL.  These 
s t a in l e s s  s tee l  cans, sealed w i t h  a rubber-gasketed screw top, 
were double bagged i n  p l a s t i c ;  two were placed i n  a sealed 
isotope c x .  

contai ner. 
2.  The same type of can used f o r  the binary scrap (see Sect. 8 .1) .  
As a ru le ,  the U02 powder t h a t  was returned from BAPL i n  the unopened 

original cans (item 1 above) had been stored a t  BAPL f o r  excessive time 
periods, resul t ing i n  h i g h  gamma radiation from the decay daughters of 
232U.  
those i n  the original product powder. 

consisting of unused samples, residuals from batches chosen f o r  blending 
w i t h  T h o 2 ,  e t c .  
sion f a c i l i t y  a t  ORNL d u r i n g  production of the U02. 
the following two types: 

was packaged i n  two types of containers: 

Two isotope cans were included i n  each s h i p p i n g  

Consequently, the metal1 i c  impurity levels  were unchanged from 

The remai'ning powder returned from BAPL was high-qual i t y  material 

High-quality U02 scrap was a l s o  generated i n  the conver- 
T h i s  scrap was of 

U02 powder from sample residuals and s ingle  batches of powder 
t h a t  had been rejected f o r  QC reasons such a s  out-of-specifica- 
t ion furnace conditions, powder texture ,  o r  other physical 
charac te r i s t ics ,  and powder t h a t  had been recovered from equip- 
ment d u r i n g  the cleanout operations following each run. 
ADU scrap (conta in ing  ammonia) t h a t  originated i n  batches w h i c h  

1. 

2. 
had been rejected because o f  i g n i t i o n  d u r i n g  the drying cycle 
and subsequent contamination by f luoride from the Teflon 
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con ta iner .  I n  a d d i t i o n ,  some powder was recovered f rom process 

equipment and t h e  o f f - g a s  f i l t e r s  d u r i n g  pos t run  c leanout  opera- 

t i o n s .  

The two types o f  scrap were accumulated s e p a r a t e l y  f o r  subsequent d i s s o l u -  

t i o n .  

I n  a d d i t i o n  t o  t h e  i n t e r n a l  scrap mentioned above, severa l  o f  t h e  

f i n i s h e d  l o t s  o f  U02 powder h e l d  a t  ORNL were n o t  used because BAPL c o u l d  

n o t  accept  d e l i v e r y .  These l o t s  i n i t i a l l y  met a l l  s p e c i f i c a t i o n s ,  i n c l u d -  

i n g  aging a f t e r  p u r i f i c a t i o n ;  however, t h e  powder was d i s s o l v e d  and 

r e t u r n e d  t o  t h e  process i n  accordance w i t h  BAPL i n s t r u c t i o n s .  

o x i d e  d i s s o l v e r  descr ibed i n  Sect. 3.2.2. As descr ibed e a r l i e r ,  t h e  batch 

s i z e  was l i m i t e d  t o  5 kg o f  uranium f o r  n u c l e a r  s a f e t y  reasons. 

o f  m a t e r i a l  were chosen, i d e n t i f i e d ,  and then t r a n s f e r r e d  i n t o  t h e  charg ing 

box. 

o f  4 5 0  g / l i t e r  when mixed w i t h  t h e  d i s s o l v e r  s o l u t i o n  was added t o  t h e  

c a t c h  tank.  The 1 . 9 - l i t e r  s o l u t i o n  "hee l "  remain ing i n  t h e  d i s s o l v e r  f rom 

t h e  prev ious  r u n  was taken i n t o  account i n  these c a l c u l a t i o n s .  

m a t e l y  11.5 l i t e r s  o f  aqueous n i t r i c  a c i d  s o l u t i o n ,  c o n t a i n i n g  s u f f i c i e n t  

HN03 t o  y i e l d  a HN03/U mole r a t i o  o f  2.3 ($4 f o r  ADU), was added t o  t h e  

d i s s o l v e r  and t h e  temperature brought  t o  60°C w h i l e  sparg ing g e n t l y  w i t h  

a i r .  Wi th  bo th  b a l l  va lves  open, t h e  cans o f  powder were empt ied i n t o  

t h e  d i s s o l v e r  v i a  t h e  charg ing  chute.  A f t e r  an i n s p e c t i o n  f o r  m a t e r i a l  

lodged i n  t h e  chute was completed (which ensured t h a t  a l l  m a t e r i a l  was 

i n  t h e  d i s s o l v e r ) ,  t h e  b a l l  va lves  were c l o s e d  and t h e  temperature r a i s e d  

t o  95 t o  99"C, where i t  was h e l d  f o r  2 h r  a f t e r  t h e  recorded s p e c i f i c  

g r a v i t y  o f  t h e  s o l u t i o n  became cons tan t .  

D i s s o l u t i o n  o f  b o t h  t h e  U02 powder and t h e  ADU was conducted i n  t h e  

The cans 

A volume o f  water  c a l c u l a t e d  t o  g i v e  a f i n a l  uranium c o n c e n t r a t i o n  

Approx i -  

A f t e r  i t  had been a l lowed t o  c o o l ,  t h e  d i s s o l v e r  s o l u t i o n  was dra ined 

t o  t h e  c a t c h  tank, l e a v i n g  a l i q u i d  heel  o f  1.9 l i t e r s  o f  t h e  d i s s o l v e r .  

The conten ts  o f  t h e  c a t c h  tank  were mixed by a i r  sparg ing and then sampled. 

Normal ly,  two d i s s o l u t i o n s  were completed and t h e  r e s u l t i n g  s o l u t i o n s  com- 

b ined p r i o r  t o  sampling. 

f o r  compliance w i t h  feed source m a t e r i a l  s p e c i f i c a t i o n s  as s t a t e d  i n  t h e  

QC Program Plan. 

n i t r a t e  feed source m a t e r i a l "  s torage;  i f  n o t ,  i t  was s t o r e d  independent ly  

The samples- f rom t h e  c a t c h  tank  were analyzed 

I f  acceptable,  t h e  s o l u t i o n  was sent  t o  "acceptable 
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for future  purif icat ion by solvent extract ion.  
uranium qual i ty  with respect t o  isotopic  uranium content did n o t  occur 
during the program; however, as previously s t a t ed ,  a l l  solutions from 
ADU dissolut ions required purif icat ion by solvent extract ion.  
solutions were isolated and stored f o r  purif icat ion in the solvent 
extraction system. 

as follows: 

Degradation of the 

These 

The chemical charac te r i s t ics  of a typical dissolver  solution a re  

Urani um HNO3 
( g / 1  i t e r )  (MI u 

From U02 powder 
Raw dissolver  solution 400 0.35 1.56 
Diluted so1l:;ion I 245 0.22 1.34 

From ADU 
Raw di ssol ver sol u t i  on 440 2.8 1.57 
Diluted solution 240 2.0 1.42 

- .Uranium material balances were constructed around each pair  of d i s -  
solutions (occasionally only one) using sh ipper ' s  values f o r  determining 
the input and resu l t s  of analyses of samples of the di luted dissolver  
solution and measured volumes f o r  obtaining the o u t p u t .  The uranium 
content of the  so1,ution drain heel (known from previous measurements t o  
be 1.9 l i t e r s )  was taken in to  account i n  constructing the balance. 
d e f i c i t  appeared, the  charging chute was inspected visual ly  for caked 
material .  Any tha t  was found was physically dislodged and flushed into 
the basket with l imited volumes of water; a s e r i e s  of cleanout dissolv- 
ings was then performed unt i l  no more uranium appeared in the dissolver  
solutions.  With these additional measurements, a f ina l  balance was 
reconstructed and the difference,  i f  any, determined. Within the l imi t s  
o f  accuracy of our  measurements, t h i s  procedure accounted f o r  a l l  of the 
material t ha t  had been charged t o  the 233U02 dissolver.  

I f  a 
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9. WASTE MANAGEMENT 

_- 
I 

L 

Liquid and so l id  wastes containing a to t a l  of 20.65 kg o f  uranium 
were generated d u r i n g  t he  program. This quantity represented 0.3% of 
the to t a l  uranium processed through each subsystem (including internal 
recycle).  The sources of waste a re  described below. 

9.1 Liquid Waste 

Wastes discarded t o  the ORNL L i q u i d  Waste Storage Faci l i ty  contained 
a to t a l  of 13.79 kg of uranium, which originated from the sources l i s t e d  
i n  Table 9.1. 
a b i l i t y  pr ior  t o  disposal. Generally, when the measurements indicated a 
233U content of <0.01 g / l i t e r ,  the solutions were discarded t o  the L i q u i d  
Waste Storage Faci l i ty .  
routinely accompanied w i t h  su f f i c i en t  depleted uranium ( a s  a soluble neu- 
tron poison) t o  es tabl ish a 238U/233U r a t i o  of 100. 

All l iquid waste streams were analyzed f o r  233U f o r  account- 

For c r i t i c a l i t y  control,  discarded solutions were 

Table 9.1. Sources of uranium in l iquid waste 

Source 
Distribution of uranium sources 

fo r  l iquid waste (%)  

Solvent extraction 

Ion exchange 

Conversion process 

Anal y t  i cal de termi na t i on s 

Mi scel 1 aneous 

74 

4 

9 

10 

3 
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9.2 Dry Waste 

. 
A t o t a l  of 6.35 kg of uranium as  dry,  contaminated waste was gene- 

rated in the form of cleaning mater ia ls ,  empty containers,  discarded 
tools  and equipment, e tc .  
a i r t i g h t ,  55-gal s t a in l e s s  s tee l  drums f o r  eventual t r ans fe r  t o  the ORNL 
re t r ievable  waste storage f a c i l i t y .  A l imi t  of 36 g of 233U per drum was 
specified b o t h  f o r  c r i t i c a l i t y  control12 and f o r  radiat ion background con- 
t ro l  a t  the waste storage f a c i l i t y .  Nondestructive assay13 of the accumu- 
la ted waste in each drum ensured compliance with the 233U l im i t  of 36 g 
per drum and provided complete accounting f o r  233U. 
pract ice  ensured the  detection of recoverable quant i t ies  of 233U t h a t  may 
have been placed in a waste drum and otherwise discarded. 

This waste was collected and stored in 389 

In addi t ion,  t h i s  

9.2.1 Waste-drum ?;say technique 

The 233U content of a waste drum was determined by a nondestructive 
assay method based on a s c i n t i l l a t i o n  counting technique. 
(a  modification of the one described in r e f .  13) u t i l i z e s  gamma emission 
from the 232U daughter, 208T1 
gamma ray emitted during the decay of '08T1 i s  used t o  quantify the 233u 

content in the waste drum by standardization with a known quantity of 
uranium of s imilar  age and 232U content. 

de ta i l  e 1 ~ e w h e r e . l ~  

This technique 

(see Fig. 4.4, Sect. 4 . 2 ) .  The 2.6-MeV 

The equipment used in the  assay (shown i n  F i g .  9 . 1 )  i s  described i n  
The assay procedure included counting the emissions 

. of the  u n k n o w n  quantity of waste in the  drum, counting the known sample, 
and then comparing the  two counts. 
shielding, physical d i s t r ibu t ion ,  and background. 

Corrections were applied f o r  s e l f -  

9.2.2 Accuracy of assays 

Three variables tha t  s ign i f icant ly  influence the accuracy of a waste 
drum assay are  the 232U/233U,ratio, the age of the waste, and the to t a l  
uranium content. (Other variables tha t  a f f ec t  such assays have been 
addressed elsewhere. 13,141 

The 232U/233U r a t i o  in the uranium used fo r  the LWBR Demonstration 
Program ranged from 5.8 t o  9 . 2  ppm (mean, 7.5 ppm). The waste-drum contents 

_- 
... 

... 

- .  
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Fig. 9.1. 233U assay facility for waste drums. 
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usually represented contributions from several sources and therefore made 
averaging of the 232U content within a drum necessary in some cases. 
Since these contributions were the resu l t  of uncontrolled cross-mixing, 
corrections fo r  232U content were generally n o t  available;  thus consid- 
eratinn of the 232i1123311 r a t i n  i n  t h e  assav n f  a waste-drum contents was 
eliminated. 

-. 

The chemical processing of 233U provided varying degrees of separa- 
0-0  
L 5 L  t ion of the U daughters (see Sect. 4 ) .  This interruption of the decay 

chain (and  hence the 208T1 ac t iv i ty )  was temporary, however, with '08T1 
ac t iv i ty  gradually growing back into the 233U as shown in Fig. 9 . 2 .  
Nevertheless, the '08T1 growth and decay as a function of time defined the 
age of the 233U.  Uncontrolled cross-mixing complicated the determination 
of the waste age. Consequently, an estimate was made from the record of 
contributions of materials placed in the drum; t h i s  was verified (and/or  
corrected) based on analyses of multiple scans of t h a t  drum. 
contents of a drum, as determined by successive scans, indicated a d i f f e r -  

13 

When the 

ence between the actual age of the waste and i t s  assumed age, appropriate 
corrections were applied. 

The accuracy of a waste-drum assay diminished s ignif icant ly  when the 
contents of the drum became large (>lo0 g of 233U) .  

mated t o  contain >36 g of 233U, i t  was unpacked fo r  redistribution in two 
or more drums for  remeasurement ( and  for  removal of any concentrated source 
fo r  future recovery). 
quantit ies of waste were believed t o  be excessive extrapolation from the 
known standard ( the  extent of  extrapolation could be reduced by using 
larger-s ize  standards) and flooding of the detector crystals  ( lead 
shielding over the crystals  would decrease flooding).  

by measuring known quant i t ies  of 233U in waste drums. This was accom- 
plished using two o r  more known quant i t ies  (Q5 g of U02 each) of ura- 
nium -- one fo r  the known sample and  the o the r ( s )  fo r  the " u n k n o w n "  

- 

- 
If a drum was e s t i -  

i 

The causes of reduced accuracy in assaying large 

' 

Periodically, the sol id  waste assay f a c i l i t y  was tested for  accuracy 

quantity o f  waste -- in a standard calibrating drum. 
these t e s t s  confirmed the system's r e l i a b i l i t y  t o  estimate (within 15 
t o  20%) the uranium content of a waste drum which contained less  than  
%lo0 g of uranium in waste of u n k n o w n  age and 232U content. 

The resu l t s  of 
. .- - _  
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10. EQUIPMENT PERFORMANCE 

10.1 D i  sso l  vers  

'The ' capac i t y  o f  t h e  i n i t i a l  d i s s o l u t i o n  system ( t h e  233U02 ox ide  

d i s s o l v e r )  was i n s u f f i c i e n t  t o  d i s s o l v e  b i n a r y  (U02-Th02) r e j e c t  p e l l e t s  

a t  t h e  r e q u i r e d  r a t e .  A l a r g e r  d i s s o l v e r  (descr ibed i n  Sect.  8.1) and a 

sh ie lded  man ipu la to r -opera ted  enc losure  which conta ined can opening and 

p e l l e t  c rush ing  equipment were designed and i n s t a l l e d .  

t h e  campaign, a t h i r d  d i s s o l v e r  was i n s t a l l e d  f o r  d i s s o l u t i o n  o f  Tho2 

p e l l e t s  and f o r  use as a backup u n i t  f o r  t h e  p e l l e t  scrap d i s s o l v e r .  

The 233U ox ide  powder was s o l u b i l i z e d  i n  an e x i s t i n g  d i s s o l v e r  t h a t  was 

used p r i o r  t o  t h i s  program. 

Midway th rough 

// 

t h e  d i s s o l v e r ,  t h e  f i n e s  s e t t l e d  i n  t h e  bottom, p lugg ing  bo th  t h e  bottom 

o u t l e t  l i n e  and t h e  r e c i r c u l a t i o n  c rossover  l i n e  between t h e  h o t  and c o l d  

legs .  On o t h e r  occasions a f t e r  d i f f i c u l t y  had been exper ienced w i t h  s o l i d s  

10.1.1 Scrap pe l  1 e t  d i s s o l v e r  (S-20) 

The d i s s o l v e r ,  f a b r i c a t e d  o f  304L s t a i n l e s s  s t e e l ,  was cons t ruc ted  

i n  accordance w i t h  r i g i d  s p e c i f i c a t i o n s  i n  t h e  ORNL shops. 

s o l v e n t  by convect ion.  The h o t  i e g  i s  a 1 2 - f t  s e c t i o n  o f  8 - i n .  sched 40 
p ipe,  t h e  bottom 5 f t  o f  which i s  heated by 12 f t  o f  steam j a c k e t .  The 

c o l d  l e g  i s  a 1 0 - f t  s e c t i o n  o f  8 - i n .  sched 40 p i p e  w i t h  a 24- in . -d iam 

vapor head f i l l e d  w i t h  b o r o s i l i c a t e  g lass  r a s c h i g  r i n g s .  The two l e g s  
a r e  connected a t  t h e  bottom w i t h  a 1/1-2- in .  r e c i r c u l a t i o n  p i p e  and a t  

t h e  t o p  w i t h  a 3 - in .  p ipe  th rough which heated s o l u t i o n  ove r f l ows  i n t o  
t h e  c o l d  l eg .  The vapor space a t  t h e  t o p  of t h e  h o t  l e g  i s  vented through 

a 2- in .  p i p e  i n t o  t h e  vapor head o f  t h e  c o l d  l e g .  F igu re  10.1 shows t h e  

d i s s o l v e r  as rece ived  from t h e  shops p r i o r  t o  i n s t a l l a t i o n  i n  t h e  c e l l s .  

A 6- in.-diam p e r f o r a t e d  basket  i n  t h e  h o t  l e g  ho lds  up t o  200 kg o f  

crushed p e l l e t s .  A d r a f t  tube i n  t h e  bottom o f  t h e  l e g  increases r e c i r -  

c u l a t i o n  around t h e  basket, a c c e l e r a t i n g  t h e  d i s s o l u t i o n  r a t e  o f  t h e  

p e l l e t s  and keeping t h e  f i n e s  i n  suspension. 

a i r  was tu rned  o f f  t h e  d r a f t  tube be fo re  t h e  s o l u t i o n  was d ra ined  f rom .- 

The u n i t  
-. u t i l i z e s  t h e  thermosiphon p r i n c i p l e  t o  achieve r e c i r c u l a t i o n  o f  t h e  d i s -  - 

- .- 2 

On one occasion when t h e  
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F i g .  10.1. Preinstallation photo o f  S-20. 
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i n  t h e  feed adjustment tanks f o r  t h e  d i s s o l v e r  s o l u t i o n s ,  motor -d r iven  

f i l t e r s  were i n s t a l l e d  on t h e  two s o l u t i o n  wi thdrawal  l i n e s  t o  remove 

any s o l i d s  l a r g e r  than 5 1-1 f rom t h e  s o l u t i o n s .  

Klean l e a f - t y p e  f i l t e r s )  f u n c t i o n e d  w i t h o u t  f a i l u r e  o r  maintenance f o r  

t h e  remainder o f  t h e  program. 

when t h e  d i s s o l v e r  s o l u t i o n  was cooled t o  ambient temperature 

complet ion o f  a d i s s o l u t i o n  cyc le ,  r e q u i r i n g  c e l l  e n t r i e s  t o  unplug t h e  
l i n e s .  New d e n s i t y  probes o f  3 /8- in .  sched 40 p ipe ,  which lessened t h e  

tendency t o  p lug,  were i n s t a l l e d  t o  e l i m i n a t e  t h i s  c o n d i t i o n .  

A downdraf t  heat  exchanger ( 1  5.5 ft2, s t a i n l e s s  s t e e l  ) condenses 

t h e  overhead vapors and r e t u r n s  t h e  condensate t o  t h e  c o l d  l e g  o f  t h e  

d i s s o l v e r .  Dur ing t h i s  campaign, t h i s  i t e m  was rep laced on two occa- 

s ions  because o f  

on t h e  t h i n - w a l l  (0 .035- in . )  condenser tubes. Also,  t h e  condensate r e t u r n  

l i n e  was m o d i f i e d  t o  e l i m i n a t e  t h e  tendency o f  t h e  noncondensable gases t o  

a i r l i f t  t h e  condensate d r o p l e t s  i n t o  t h e  vessel  o f f - g a s  system ( V O G ) ;  i n  

a d d i t i o n ,  t h e  r e t u r n  e n t r y  nozz le  was r a i s e d  t o  inc rease t h e  h y d r a u l i c  

These u n i t s  (Cuno Auto- 

The o r i g i n a l  1 /4 - in .  sched 40 d e n s i t y  probes plugged f r e q u e n t l y  

f o l l o w i n g  

severe c o r r o s i v e  a c t i o n  o f  t h e  a c i d  vapors (HF-HN03) 

.- - 

. head a v a i l a b l e  i n  o r d e r  t o  p e r m i t  condensate ( low-densi ty)  dra inage i n t o  
i -  

t h e  c o l d  leg ,  which h e l d  s o l u t i o n  hav ing a d e n s i t y  o f  ~ 1 . 3  t o  1.5. 

10.1.2 Oxide powder d i s s o l v e r  (S-15) 

T h i s  d i s s o l v e r ,  descr ibed p r e v i o u s l y  i n  Sect.  3.2.2 ( F i g .  3 .6 ) ,  per-  

formed q u i t e  s a t i s f a c t o r i l y  d u r i n g  t h e  program. 
e n t r y  l i n e  f rom t h e  v i c i n i t y  o f  t h e  VOG o u t l e t  t o  reduce t h e  amount o f  

a c i d  vapor e n t e r i n g  t h e  VOG system was t h e  o n l y  m o d i f i c a t i o n  necessary. 

Re loca t ion  o f  t h e  a c i d  

10.1.3 Thorium o x i d e  p e l l e t  d i s s o l v e r  (S-30)  - 

The Tho2 p e l l e t  d i s s o l v e r  i s  an exac t  d u p l i c a t e  o f  t h e  scrap p e l l e t  

d i s s o l v e r  (S-20) , i n c l u d i n g  a l l  changes and m o d i f i c a t i o n s ,  except t h a t  

( 1 )  an a d d i t i o n a l  7 - f t  heat  exchanger was i n s t a l l e d  t o  reduce t h e  amount 

o f  vapor i n  t h e  noncondensable gases e n t e r i n g  t h e  VOG system, and ( 2 )  t h e  

h e a t i n g  area o f  t h e  steam j a c k e t  was increased by 20%. The u n i t ,  b u i l t  

t o  t h e  same r i g i d  q u a l i t y  s p e c i f i c a t i o n s  as S-20, met a l l  des ign c r i t e r i a .  

._ 2 

% 
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During the f i r s t  se r ies  of dissolutions,  a buildup of undissolved 
sol ids  pa r t i a l ly  plugged b o t h  the ou t l e t  l i ne  and the recirculation l i ne  
between the bottoms of the cold and ho t  legs. 
was instal led t o  prevent the f ines  from se t t l i ng  i n  the ou t l e t  l i ne ;  a 

An air-driven vibrator 

motorized s ta in less  s teel  Cuno Auto-Klean leaf-type f i l t e r ,  which suc- 
cessful ly  removed a l l  par t ic les  larger  t h a n  5 1-1 from the solution being 
withdrawn t o  the storage tanks, was also included. 

10.1.4 Dissolver charging systems 

The oxide powder dissolver (S-15)  and the scrap pel l e t  di ssol ver 
(S-20) a re  loaded from a s ingle ,  shielded glove box stationed in the 
Penthouse d i rec t ly  above the dissolvers tha t  a re  located in the process- 
ing c e l l .  Two small Model G manipulators (Central Research Laboratories) 
a re  used t o  handle the materials and equipment inside the enclosure. The 
cans of oxide powder and scrap pe l le t s  were or iginal ly  bagged into the 
box; l a t e r ,  a "sphincter valve" (described below) was instal led t o  elimi- 
nate the troublesome bag-in operation. The powder-laden cans are opened 
remotely with a commercial type of can opener t h a t  has been modified for  
handling w i t h  manipulators. The powder i s  then dumped d i rec t ly  into the 
dissolver;  however, the pe l le t s  must be crushed before being added. The 
chute t o  the appropriate dissolver i s  opened remotely from the control 
room, while the other chute remains locked, t o  prevent material from being 
charged t o  the wrong dissolver.  
the relationship of the two dissolvers and the charging box. 

54 in.  wide x 43 in. deep x 62 in. high, fabricated of 1 2  gauge s ta in less  
s teel  sheet. 
safety plate glass and a side viewing window with two glove ports ,  which 
permit repairs and servicing of the equipment. 
the glove-ported window has a 6-in.-diam p o r t  for  transferring empty cans 
and other smaller items into a smaller unshielded glove box containing a 
compactor fo r  the cans and other compactible items; a bag-out por t  in t h i s  
smaller box permits removal of noncompactible items and other waste materi 

Figures 3.6 and 8.1 show schematically 

Dissolver charging box. The charging box i s  an all-welded enclosure, 

I t  has a f ront  viewing window of 1/4-in.-thick laminated 

The shielded side opposite 

a l s .  A 4-1/2-in.-diam p o r t  on the shielded side i s  equipped with a sphincter 
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v a l v e  f o r  i n s e r t i n g  t h e  f u l l  cans i n t o  t h e  box. The box i s  surrounded 

on t h r e e  s ides  and t h e  bottom w i t h  4 - i n . - t h i c k  b a t t l e s h i p  armor p l a t e  

f o r  s h i e l d i n g .  A 4 - i n . - t h i c k  l e a d  g l a s s  v iewing  window, which i s  non- 

browning and nonhydroscopic, i s  mounted i n  t h e  f r o n t  p l a t e  t o  p r o v i d e  

s h i e l d i n g  f o r  t h e  o p e r a t i n g  personnel .  

manufactured by t h e  Cent ra l  Research Labora tor ies ,  Inc .  A l though under-  

s i z e d  ( l i m i t e d  head room above t h e  charg ing  box r e s t r i c t e d  t h e  use o f  

a heav ie r -du ty  m a n i p u l a t o r )  f o r  t h e  rugged s e r v i c e  here,  t h e y  were 

g e n e r a l l y  s a t i s f a c t o r y .  However, cons tan t  .p revent ive  maintenance and 

emergency r e p a i r s  were necessary t o  keep them i n  opera t ion .  Broken 

tapes, t h e  most f r e q u e n t  cause o f  f a i l u r e ,  were rep laced w i t h  b r a i d e d  

s t a i n l e s s  s t e e l  w i r e  cables,  reduc ing  t h e  f requency o f  r e p a i r s .  The 

o r i g i n a l  m a n i p u l a t o r  s l a v e  f i n g e r s  were m o d i f i e d  so t h a t  t h e y  would 

open s u f f i c i e n t l y  wide t o  g r i p  t h e  scrap p e l l e t  cans. 

p o r t s  were a l s o  booted w i t h  heavy p l a s t i c  s leeves t o  p e r m i t  wi thdrawal  

f rom t h e  box f o r  r e p a i r s .  The p l a s t i c  proved t o  be e f f e c t i v e  s i n c e  we 

d i d  n o t  exper ience any r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l  d u r i n g  t h e  many 

Man ipu la to rs .  The Model G compact master -s lave  man ipu la to rs  were 

The slave-end 

I 

'1 

, t  

t imes t h e  man ipu la to rs  were removed f o r  r e p a i r s .  

The e l e c t r i c  can opener was a commerc ia l ly  a v a i l a b l e  

u n i t  (Model No. 266, t h e  Edlund Company) t h a t  had been m o d i f i e d  t o  f a c i l -  

i t a t e  o p e r a t i o n  w i t h  man ipu la to rs .  

t i n g  wheel and t h e  spur gear was i n s u f f i c i e n t  t o  h o l d  t h e  can o f f  t h e  

t a b l e  so t h a t  t h e  can c o u l d  r o t a t e .  A r e v o l v i n g  base p l a t e  w i t h  a d j u s t -  
a b l e  

problem. 
o p e r a t i o n  by man ipu la to rs .  

Can opener. 

The clamping a c t i o n  between t h e  c u t -  

he i 'ght  t o  suppor t  t h e  we igh t  o f  t h e  loaded can c o r r e c t e d  t h i s  

An ex tens ion  was added t o  t h e  o p e r a t i n g  arm t o  f a c i l i t a t e  

P e l l e t  crusher .  The p e l l e t  crusher ,  w i t h  o v e r a l l  dimensions o f  17-1/4 

i n .  l o n g  x 11-1/2 i n .  wide x 12-1/8 i n .  h igh,  i s  a heavy-duty g y r a t o r y  t y p e  

5 

. 
Z I  

manufactured by t h e  Denver Equipment Company. 

mesh. 

It i s  a d u a l - b e l t - d r i v e n ,  

6- in . -s iz 'e  c rusher  capable o f  reduc ing  1 /2 - in .  p e l l e t s  t o  as f i n e  as 10 .- 
F i g u r e  10.2 shows t h e  u n i t  p r i o r  t o  m o d i f i c a t i o n s  t o  t h e  base. 

\ The base was mounted on cas ters ,  and t h e  lower  frame was enc losed w i t h  a 
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sheet metal shroud t o  minimize dusting and t o  d i rec t  the crushed pe l le t s  
into the dissolver loading chute. Figure 10.3 i s  a cutaway view showing 
the modi f i c a t  i ons . 

The crusher was adjusted i n i t i a l l y  during laboratory t e s t s  with 
thoria pe l le t s  which have dimensions d i f fe ren t  from those of the binary 
scrap pe l le t s .  
a large portion of the scrap pe l le t s  would n o t  pass t h r o u g h  the crusher 
and were thrown back out of the hopper into the charging box. 

After ins ta l la t ion  in the charging box,  i t  was found tha t  

This prob- 
lem was corrected by increasing the clearance between the crushing mantle 
and the wear shell  t o  crack the pe l le t s  into larger  pieces. Fortunately, 
t h i s  adjustment effect ively reduced the amount of dust and f ines  tha t  
accumulated in the box b u t  did not  noticeably a f f ec t  the dissolution ra te .  

repairs were necerzary. 
replaced due t o  excessive thread  damage. On several occasions, vibration 
caused shearing of the cap screw which held the crushing mantle t o  the 
muller head. On one occasion, a s t ray pe l le t  became firmly lodged between 
the t o p  drive bel t  and the sheave on the bottom end of the eccentric shaf t .  
A special tool was fabricated t o  dislodge the pe l le t .  

Midway of the campaign, the accumulation of dust and f ines  in the 
eccentric shaf t  bearing and the muller head thrus t  bearing (due t o  the 
f a i lu re  of the seal r ing)  caused these items t o  wear excessively, resu l t -  
ing in a reduced capacity. Since i t  was impossible t o  replace these parts 
w i t h  the manipulators, the crusher was moved near the glove-ported window 
and spare parts were instal led with gloved hands. 

Ball valves. The loading chutes, which a re  fabricated of 4-in. sched 
40 pipe, extend downward from the bottom of the charging box,  t h r o u g h  the 
cel l  roof, and into the perforated basket in the h o t  leg of the dissolver.  
Each chute has two 4-in. full-bore ball valves, located 18 in .  apar t ,  t h a t  
form an enclosed chamber between them. This chamber functions as an a i r -  
lock system t o  ensure containment during dissolver charging operations. 
The valves, which are  WKM 4-in. fireproof DynaSeal, Type B112,  with Teflon 
seats  and sea ls ,  gave trouble-free service. 
cu l t  t o  operate than anticipated because of t he i r  location beneath the 

Even though the crusher i s  rugged and durable, some maintenance and 
Three holddown bolts loosened by vibration were 

However, they were more d i f f i -  

.. 

1 
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d i s s o l v e r  charg ing  box and because t h e  T e f l o n  seats  would t e n d  t o  " s e t "  

a f t e r  remain ing inoperab le  f o r  a w h i l e .  These c o n d i t i o n s  were overcome 

by adding an ex tens ion  handle f o r  inc reased leverage.  

a s e r i e s  o f  1 /16- in .  c l e a r  p l e x i g l a s s  spacers. The neoprene gaskets,  

which have an i n s i d e  d iameter  s l i g h t l y  s m a l l e r  than t h a t  o f  t h e  cans, 

form a s e r i e s  o f  sea ls  around t h e  can, m a i n t a i n i n g  containment as they  

a r e  pushed i n t o  t h e  box. T h i s  method n o t  o n l y  e l i m i n a t e s  t h e  i n i t i a l  

bag- in  procedure (always a p o t e n t i a l  source o f  con taminat ion)  b u t  a l s o  

i s  e a s i e r  and s a f e r  when performed by one person. 

a l though f r a y e d  a f t e r  3 years  o f  s e r v i c e ,  were n o t  r e p l a c e d  s i n c e  t h e y  

s t i l l  ma in ta ined an adequate sea l .  

Sph inc ter  va lve.  T h i s  specia l -purpose v a l v e  ( F i g .  10.4) f e a t u r e s  

The neoprene gaskets,  

10.2 P u r i f i c a t i o n  Equi pmen t 

A l l  u r a n y l  n i t r a t e  s o l u t i o n s  c o n t a i n i n g  h i g h  a c i d  c o n c e n t r a t i o n s  

and/or a b o v e - s p e c i f i c a t i o n  m e t a l l i c  i m p u r i t i e s  were processed succes- 

s i v e l y  through t h e  e x i s t i n g  s o l v e n t  e x t r a c t i o n  equipment and t h e  h igh-  

p ressure  i o n  exchange system t h a t  was i n s t a l l e d  f o r  t h e  LWBR Program. 

The e x i s t i n g  equipment was upgraded p r i o r  t o  t h e  beg inn ing  o f  t h i s  

e f f o r t .  

.. 

10.2.1 So lvent  e x t r a c t i o n  

The s o l v e n t  e x t r a c t i o n  system c o n s i s t s  o f  a feed adjustment  tank  

(S-2),  a f e e d  head tank  ( S - 4 ) ,  a m e t e r i n g  pump (S-4-P), t h r e e  p u l s e  

columns, two i n t e r c y c l e  evaporators ,  two produc t  c a t c h  tanks,  severa l  

reagent  head tanks, and v a r i o u s  meter ing  pumps. T h i s  equipment had 

g iven g o o d , r e l i a b l e  s e r v i c e  d u r i n g  prev ious  long- te rm campaigns and 

was inspec ted  thorough ly ,  s e r v i c e d  mechan ica l l y ,  and m o d i f i e d  and/or 

rep1 aced where necessary. A1 1 components performed s a t i s f a c t o r i l y  d u r -  

i n g  t h e  LWBR Program. 

i n v e r t e d  d i s h  on t h e  bottom, i s  equipped w i t h  accessor ies f o r  mix ing ,  

sampling, and a d j u s t i n g  t h e  s o l v e n t  e x t r a c t i o n  feed s o l u t i o n .  Accesso- 

r i e s  i n c l u d e  pneumatic i n s t r u m e n t a t i o n  f o r  volume and d e n s i t y  measure- 

ments, an a i r  sparger  f o r  mix ing ,  a sampl ing system, and steam t r a n s f e r  

Feed adjustment  tank  (S-2).  T h i s  1 7 0 0 - l i t e r  vessel  , which has an _-  - .  
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j e t s .  A l l  o p e r a t i o n a l  and maintenance problems encountered i n  t h i s  

program were caused by t h e  s o l i d s  and f i n e s  t h a t  g r a d u a l l y  accumulated 

i n  t h e  bottom and plugged t h e  sample uptake and r e t u r n  l i n e s .  

f i n e s  were made up o f  t h e  i n s o l u b l e  f r a c t i o n  o f  scrap p e l l e t s  t h a t  

These 

passed f rom t h e  d i s s o l v e r  b e f o r e  a f i l t e r  was i n s t a l l e d  t o  remove 

them. 

o f  t h e  tank  and t h e  s o l i d s  rodded ou t .  A f t e r  t h i s  o p e r a t i o n  had been 

repeated tw ice ,  new 3 /8- in .  sched 40 l i n e s  were i n s t a l l e d  i n  t h e  t a n k  

so t h a t  t h e  bottom o f  each was 6 i n .  above t h e  l e v e l  o f  t h e  o r i g i n a l  

probes. 

and t h e  sample l i n e s  were lowered t o  t h e i r  o r i g i n a l  depth i n  t h e  tank .  

T h i s  1 2 0 0 - l i t e r  vessel  , - loca ted  near  t h e  

t o p  o f  t h e  process ing c e l l ,  c o l l e c t e d  t h e  s o l i d s  t h a t  t r a n s f e r r e d  f rom 

t h e  feed adjustment. tank .  On one occasion, i t  became necessary t o  

remove t h e  s o l i d s  f rom t h e  l i n e  between t h e  vessel  and t h e  feed pump. 

The 1 / 8 - i n .  sched 40 sample l i n e s  were c u t  j u s t  above t h e  t o p  

F o l l o w i n g  t h e  campaign, a thorough c leanout  o f  s o l i d s  was made 

Feed head t a n k  (S-4) .  

Feed m e t e r i n g  pump (S-4-P). P r i o r  t o  t h e  s t a r t  of t h e  program, - 
t h e  remote-head Lapp Pulsafeeder  feed pump was r e p l a c e d  w i t h  a d i r e c t l y  -. 

I 

connected Lapp CPS-2AP m e t e r i n g  pump. The l a t t e r  pump, an o i l - p u l s e d  

type,  has a s i n g l e  T e f l o n  diaphragm between t h e  o i l  and t h e  s o l v e n t  .. 

e x t r a c t i o n  feed s o l u t i o n .  Such an arrangement e l i m i n a t e d  t h e  d i f f i -  

c u l t y  o f  keeping two diaphragms i n  phase. The autopneumatic f e a t u r e s  

o f  t h i s  model p e r m i t s  t h e  pumping r a t e  t o  be a d j u s t e d  v i a  remote means 

by r e g u l a t i n g  t h e  pressure  t o  an a i r  c y l i n d e r  t h a t  c o n t r o l s  t h e  l e n g t h  

o f  p i s t o n  t r a v e l .  

The diaphragm r u p t u r e d  once d u r i n g  t h e  program due t o  t h e  accumu- 

l a t i o n  o f  f i n e s  a t  t h e  bottom on t h e  reagent  s i d e  ( t h a t  a c t e d  as a 

f u l c r u m  on t h e  f l e x i n g  diaphragm). The b a l l - t y p e  check v a l v e  assembly 

was d ismant led  and cleaned t w i c e  when t h e  f i n e s  r e s t r i c t e d  t h e  pumping 

r a t e .  A hand-operated, l e a f - t y p e  f i l t e r  capable o f  removing a l l  s o l i d  

p a r t i c l e s  o f  >5 
e l i m i n a t e  t h i s  problem. I t  was necessary f o r  t h e  f i l t e r  t o  be cleaned 

t w i c e  d u r i n g  t h e  program. 

was i n s t a l l e d  i n  t h e  l i n e  near  t h e  pump s u c t i o n  t o  

-- 

Pulse columns. Three p u l s e  columns p r o v i d e  t h e  e x t r a c t i o n ,  scrub- 

b ing,  and s t r i p p i n g  phases o f  t h e  s o l v e n t  e x t r a c t i o n  p u r i f i c a t i o n  s teps.  

A1 though t h e  3 4 - f t - l o n g  e x t r a c t i o n  column (N-1 -A)  had p r e v i o u s l y  performed 

* 
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both the extraction and scrubbing phases, i n i t i a l  t e s t  runs indicated 
t h a t  the length of the extraction section was insuff ic ient  t o  reduce 
uranium losses;  as a r e su l t ,  the feed i n l e t  was modified t o  u t i l i z e  the 
en t i r e  34 f t  for  extraction. Another column (P-1-M),  which provided 12  
f t  of scrub section, was returned t o  service in order t o  achieve the 
necessary scrubbing action t o  remove the thorium t o  acceptable levels.  
This arrangement yielded a product of the desired purity,  with accept- 
able losses. 

Except for  thorough cleaning and flushing t o  remove a gelatinous 

Pulsers. 
emulsion, these columns required no maintenance during the campaign. 

Each pulse column i s  operated by a Model CPS-4 Pulsa- 
feeder pump hzving a speed control ler  t o  regulate the pulse frequency. 
Basically, the pulsers are  piston-type metering pumps without check 
valves. The three pulsers,  which had been placed in service in 1954, 
had performed sa t i s f ac to r i ly  prior t o  t h i s  program; only routine pre- 
ventive maintenance and minor repairs had been required. 

Prior t o  s ta r tup ,  these pulsers were overhauled w i t h  spare parts 
or parts salvaged from id le  equipment. During the campaign, repairs 
usually consisted of replacing ruptured diaphragms and e i the r  adjusting 
or replacing compensator and pressure r e l i e f  valves. 
involved replacing the o i l  in the depleted reservoirs and bleeding gas 
bubbles from the compression and reagent heads. 
p a i g n ,  the f a i lu re  of an irreplaceable thrust  bearing i n  the extraction 
pulser gear box made i t  necessary t o  discard the pulser and replace i t  
w i t h  one used previously i n  conjunction w i t h  the organic wash column. 
The reduction gears i n  the scr ip  column pulser jammed, causing f a i lu re  
of the e l e c t r i c  motor. 
units salvaged from the original extraction column pulser. 

history of re1 iable service during numerous previous programs, requiring 

only routine maintenance. Consequently, a l l  pumps in the f a c i l i t y  were 
inspected fo r  worn and faul ty  parts and repaired o r  replaced prior t o  
the LWBR Program t o  eliminate downtime. 

t r i fuga l .  

Routine maintenance 

Midway through the cam- 

The motor and reduction gears were replaced with 

Pumps. Most of the pumps in the solvent extraction f a c i l i t y  had a 

Pumps of two basic types were used: posit ive displacement, and cen- 
All metering pumps, w i t h  the exception of three centrifugal 
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intercycle process pumps, were of the posit ive displacement type. All 
t ransfer  pumps were of the centrifugal type, except where negative suc- 
t ion head was required t o  t ransfer  solution. 

Centrifugal pumps. Seventeen centrifugal pumps handled the various 
process solutions in the purification systems. Sixteen of these were 
canned-rotor Chempumps ,’ a type which combines the pump, motor , and seal s 
in a leakproof s ta in less  s tee l  casing; the other was a Eco Centrichem 
pump. Eleven served as  in-cell  process intercycle and recirculation 
pumps, while six were used in solution makeup and t ransfer .  

D u r i n g  the campaign, eight of the in-cell  pumps fa i led  and were 
replaced with spares. 
maintenance personnel had t o  work in r e s t r i c t ive  contamination clothing 
under adverse in-cell  conditions. In  each case, the principal cause of 
the f a i lu re  was worn graphitar bearings, which allowed the rotor t o  come 
into contact w i t h  the s t a to r  housing and subsequently lead t o  e lec t r ica l  
f a i lu re  of the s t a to r .  Bearing f a i lu re s  usually occurred because small 
f ines  were present in the solution being pumped (which also lubricates  
the bearings) o r  because the pump was permitted t o  r u n  dry. One batch 
of ion exchange product solution was contaminated w i t h  f i ne  colloidal 
carbon par t ic les  from a worn bearing in a recirculat ing Chempump. Another 
pump f a i lu re  was caused by the loosening of the impeller retaining n u t ,  

This approach was taken t o  decrease the time t h a t  

which permitted the impeller t o  r u b  the housing; t h i s  usually occurred 
when the pump was r u n  in reverse. This s i tuat ion was encountered on 
three occasions when s h i f t  e lec t r ic ians  inadvertently switched e l e c t r i -  
cal lead wires a t  the switch gear panel. 

Positive displacement pumps. Four Lapp Pulsafeeder pumps and one 
Milton-Roy pump were used t o  meter feed and process solutions t o  the sol-  
vent extraction and ion exchange systems. The remote control features of 
the autopneumatic Lapp pump make i t  ve r sa t i l e  and dependable fo r  use in 
in-cell operations. 
of f ine  sol ids  in the pumped solution, which prevented the posit ive seat-  
ing o f  the ball-check valves. 
head cavity of the pump, creating a fulcrum against which the diaphragm 

The most frequent cause f o r  repair  was the presence 

These f ines  a lso accumulated in the reagent 
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was forced t o  f lex  and resul t ing i n  a rupture around the bottom periphery 
of the diaphragm. 
maintenance for  th i s  reason. 

The extraction column feed pump required most of the 

The Mi 1 ton-Roy pump (Model FR-131 - A )  with an oi 1 -pul sed diaphragm 
was used t o  meter the e l u t r i a n t  solution t o  the ion exchange column. 
T h i s  small, compact pump performed s a t i s f a c t o r i l y ,  maintaining good,  
repe t i t ive  accuracy with varying solution heads. 
nance and repairs  were necessary. 
valves were routinely cleaned twice and the o i l  was changed on one 
occasion when water seeped i n t o  the reservoir d u r i n g  a washdown of the 
area around the pump. 

The sampler conveyor drive mechanism tha t  t rans-  
ports the sample bot t les  t o  and from the three sampler s ta t ions  underwent 
extensi,ve maintenance and repairs  during a scheduled downtime of the so l -  
vent extraction system. 
f r i c t ion  drive clutch were replaced, as  were three excessively worn sections 
of the s t a in l e s s  s tee l  drive chain. The tension of the spring mechanism was 
adjusted t o  maintain the proper slack in the dr ive chain. 
s t a t ion ,  the alignment mechanism tha t  positions the sample bot t les  under 
the  sampler need1 es was readjusted. 

inoperable by a bent sha f t ,  was replaced with a more f l ex ib l e  model. 
severely corroded , mil d-steel sampl er bag-out glove box was rep1 aced w i t h  
one fabricated from s t a in l e s s  s t e e l .  

Only minimal mainte- 
D u r i n g  the program, the ball-check 

Sampler mechanism. 

S i x  broken i d l e r  gears and bearings and the s l ip -  

A t  each sample 

The original Castle manipulator a t  the sample unloading s t a t ion ,  made 
A 

The new model was designed t o  com- 
ply w i t h  t he  new safety standards f o r  laminated safety p la te  glass  as  s e t  
for th  by the ORNL Safety Committee. 

a par t  of the Thorex process and has been in use since tha t  time. 
I t  should be noted tha t  the sampler system was ins ta l led  in 1954 as 

10.2.2 Ion exchange system 

The ion exchange equipment or ig ina l ly  consisted of two 115- l i te r  
s t a in l e s s  s tee l  tanks tha t  were salvaged and modified f o r  use as e lu t r i an t  
waste and product catch tanks. Two new geometrically safe  tanks were fab- 
r icated in the ORNL shops fo r  use as an ion exchange feed makeup vessel 



114 

and as a c o l l e c t i o n  s to rage tank. 

pump, two i o n  exchange r e s i n  columns, and' a scanner f o r  measuring t h e  

gama r a d i a t i o n  o f  t h e  r e s i n  column completed t h e  system makeup. 

I n  a d d i t i o n ,  a Lapp feed meter ing  

F i g -  

u r e  10.5 shows t h e  c o l d - t e s t  niockup o f  t h e  dual-column assembly f o r  

pres su r e  drop mea su remen t s . 
Resin columns. The o r i g i n a l  dual-column system performed s a t i s -  

f a c t o r i l y  when i n i t i a l l y  i n s t a l l e d .  However, a f t e r  severa l  runs,  a 

gradual  inc rease i n  pressure drop across t h e  l a r g e  column caused t h e  

porous r e s i n - r e t a i n i n g  s t a i n l e s s  s t e e l  fr i t a t  t h e  bottom t o  rup tu re ,  

p e r m i t t i n g  r e s i n  t o  l e a k  i n t o  t h e  p i p i n g .  

a t t r i b u t e d  t o  compaction o f  t h e  r e s i n  bed as a r e s u l t  o f  a l t e r n a t e  

expanding and c o n t r a c t i o n  o f  t h e  r e s i n .  T h i s  was f u r t h e r  aggravated 

by t h e  u n i d i r e c t i o n a l  f l o w  o f  t h e  aqueous uranium stream d u r i n g  bo th  

t h e  l oad ing  and t h e  e l u t i o n  opera t ions .  The column des ign  was m o d i f i e d  

by i n s t a l l i n g  a porous frit a t  t h e  t o p  o f  t h e  column t o  p e r m i t  reverse  

f l o w  e l u t i o n ,  which kep t  t h e  r e s i n  bed p a r t i a l l y  f l u i d i z e d  d u r i n g  t h i s  

p o r t i o n  o f  t h e  opera t ion .  However, a f t e r  t h e  f r i t s  i n  t h e  replacement 

columns had a l s o  f a i l e d  under t e s t i n g ,  i n s p e c t i o n  revea led  t h a t  t h e  frit 

s i o n  p r o p e r t i e s  which occur red  d u r i n g  we ld ing  t o  t h e  body. 

Excessive pressure drop was 

* 

had warped and p o s s i b l y  cracked due t o  t h e  d i f f e r e n c e  i n  thermal expan- I - 
To ame l io ra te  

t h i s  problem, t h e  column was redesigned t o  e l i m i n a t e  t h e  need f o r  we ld ing  

t h e  frit t o  t h e  column body by suppor t i ng  t h e  f r i t s  a t  each end o f  t h e  

column w i t h  a p e r f o r a t e d  p l a t e  h e l d  i n  p lace  by b o l t e d  f l anges  (F ig .  
10.6). The dual-column system was abandoned i n  f a v o r  o f  a s i n g l e  column 

having 80% more r e s i n  than t h e  combined t o t a l  i n  t h e  dual-column system. 

The s ing le-co lumn system performed s a t i s f a c t o r i l y ,  p r o v i d i n g  good decon- 

' t am ina t ion  f rom tho r ium and r a d i o a c t i v e  daughters o f  232U a t  lower  p res-  

sure drops and a t  inc reased f l o w  r a t e s .  No f u r t h e r  frit f a i l u r e s  occurred.  

A l though t h e  r e s i n  i n  t h e  column cou ld  be rep laced when i t s  c a p a c i t y  and 

e f f e c t i v e n e s s  decreased s i g n i f i c a n t l y ,  we found i t  t o  be more expedient  

f i l l e d  w i t h  new r e s i n .  

and l e s s  expensive t o  remove t h e  e n t i r e  column and s u b s t i t u t e  one a l ready  A 

Rad ia t i on  scanner. The r a d i a t i o n  scanner was designed and f a b r i c a t e d  

by t h e  ORNL Ins t rumen ta t i on  and Con t ro l s  D i v i s i o n  personnel  f o r  t h i s  spe- 

c i f i c  program. Wi thout  it, t h e  f i n a l  p roduc t  s p e c i f i c a t i o n s  would have 

c 



F ig .  10.5. Dual column ion exchange mockup assembly. 
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been d i f f i c u l t  t o  achieve since the scanner continuously monitored the 
gamma a c t i v i t y  i n  the resin column t o  accurately locate the thorium band. 
T h i s  permitted operating personnel t o  prevent the thorium contaminant 
from entering the product vessel. 

throughout the e n t i r e  program w i t h o u t  a mechanical f a i l u r e  o r  any mainte- 
nance or  repairs.  Figure 10.7 shows the instrument w i t h  the splash cover 
removed t o  reveal the G-M tube shield and the chain drive mechanism. The 
gamma ionization chamber s e n s i t i v i t y  of 4 x 10 
gamma radiation ranging from 25 mR/hr  t o  10 
from the background radiation i n  the ce l l  by a Z-in.-thick lead shield.  
A 7 /8 - in .  by 5-in. s l o t  i n  the shield exposed the tube t o  the outer sur- 
face of the resin column, which was 3 i n .  away. 
driven by a small reduction-geared 0.02-hp Bodine motor, traversed the 

*I 

The operation of the scanner exceeded our expectations; i t  functioned 

-11 A R-l -1 hr could measure 
6 R/hr. The tube was shielded 

The tube and shield,  

effect ive resin bed length i n  the  column. 
speed were controlled remotely from the control panel. Travel of the 
scanner was limited by snap-action microswitches. 
trometer measured the radiation level i n  the column. A record of the 
intensi ty  was printed on a s t r ip  chart .  

The length of travel and the 

A feedback-type elec- 

10.3 233U02 Conversion Equipment 

, The uranium oxide conversion f a c i l i t y ,  b u i l t  exclusively f o r  the 
Prior t o  LWBR Program, i s  located i n  Room 502 of Bldg. 3019 a t  ORNL.  

th i s  program, the room was d i v i d e d  in to  three laboratories i n  which 
experiments on coating o f  microspheres f o r  reactor fue l s  were conducted. 
Preparatory t o  the LWBR Program, these f a c i l i t i e s  were moved t o  another 
s i t e  and the three laboratories were combined t o  house the oxide conver- 
sion equipment. 

The existing ventilation system was considered t o  be inadequate t o  
meet the requirements o f  the convers'ion equlprnent enclosures; therefore , 
i t  was replaced'with a 3000-cfm alpha ventilation system, which was 
designed t o  maintain a high-volume flow of a i r  a t  low pressures t h r o u g h  
the system a t  a l l  times. 
t i v e  flow of a i r  i n to  an enclosure whenever containment was breached by 

This system was capable of m a i n t a i n i n g  a posi-  
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F i g .  10.7. Ion exchange resin bed radiation scanner. 
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the loss of one or  more gloves or by a cracked glass.  

. provided protection against excessive vacuum i n  the event the system 
shoul d ma 1 function. 

A r e l i e f  device 

Equipment enclosures. The conversion equipment was housed i n  eight 
glove-ported s ta in less  s teel  enclosures, individually designed t o  f q c i l i -  

’ t a t e  the operation and maintenance of one or more specif ic  items of:,proc- 
essing equipment. 
i n t o  the alpha ventilation system, and the pressure d i f fe ren t ia l  re la t ive  
t o  the room was controlled with a hand-operated but terf ly  valve. Each 
enclosure was equipped w i t h  bag-out ports,  and the s ix  enclosures t h a t  
handle sol id  materials were interconnected w i t h  pass-through ports. 
Absolute f i l t e r s  on the i n l e t  ventilation nozzles prevented the release 
of contamination t o  the room i n  the event of a reversal i n  flow. The 
windows were 1 /4- in .  laminated safety plate  glass;  three of these were 
broken, and subsequently replaced, during the campaign. 

Each enclosure was vented through an absolute f i l t e r  

Cracks in a 
single layer o f  lamination were repaired by gluing 1/8-in.-thick pieces 
of glass over the crack. 

Pumps. Eastern centrifugal pumps were used i n  the oxide conver- 
sion f a c i l i t y .  
and mix the anhydrous ammonia--UNH solution during the precipitation step 
and t ransfer  the result ing s lurry t o  the centrifuge. A Model 2F-34C two- 
stage pump was used t o  convey the aqueous waste solutions from the f a c i l i t y  
t o  the waste collection vessel i n  the solvent extraction system. The wet- 
ted surfaces of these two pumps were 316 s ta in less  s t ee l .  
performed qui te  s a t i s f ac to r i ly ,  requiring no maintenance or  repairs.  A t  
the end of the program, the single-stage pump was dismantled and examined 
( F i g .  10.8). Examination revealed tha t  the impeller and i t s  casing were 
i n  excellent condition, showing no sign of wear or  corrosion. 

Vacuum pumps. 
solutions throughout the conversion system. 
vane vacuum pump generated the vacuum fo r  transferring solutions between 
vessels and enclosur.es in which wet-chemistry determinations were per- 
formed. I t  was selected f o r  t h i s  service because o i l  fumes within the 
enclosure could n o t  be tolerated.  

A Model F-34C single-stage pump was used t o  recirculate  

These pumps 

Two types of vacuum pumps were used t o  move process 
A Gast o i l - l e s s ,  s l iding 

I n i t i a l l y ,  the pump was replaced a f t e r  
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p r o d u c t i o n  of  approx imate ly  f i v e  l o t s  o f  m a t e r i a l  due t o  c o r r o s i o n  o f  
t h e  vane guides and housing w a l l s .  

i n s t a l l e d  between t h e  pump and t h e  vacuum surge tank,  reduced t h e  f r e -  
quency of  replacement t o  an average o f  once every  n i n e  l o t s  o f  m a t e r i a l  

produced. 

than decontaminat ion and r e p a i r .  

Gases f rom t h e  fu rnace enc losures were drawn through t h e  hydrogen 

gas ana lyzers  by Neptune "Dyna Vac" pumps. The smal l  compact pump had 

an o s c i l l a t i n g  f l e x i b l e  diaphragm and a smal l  d i s c  i n  t h e  i n l e t  and d i s -  

charge p o r t s  t h a t  func t ioned as check va lves.  These pumps were s imple 

i n  c o n s t r u c t i o n  and durab le  i n  opera t ion .  O r i g i n a l l y ,  they  came equipped 

w i t h  neoprene diaphragms, which cracked a f t e r  750 t o  1000 h r  o f  cont inuous 

s e r v i c e ;  a f t e r  these had been rep laced w i t h  Hypalon diaphragms, s e r v i c e  i n  

excess o f  5000 h r  was achieved. 

A s i l i c a  ge l  absorber,  which was 

The low c o s t  of t h e  pump made i t s  replacement more economical 

Cent r i fuge.  The c e n t r i f u g e  separated t h e  s o l i d s  f rom t h e  l i q u i d  

supernate p r i o r  t o  d r y i n g  o f  t h e  s o l i d s  i n  t h e  microwave oven. 

p l e s  F l e t c h e r  Mark I ,  Model 1PP-350 c e n t r i f u g e  was m o d i f i e d  t o  meet t h e  

requirements o f  t h i s  program. The basket,  made o f  s t a i n l e s s  s t e e l ,  was 

an open-top, s o l i d - w a l l  t y p e  w i t h  dimensions 12 i n .  diam x 5 i n .  deep. 

A f o r c e  o f  2100 x g i n  t h e  basket was p o s s i b l e  a t  a s p i n d l e  speed o f  

3200 rpm; a speed-sensing and - t r a n s m i t t i n g  tachometer i n d i c a t e d  t h e  

r o t a t i n g  speed o f  t h e  s p i n d l e .  

t h e  f u t u r e ,  and r e a l i z i n g  t h a t  a b e l t  c o u l d  n o t  be p laced around t h e  
s p i n d l e  a f t e r  t h e  c e n t r i f u g e  was b o l t e d  down, we s p e c i f i e d  t h a t  spare 

b e l t s  be p laced around t h e  s p i n d l e  and fas tened o u t  o f  t h e  way o f  t h e  

cas ing  b e f o r e  t h e  c e n t r i f u g e  was i n s t a l l e d  i n  t h e  enc losure.  F o r t u n a t e l y ,  

t h e  o r i g i n a l  b e l t  l a s t e d  u n t i l  t h e  c leanout  phase o f  t h e  campaign. 

t h a t  prevented s t a r t u p  o f  t h e  c e n t r i f u g e  i f  t h e  cover  was n o t  s e c u r e l y  

fastened. The mic roswi tches  were a cons tan t  source o f  t r o u b l e  because 

t h e  c o n t a c t  p o i n t s  corroded q u i c k l y  i n  t h e  enc losure  atmosphere. A f t e r  

these swi tches had been rep laced a number o f  t imes,  t h e y  were abandoned 

s i n c e  i t  was determined t h a t  they  d i d  n o t  c o n t r i b u t e  t o  t h e  s a f e t y  o f  

The Shar- 

A n t i c i p a t i n g  t h a t  t h e  d r i v e  b e l t  m i g h t  need r e p l a c i n g  sometime i n  

Most o f  t h e  minor  problems were assoc ia ted  w i t h  t h e  s a f e t y  c i r c u i t r y  
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the  opera t ion .  The rpm sensor was damaged beyond r e p a i r  and replaced. 

On one occasion when t h e  enc losure  was being washed down, t h e  sensor 

p r o x i m i t y  sw i t ch  shor ted  ou t ,  caus ing t h e  speed c o n t r o l  t rans fo rmer  t o  

burn ou t .  

motor and s p i n d l e  every 6 months. 

re1  i a b l  e p iece  o f  equ i pment . 

oven w i t h  energy generated by t h e  Reeves E l e c t r o n i c  microwave generator .  

The opera t i on  o f  these two i tems i s  d iscussed i n  Sect.  5.3.1. A mechanical 

f i x t u r e  was used t o  r o t a t e  t h e  T e f l o n  bowl i n  t h e  oven t o  even ly  d i s t r i b u t e  

t h e  energy absorbed by t h e  powder. F igu re  10.9 shows t h e  o r i g i n a l  f i x t u r e  

w i t h  t h e  T e f l o n  beveled gears and a s t a i n l e s s  s t e e l  s h a f t .  We l a t e r  r e -  

p laced t h e  s t a i n l e s s  s t e e l  s h a f t  w i t h  one f a b r i c a t e d  o f  T e f l o n  t o  reduce 

the  f r i c t i o n  drag. 

A t  f i r s t ,  a few bowls and t h e i r  con ten ts  were burned when t h e  mecha- 

nism stopped t u r n i n g .  To a l e r t  t h e  o p e r a t i n g  personnel  t o  t h i s  problem, 

a mot ion d e t e c t o r  was i n s t a l l e d  t o  ac tua te  an a larm when t h e  t u r n t a b l e  

stopped. A l i g h t  d e t e c t o r  was a l s o  i n s t a l l e d  i n  t h e  oven t o  a c t i v a t e  an 

a larm i n  case o f  f i r e  i n  t h e  bowl. 

d r i v e  u n i t  burned o u t  due t o  excess ive f r i c t i o n  between t h e  gear u n i t  and 

t h e  motor  suppor t  p l a t e ;  thus,  a spare d r i v e  u n i t  was i n s t a l l e d  w i t h  s u f -  

f i c i e n t  c learance t o  e l i m i n a t e  the  f r i c t i o n .  The o r i g i n a l  t u r n t a b l e  d i s c ,  

which h e l d  t h e  T e f l o n  bowl i n  t h e  oven, was rep laced w i t h  one hav ing a 

l a r g e r  d iameter  t o  pe rm i t  e a s i e r  removal o f  t h e  bowl. 

oven exhaust system had t o  be rep laced f requen t l y  due t o  t h e  mo is tu re  con- 

t e n t  i n  the  a i r .  On two occasions, t h e  vapor condenser tubes were c leaned 

The o n l y  r o u t i n e  maintenance r e q u i r e d  was l u b r i c a t i o n  o f  t h e  

Th is  c e n t r i f u g e  was a durab le  and 

Microwave d rye r .  The wet ADU p r e c i p i t a t e  was d r i e d  i n  t h e  microwave 

E a r l y  i n  t h e  program, t h e  o r i g i n a l  

The f i l t e r  i n  t h e  

t o  r e s t o r e  t h e i r  o r i g i n a l  condensing e f f i c i e n c y ;  t h i s  t rea tmen t  reduced 

t h e  f requency o f  f i l t e r  replacement and improved t h e  o f f - g a s  f l o w  th rough 

t h e  oven. F i n a l l y ,  t h i s  problem was e l i m i n a t e d  by changing t h e  o p e r a t i n g  

procedure (see Sect. 5.3.1). 

2- by 4 - in .  copper wave guide. 

n o t  absorbed by t h e  p r e c i p i t a t e )  t rave rses  t h e  same wave gu ide  and i s  

absorbed by t h e  "dummy" l o a d  a t  t h e  generator .  

The microwave genera tor  t r a n s m i t t e d  energy i n t o  t h e  oven th rough a 

The r e f l e c t e d  energy ( i . e .  , t h a t  p o r t i o n  

A t  one p o i n t  i n  t h e  e a r l y  
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phase o f  t h e  program, t h e  u n i t  was i n o p e r a t i v e  f o r  a week w h i l e  t h e  

generator ,  magnetron tube, and t h e  dummy l o a d  were shipped back t o  

t h e  f a c t o r y  and r e c a l i b r a t e d .  

creased t o  p revent  t h e  tube f rom overheat ing.  

energy o u t p u t  o f  t h e  o r i g i n a l  magnetron began t o  g r a d u a l l y  decrease. 

Examinat ion revea led  t h a t  t h e  spare magnetron was f a u l t y .  

I n s t r u m e n t a t i o n  and C o n t r o l s  D i v i s i o n  personnel a d j u s t e d  and r e c a l i -  

b r a t e d  t h e  genera tor  t o  p e r m i t  con t inued use o f  t h e  o l d  tube u n t i l  a 

new one c o u l d  be ob ta ined f rom t h e  manufacturer.  

r e c t i f i e r s  burned o u t  and were rep laced w i t h  components borrowed from an- 

o t h e r  u n i t  u n t i l  new ones on o r d e r  were received.  

The i n i t i a l  c o o l i n g  water  system f o r  t h e  magnetron tube was i n -  

Dur ing t h e  program, the  

Therefore,  

Also,  t h e  h i g h - v o l t a g e  

Granulators .  The f u n c t i o n  o f  t h e  two Erweka g r a n u l a t o r s  i s  descr ibed 

i n  Sect. 5.3. Thece g r a n u l a t o r s  were impor ted i tems f o r  which spare p a r t s  

were d i f f i c u l t  t o  o b t a i n .  To ensure t h a t  a l a c k  o f  spare p a r t s  would n o t  

de lay  produc t ion ,  we procured a complete spare u n i t  and t h e  few a v a i l a b l e  

spare p a r t s  stocked by t h e  American Manufac turer ' s  Agency. Near t h e  end 

o f  t h e  campaign, we were in formed t h a t  spare p a r t s  were no l o n g e r  a v a i l -  

a b l e  i n  t h i s  count ry .  

The main source o f  d i f f i c u l t y  was d u s t  i n  t h e  armature and brushes, 

The brushes r e q u i r e d  f r e q u e n t  s i n c e  t h e  motor was n o t  t o t a l l y  enclosed. 

replacement due t o  wear and c rack ing .  

bottom o u t l e t  through which t h e  powder f lowed t o  t h e  boat  feeder  was 

The molded p l a s t i c  boot  a t  t h e  

rep laced t h r e e  t imes; t h e  boot  on t h e  produc t  g r a n u l a t o r  was rep laced 
tw ice .  A r o u t i n e  shop schedule f o r  f a b r i c a t i n g  t h e  35- and 100-mesh 
screens was s e t  up t o  keep pace w i t h  t h e  f r e q u e n t  replacement of t h e  

damaged screens. Midway through t h e  program, t h e  o u t e r  head mechanism 

o f  t h e  furnace boat  l o a d i n g  g r a n u l a t o r  became so t i g h t l y  bound t h a t  i t  

had t o  be rep laced w i t h  t h e  head f rom t h e  spare u n i t .  When a purchase 

o r d e r  t o  r e p l a c e  t h e  spare head was issued, t h e  s e l l e r  in formed us t h a t  

spare p a r t s  were no l o n g e r  a v a i l a b l e  i n  t h e  U n i t e d  States.  

A d e s c r i p t i o n  o f  t h e  c a l c i n a t i o n  fu rnace and a d i s c u s s i o n  

o f  i t s  f u n c t i o n  a r e  i n c l u d e d  i n  Sect. 5.4. The fu rnace performed q u i t e  

s a t i s f a c t o r i l y ;  however, cons iderab le  r o u t i n e  maintenance was necessary 

i n  o r d e r  t o  meet t h e  process ing schedule and t o  prepare produc t  o f  t h e  

d e s i  r e d  qual  i ty.  

Furnace. 

1 
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Alignment baff les  were placed a t  the  entrance and e x i t  t o  keep the 

The take-up reel 
boats in the  center of the be l t  and t o  ensure tha t  they entered the muf- 
f l e  without banging against  the curtain o r  the sides.  
f o r  the temperature-profile thermocouple was modified t o  allow the couple 
t o  be ins ta l led  without disassembling the r ee l ;  a f r i c t ion  clutch was 
ins ta l led  on the axle of the reel t o  prevent "freewheeling." Also, a 
special temperature recorder fo r  the prof i le  thermocouple was ins ta l led  
t o  permit more accurate adjustment of each heat zone t o  the proper temp- 
erature .  

Instruments required a large portion of the maintenance and repairs  
The temperature of each zone was regulated associated with the furnace. 

by an Accutrol temperature cont ro l le r  and protected by a Protektall over- 
heat-protection control ler .  
continuity of service when a uni t  malfunctioned. During the program, s ix  

Three extra  uni ts  o f  each type provided 

uni ts  were repaired and returned t o  service.  The flri-nace off-gas flow 
ra tes  and the di lut ion a i r  flow ra tes  were monitored by thermistor e l e -  
ments located in the headers, as well as  by panel-mounted d ig i ta l  readout 
and alarm uni ts .  
strument shop f o r  service and repairs .  
of the uni ts  could n o t  be repaired because Eastech Corporation, the 
manufacturer, could no longer supply the special crystal  element required 
by these uni ts .  
especial ly  the room oxygen monitors t ha t  were battery-operated. 

from the loaded t rays ,  decreasing the off-gas flow from the muffle and 
causing an increase of hydrogen concentration in the end boxes; t h i s ,  in 
t u r n ,  would automatically s h u t  off  the hydrogen supply t o  the furnace. 
During the program, the venturi tubes were cleaned nine times by physi- 
ca l ly  removing so l ids  t o  res tore  normal hydrogen flow t o  the furnace. 
Each time, special precautions were taken and preparations were made t o  
prevent the  release of airborne contamination from the furnace muffle. 
Three broken glass  windows were replaced during the program. 

The operation and the function of the s t a b i l i z e r  a re  
discussed in Sect. 5.5.1. 

Occasionally, the readout un i t s  were sent t o  the in- 
Near the end of the program, two 

The hydrogen and oxygen monitors needed frequent servicing, 

The off-gas venturi tubes tended t o  become pa r t i a l ly  plugged with d u s t  

S tab i l izer .  
After the original design had been modified, 



126 

' t h e  s t a b i l i z e r  performed ve ry  w e l l .  Dur ing  t h e  s t a r t u p  and shakedown 

runs, t h e  t h r e e  fac to ry - tuned  Syntron v i b r a t o r s  were found t o  be o u t -  

'- 

of-phase and n o t  v i b r a t i n g  a t  t h e  same frequency; consequent ly,  two o f  . . .  
them were removed f rom se rv i ce .  A lso,  t h e  t r a y  was i n c l i n e d  a t  a s teeper  

angle t o  achieve t h e  des i red  f l o w  c h a r a c t e r i s t i c s  o f  t h e  powder. 

a d d i t i o n ,  t h e  produc t  c o l l e c t i o n  can was r e l o c a t e d  f o r  t h e  reason d i s -  

cussed i n  Sect. 5.5.2. 

I n  

Product b lender .  The V-shaped sh ie lded  b lender ,  f a b r i c a t e d  by t h e  

Pat te rson-Ke l ley  Company, was a t w i n - s h e l l  t ype  m o d i f i e d  t o  meet t h e  needs 
o f  t h i s  program. 

duce r a d i a t i o n  exposure t o  personnel  d u r i n g  t h e  produc t  hand l i ng  proce- 

dures. 

a 3- in.-diam f u l l - p o r t e d  b a l l  va l ve  a t  t h e  bot%om o f  t h e  " V " .  

pr imary  and secondcry sea ls  p r o t e c t e d  t h e  t r u n n i o n  bear ing  f rom t h e  dus t .  

The mechanical performance o f  t h e  b lender  met a l l  expec ta t ions .  

A f t e r  i n i t i a l  t e s t s ,  a pneumat ica l l y  operated b a l l  v i b r a t o r  was a t tached 

tenance o f  t h e  u n i t  was min imal .  

The V-shaped s h e l l s  had 2 i n .  o f  l e a d  s h i e l d i n g  t o  r e -  

Charging and d i scha rg ing  t h e  b lender  were achieved by means o f  

Spec ia l  

t o  t h e  s i d e  o f  t h e  s h e l l  t o  enhance t h e  u n i f o r m i t y  o f  powder f l ow .  Main- c 

* - 
11. NUCLEAR SAFETY 

The nuc lea r  s a f e t y  o f  t h e  process ing f a c i l i t i e s  i s  ensured, whenever 

However, we must r e l y  on a p rocedura l  

poss ib le ,  th rough t h e  use o f  engineered s y s t e m  o f  sa fe  geometry, r e s t r i c t e d  

volume, and f i x e d  neut ron  poisons. 

technique t h a t  i nc ludes  r e s t r i c t i o n  o f  bo th  t o t a l  f i s s i l e  mass and f i s s i l e  

element concent ra t ions  and r e q u i r e s  t h e  presence o f  a s o l u b l e  neut ron  

absorber  t o  p rov ide  nuc lea r  s a f e t y  i n  our  s o l v e n t  e x t r a c t i o n  head-end 

vessels .  

i n  r e f .  15. Operat ion o f  t h e  system was rev iewed and approved by t h e  ORNL 

C r i t i c a l i t y  Sa fe ty  Review and t h e  Rad ioac t i ve  Operat ions Review Committees. 

The nuc lea r  s a f e t y  a n a l y s i s  o f  t h e  system a r r a y  i s  documented 

12. RADIATION EXPOSURES 
" .  

Fresh ly  p u r i f i e d  233U02(N03)2 s o l u t i o n s  e x h i b i t  low l e v e l s  o f  r a d i o -  

- a c t i v i t y  because t h e  232U daughter  con ten t  has been reduced. However, 

s h o r t l y  a f t e r  p u r i f i c a t i o n  ( 4  t o  6 days),  t h e  r a d i a t i o n  l e v e l  begins t o  
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increase and cont inues  t o  do so w i t h  t ime. Thus, i t  i s  seen t h a t  t h e  

p o t e n t i a l  f o r  r a d i a t i o n  exposure t o  o p e r a t i n g  personnel  i s  d i r e c t l y  

dependent on t h e  age * ( a f t e r  p u r i f i c a t i o n )  o f  t h e  uranium m a t e r i a l  be ing 

processed o r  handled, p rov ided t h e  p u r i f i c a t i o n  process was e f f e c t i v e  i n  

removing t h e  232U daughters.  S ince t h e  p u r i f i c a t i o n  processes were con- 

ducted remote ly  i n s i d e  process ing c e l l s  hav ing 5 - f t - t h i c k  concre te  w a l l s ,  

t h e  personnel exposure t o  r a d i a t i o n  d u r i n g  these opera t ions  was q u i t e  

low. On t h e  o t h e r  hand, t h e  U02 convers ion process was conducted i n  

e s s e n t i a l l y  unsh ie lded equipment, r e s u l t i n g  i n  r a d i a t i o n  exposures o f  

v a r y i n g  degrees depending on t h e  age ( a f t e r  p u r i f i c a t i o n )  o f  t h e  uranium- 

bear ing  m a t e r i a l  be ing handled and t h e  e f f e c t i v e n e s s  o f  t h e  p u r i f i c a t i o n  

process i n  removing t h e  232U daughters. 

12.1 P r i n c i p a l  Sources 

Dur ing processing, t h e  uranium was u s u a l l y  handled w i t h o u t  b e n e f i t  

o f  r a d i a t i o n  s h i e l d i n g  o n l y  throughout  t h e  f i r s t  2 weeks f o l l o w i n g  p u r i -  
F f i c a t i o n .  Except ions t o  t h i s  were: ( 1 )  r e c e i v i n g  and s t o r i n g  U03 f rom . 

SRP and UNH s o l u t i o n s  f rom ARHW a t  t h e  beg inn ing  o f  t h e  Program; ( 2 )  

up t o  45 days be fore  shipment, o r  r e t u r n  f o r  r e c y c l e ,  a t  t h e  request  of 

BAPL; ( 4 )  h o l d i n g  a r c h i v e  samples f o r  a t  l e a s t  6 months b e f o r e  r e c y c l e ;  

( 5 )  recovery  o f  powder f rom plugged o f f - g a s  f i l t e r s ;  ( 6 )  semiannual 

sampling o f  s t o r e d  s o l u t i o n s ,  and ( 7 )  d i s s o l u t i o n  o f  a p o r t i o n  o f  t h e  

o r i g i n a l  U03 t h a t  had been r e c e i v e d  f rom SRP 5 years  e a r l i e r .  

than-normal r a d i a t i o n  background because t h e  p u r i f i c a t i o n  o f  t h e  uranium 

by i o n  exchange had been l e s s  e f f e c t i v e  than usual .  

was caused by breakthrough o f  224Ra on t h e  r e s i n  column, which r e s u l t e d  

i n  r e l a t i v e l y  l a r g e  amounts o f  232U daughters remain ing w i t h  t h e  uranium 

feed t o  t h e  convers ion system. 

p r o g r e s s i v e l y  severe as t h e  uranium aged i n  s torage.  U l t i m a t e l y ,  i t  was 

n r e c e i v i n g  and charg ing  BAPL scrap t o  t h e  d i s s o l v e r ;  ( 3 )  s t o r i n g  produc t  - 

Dur ing some convers ion runs, personnel  were exposed t o  a h i g h e r -  

The h i g h e r  r a d i a t i o n  

The e f f e c t  o f  t h i s  breakthrough became 

.- 
. -  
. 
c 
L 

necessary t o  g i v e  t h e  uranium a double i o n  exchange t rea tment  i n  o r d e r  t o  

reduce t h e  232U daughter  l e v e l  s u f f i c i e n t l y  t o  a l l o w  t h e  convers ion opera- 

t i o n s  t o  be conducted w i t h o u t  exceeding r a d i a t i o n  dose r e s t r i c t i o n s .  
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12.2 Who1 e-Body Doses '. 
Opera t ing  personnel rece ived  r a d i a t i o n  exposures f rom hand l i ng  aged 

i n g  these m a t e r i a l s  t o  t h e  d i s s o l v e r s  f o r  uranium recovery,  t r a n s f e r r i n g  

and cha rg ing  U03 t h a t  had been s t o r e d  i n  t h e  w e l l s  t o  t h e  d i s s o l v e r ,  sam- 

p l i n g  o f  aged u r a n y l  n i t r a t e  s o l u t i o n s ,  c o n v e r t i n g  p u r i f i e d  u r a n y l  n i t r a t e  

s o l u t i o n  t o  U02, and packaging 233U02 i n t o  drums f o r  subsequent s to rage  o r  

s h i  pmen t . 

U02 powder and U02-Th02 scrap  r e c e i v e d  from BAPL, t r a n s f e r r i n g  and charg- - .  
- 

Personnel r a d i a t i o n  exposures, p l o t t e d  as a f u n c t i o n  of p roduc t i on  

r a t e s ,  a r e  shown i n  F ig .  12.1. A l though a s i g n i f i c a n t  number o f  t h e  t o t a l  

exposures c o u l d  be a t t r i b u t e d  t o  t h e  hand l i ng  o f  aged r e c y c l e  scrap from 

BAPL, t h e  r e c y c l e  r a t e  a l s o  inc reased as t h e  p r o d u c t i o n  r a t e  increased; 

t h e r e f o r e ,  r a d i a t i o n  exposures inc reased almost l i n e a r l y  w i t h  p roduc t i on  

r a t e  once we be923 t o  produce s i g n i f i c a n t  q u a n t i t i e s  o f  m a t e r i a l  i n  FY 

1974. 

1 

The increased exposure i n  FY 1976 can be a t t r i b u t e d  t o  t h e  t i m e  spent 
*\ i n  t h e  convers ion  f a c i l i t y  s i n c e  t h e  BAPL requirements d i c t a t e d  t h e  need 

t o  opera te  t h e  convers ion  f a c i l i t y  on a 6-day-per-week b a s i s  t o  produce 

approx imate ly  120 kg o f  U02 pe r  month (see Table 12.1). 

u s i n g  V ic to reen- t ype  pocket chambers. 
badge r e s u l t s  whenever a t o t a l  of 300 mrem was i n d i c a t e d ;  comparisons were 

a l s o  made r o u t i n e l y  a t  t h e  end o f  each q u a r t e r .  

The h i g h e s t  r a d i a t i o n  exposure r a t e  for an individuaZ occur red  d u r i n g  

t h e  t h i r d  q u a r t e r  o f  FY 1975. The maximum s i n g l e  exposures f o r  a week and 

f o r  t h e  q u a r t e r  were 185 and 1050 mrem r e s p e c t i v e l y .  

r e s u l t e d  f rom hand l i ng  i o n  exchange p roduc t  which had a h i g h  224Ra c o n t e n t  

I 

h - 
R a d i a t i o n  exposures t o  o p e r a t i n g  personnel were determined d a i l y  by 

These da ta  were compared w i t h  f i l m  

These exposures 

( w i t h  r e s u l t i n g  h i g h  be ta-  and gamma-emitting decay daughters )  i n  t h e  con- 

v e r s i o n  equipment. I n  a d d i t i o n ,  t h e  BAPL scrap  r e c e i p t s  were h igh;  and 

5-year -o ld  U03 ( f r o m  SRP) was be ing  d i sso l ved .  

The h i g h e s t  average r a d i a t i o n  exposure (124 mrem/week) 

nicians occur red  d u r i n g  t h e  t h i r d  q u a r t e r  o f  FY 1976. Th is  

t h e  need t o  work a 6-day week f o r  4 months i n  o r d e r  t o  comp 

on schedule. 

t o  aZZ tech- .- 

was caused by 

e t e  t h e  Program 

* .  

a 

1 - 
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h ORNL D w q  7 8 - 2 0 7 0 0  

PRODUCTION RATE (kg 233U/yr) 

Fig. 12 .1 .  Annual t o t a l  r a d i a t i o n  exposure  t o  o p e r a t i n g  personnel  
d u r i n g  p roduc t ion  o f  233UO2 and r e c o v e r y  o f  233U from s c r a p .  

.- 
. a  
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... 

Table 12.1. Average weekly whole-body r a d i a t i o n  exposures t o  

o p e r a t i n g  personnela (average p e r  f i s c a l  y e a r )  

F i s c a l  Year 
R a d i a t i o n  exposures (mrem/week) 

Average Maximum p e r  i n d i v i d u a l  

1973 

1974 

14 

22 

1975 33 

1976 41 

37 1977 ( f i r s t  q u a r t e r )  b 

18 

27 

40 

49 

44 

aNote: Recommended maximum dose p e r  week = 100 mrem (ORNL Radia- 
t i o n  Sa fe ty  and Con t ro l  T r a i n i n g  Manual). 

bPost-product ion;  sc rap  recovery  and equipment c leanout .  
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12.3 Hand Doses 

R a d i a t i o n  doses t o  t h e  hands o f  o p e r a t i n g  personnel  were determined 

a t  v a r i o u s  t imes throughout  t h e  Program. T h i s  procedure was considered 

necessary because t h e  hands o f  t h e  o p e r a t i n g  personnel  were those p a r t s  

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

o u t  glove-box opera t ions ,  r e c e i v i n g  drums o f  U02-Th02 scrap and t r a n s f e r -  

r i n g  conten ts  t o  t h e  d i s s o l v e r  f o r  recovery  o f  uranium, and packaging and 

l o a d i n g  drums o f  U02- p roduc t  on to  t r u c k s  f o r  d e l i v e r y  t o  s to rage o r  t o  

BAPL. 

Data on hand r a d i a t i o n  exposure a r e  summarized i n  Table 12.2. 
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Table 12.2. Hand doses d u r i n g  t h e  IBR 'rogram 

Rad ia t i on  exposure t o  techn ic iansa  (mrem/week) 
Average Max imum 

1973-1974 (FY 1974) 

1974-1975 (FY l S i 5 )  

1975-1976 (FY 1976) 

1976 ( February-May) 

59 

89 

111 

122 

73 

108 

132 

151 

1976 ( t h i  r d  q u a r t e r )  100 119 

aMeasurements made w i t h  f i l m  r i n g s  a t  i n t e r v a l s  showed a hands/whole- 
body r a t i o  o f  27. 
Rad ia t i on  Safe ty  and Con t ro l  T r a i n i n g  Manual ) .  

Recommended maximum dose = 1500 mrem/week (ORNL 

f 

-\ 

J .  

. 
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15.1 Appendix A: Q u a l i f i c a t i o n  Data f o r  F in i shed  

233U02 Powder Shipped t o  BAPL 

The chemical and phys i ca l  data ob ta ined  f rom i n s p e c t i o n  o f  severa l  . -  

t y p i c a l  l o t s  o f  233U02 powder produced f o r  shipment t o  

sented i n  Tables 15.1-15.5. These da ta  rep resen t  l o t s  

i n  t h e  Program, about ha l fway through it, and near  t h e  

c e r t a i n  s p e c i f i c a t i o n  l i m i t s  were changed ( o f f i c i a l l y )  

progressed. 

BAPL a re  p re -  

produced e a r l y  

end. Note t h a t  

as t h e  Program 

ci 
* t  
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Table 15.1. Q u a l i f i c a t i o n  data f o r  U02 Powder L o t  105 

b 

1' " 

... 

. 

._" 
_ . .  

Shipment No. 5 
Shipment da te  10/18/73 

P u r i f i c a t i o n  da te  10/04/73 
Sample code LOP-105 

S t a t .  
Specs. Sample 1 Sample 2 Ave. Cum. l i m i t  

U conc., w t  % >86.5 87.49 87.70 87.59 87.30 86.66 
232u ,  p a r t s  per '106 

p a r t s  U C10.0 7.6 7.2 7.4 7.3 8.6 
23311, w t  % >97.0 98.250 98.250 98.250 98.175 97.671 
234u,  w t  % ~ 2 . 5  1.330 1.340 1.335 1.361 1.567 
23511, w t  % ~ 0 . 5  0.110 0.110 0.110 0.140 0.346 
23611, w t  % <o. 1 0.020 0.020 0.020 0.029 0.079 
23811, w t  % <O. 5 0.280 0.280 0.280 0.293 0.364 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I m p u r i t i e s ,  ppm UOp 

Poison equiv .  S t a t .  
Specs. Sample 1 Sample 2 Ave. Cum. L o t  Cum. l i m i t  

A1 . 
B 
C 
Ca 
c1 
B r  
co 
C r  
cu 
F 
Fe 
Hg 
Mg 
Mn 
Mo 
N 
N i  
P 
S 
S i  
T i  
Th 
v 
239Pu 
TNPE 

200 
3 

500 
50 
a 
a 

15 
100 
40 
'30 

400 
30 

100 
20 

100 
50 

200 
150 
75 

200 
20 

500 
50 
25 

<72 

230.0 
0:4 
7.0 
5.0 
5:O 

<1 .o 
1 .o 

10.0 
10.0 
<1 .o 

100.0 
<1 .o 

1 .o 
4.0 
3.0 

21 .o 
15.0 

360.0 
10.0 
10.0 
<1 .o 
10.0 
<1 .o 
5.0 

230.0 230.0 
0.3 0.4 
3.0 5.0 
2.0 3.5 
5.0 5.0 

<1 .o <1 .o 
1 .o 1.0 

10.0 10.0 
10.0 10.0 

. <1.0 <1 .o 
80.0 90.0 
<1 .o <1 .o 
3.0 2.0 
3.0 3.5 

C1.0 4 . 0  
21 .o 21 .o 
1.50 15.0 

360.0 360.0 
10.0 10.0 
6.0 8.0 

<1 .o <1 .o 
10.0 10.0 
<1 .o <1 .o 

5.0 5.0 

227.4 
0.6 

14.9 
9.3 
9.3 
2.0 
1 .o 

10.5 
12.0 

3.1 
96.9 

0.6 
3.6 
3.2 
2.0 

15.7 
15.8 

301.5 
20.1 
31.6 
2.2 

16.3 
1.1 
3.3 

2.3 2.3 
10.5 18.2 
0.0 0.0 
0.2 0.7 
6.0 11.1 
1.2 2.4 
1 .o 1 .o 
0.7 0.7 
0.9 1.1 
0.0 0.0 
5.4 5.8 
1.1 0.7 
0.1 0.1 
1.2 1.1 
0.2 0.2 
2.3 1.7 
1.6 1.7 

10.8 9.0 
0.2 0.4 
0.2 0.6 
0.2 0.3 
0.0 0.0 
0.1 0.1 
0.0 0.0 

46.3 59.3 68.1 

Supplementary data 

. .  S t a t .  
Specs. Sample 1 Sample 2 Ave. Cum. l i m i t  

Photo 
Sur face area, m2/g 

O/M mole r a t i o  
Mois ture,  w t  % 
Ave. p a r t i c l e  s i z e  
Poros i t y  
P a r t i c l e  s i z e  d i s t .  

Upper s t a t .  l i m i t  
Lower s t a t .  l i m i t  

<50 u 
< i o  I :. 
<2.5 u 

Pr0.i. r a d i a t i o n ,  mR/hr, 
f i o m  500 g powder a t  
1 f t  on 1 6 t h  day 

b 
6 
6+3 
6-2 

4 . 1 8  
<0.5 
,<2.. 0 

>96.0 
>go. 0 
>50.0 

<7.5 

Accept Accept Accept 
5.5 6.5 6.0 6.0 

8.2 
3.8 

2.05 2.05 2.05 2.06 2.07 
0.29 0.29 0.29 0.30 0.39 
0.7 0.7 0.7 0.7 0.8 

.80 

100.0 99.4 99.7 99.4 
94.4 95.0 94.7 95.4 
64.8 68.4 66.6 66.3 

7.5 7.5 7.5 5.2 8.7 

aC1+Br (max.), 25. 

bReject  f o r  any sample = r e j e c t  f o r  average. 
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Table 15.2. Q u a l i f i c a t i o n  data f o r  UOp Powder L o t  121 

Shipment No. 21 
Shipment da te  08/07/74 

P u r i f i c a t i o n  da te  07/24/74 
Sample code LOP-121 

S ta t .  
Specs. Sample 1 Sample 2 Ave. Cum. l i m i t  

U conc., w t  % >86.5 87.12 87.12 87.12 87.32 86.86 
23211, p a r t s  pe r  106 

p a r t s  U <10.0 8.0 7.4 7.7 7.6 9.2 
233u,  w t  x 
23*u, w t  % 
23511, w t  % 
23611, w t  % 
23Q. w t  % 

>97.0 98.370 98.360 98.365 98.249 9i .786 
~ 2 . 5  1.281 1.282 1.282 1.328 1.615 
<O. 5 0.062 0.062 0.062 0.101 0.279 
<o. 1 0.011 0.012 0.012 0.024 0.082 
<0.5 0.275 0.280 0.277 0.297 0.400 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I m p u r i t i e s ,  ppm U02 

Poison equiv .  S t a t .  
Specs. Sample 1 Sample 2 Ave. Cum. L o t  Cum. l i m i t  

A1 
B 
C 
Ca 
c1 
B r  
co 
C r  
cu 
F 
Fe 
Hg 
Mg 
Mn 
Mo 
N 
N i  
P 
S 
S i  
T i  
Th 
V 
239Pu 
TNPE 

250 
3 

500 
50 

a 

15 
100 
40 
30 

400 
30 

100 
20 

100 
50 

200 
500 
75 

200 
20 

500 
50 
25 

<72 

7 

65.0 
0.5 

41 .O 
10.0 
9.0 

~ 0 . 7  
<O. 5 
20.0 

7.0 
~ 0 . 5  

130.0 
<O. 5 
<1 .o 
2.0 
2.0 

24.0 
20.0 

300.0 
10.0 
15.0 
<2.0 

C10.0 
<O. 5 
<5.0 

100.0 
0.3 

44.0 
5.0 
5.0 
<0.5 
<0.5 
10.0 
7.0 

<O. 5 
120.0 
~0.5 
<1 .o 
2.0 
1 .o 

25.0 
20.0 

400.0 
10.0 
20.0 
<1 .o 

<10.0 
<O. 5 
4.0 

82.5 
0.4 
42.5 

7.5 
7.0 

<0.6 
<0.5 
15.0 

7.0 
<O. 5 

125.0 
<O. 5 
<1 .o 
2.0 
1.5 

24.5 
20.0 

350.0 
10.0 
17.5 
<1.5 

<10.0 
<O. 5 
<5.0 

137.1 
0.5 

18.0 
7.2 
9.6 
1.4 

. .1.0 
9.7 

14.7 
2.1 

112.2 
0.8 
2.2 
2.7 
2.1 

21 .o 
14.8 

298.3 
21 .o 
34.9 

1.9 
16.1 

1.1 
4.1 

0.8 
12.0 
0.0 
0.5 
8.4 
0.7 
0.5 
1 .o 
0.6 
0.0 
7.5 
0.6 
0.0 
0.7 
0.2 
2.7 
2.2 

10.5 
0.2 
0.3 
0.2 
0.0 
0.1 

1.4 
4.8 
0.0 
0.5 
1.5 
1.7 
1 .o 
0.7 
1.3 
0.0 
6.7 
0.9 
0.1 
0.9 
0.2 
2.3 
1.6 
8.9 
0.4 
0.7 
0.3 
0.0 
0.1 

0.0 0.0 
49.8 56.2 -60.8 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _  
Supplementary da ta  

S ta t .  
Specs. Sample 1 Sample 2 Ave. Cum. l i m i t  

b Accept Accept Accept 
6 6.1 6.5 6.3 6.0 
6+3 8.6 
6-2 3.5 

~ 2 . 1 8  2.05 2.06 2.06 2.05 2.06 

Photo 
Surface area, m2/g 

O/M mole r a t i o  
Mo is tu re ,  w t  % <0.5 0.35 0.34 0.35 0.25 0.36 
Ave. p a r t i c l e  s i z e  <2.0 0.5 0.5 0.5 0.6 0.8 
P o r o s i t y  .80 
P a r t i c l e  s i z e  d i s t .  

Upper s t a t .  l i m i t  
Lower s t a t .  l i m i t  

<50 p >96.0 99.2 98.9 99.1 99.3 
<10 >go. 0 93.5 92.5 93.0 94.6 
<2.5 !J >50.0 61.5 60.0 60.8 64.5 

P ro j .  r a d i a t i o n ,  mR/hr 
f rom 500 g powder a t  
1 f t  on 16 th  day <7.5 4.9 4.9 4.9 5.3 10.1 

.- 

r 

... 

Cl+Br (max.), 25. a 

bReject  f o r  any sample = r e j e c t  f o r  average. 
-: 
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Table 15.3. Q u a l i f i c a t i o n  data f o r  U02 Powder L o t  153 

Shipment No. 55 
Shipment da te  07/30/75 

P u r i f i c a t i o n  da te  07/02/75 
Sample code LOP-153 

I 

Z a  . 
u conc., w t  % 
23211, p a r t s  per  106 

,3311, w t  % 
234u,  w t  % 
,3511, w t  % 
23611, w t  % 
238U, w t  % 

p a r t s  U 

S t a t .  
Specs. Sample 1 Sample 2 Ave. Cum. 1 i m i  t 

>86.5 87.26 87.32 87.29 87.31 86.95 

<10.0 8.1 9.1 8.6 7.9 9.5 
>97.0 98.350 98.360 98.355 98.319 97.976 

4 . 5  1.276 1.274 1.275 1.300 1.490 
<O.  5 0.068 0.065 0.067 0.078 0.201 
<o. 1 0.015 0.014 0.015 0.018 0.057 
<O.  5 0.291 0.289 0.290 0.285 0.372 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I m p u r i t i e s ,  ppm UO, 
Poison equiv.  S t a t .  

Specs. Sample 1 Sample 2 Ave. Cum. ' L o t  Cum. l i m i t  
A1 250 100.0 100.0 100.0 145.5 1.0 1.5 
B 
C 
Ca 
c1 

3 0.3 0.4 0.4 0.6 10.5 16.6 
500 7.0 6.0 6.5 18.0 0.0 0.0 

50 7.0 10.0 8.5 7.1 0.6 0.5 
a 12.0 20.0 16.0 10.8 19.2 13.0 

Br  
co 
C r  
cu 
F 
Fe 
Hg 
M9 
Mn 
Mo 
N 
N i  
P 
S 
S i  
T i  
Th 

. a  <o. 5 
15 <0.1 

100 15.0 
40 2.0 
30 ~ 0 . 5  

<O. 5 <0.5 0.9 0.6 1 .o 
<0.2 <0.2 0.6 0.2 0.6 
20.0 17.5 10.9 1.2 0.8 

3.0 2.5 9.5 0.2 0.9 
<O.  5 <O. 5 1.2 0.0 0.0 

400 
30 

100 
20 

100 
50 

200 
500 

75 

86.0 87.0 86.5 89.8 5.2 5.4 
<0.5 <O.  5 <0.5 0.7 0.6 0.8 

5.0 4.0 4.5 2.4 0.1 0.1 
1 .o 3.0 2.0 1.9 0.7 0.6 

~ 0 . 5  <1 .o <0.8 1.5 0.1 0.2 
2.0 14.0 8.0 22.0 0.9 2.4 

13.0 13.0 13.0 13.3 1.4 1.5 
80.0 105.0 92.5 249.9 2.8 7.5 
15.0 20.0 17.5 15.2 0.3 . 0.3 

200 40.0 20.0 30.0 47.7 0.6 1 .o 
20 51 .o 52.0 51.5 1.2 0.2 0.2 

500 515.0 515.0 515.0 12.4 0.0 0.0 
V 50 <o. 2 CO.2 <o. 2 0.6 0.0 0.1 
239Pu 25 510.0 510.0 510.0 4.7 0.0 0.0 
TNPE <72 46.4 54.7 57.4 

Supplementary da ta  
S t a t .  

Specs. Sample 1 Sample 2 Ave. Cum. l i m i t  

Photo b Accept Accept Accept 
Surface area, m2/g 6 5.3 5.1 5.2 5.8 

Upper s t a t .  l i m i t  6+3 8.6 
Lower s t a t .  l i m i t  6-2 3.1 

O/M mole r a t i o  d . 1 8  2.03 2.03 2.03 2.05 2.06 
Mois tu re ,  w t  % <O. 5 0.22 0.22 0.22 0.22 0.33 
Ave. p a r t i c l e  s i z e  <2.0 1 .o 0.9 0.9 ,0.7 1 .o 
P o r o s i t y  .75 
P a r t i c l e  s i z e  d i s t .  

<50 u >96.0 99.7 99.4 99.6 99.4 
<10 !.I >90.0 97.0 97.0 97.0 94.6 
C2.5 u >50.0 61 .O 62.0 61.5 61.4 

P r o j .  r a d i a t i o n ,  mR/hr 
f rom 500 g powder a t  
1 f t  on 1 6 t h  day <7.5 4.9 4.9 4 .9  5.4 8.6 

Cl+Br (max.), 25. a 

bReject  f o r  any sample = r e j e c t  f o r  average. 
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Table 15.4. Q u a l i f i c a t i o n  da ta  f o r  UO,, Powder L o t  161 

Shipment No. 66 
Shipment date 10/15/75 

P u r i f i c a t i o n  da te  09/17/75 
Sample code LOP-161 

~~~ 

S t a t .  
Specs. Sample 1 Sample 2 Ave. Cum. l i m i t  

u conc., w t  % >86.5 86.92 87.11 87.02 87.30 86.93 
232U, p a r t s  per  106 

p a r t s  U <10.0 7.9 8.9 8.4 7.8 9.6 
233u ,  w t  % >97.0 98.400 98.400 98.400 98.316 97.955 
2 3 4 u ,  w t  % -2.5 1.281 1.283 1.282 1.304 1.509 
23511, w t  % <O. 5 0.060 0.060 0.060 0.080 0.208 
2 3 6 U ,  w t  % <o. 1 0.014 0.013 0.014 0.019 0.062 
23811, w t  % <O. 5 0.249 0.249 0.249 0.281 0.367 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I m p u r i t i e s ,  ppm U02 
. .  

Poison equiv .  S t a t .  
Specs. Sample 1 Sample 2 Ave. Cum. L o t  ' Cum. l i m i t  

A1 . 
B 
C 
Ca 
c1 
B r  
co 
C r  
cu 
F 
Fe 
Hg 
Mg 
Mn 
Mo 
N 
N i  
P 
S 
S i  
T i  
Th 
V 

TNPE 
239Pu 

250 
3 

500 
50 

a 
a 

15 
100 
40 
30 

400 
30 

100 
20 

100 
50 

200 
500 

75 
200 

20 
500 

50 
25 
72 

70.0 
0.7 

20.0 
7.0 

10.0 
<O. 5 
<o. 1 
10.0 
2.0 
0.5 

135.0 
<O. 5 
0.5 
2.0 

51 .o 
~ 5 . 0  
15.0 

265.0 
10.0 
20.0 
51 .o 

<10.0 
<o. 2 
<5.0 

68.0 
0.8 

21.0 
7.0 
6.0 

<O. 3 
<0.3 
12.0 
1 .o 
0.7 

125.0 
<O. 5 
1.0 
1 .o 

<O. 5 
<5.0 
15.0 

285.0 
10.0 
25.0 
51.0 

C10.0 
<o. 1 
<5.0 

69.0 
0.8 

20.5 
7:O 
8.0 

<0.4 
<o. 2 
11.0 
1.5 
0.6 

130.0 
<0.5 
0.8 
1.5 

<0.8 
<5.0 
15.0 

275.0 
10.0 
22.5 
51 .o 

<10.0 
<o. 2 
<5.0 

138.2 
0.5 

19.0 
7.1 

10.9 
0.8 
0.5 

11.0 
8.5 
1.2 

94.0 
0.7 
2.2 
1.9 
1.4 

22.2 
13.0 

234.5 
15.2 
44.8 

1.1 
12.1 
0.5 
4.8 

0.7 
22.5 
0.0 
0.5 
9.6 
0.5 
0.2 
0.8 
0.1 
0.0 
7.8 
0.6 
0.0 
0.5 
0.1 
0.5 
1.6 
8.3 
0.2 
0.4 
0.2 
0.0 
0.0 
0.0 

55.1 

1.4 
16.0 
0.0 
0.5 

13.1 
1 .o 
0.5 
0.8 
0.8 
0.0 
5.6 
0.7 
0.1 
0.6 
0.2 
2.4 
1.4 
7.0 
0.3 
0.9 
0.2 
0.0 
0.1 
0.0 

53.6 56.1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Supplementary data 
S t a t .  

Specs. Sample 1 Sample 2 Ave. Cum. l i m i t  

Photo b Accept Accept Accept 
Surface area, mT/g 6 6.2 6.0 6.1 5.7 

Upper s t a t .  l i m i t  6+3 8.4 
Lower s t a t .  l i m i t  6-2 3.0 

O/M mole r a t i o  42.18 2.04 2.05 2.05 2.05 2.06 
Mois ture,  w t  % c0.5 0.19 0.18 0.19 0.22 0.32 
Ave. p a r t i c l e  s i z e  <2.0 0.8 0.8 0.8 0.7 1.0 
P o r o s i t y  .75 
P a r t i c l e  s i z e  d i s t .  

<50 p >96.0 99.7 99.6 99.7 99.5 
<10 !.I >90.0 94.5 94.0 94.3 94.8 
d . 5  p >50.0 59.4 60.0 59.7 61.3 

from 500 g powder a t  
1 f t  on 1 6 t h  day <7.5 6.0 6.0 6.0 5.3 8.3 

from 400 g powder a t  
1 ft on 29 th  day <13.3 8.2 

Pro j .  r a d i a t i o n  mR/hr 

P r o j .  r a d i a t i o n  mR/hr 

aCl+Br (max.), 25. 

bReject  f o r  any sample = r e j e c t  f o r  average. 

i 

a 5 

. 
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Table 15.5. Q u a l i f i c a t i o n  data f o r  UO, Powder L o t  181 

Shipment No. 89 
Shipment da te  04/07/76 

P u r i f i c a t i o n  da te  03/25/76 
Sample code LOP-181 

>. 
0 

f ,  

6 

Specs. 

U conc., w t  % d 6 . 5  
2 3 2 u ,  p a r t s  per  106 

23311, w t  % >97.0 
2 3 4 u ,  w t  % <2.5 
- '35u,  w t  % <O.  5 

23811, w t  % <1.25 

p a r t s  U <10.0 

23611, w t  % <0.1 

S ta t .  
Sample 1 Sample 2 Ave. Cum. 1 i m i  t 
87.34 87.35 87.34 87.31 86.95 

6.0 6.9 6.4 7.7 9 .6  
98.070 98.070 98.070 98.277 97.893 

1.161 1.163 1.162 1.310 1.559 
0.073 0.072 0.072 0.088 0.217 
0.019 0.019 0.019 0.023 0.070 
0.681 0.679 0.680 0.302 0.594 

I m p u r i t i e s ,  ppm U02 . 

Poison equiv.  S t a t .  
Specs. Sample 1 Sample 2 Ave. Cum. L o t  Cum. l i m i t  

A1 
B 
C 
Ca 
c1 
Br  
co 
C r  
cu 
F 
Fe 
Hg 
Mg 
Mn 
Mo 
N 
N i  
P 
S 
S i  
T i  
Th 
V 
239Pu 
TNPE 

250 42.5 
3 1.1 

500 13.0 
50 7.0 

a 
15 

100 
40 
30 

20 
100 
50 

200 
500 

75 
200 

20 
500 

50 
25 

<72 

a 15.0 
51 .o 
<O. 3 
10.0 
51 .o 
3.0 

77.0 
<O. 5 

1.0 
2.0 

52.0 
18.0 
13.0 

260.0 
25.0 
30.0 
52.0 

<10.0 
~ 0 . 3  
<5.0 

42.5 42.5 120.3 0.4 1.2 
1.2 1.2 0.6 34.5 17.7 

15.0 14.0 18.9 0.0 0.0 
7.0 7 .0  7.2 0.5 0.5 

25.0 20.0 11.8 24.0 14.1 
51 .o 51 .o 0.8 1.2 1 .o 
<0.3 <0.3 0.5 0.3 0.5 
10.0 10.0 j o . 7  0.7 0.7 
SO. 5 SO. 8 6.2 0.1 0.6 
3.0 3.0 1.8 0.0 0.0 

76.0 76.5 94.5 4.6 5.7 
<O. 5 <0.5 0.6 0.6 0.7 
3.0 2.0 1.8 0.1 0.1 
2.0 2.0 1.7 0.7 0.6 

21 .o 21.5 1.5 0.2 0.2 
18.0 1 8 . 0 ,  20.7 2.0 2.3 
15.0 14.0 12.6 1.5 1.4 

250.0 255.0 209.8 7.7 6.3 
30.0 27.5 17.3 0.5 0.3 
40.0 35.0 41.5 0.7 0.8 
52.0 52.0 1 . 2  0.3 0.2 

<10.0 10.0 11.9 0.0 0.0 
<0.3 ~ 0 . 3  0.5 0.0 0.1 
<5.0 4 . 0  5.1 . 0 .0  ' 0.0 

80.5 54.9 57.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Supplementary data 
S t a t .  

Specs. Sample 1 Sample 2 Ave. Cum. l i m i t  

Photo b Accept Accept Accept 
Surface area, m f / g  6 5.5 5.7 5.6 5.6 

Upper s t a t .  l i m i t  6+3 8.1 
Lower s t a t .  l i m i t  6-2 3.1 

O/M mole r a t i o  4 . 1 8  2.04 2.04 2.04 2.04 2.06 
Moisture,  w t  % ~ 0 . 5  0.20 0.20 0.20 0.20 0.31 
Ave. p a r t i c l e  s i z e  <2.0 0.7 0.7 0.7 0.7 1.0 
P o r o s i t y  .79 
P a r t i c l e  s i z e  d i s t .  

<50 u >96.0 99.6 99.5 99.6 99.5 
<10 p >90.0 94.7 94.8 94.8 95.0 
<2.5 11 >50.0 58.3 58.0 58.2 60.5 

f rom 500 g powder a t  
P r o j .  r a d i a t i o n  mR/hr 

1 ft on 1 6 t h  day <7.5 3.7 3.7 3.7 5.0 7.7 

aC1+Br (max.), 25. 
bReject  f o r  any sample = r e j e c t  f o r  average. 

I 

c 
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15.2 Appendix B: Photographs of Conversion ,. Equipment 

ORNL Photo No. T i  t:l e - 
2584-72 Fig. 15.1. Liquid metering enclosure. 

2583-72 Fig. 15.2. Precipitation and centrifugation 
enclosure. 

c 

* 

* .% 

2588-72 Fig. J5.3. Microwave drying enclosure. 

2078-72 Fig. 15.4. Calcining furnace. 

2586-72 Fig. 15.5. Powder stabilizing enclosure. 

2585-72 Fig. 15.6. Powder blending and load-out 
enclosure. 
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1 

F i g .  15.1. L i q u i d  metering enclosure. 
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c . 
C F  . 

.. 

Fig. 15.2. Precipitation and centrifugation enclosure. 
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