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WASTE SOLIDIFICATION PROGRAM 

VOLUME 7  

PHOSPHATE GLASS SOLIDIFICATION PERFORMANCE 

DURING FINAL RADIOACTIVE TESTS I N  WASTE 

SOLIDIFICATION E N G I N E E R I N G  PROTOTYPES 

J. L. McElroy, J .  N .  Ha r t l ey ,  M .  R .  Schwab, 

R. J. Thompson (BNW), and R. F.  Drager (BNL) 

ABSTRACT 

T e s t i n g  of h igh  l e v e l  r a d i o a c t i v e  was te  s o l i d i f i c a t i o n  by 

t h e  Brookhaven Na t i ona l  Labora to ry  phosphate  g l a s s  p roce s s  h a s  

been s u c c e s s f u l l y  completed by Ba t te l l e -Nor thwes t .  More t h a n  

12 m i l l i o n  c u r i e s  of  r a d i o n u c l i d e s  w e r e  p rocessed  and c o l l e c t e d  

i n  6- and 8-inch d iamete r  c o n t a i n e r s  d u r i n g  t h e  f i n a l  f i v e  

eng inee r i ng - sca l e  demons t ra t ion  r u n s  i n  WSEP a t  t h e  P a c i f i c  

Northwest Labora tory .  R a d i o a c t i v i t y  p rocessed  ranged from 

1 m i l l i o n  t o  3  m i l l i o n  c u r i e s  d u r i n g  t h e  f i v e  runs .  A maximum 

s e l f - g e n e r a t i n g  h e a t - r a t e  of  11.9 k i l o w a t t s  (198 W / l i t e r )  and 

9.3 k i l o w a t t s  (317 W/liter) was a t t a i n e d  i n  8-inch and 6-inch 

d iamete r  p o t s ,  r e s p e c t i v e l y .  The s o l i d i f i e d  was te  w i t h i n  a  

f u l l  8-inch d i ame te r  p o t  r e p r e s e n t e d  0.84 tonnes  of PW-4m was te  

r e p r e s e n t a t i v e  of power r e a c t o r  f u e l  ( i r r a d i a t e d  a t  45,000 MWd/ 

tonne a t  a  power l e v e l  of 30 MW/tonne) and 0.36 tonnes  f o r  

a  waste  r e p r e s e n t a t i v e  o f  LMFBR c o r e  f u e l  i r r a d i a t e d  t o  

100,000 MWd/tonne a t  200 MPi/tonne. High l e v e l  aqueous r ad io -  

a c t i v e  was te  was p rocessed  a t  o v e r a l l  r a t e s  of 13  t o  26 l i t e r s / h r .  . 
The e q u i v a l e n t  p r o c e s s i n g  r a t e s  ranged from 0.20 t o  0.58 tonnes /  

day of o r i g i n a l  f u e l .  From 5  t o  9% of t h e  t o t a l  ruthenium f e d  

t o  t h e  s o l i d i f i e r  was v o l a t i l i z e d  and/or  e n t r a i n e d  from t h e  

s o l i d i f i e r ;  en t r a inmen t  of  n o n v o l a t i l e s  v a r i e d  from 0.04 t o  0.07%. 

V o l a t i l i z e d  and e n t r a i n e d  m a t e r i a l  from t h e  d e n i t r a t o r  was 

f u r t h e r  t r e a t e d  i n  t h e  WSEP a u x i l i a r y  p roce s s  equipment,  w h i l e  

t h e  v o l a t i l i z e d  and e n t r a i n e d  m a t e r i a l  from t h e  melter was 

c o l l e c t e d  i n  a  s e p a r a t e  condensa te  r e c e i v e r .  The WSEP a u x i l i a r y  



proces s  equipment c o n s i s t i n g  of  an evapo ra to r ,  an a c i d  f r a c t i o n -  

a t o r ,  m i s t  e l i m i n a t o r ,  f i l t e r s ,  condensers ,  and a c a u s t i c  sc rub-  

b e r  reduced t h e  r a d i o n u c l i d e  c o n c e n t r a t i o n  i n  t h e  s t a c k  gas t o  

w e l l  below 10CFR20 r e l e a s e  l i m i t s .  The r a d i o n u c l i d e  c o n t e n t  

i n  t h e  f i n a l  aqueous l i q u i d  e f f l u e n t  was decontaminated by a 

f a c t o r  of  10' t o  l o 8  f o r  n o n v o l a t i l e s  and l o 5  t o  l o 6  f o r  r ad io -  

ruthenium t o  c o n c e n t r a t i o n s  t h a t  i n i t i a l  s t u d i e s  i n d i c a t e  a r e  

a c c e p t a b l e  f o r  r e c y c l e  t o  a f u e l  r ep roces s ing  p l a n t  o r  f o r  low- 

l e v e l  t r e a t m e n t  p roces se s .  The phosphate g l a s s  p roduc t  caused 

no s i g n i f i c a n t  changes t o  t h e  s o l i d i f i e d  waste  c o n t a i n e r s  o r  

no p r e s s u r e  i n c r e a s e s  w i t h i n  t h e  c o n t a i n e r s  a f t e r  t hey  were 

capped and welded. 
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PHOSPHATE GLASS SOLIDIFICATION PERFORMANCE 

D U R I N G  FINAL RADIOACTIVE TESTS I N  WASTE 

SOLIDIFICATION E N G I N E E R I N G  PROTOTYPES 

J. L. McElroy, J.  N.  Ha r t l ey ,  M. R.  Schwab, 

R .  J .  Thompson (BNW) , and R. F. Drager (BNL) 

1 .0  INTRODUCTION 

During chemical  r ep roces s ing  of s p e n t  nuc l ea r  f u e l s ,  essen-  

t i a l l y  a l l  of t h e  f i s s i o n  produc ts  a r e  accumulated a s  an aqueous 

waste .  T r a d i t i o n a l l y ,  t h e s e  "h igh- leve l"  was tes  have been s t o r e d  

i n  . rge ,  underground t anks .  Since many of t h e  nuc l ides  w i l l  

c o n s t i t u t e  a  hazard f o r  c e n t u r i e s , *  s t o r a g e  i n  t anks  i s  consid-  

e r e d  only  a  temporary o r  i n t e r i m  approach. More permanent d i s -  

p o s a l  methods which improve i s o l a t i o n  of t h e s e  hazardous nuc l ides  

must be developed i f  f u l l  b e n e f i t s  of nuc l ea r  power a r e  t o  be 

r e a l i z e d .  

Responsible a u t h o r i t i e s  i n  t h e  United S t a t e s  and abroad 

g e n e r a l l y  agree  t h a t  t h e  b e s t  management approach invo lves  con- 

v e r t i n g  t h e  was tes  t o  i n e r t ,  r e f r a c t o r y  s o l i d s  be fo re  s t o r a g e .  

Such s o l i d s  can then  be i s o l a t e d  from human environment by s t o r -  

age i n  man-made v a u l t s  of h igh i n t e g r i t y  o r  i n  g e o l o g i c a l l y  r e -  

mote format ions  such a s  rock s a l t .  

A cons ide rab le  amount of development has  t aken  p l a c e  i n  t h e  

p a s t  15 y e a r s  and it i s  s t i l l  progress ing  i n  o r d e r  t o  develop 

techniques  f o r  s o l i d i f i c a t i o n  of h igh- leve l  l i q u i d  was tes .  Four 

p rocesses  f o r  s o l i d i f i c a t i o n  of h igh- leve l  l i q u i d  wastes  have 

been developed i n  t h e  USA. These processes  have been developed 

t o  t h e  p o i n t  of r a d i o a c t i v e  demonstra t ions  on an engineer ing  

* This  i s  t r u e  f o r  many f i s s i o n  product  r a d i o n u c l i d e s ;  f o r  
some of t h e  t r a n s u r a n i c  r a d i o n u c l i d e s ,  t h e  hazard e x i s t s  
f o r  thousands of c e n t u r i e s .  



s c a l e .  The fou r  p rocesses  a r e  p o t  c a l c i n a t i o n ,  spray  s o l i d i -  

f i c a t i o n ,  phosphate g l a s s  s o l i d i f i c a t i o n ,  and f l u i d i z e d  bed c a l -  

c i n a t i o n .  Two waste  s o l i d i f i c a t i o n  methods under development 

abroad inc lude  t h e  FINGAL process  i n  t h e  United Kingdom and a  

po t  v i t r i f i c a t i o n  process  i n  France.  

Such a  d i v e r s i t y  of e f f o r t  r e f l e c t s  d i f f e r e n c e s  i n  needs 

f o r  s o l i d i f i c a t i o n  when cons ide r ing  t h e  chemical  complexity of 

t h e  many types  of was tes  t o  be processed ,  t h e  d i f f e r e n t  s c a l e s  

of ope ra t ion  r e q u i r e d ,  and t h e  d i f f e r e n t  c r i t e r i a  s e t  f o r  t h e  

f i n a l  p roduc ts .  I n  view of t h e s e  f a c t o r s ,  no s i n g l e  p rocess  

i s  expected t o  be opt imal  f o r  a l l  a p p l i c a t i o n s .  

F lu id i zed  bed c a l c i n a t i o n  was t h e  f i r s t  s o l i d i f i c a t i o n  pro- 

c e s s  placed i n  r o u t i n e  r a d i o a c t i v e  ope ra t ion .  I n  t h i s  app l i ca -  

t i o n ,  aluminum-bearing wastes  from enr iched  uranium f u e l s  have 

been processed a t  t h e  Idaho Chemical Process ing  P l a n t  (ICPP) 

by t h e  Idaho Nuclear Corporat ion s i n c e  1963. 

Po t  c a l c i n a t i o n  (developed by Oak Ridge Nat iona l  L a b o r a t o r y ) ,  

spray  s o l i d i f i c a t i o n  (developed by Bat te l le-Northwest)  , and 

phosphate g l a s s  s o l i d i f i c a t i o n  (developed by Brookhaven Nat iona l  

Labora to ry ) ,  a r e  being demonstrated a t  t h e  P a c i f i c  Northwest 

Laboratory on an engineer ing  s c a l e  w i th  f u l l  r a d i o a c t i v i t y  

l e v e l s  f o r  t h e  Atomic Energy Commission. The purpose of t h i s  

waste s o l i d i f i c a t i o n  demonstrat ion program i s  t o  provide t h e  

t e c h n o l o g i c a l  bases  which w i l l  l e ad  i n d u s t r y  t o  adopt and imple- 

ment, a t  t h e  e a r l i e s t  p o s s i b l e  t ime ,  t h e  p r a c t i c e  of s o l i d i f y i n g  

t h e  high l e v e l  l i q u i d  waste which r e s u l t s  from t h e  r ep roces s ing  

of nuc l ea r  f u e l .  This demonstra t ion program i s  be ing  c a r r i e d  

o u t  i n  t h e  Waste S o l i d i f i c a t i o n  Engineer ing Pro to type  (WSEP) 

by Bat te l le -Nor thwes t ,  wi th  coopera t ive  e f f o r t s  Sy Oak Ridge 

Nat iona l  Laboratory and Brookhaven Nat iona l  Laboratory.  



The WSEP i s  a  p i l o t  p l a n t  des igned  t o  p rov ide  i n fo rma t ion  

nece s sa ry  f o r  t e c h n i c a l ,  economic, and s a f e t y  e v a l u a t i o n s  of t h e  

p o t ,  s p r a y ,  and phosphate  g l a s s  p roce s se s .  A d e t a i l e d  d e s c r i p -  

t i ~ n  of t h e  WSEP and t h e  Chemical and l l a t e r i a l s  Eng ineer ing  

Laboratory  f a c i l i t y  ha s  been r e p o r t e d .  An up- to-date  sum- 

mary of t h e  technology o f  t h e  p o t ,  s p r a y ,  and phosphate  g l a s s  

s o l i d i f i c a t i o n  p roce s se s  ha s  a l s o  been r e p o r t e d  r e c e n t l y .  ( 2 )  

Thi s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  and a n a l y s e s  of t h e  f i n a l  

f i v e  r a d i o a c t i v e  demons t ra t ion  runs  w i t h  t h e  phosphate  g l a s s  

s o l i d i f i c a t i o n  sys tem i n  PTSEP. R e s u l t s  f o r  t h e  f i r s t  s i x  

phosphate g l a s s  demons t r a t i ons  were r e p o r t e d  i n  Volume 5  (3 

of  !is series.  S i m i l a r  r e s u l t s  f o r  t h e  f i r s t  s i x  r a d i o a c t i v e  

d e m ~ n s t r a t i o n s  w i t h  t h e  p o t  c a l c i n a t i o n  system i n  WSEP and t h e  

f i r s t  s i x  s p r a y  s o l i d i f i c a t i o n  demons t ra t ions  w e r e  r e p o r t e d  

i n  Volumes 4 and 6 o f  t h i s  series. ( 4 r 5 )  Also i nc luded  i n  

t h i s  r e p o r t  a r e  performance r e s u l t s  of  t h e  a s s o c i a t e d  a u x i l -  

i a r y  equipment and measurements on t h e  s o l i d i f i e d  waste .  Where 

p e r t i n e n t ,  r e s u l t s  a r e  compared t o  p r ev ious  n o n r a d i o a c t i v e  d a t a .  

D e t a i l e d  descriptions of each  demons t ra t ion  run  a r e  p r e s e n t e d  

I n  t h e  Appendlx ( S e c t i o n  9 . O )  . 
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S o l i d i f i c a t i o n  of h igh - l eve l  aqueous r a d i o a c t i v e  wastes  

con ta in ing  1 2  m i l l i o n  c u r i e s  was s u c c e s s f u l l y  completed i n  t h e  

f i n a l  f i v e  demonstrat ion runs  us inq  t h e  phosphate g l a s s  s o l i d i -  

f i c a t i o n  process  i n  t h e  WSEP. Major accomplishments i n  t h e  

demonstra t ions  were a s  fo l lows:  

Heat gene ra t ion  from f i s s i o n  produc ts  produced temperatures  

i n  t h e  g l a s s y  s o l i d i f i e d  product  a t  t h e  maximum contemplated 

f o r  t h e  process  a s  p r e s c r i b e d  i n  WSEP. Adequate h e a t i n g  

and cool ing  c o n t r o l  of t h e  r e c e i v e r  p o t s  was demonstrated 

dur ing  f i l l i n g  t o  promote uniform f i l l i n g  and prevent  exces- 

s i v e  temperatures .  

Radioact ive  aqueous wastes  were s o l i d i f i e d  and encapsu la ted  

i n  mild s t e e l  and s t a i n l e s s  s t e e l  con ta ine r s  wi thout  p r e s s u r i -  

z a t i o n ,  wi th  minimal co r ros ion  and wi thout  d i s t o r t i o n  of 

t h e  con ta ine r .  

Gases l eav ing  t h e  a u x i l i a r y  e f f l u e n t  t rea tment  equipment 

and t h e  f a c i l i t y  contained s u f f i c i e n t l y  low concen t r a t i ons  

of r ad ionuc l ides  t o  e a s i l y  meet government r e g u l a t i o n s  and 

were d i r e c t l y  r e l e a s e d  t o  t h e  atmosphere. 

I n i t i a l  s t u d i e s  have i n d i c a t e d  t h a t  t h e  aqueous e f f l u e n t s  

( t h e  f r a c t i o n a t o r  d i s t i l l a t e  and bottoms) from t h e  a u x i l i a r y  

e f f l u e n t  t r ea tmen t  equipment conta ined  s u f f i c i e n t l y  low 

concen t r a t i ons  of r ad ionuc l ides  t o  permi t  r e c y c l e  t o  a  

f u e l  r ep roces s ing  p l a n t ;  however, improved cleanup of t h e s e  

e f f l u e n t s  i s  d e s i r a b l e  t o  improve t h e  e f f i c i e n c y  of t h e i r  

reuse .  



2.1 PBOSPHATE GLASS SOLIDIFIER PERFOEGiliiJCE 

The p r i n c i p a l  v a r i a b l e s  i n v e s t i g a t e d  i n  t h e  f i n a l  f i v e  r u n s  

w e r e  h e a t  g e n e r a t i o n  r a t e  i n  t h e  s o l i d i f i e d  was t e  and t h r e e  was te  

chemical  compos i t ions .  

Maximum r a d i o a c t i v e  decay h e a t - r a t e  d e n s i t i e s  of 198 W/liter 

i n  an 8-inch d i ame te r  r e c e i v e r  p o t  ( 1 1 , 9 0 0  w a t t s  of decay h e a t  

from 3.3 m i l l i o n  c u r i e s )  and 317 W/liter i n  a  6-inch d i ame te r  

r e c e i v e r  p o t  (9,300 w a t t s  of  decay h e a t  from 2.6 m i l l i o n  c u r i e s )  

w e r e  o b t a i n e d  s a t i s f a c t o r i l y  w i t h  no adve r se  e f f e c t s  t o  t h e  p r o c e s s .  

High- level  aqueous was tes  s i m u l a t i n g  was tes  from the rmal  

power r e a c t o r  f u e l s  c o n t a i n i n g  s u l f a t e  (PIG-2) ( a )  and having a  

h igh  exposure  (PW-4m) ( a )  and from a  l i q u i d  me ta l  f a s t  b r e e d e r  

r e a c t o r  c o r e  f u e l  ( W B R )  ( a )  were p rocessed  a t  o v e r a l l  r a t e s  o f  

13  t o  26 l i t e r s / h r .  I n  g e n e r a l  t h e s e  r a t e s  w e r e  a s  e x p e c t e d ,  

w i t h  t h e  p r o c e s s i n g  r a t e  b e i n g  l i m i t e d  by t h e  c a p a c i t y  of  t h e  

p la t inum m e l t e r .  Although m e l t e r  p e r f ~ ~ m a n c e  was good, t r a n s f e r  

of  h e a t  t o  t h e  melter f l u i d  l i m i t e d  t h e  maximum s t e a d y - s t a t e  

m e l t  fo rmat ion  r a t e  t o  approximate ly  1 . 4  l i t e r s / h r .  The equiva-  

l e n t  s t e a d y - s t a t e  p r o c e s s i n g  r a t e  was 0.58 tonne/day (b) f o r  PW-2 

was te  (from 20,000 MWd/tonne a t  15  MlV/tonne power r e a c t o r  f u e l )  

wh i l e  f o r  PW-4m was t e  (fron? 45,000 NWd/tonne a t  30 MW/tonne 

power r e a c t o r  f u e l )  t h e  s t e a d y - s t a t e  p r o c e s s i n g  r a t e  ranged from 

0.34 t o  0.47 tonne/day and f o r  t h e  LMFBR was te  (from 100,000 MWd/ 

tonne  a t  200 MW/tonne LMFBR c o r e  f u e l )  t h e  r a t e  was 0.20 tonne/day.  

The lower s t e a d y - s t a t e  p r o c e s s i n g  r a t e  f o r  LMFBR was te  r e s u l t e d  

from t h e  l a r g e r  q u a n t i t y  of  a d d i t i v e s  r e q u i r e d  t o  p r o c e s s  t h e  

was te  . 
( a )  For  d e t a i l e d  chemical  compos i t ions ,  see Appendix Tab le  9.1. 

( b )  Tonne i s  used th roughout  t h i s  r e p o r t  t o  r e p r e s e n t  a  metric 
t o n  ( 1 0 0 0  k i lograms)  of  uranium p l u s  p lu tonium i n  t h e  
o r i g i n a l  f u e l .  



Because of modest v a r i a t i o n s  i n  chemical composit ions of 

t h e  f eeds  t o  t h e  s o l i d i f i e r  t h e  o v e r a l l  volume r educ t ion  f a c t o r s  

f o r  PFJ-4m waste  v a r i e d  from 4.5 t o  5.9 based on t h e  o r i g i n a l  

aqueous waste a t  378 l i t e r s / t o n n e .  T h i s  rompares t o  an expected 

volume r educ t ion  of 5.0 f o r  nominal PW-4m waste .  The volume 

r educ t ion  f a c t o r s  f o r  t h e  s i n g l e  demonstra t ions  of PW-2 and LMFBR 

conpos i t ions  were 5.9 and 2.4  based on t h e  o r i g i n a l  aqueous waste  

a t  378 l i t e r s / t o n n e  and compared t o  expected nominal volume 

r educ t ions  of 6 .0  and 2 . 4 ,  r e s p e c t i v e l y .  

General  cond i t i ons  f o r  each run a r e  summarized i n  Table 2 . 1 .  

Performance of t h e  phosphate g l a s s  s o l i d i f i e r  was s a t i s -  

f a c t o r y ;  however, t h e  system i s  n o t  opt imized and some des ign  

improvements would be r equ i r ed  t o  make i t  s u i t a b l e  f o r  indus-  

t r i a l  use .  

A d e n i t r a t o r - e v a p o r a t o r  was used t o  concen t r a t e  t h e  incoming 

f eeds  t o  temperatures  ranging from 125 OC f o r  PW-4m t o  137 OC 

f o r  PW-2. The tendency f o r  s o l i d s  t o  p lug  t h e  d e n i t r a t o r  d i p  

t ubes  and t h e  e x t e r n a l  a i r l i f t  p ip ing  were minimized by opera- 

t i o n a l  techniques .  The d e n i t r a t o r  d i p  tubes  were k e p t  c l e a r  o f  

s o l i d s  bui ldup by p e r i o d i c a l l y  ven t ing  t h e  t ubes  t o  a l low l i q u i d  

t o  r i s e  i n  them and e f f e c t i v e l y  wash o u t  t h e  t ubes .  The a i r l i f t  

p ip ing  was k e p t  c l e a r  of s o l i d s  bui ldup by p e r i o d i c  f l u s h e s  and 

manipulat ions  of t h e  movable r e c i r c u l a t i o n  p lug  va lve .  S a t i s -  

f a c t o r y  c o n t r o l  of t h e  p rev ious ly  encountered foaming i n  t h e  

d e n i t r a t o r  was accomplished by t h e  a d d i t i o n  of a  s i l i c o n e  a n t i -  

foam agent  i n t o  t h e  d e n i t r a t o r .  Mel ter  ope ra t ion  became less 

r e l i a n t  on v i s u a l  acces s  a s  t r a n s f e r  of feed  from t h e  d e n i t r a -  

t o r  t o  t h e  me l t e r  became more c o n t r o l l e d  due t o  t h e  proper  

l o c a t i o n  of c o n t r o l  thermocouples w i th in  t h e  me l t e r .  



TABLE 2.1. Phosphate Glass  S o l i d i f i c a t i o n  Runs i n  WSEP 

R a d i o a c t i v i t y  H e a t  G e n e r a t i o n  R a t e  E q u i v a l e n t  Tonnes  
t o  R e c e i v e r  P o t  

E q u i v a l e n t  Age ( b )  
W a s t e  R e c e i v e r  P o t  P r o c e s s e d ,  MCi i n  R e c e i v e r  P o t  o f  W a s t e ,  

-- y e a r s  Run Type D i a m . ,  i n .  M a t e r i a l  To D c n i t r a t o r  To M e l t e r  m a l ,  kW ~ c n s i t y ,  w/- A c t u a l  

PG-8 PW-4m 8 I l i  1 d  2 . 5  2 . 3  8 . 8  1 3 2  0 . 8 4  0 . 7 6  1 . 0  
S t e e l  

h, 

PG-9 PW-4m 6 304L SS 1 . 3  1 . 0  4 . 2  1 5 8  0 . 4 1  0 . 4 9  0 . 9  
& 

a .  The  e q u i v a l e n t  t o n n e s  o f  w a s t e  a c t u a l l y  c o l l e c t e d  n o r m a l i z e d  
t o  a f i l l  h e i g h t  o f  6  f e e t  i n  t h e  r e c e i v e r  p o t .  ( A  f i l l  d e p t h  
o f  5 f e e t  w a s  p l a n n e d  i n  t h e  two 6 - i n c h  d i a m e t e r  p o t s . )  

b .  O u t - o f - r e a c t o r  t i m e  f o r  power  r e a c t o r  f u e l  w i t h  t h e  same h e a t  
g e n e r a t i o n  r a t e .  PW-2 i r r a d i a t e d  t o  2 0 , 0 0 0  MWd/tonne a t  
1 5  MW/tonne, PW-4m i r r a d i a t e d  t o  4 5 , 0 0 0  PVld,/tonne a t  
30 MW/tonne a n d  LMFBR c o r e  f u e l  i r r a d i a t e d  t o  1 0 0 , 0 0 0  MWd/tonne 
a t  200 Mlq/tonne. 

m z I 

I-' 
Cn 
& 
I-' 



The s u c c e s s f u l  r a p i d  replacement of a  f i l l e d  s o l i d i f i e d  

waste r e c e i v e r  po t  wi th  an empty r e c e i v e r  p o t  du r ing  back-to- 

back runs  i n d i c a t e d  t h a t  cont inuous ope ra t ion  of t h e  phosphate 

g l a s s  s o l i d i f i e r  i s  f e a s i b l e  because t h e  changeover can be made 

i n  l e s s  t ime than  i s  r equ i r ed  t o  r e f i l l  t h e  me l t e r  a f t e r  i t s  

con ten t s  have heen d ra ined  t o  t h e  r e c e i v e r  p o t .  

The amount of ruthenium t h a t  v o l a t i l i z e d  from t h e  phosphate 

g l a s s  s o l i d i f i c a t i o n  process  v a r i e d  from 5 t o  9 %  of t h e  t o t a l  

amount f e d  t o  t h e  s o l i d i f i e r ;  entra inment  of n o n v o l a t i l e s  v a r i e d  

from 0 . 0 4  t o  0.07%. 

AUXILIARY PROCESS SYSTEMS PERFORklANCE 

The convers ion of h igh- leve l  aqueous waste  t o  s o l i d s  by t h e  

phosphate g l a s s  s o l i d i f i c a t i o n  system r e s u l t s  i n  a  p rocess  o f f -  

gas  con ta in ing  a  lower l e v e l  of r a d i o a c t i v i t y .  This  o f f -gas  i s  

t r e a t e d  by t h e  WSEP a u x i l i a r y  sys  tern (i .e . , condensers ,  evapora to r ,  

and f r a c t i o n a t o r ,  s c rubbe r ,  and f i l t e r s )  where t h e  e f f l u e n t  i s  

sepa ra t ed  i n t o  s t reams of c l e a n e r  n i t r i c  a c i d ,  wate r  and noncon- 

dens ib l e  gases .  The WSEP a u x i l i a r y  system i s  s i m i l a r  t o  t h e  

h igh- leve l  waste evapora t ion  and a c i d  recovery systems used 

i n  many f u e l  r ep roces s ing  p l a n t s .  

To e v a l u a t e  t h e  performance of t h e  WSEP a u x i l i a r y  system, 

decontamination f a c t o r s  (DF's) were determined a t  each s t a g e  of 

t h e  system. The o v e r a l l  DF's from t h e  o r i g i n a l  aqueous waste 

through t h e  a u x i l i a r y  system t o  t h e  recovered n i t r i c  a c i d  i n  

t h e  f r a c t i o n a t o r  were t y p i c a l l y  l o 3  t o  l o 4  f o r  radioruthenium 

and l o 6  f o r  radiocerium. Comparable DF's t o  t h e  recovered wate r  

(accumulated f r a c t i o n a t o r  d i s t i l l a t e )  were l o 5  t o  l o 6  f o r  r ad io -  

ruthenium and l o 7  t o  l o 8  f o r  radiocer ium.  Comparable rad ioru then-  

ium DF's t o  t h e  o f f  -gas sc rubber  were l o 4  t o  1 g 8 .  DF's from t h e  



o r i g i n a l  h igh - l eve l  waste t o  t h e  of f -gas  l eav ing  t h e  sc rubber  

were t y p i c a l l y  l o 8  f o r  radioruthenium and 10' t o  10" f o r  r ad io -  

cerium. Comparable D F ' s  f o r  t h e  f i n a l  o f f -gas  t o  t h e  s t a c k  were 

g r e a t e r  than  10' t o  l o l o  f o r  radioruthenium and 1012 t o  1013 f o r  

g ros s  b e t a  l e s s  radioruthenium. 

Ins tan taneous  ruthenium D F ' s  ( D F  r a t i o  of t h e  ruthenium i '  
concen t r a t i on  i n  t h e  evapora tor  bottoms t o  t h e  ruthenium concen- 

t r a t i o n  i n  t h e  evapora tor  d i s t i l l a t e )  g e n e r a l l y  vary i n v e r s e l y  

wi th  t h e  n i t r i c  a c i d  concen t r a t i on  i n  t h e  evapora tor  bottoms 

and t h e  n i t r i c  a c i d  concen t r a t i on  i n  t h e  overheads;  however, 

dur ing  t h e  l a s t  f i v e  phosphate g l a s s  s o l i d i f i c a t i o n  demonstra t ion 

runs  t h e r e  was no apparen t  c o r r e l a t i o n  wi th  overhead a c i d i t y .  
3  The g e n e r a l l y  low D F i l s  f o r  ruthenium (about  10 ) a r e  p r i m a r i l y  

a t t r i b u t e d  t o  vapor phase flow of ruthenium which i s  i n e f f i c i e n t l y  

scrubbed i n  t h e  s o l i d i f i e r  condenser a s  i n d i c a t e d  by t h e  presence  

of ruthenium i n  t h e  s o l i d i f i e r  condenser off -gas .  The low DFils 

a r e  a l s o  p a r t l y  a t t r i b u t e d  t o  r ad ionuc l ide  contaminat ion of t h e  

a u x i l i a r y  system p ip ing  t h a t  cannot  be s a t i s f a c t o r i l y  f l u shed  

o u t  between runs .  

The radioruthenium concen t r a t i on  i n  t h e  f i n a l  aqueous e f f l u e n t  

( f r a c t i o n a t o r  d i s t i l l a t e )  was t y p i c a l l y  a  f a c t o r  of 3000 h i g h e r  

than  a l lowable  va lues  i n  10CFR20. Consequently, a d d i t i o n a l  

cleanup would be necessary  be fo re  d i scha rg ing  t o  t h e  environ- '  

ment u n l e s s  t h e  e f f l u e n t  i s  r ecyc l ed  i n  a  f u e l  r ep roces s ing  p l a n t .  

The n o n v o l a t i l e  r ad ionuc l ide  concen t r a t i ons  i n  t h e  f i n a l  e f f l u -  

e n t  r e q u i r e s  cons iderab ly  l e s s  c leanup than  t h e  ruthenium. 

I n i t i a l  s t u d i e s  have i n d i c a t e d  t h a t  t h e  recovered n i t r i c  

a c i d  and wate r  from t h e  phosphate g l a s s  s o l i d i f i c a t i o n  process  

can probably be r ecyc l ed  t o  a  f u e l  r ep roces s ing  p l a n t .  



Gas sampling techniques  were i n i t i a t e d  p r i o r  t o  t h e  l a s t  

s e r i e s  of phosphate g l a s s  runs  which provided engineer ing  s c a l e  

d a t a  which i n  t u r n  helped b e t t e r  d e f i n e  t h e  type  and e x t e n t  

of r a d i o a c t i v i t y  p r e s e n t  i n  t h e  process  o f f -gas .  Gaseous e f f l u -  

e n t s  from t h e  s o l i d i f i e r  condenser,  evapora tor  condenser ,  f r a c -  

t i o n a t o r  condenser,  h igh e f f i c i e n c y  f i l t e r ,  and of f -gas  sc rubber  

were sampled f o r  both  p a r t i c u l a t e  and v o l a t i l e  forms of rad io-  

a c t i v i t y  by r o u t i n g  a  s i d e  s t ream through a  g l a s s  f i b e r  f i l t e r  

and KO11 sc rubber .  

Gas sample d a t a  i n d i c a t e d  t h a t  t h e  DF's ac ros s  t h e  process  

condensers v a r i e d  from 40 t o  800 f o r  radioruthenium and from 

10 t 1800 f o r  radiocerium. 

The process  o f f -gas  l eav ing  t h e  sc rubber  conta ined  a  con- 

c e n t r a t i o n  of r ad ionuc l ides  above 10CFR20 d ischarge  l i m i t s  by 

f a c t o r s  up t o  500 f o r  ruthenium and 300 f o r  n o n v o l a t i l e s .  The 

radioruthenium i n  t h e  f i n a l  s t a c k  gas  i s  l e s s  than  d e t e c t a b l e  

i n  a l l  cases  a f t e r  t h e  of f -gas  l eav ing  t h e  scrubber  i s  f i l t e r e d  

twice  more and combined wi th  b u i l d i n g  v e n t i l a t i o n  a i r .  A l l  

remaining b e t a  r a d i o a c t i v i t y  i n  t h e  b u i l d i n g  s t a c k  gas  i s  

assumed t o  be ' O S ~  and a s  wi th  radioruthenium i s  w e l l  below 

10CFR20 r e l e a s e  l i m i t s .  

Handling of PW-2, PW-4m and LMFBR phosphate g l a s s  s o l i d i -  

f i c a t i o n  f eed  caused no unexpected o p e r a t i n g  problems i n  t h e  

feed t anks  and t h e  a u x i l i a r y  evapora tor .  The primary s o l i d  

i n  t h e s e  was tes  i s  a  zirconium phosphomolybdate compound. This  

m a t e r i a l  i s  a  hydrous,  amorphous p r e c i p i t a t e  which has  never 

been observed t o  cake i n  l a b o r a t o r y  t e s t s ,  even a f t e r  s e v e r a l  

months of s tand ing .  

Although some minor malfunct ions  of a u x i l i a r y  equipment 

occur red ,  no s e r i o u s  problems a rose .  



2.3 FILLED POT PERFORnPLNCE 

The f i n a l  s e r i e s  of f i v e  demonstra t ion runs  u s ing  t h e  

phosphate g l a s s  s o l i d i f i e r  r a i s e d  t h e  t o t a l  number of phos- 

pha te  g l a s s  f i l l e d  waste r e c e i v e r  p o t s  t o  e l even .  The p e r f o r -  

mance of t h e  waste r e c e i v e r  p o t s  from t h e s e  demonstra t ion runs  

which began i n  November 1967 and ended i n  December 1969 i s  encour- 

aging.  None of t h e  waste r e c e i v e r  p o t s  has  i n d i c a t e d  any p r e s s u r -  

i z a t i o n  and none have s u f f e r e d  any measureable change i n  e x t e r n a l  

po t  dimensions through warpage, h o t  s p o t s ,  o r  c o r r o s i o n  du r ing  

p roces s ing  o r  s t o r a g e .  Long-term e f f e c t s  up t o  f i v e  y e a r s  a f t e r  

f i l l  and beyond a r e  n o t  known b u t  a r e  being s t u d i e d  and eva lua t ed  

i n  c o n t r o l l e d  environment t e s t s  i n  t h e  S o l i d s  S torage  Engineer ing 

T e s t  F a c i l i t y  (SSETF) . 

Both s t a i n l e s s  and mild s teel  r e c e i v e r  p o t s  have proven t o  

be  s a t i s f a c t o r y  f o r  f i l l i n g  wi th  phosphate g l a s s .  Both m a t e r i a l s  

have been s e a l  welded remotely u s ing  WSEP developed techniques  
3  wi th  e x i s t i n g  equipment and l eak  checked t o  1 x atm cm / sec  

o r  b e t t e r  u s ing  a  helium mass spec t rometer .  

Temperature p r o f i l e  measurements and c a l o r i m e t r i c a l l y  

determined h e a t  gene ra t ion  have provided t h e  b a s i s  f o r  t h e  e f f e c -  

t i v e  thermal  conduc t iv i ty  of t h e  phosphate g l a s s  s o l i d i f i e d  was te  

and waste  r e c e i v e r  p o t .  The fo l lowing  equa t ion  should be  used t o  

e s t i m a t e  t h e  e f f e c t i v e  thermal  conduc t iv i ty  (k ) of phosphate  e f f  
g l a s s  from PW-1, PW-2, PW-4m, and LMFBR wastes f o r  t h e  tempera- 

t u r e  range from 100 t o  650 O C :  

where i s  t h e  a r i t h e m a t i c  average temperature  c a l c u l a t e d  from 

p o t  c e n t e r l i n e  and w a l l  temperature  i n  O C ,  and keff  has  t h e  u n i t s  



W/ ( m 2 )  ( O C / ~ )  . A t  t e m p e r a t u r e s  i n  e x c e s s  of  t h e  r e m e l t  tempera- 

t u r e  ( approx imate ly  650 OC) t h e  the rmal  c o n d u c t i v i t y  i n c r e a s e s  

more r a p i d l y .  

Gross a x i a l  r a d i a t i o n  p r o f i l e s  and a x i a l  t e m p e r a t u r e  pro-  

f i l e s  have shown t h a t  t h e  f i s s i o n  p r o d u c t s  a r e  un i fo rmly  d i s t r i -  

bu ted  i n  t h e  phosphate  g l a s s  p r o d u c t .  Cont inued o b s e r v a t i o n s  

of t h e  f i l l e d  r e c e i v e r s  and c o r e - d r i l l e d  samples w i l l  be  used  

t o  v e r i f y  and f u r t h e r  e s t a b l i s h  p r o d u c t  u n i f o r m i t y .  Excess ive  

f i s s i o n  p r o d u c t  m i g r a t i o n  and/or  phase  s e p a r a t i o n  cou ld  r e s u l t  

i n  h o t - s p o t s  w i t h i n  t h e  w a s t e  r e c e i v e r  p o t .  

P r e l i m i n a r y  was te  r e c e i v e r  w a l l  t h i c k n e s s  measurements 

a f t e r  p o t  f i l l i n g  have g i v e n  no e v i d e n c e  t h a t  would i n d i c a t e  

a  c o r r o s i o n  problem e x i s t s .  

2.4 STATUS OF PHOSPwATE GLASS SOLIllIFICATION 

The phosphate  g l a s s  s o l i d i f i c a t i o n  demons t ra t ion  r u n s  i n  

WSEP have been completed.  Wastes from power r e a c t o r  f u e l s  i r r a -  

d i a t e d  up t o  45,000 bIWd/tonne and a n  LMFBR c o r e  f u e l  have been 

demonst ra ted .  S u l f a t e  and s u l f a t e - f r e e  wastes and " c l e a n "  was tes  

c o n t a i n i n g  f a r  more f i s s i o n  p r o d u c t  chemica l s  t h a n  r e p r o c e s s -  

i n g  chemica l s  have been s o l i d i f i e d .  A f i s s i o n  p r o d u c t  h e a t  

r a t e  d e n s i t y  of 195 W / l i t e r  i s  the maximum f o r  a  s o l i d i f i e d  

phospha te  g l a s s  was te  i n  an  8-inch d i a m e t e r  r e c e i v e r  p o t  (when 

s t o r e d  i n  38 OC a i r )  when t h e  SVSEP r e s t r i c t i o n  of  l i m i t i n g  t h e  

molten c o r e  r a d i u s  t o  n o t  more t h a n  1/2 t h e  r e c e i v e r  r a d i u s  i s  

cons ide red .  Th i s  r e s t r i c t i o n  o c c u r s  b e f o r e  a  900 OC p r o d u c t  

c e n t e r l i n e  t e m p e r a t u r e  i s  reached  because  o f  t h e  l o w  r e m e l t  

t e m p e r a t u r e  of  600 t o  700 OC f o r  t h e  phosphate  g l a s s  p r o d u c t .  

T h e r e f o r e ,  PW-4m was te  from l i g h t  w a t e r  r e a c t o r  f u e l s  i r r a d i -  
* 

a t e d  t o  45,000 MWd/tonne a t  a  power l e v e l  o f  30 MW/tonne can be  



s o l i d i f i e d  wi th in  0.75 yea r s  o u t  of r e a c t o r .  LMFBR core  f u e l  

i r r a d i a t e d  t o  100,000 MWd/tonne a t  200 MW/tonne can be s o l i d i -  

f i e d  a t  1.7 yea r s  o u t  of r e a c t o r .  

Sone i n d i v i d u a l  r ad ionuc l ides  i n  t h e  feed t o  t h e  process  

(e .g . ,  ruthenium) were n o t  a t  t h e  i r r a d i a t i o n  l e v e l s  expected 

f o r  t h e  va r ious  waste types  being demonstrated. However, d a t a  

from a l l  t h e  WSEP r a d i o a c t i v e  phosphate g l a s s  s o l i d i f i c a t i o n  

runs can be used t o  p r o j e c t  r e s u l t s  f o r  f u l l  l e v e l s  of a l l  rad io-  

nuc l ides .  By applying t h e  o v e r a l l  decontamination f a c t o r s  

determined t o  d a t e ,  s e v e r a l  gene ra l  conclusions can be made about  

t h e  expected ope ra t ion  of t h e  s o l i d i f i e r ,  t h e  a u x i l i a r y  evapora- 

t c r ,  and t h e  f r a c t i o n a t o r  dur ing  process ing  of f u l l  l e v e l  rad io-  

a c t i v e  wastes  : 

From 2 t o  1 0 %  of t h e  ruthenium w i l l  be v o l a t i l i z e d  from 

t h e  s o l i d i f i e r .  I n  t h e  process ing  of nonsu l fa t e  was tes ,  

most of t h i s  can be recyc led  t o  t h e  f u e l  reprocess ing  p l a n t  

h igh- leve l  waste  system. I n  t h e  case  of su l f a t e -con ta in ing  

waste ,  t h e  su l f a t e -con ta in ing  m e l t e r  condensate p o r t i o n  of 

t h e  s o l i d i f i e r  e f f l u e n t  must be s u f f i c i e n t l y  decontaminated 

t o  permi t  i t s  d i s p o s a l  a s  an in te rmedia te - leve l  waste (e .g . ,  

by incorpora t ion  wi th  a s p h a l t ) .  The p a r t  of t h e  s o l i d i f i e r  

e f f l u e n t  wi th  l i t t l e  o r  no s u l f a t e  may be r e tu rned  t o  t h e  

f u e l  reprocess ing  p l a n t  high-level  waste system. 

L e s s  than  1% of t h e  t o t a l  ruthenium f e d  t o  t h e  s o l i d i f i e r  

w i l l  reach t h e  a c i d  f r a c t i o n a t o r  and t h e  n i t r i c  a c i d  pro- 

duced i n  t h e  a c i d  f r a c t i o n a t o r  (approximately 200 t o  

300 l i t e r s / t o n n e  of 8 t o  1 4 M  - a c i d )  w i l l  con ta in  300 t o  

1500 pCi /ml l  of  t o t a l  B r a d i o a c t i v i t y .  Radioruthenium w i l l  be 

t h e  p r i n c i p a l  contaminant. 



7, The r u t h e n i u n  IIF from s o l i d i f i e r  f e e d  t o  t h e  f r a c t i o n a t o r  I, 

d i s t i l l a t e  can b e  expec t ed  t o  be  abou t  l o b  w i t h  t h e  ru then -  

ium c o n c e n t r a t i o n  i n  t h e  f r a c t i o n a t o r  d i s t i l l a t e  37,000 t o  , 

800,000 

i n  lOCFR 

There s.?i 

tonne o f  

t i m e s  h i g h e r  t h a n  t h e  d i s c h a r g e  limits quoted I I 
I 

~ J B '  
i 

20* when s o l i d i f y i n g  t h e s e  was tes  aged 0.5 y e a r s .  
I ,  
V - 

11 Se  abou t  200 t o  400 l i te rs  of  d i s t i l l a t e  p e r  (4% 
378 l i t e r s / t o n n e  f u e l  p rocessed .  Rutheniunl-106 11 

i s  t h e  r s d i o n u c l i d e  i n  t h e  f i n a l  aqueous e f f l u e n t  w i th  

t h e  h i g h e s t  c o n c e n t r a t i o n  r a t i o  t o  t h e  l i m i t s  i n  10CFR20, 

fo l lowed  by ' O S ~  and 4 ~ e ~ r .  I n  g e n e r a l ,  an a d d i t i o n a l  

decon tamina t ion  of  l o 3  t c  l o 4  i s  needed t o  reduce  a l l  

r z d i o n u c l i d e s ,  excep t  ru thenium,  i n  t h e  f r a c t i o n a t o r  d i s t i l - /  

l a t e  t o  below 10CFR20 v a l u e s .  /' 

The recovered  a c i d  and w a t e r  a r e  s u f f i c i e n t l y  low i n  vclume 

and r a d i o a c t i v i t y  t h a t  t h e y  can p robab ly  be  r e c y c l e d  f o r  

p o s s i b l e  u s e  i n  f u e l  e lement  d i s s o l u t i o n  and/or  f o r  p o s s i b l e  

u s e  i n  s o l v e n t  e x t r a c t i o n  s c r u b  s t r e ams .  E f f l u e n t  r e c y c l e  

i s  based upon hav ing  s o l i d i f i c a t i o n  p r o c e s s i n g  c a p a b i l i t i e s  

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

A s  an a l t e r n a t i v e  t o  r e c y c l i n g ,  t h e  r a d i o a c t i v i t y  l e v e l  of 

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

low-level  t r e a t m e n t  such a s  by d i s t i l l a t i o n  t o  10CFR20 

c o n c e n t r a t i o n  l i m i t s  f o r  d i s c h a r g e  of t h e  wa t e r  t o  t h e  

environment.  

S o l i d i f i e r  p roduc t  from a c i d i c  was t e s  w i l l  have a  volume 

of  46 t o  108 l i t e r s / t o n n e  o f  s p e n t  f u e l  f o r  t h e  t y p e s  o f  

the rmal  r e a c t o r  was t e s  demonst ra ted .  The s m a l l e r  volumes 

w i l l  be  r e p r e s e n t a t i v e  of  s u l f a t e  c o n t a i n i n g  PW-2 was t e s .  

These volumes r e p r e s e n t  7.0 t o  16 .1  l i t e r s / 1 0 0 0  MWde. 

* Code of  Fede ra l  Regu l a t i ons ,  T i t l e  1 0 ,  P a r t  20, Fppendix B ,  
Tab le  2 ,  Column 2. August 9 ,  1966. 



Runs i n  WSEP demonstrated t h e  phosphate g l a s s  s o l i d i f i c a t i o n  

process a t  c a p a c i t i e s  i n  t h e  range of 0 . 2  t o  0 . 6  tonnes of f u e l  

pe r  day wi th  t h e  process  e s s e n t i a l l y  ready f o r  a p p l i c a t i o n  a s  

an i n d u s t r i a l  method of s o l i d i f y i n g  wastes.  The equipment des ign  

f o r  phosphate g l a s s  s o l i d i f i c a t i o n  w i l l  be ready f o r  a p p l i c a t i o n  

when t h e  problems d iscussed  below a r e  reso lved .  Improvement of 

t h e  den i t r a to r -evapora to r  t o  mel te r  l i q u i d  t r a n s f e r  mechanism 

and l i q u i d  l e v e l  and s p e c i f i c  g r a v i t y  monitoring devices  i s  needed. 

These den i t r a to r -evapora to r  improvements could a l s o  poss ib ly  

be brought about wi th  a d i f f e r e n t  evapora tor  des ign  such a s  a 

wiped f i l m  evaporator .  A d i f f e r e n t  mel te r  m a t e r i a l  i s  d e s i r a b l e  

a s  t h e  plat inum mel t e r  used i s  an expensive and weak s t r u c t u r a l  

l i n k  wi th  poor h e a t  t r a n s f e r  c h a r a c t e r i s t i c s .  Remaining i n v e s t i g a -  

t i o n s  suggest :  

Tes t ing  of a wiped f i l m  evapora tor  a s  an improved d e n i t r a t o r -  

evapora tor .  

Development of a less expensive mel te r  m a t e r i a l  such a s  

ceramic,  chromium-aluminum oxide.  

The r e c e i v e r  p o t s  conta in ing  s o l i d i f i e d  waste a r e  undergoing 

environmental t e s t i n g  t o  determine t h e  e f f e c t s  of s t o r a g e  temp- 

e r a t u r e  i n  a i r  o r  water ,  r a d i a t i o n ,  and feed  type  upon t h e  phys- 

i c a l  and chemical p r o p e r t i e s  of t h e  s o l i d i f i e d  waste .  Core d r i l l e d  

samples w i l l  be  removed from t h e  r e c e i v e r  p o t s  and t h e  samples 

w i l l  be measured f o r  c r y s t a l l i n i t y ,  l e a c h a b i l i t y ,  d i s p e r s i b i l i t y ,  

and f i s s i o n  product  migra t ion  t o  determine t h e  e f f e c t s  of t i m e  

and environment. This information w i l l  c h a r a c t e r i z e  t h e  product  

behavior du r ing  t h e  i n i t i a l  yea r s  of i n t e r i m  s t o r a g e  when t h e  

product  i s  undergoing t h e  most change. 



3.0 BACKGROUND, PROCESS D E S C R I P T I O N ,  APJD PROCESS TECHNOLOGY 

3.1 BACKGROUND - 

The phosphate  g l a s s  p roces s  f o r  t h e  con t inuous  convers ion  

of h igh - l eve l  r a d i o a c t i v e  was t e s  t o  phospllate g l a s s  was deve l -  

oped a t  t h e  Broolchaven Na t iona l  Laboratory  (BNL)  on s imu la t ed  

waste  s o l u t i o n s  u s ing  l a b o r a t o r y  s c a l e ,  Sench s c a l e ,  and 

eng inee r ing  s c a l e  p i l o t  p l a n t  equipment. , 3 )  supplementa l  

development work was performed a t  t h e  P a c i f i c  Xorthwest Labora- 

t o r i e s  (PNL) by a a t t e l l e - N o r t h w e s t  (BNW) ( 4 )  i n c l u d i n g  some 

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

Nonradioact ive  l a b o r a t o r y  s t u d i e s  were made t o  determine 

t h e  most s a t i s f a c t o r y  g l a s s  composi t ions  and t o  t e s t  m a t e r i a l s  

of c o n s t r u c t i o n  f o r  t h e  evapo ra to r  and m e l t e r .  ( 4  6, Nonradio- 

a c t i v e  bench s c a l e  s t u d i e s  were made t o  o b t a i n  p roces s  informa- 

t i o n  f o r  de s ign  o f  a  p i l o t  p l a n t .  P i l o t  s c a l e  s t u d i e s  w e r e  

made t o  p rov ide  more comprehensive i n fo rma t ion  on t h e  phosphate  

g l a s s  p r o c e s s ,  t o  develop o p e r a t i n g  and c o n t r o l  pa ramete rs ,  t o  

pe rmi t  e x t e n s i v e  t e s t i n g  of  a  p la t inum m e l t e r  ( "* )  and t o  con- 

f i r m  des ign  f e a t u r e s  o f  MSEP equipment, bo th  p r i o r  t o  and 

du r ing  t h e  r a d i o a c t i v e  WSEP runs .  A t o t a l  of  seven nonradio-  

a c t i v e  de s ign  v e r i f i c a t i o n  tests  ( " w e r e  made by BNW w i th  

t h e  WSEP equipment (lo) f o r  f i n a l  conf i rmat ion  o f  the  WSEP 

equipment de s ign  and p roces s  o p e r a t i n g  paramete rs  p r i o r  t o  t h e  

s t a r t  of  t h e  r a d i o a c t i v e  demons t ra t ion  program w i t h  t h e  phosphate 

g l a s s  s o l i d i f i c a t i o n  equipment. The r e s u l t s  o f  t h e  f i r s t  s i x  

r a d i o a c t i v e  demons t ra t ions  of  t h e  phosphate  g l a s s  s o l i d i f i c a -  

t i o n  p r o c e s s ,  Runs P G - 1  through PG-6 ,  w e r e  r e p o r t e d  i n  Volume 5  

of  t h e  Waste S o l i d i f i c a t i o n  Program r e p o r t  series. (11) 



Laboratory and bench s c a l e  s t u d i e s  were a l s o  made a t  BNL 

on t h e  s e p a r a t i o n  and decontamination of t h e  s u l f a t e  component 

of t h e  m e l t e r  o f f -gas  condensate by a low-pressure f r a c t i o n a l  

d i s t i l l a t i o n  p roces s .  (1) 

Nonradioactive l abo ra to ry  and p i l o t  p l a n t  demonstra t ions  

of t h e  BNL vacuum d i s t i l l a t i o n  process  wi th  s imula ted  s u l f a t e -  

con ta in ing  m e l t e r  off -gas  condensates  were completed a t  PNL. (12,131 

The p i l o t  s c a l e  vacuum d i s t i l l a t i o n  demonstra t ion u n i t  

(DDU)  shown i n  F igure  3 .1  was i n s t a l l e d  i n  a r a d i o a c t i v e  c e l l  

a t  PNL and t h r e e  r a d i o a c t i v e  tests were made wi th  t h e  r a d i o a c t i v e ,  

s u l f a t e - c o n t a i n i n g  m e l t e r  condensate from WSEP Run PG-4. (14,151 

I n  another  s tudy  by BNW, s e v e r a l  methods were explored  f o r  t h e  

t r ea tmen t  of i n t e r m e d i a t e  l e v e l  and low l e v e l  r a d i o a c t i v e  con- 

densa t e s  from waste  s o l i d i f i c a t i o n  processes  i n c l u d i n g  t h e  

r a d i o a c t i v e  s u l f a t e - c o n t a i n i n g  condenstae from e i t h e r  t h e  phos- 

pha te  g l a s s  me l t e r  o r  from t h e  vacuum s t i l l .  ( 1 6 )  

3.2 PROCESS DESCRIPTION 

The phosphate g l a s s  p rocess  i s  c a r r i e d  o u t  i n  two con- 

t i nuous  s t e p s :  a  low temperature  (120 t o  140 "C) concentra-  

t i o n  s t e p  i n  which aqueous was te ,  chemical ly  a d j u s t e d  by 

t h e  a d d i t i o n  of phosphoric  a c i d  t o g e t h e r  w i th  c e r t a i n  meta l  

s a l t s  (when r e q u i r e d )  i s  cont inuous ly  concent ra ted  and par -  

t i a l l y  d e n i t r a t e d  t o  a t h i c k  s l u r r y ;  and a high tempera ture  

(1000 t o  1200 OC) g l a s s  forming s t e p  where f i n a l  removal of 

wa te r ,  n i t r a t e s  and o t h e r  v o l a t i l e  c o n s t i t u e n t s  i s  accomplished. 

The newly formed molten g l a s s  i s  then  discharged t o  a r e c e i v e r  

v e s s e l  where t h e  g l a s s  i s  cooled t o  a monol i th ic  s o l i d .  When 

t h e  r e c e i v e r  i s  f u l l ,  it i s  removed, s e a l e d ,  and taken  t o  s t o r a g e .  

The e f f l u e n t  vapors  from t h e  d e n i t r a t o r - e v a p o r a t o r  may be  

combined w i t h  t h o s e  from t h e  me l t e r  f o r  f u r t h e r  t r ea tmen t  i f  





s u l f a t e  i s  n o t  p r e s e n t  i n  t l le  v:astc. S u l f a t e ,  i f  p r e s e n t  i n  

t h e  w a s t e ,  i s  v o l a t i l i z e d  from t h e  m e l t e r ,  and t h e  e f f l u e n t  must 11 

b e  t r e a t e d  s e p a r a t e l ; ~ .  The p;losphate : lass p r o c e s s  i s  shown 

s c h e m a t i c a l l y  i n  F i g u r e  3 . 2 .  

I n  t h e  d e n i t r a t o r - e v a p o r a t o r ,  vo lune  r e d u c t i o n  f a c t o r s  

r a n g i n g  from two t o  seven a r e  r e a l i z e d  a l o n g  w i t h  removal of  

60  t o  9 0 %  of t h e  n i t r a t e .  C o n c e n t r a t i o n - d e n i t r a t i o n  i s  con- 

t r o l l e d  a t  a  p o i n t  where t h e  i n c r e a s e d  v i s c o s i t y  o f  t h e  s o l u -  

t i o n  and s o l i d s  s e t t l i n g  i n  t h e  s o l u t i o n  do n o t  become s e r i o u s  

problems.  

Although foaming d i d  n o t  o c c u r  i n  t h e  d e n i t r a t o r - e v a p o r a t o r  

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

s e v e r e  foaming d i d  o c c u r  d u r i n g  t h e  f i r s t  t h r e e  r a d i o a c t i v e  

d e m o n s t r a t i o n  r u n s  due  t o  t r a c e  q u a n t i t i e s  o f  d i b u t y l  phospha te  

from t h e  r a d i o a c t i v e  s o l u t i o n s  used  f o r  f e e d  makeup. However, 

a f t e r  a d d i t i o n  o f  an an t i foam acjent, (11) s e v e r e  foaming d i d  n o t  

occur  d u r i n g  t h e  f i n a l  e i g h t  r a d i o a c t i v e  d e m o n s t r a t i o n  r u n s .  

T r a n s f e r  of t h e  c o n c e n t r a t e d  w a s t e  from t h e  d e n i t r a t o r -  

e v a p o r a t o r  t o  t h e  m e l t e r  f e e d  sys tem i s  i n i t i a t e d  by a i r - l i f t i n g  

t h e  c o n c e n t r a t e  from t h e  bottom of t h e  d e n i t r a t o r - e v a p o r a t o r  

t o  an a i r l i f t  p o t .  A s m a i l e r  p o r t i o n  of t h e  s o l u t i o n  i n  t h z  

p o t  f lows  o v e r  a  w e i r  i n t o  t h e  m e l t e r ,  w h i l e  t h e  major  p o r t i o n  

f lows  back t o  t h e  e v a p o r a t o r .  The a i r - l i f t e d  c o n c e n t r a t e d  f e e d  

i s  d i s c h a r g e d  i n t o  t h e  m e l t e r  v i a  a  s o l u t i o n  f e e d e r  ( a  h e a t  

exchanger  t u b e  o p e r a t e d  w i t h  a  S o i l i n g  plater j a c k e t ) .  The s o l u -  

t i o n  f e e d e r  i s  needed t o  d i s c h a r g e  t h e  c o n c e n t r a t e d  s o l u t i o n  i n t o  

t h e  m e l t e r  c l o s e  t o  t h e  s u r f a c e  of t h e  mol ten  g l a s s  p o o l  t o  

minimize s p a t t e r i n g  and e n t r a i n m e n t .  The h e a t  exchanger  d e s i g n  

i s  used  t o  m a i n t a i n  t h e  v i s c o u s  f e e d  s o l u t i o n  a t  a  warm t e m -  

p e r a t u r e  w i t h o u t  c o n c e n t r a t i o n  and c a l c i n a t i o n  o c c u r r i n g  i n  t h e  . p 

p o r t i o n  o f  t h e  s o l u t i o n  f e e d e r  i n s i d e  t h e  h igh  t e m p e r a t u r e  

m e l t e r .  * 
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FIGURE 3.2. Phosphate Glass Solidification Process 



TABLE 3.1. Composition of PW-2, PW-4m and LMFBR Wastes 
(a>  

Component  PW- 2  PW- 4m LMFBR 

A d d i t i v e  t o  W a s t e  

N a+ 

F e  + 3  

4  
- 3  

M'add 

CM+T/P 
T o t a l  R a d i o a c t i v i t y ,  C i / l i t e r  

A t  0 . 5  y r  4 , 5 0 0  8 , 9 0 0  4 2 , 6 0 0  

A t  1 . 0  y r  2 , 5 5 0  5 , 2 0 0  2 1 , 3 0 0  

A t  5 . 0  y r  5  8  0 1 , 3 0 0  2 , 8 0 0  

H e a t  R a t e  D e n s i t y ,  T . J / l i t e r  

A t  0 . 5  y r  2 2 . 7  4  5  220  

A t  1 . 0  y r  1 2 . 2  2  8  1 2 0  

A t  5 . 0  y r  2  5 . 9  1 2  

a .  Waste f r o m  o n e  m e t r i c  t o n n e  o f  r e a c t o r  f u e l  i r r a d i a t e d  t o  
2 0 , 0 0 0  MWd/tonne a t  1 5  MW/tonne f o r  PW-2, 4 5 , 0 0 0  MWd/tonne 
a t  30  MW/tonne f o r  PW-4m, a n d  1 0 0 , 0 0 0  MWd/tonne a t  200  MW/tonne 
f o r  LMFBR; a n d  c o n t a i n e d  i n  3 7 8 . 5  l i t e r s  ( 1 0 0  g a l / t o n n e )  o f  
a c i d i c  w a s t e  s o l u t i o n .  

b .  M+ i s  t h e  s u m m a t i o n  o f  c h e m i c a l  e q u i v a l e n t s  o f  f i s s i o n  p r o d u c t  
c % i o n s .  T h e  e l e m e n t s  Mo, S e ,  T c ,  a n d  Te  are p r e s e n t  as a n i o n s  
a n d  a r e  n o t  i n c l u d e d  i n  M ; ~ .  S e e  T a b l e s  3 . 2  a n d  3 . 3  f o r  F i s s i o n  
P r o d u c t  (FP )  d i s t r i b u t i o n  f o r  PW-4m a n d  LMFBR, r e s p e c t i v e l y .  



conta in ing  high concent ra t ions  of f i s s i o n  product  r a r e  e a r t h s  

t o  a d j u s t  t h e  p r o p e r t i e s  of t h e  phosphate g l a s s  waste product  

f o r  optimum product ion r a t e  and product  q u a l i t y .  High con- 

c e n t r a t i o n s  of m u l t i v a l e n t  metal  c a t i o n s  gene ra l ly  i n c r e a s e  

t h e  mel t ing  p o i n t  of phosphate g l a s s  waste  products .  ( 4  111) 

Sodium i s  added t o  wastes t o  minimize t h e  mel t ing  p a i n t  of 

t h e  waste product  f o r  maximum mel t e r  throughput.  I r o n  i s  added 

t o  wastes  con ta in ing  high concen t r a t ions  of t h e  r a r e  e a r t h  

f i s s i o n  products  t o  prevent  t h e  p r e c i p i t a t i o n  of a  r a r e  e a r t h -  

r i c h  phase from phosphate me l t s .  ( 4 )  Laboratory s t u d i e s  a t  BNL 

e s t a b l i s h e d  an optimum r a t i o  of 3  moles of sodium per  mole 

of i r o n  f o r  t h e  phosphate g l a s s  waste  products  from t h e  PW-4m 

and LMFBR wastes . (17) 

I n  Table 3.1, t h e  f i s s i o n  product  r a d i o a c t i v i t y  and h e a t  

gene ra t ion  r a t e s  a r e  given f o r  each waste a f t e r  0.5, 1 . 0  and 

5.0 yea r s  of aging.  The d i s t r i b u t i o n  and r a d i o a c t i v i t y  of 

t h e  p r i n c i p l e  f i s s i o n  product  r ad ionuc l ides  from 1 tonne of 

exposed f u e l  aged 6 months a r e  presen ted  i n  Table 3.2 f o r  t h e  

PW-4m waste and i n  Table 3.3 f o r  t h e  LMFBR waste.  The f i s s i o n  

product d i s t r i b u t i o n  f o r  a  PW-2 waste ( i . e . ,  from a f u e l  exposed 

t o  2 0 , 0 0 0  MWd/tonne a t  15 MW/tonne) was r epor t ed  prev ious ly .  ( 4 , 1 1 1  

A s  shown i n  Tables 3.2 and 3.3, t h e  concent ra t ion  of r a r e  

e a r t h  f i s s i o n  products  i n  t h e s e  wastes  i s  approximately propor- 

t i o n a l  t o  t h e  t o t a l  r e a c t o r  f u e l  exposure.  A s  shown i n  Table 3.1 

and 3.4, t h e  sodium and i r o n  a d d i t i v e s  t o  t h e  PW-4m and LMFBR 

wastes  a r e  i n  d i r e c t  p ropor t ion  t o  t h e  f i s s i o n  product  con ten t  

of t h e s e  wastes .  S o l i d  waste  products  wi th  f i s s i o n  product 

concen t r a t ions  a s  high a s  50 w t %  have been made i n  many s i l i c a t e  

g l a s s e s  ; ( 4 )  however, t h e  2 2  w t %  f i s s i o n  product  c a l c u l a t e d  

f o r  t h e  PW-4m and LMFBR phosphate g l a s s  waste  products  i s  about 

t h e  optimum f i s s i o n  product  load ing  f o r  a  homogeneous phosphate 



TABLE 3.2.  F i s s i o n  P r o d u c t s  from Power Reac to r  F u e l  Exposed t o  
45,000 MWd/tonne a t  30 MW/tonne A f t e r  6 Months Out- 
o f - ~ e a c t o r  (a)  

Aver a g e  g  Oxide  
Atomic bJ3EP Oxide O x i d e ,  p e r  

E lement  Weigh t  C u r i e s  Grams g-moles Oxide  m o l e . ,  w t  l i t e r  Waste M + ( ~ )  

T o t a l  p e r  
t o n n e  : 3 .36  x l o 6  39754 343.72 0.91 

T o t a l  p e r  
l i t e r :  8 .88  x l o 3  105 0 . 9 1  - 

s c o 3  

K2° 
S  rO 

RE203 
Zr02 

Zr02 

MOO 

MOO 

Fe203 
c o o  

PdO 

A9 2" 

CdO 

Sn02 

Sb203 
Sn02 

Te0 

cs 0  
2 

B a 0  

RE203 

a .  Taken p a r t i a l l y  from H .  H .  VanTuyl, ISOGEN-A compute r  code  f o r  R a d i o i s o t o p e  G e n e r a t i o n  
C a l c u l a t i o n s ,  R e f e r e n c e  3  o f  S e c t i o n  7  

b.  M+ = m e t a l  e q u i v a l e n t s .  The e l e m e n t s  t r e a t e d  a s  a n i o n s  a r e  shown a s  n e g a t i v e  M'. 



TABLE 3 . 3 .  

Average 
Atomic 

Element Weight 

T o t a l  p e r  
tonne :  

T o t a l  p e r  
l i t e r  : 

F i s s i o n  Products  from a  F a s t  Reactor Core Fuel  
Exposed t o  13 0,O 0 0  MPld/tonne a t  200  lfil/tonne 
A f t e r  6 Months o u t - o f - ~ e a c t o r  ( a )  

g Oxide 
WSEP Oxide 9 x i d e  P e r  ( b )  

C u r i e s  Grams g-moles !! Oxide mole . ,  W t  l i t e r  Waste Mf - 
Se03 

2O 
SrO 

RE2O3 
zro2 
zro2 
MOO 

MOO 

Fe203 
coo  

PdO 

Ag 2O 

CdO 

Sn02 

Sb203 
Sn02 

Te0 

c s 2 0  

B a0  

P52O3 

a .  Taken p a r t i a l l y  from E. A. Copinger ,  "Waste from Chemical  P r o c e s s i n g  o f  F a s t  R e a c t o r  
F u e l s , "  R e f e r e n c e  2  o f  S e c t i o n  7 .  

b .  Mf = m e t a l  e q u i v a l e n t s .  The e l e m e n t s  t r e a t e d  a s  a n i o n s  a r e  shown a s  n e g a t i v e  Mf 



TABLE 3 . 4 .  T h e o r e t i c a l  Composition o f  PW-4m and LMFBR Phosphate  
Glass  Waste Produc t s  

BW-4m 
q O x i d e  

LMFBR 
y  O x i d e  

S o l u t i o n ,  O x i d e ,  p e r  
!! !! l i t e r  Waste M+ 

0 . 5 0  - - - 

0 . 1 6  0 . 0 8 0  1 2 . 8 0  0 . 4 8  

0 . 0 4 6  0 . 0 2 3  3 .50  0 . 1 4  

0 . 0 2 3  0 . 0 2 3  1 . 7 2  0 . 0 4 6  

WSEP 
O x i d e  

- 

O x i d e ,  
m o l e c .  w t  

- 

1 6 0  

1 5  2 

7  5  

1 0 2  

6  2  

270  

270  

270  
- 

1 4  2  

6  0  

2  2  

S o l u t i o n ,  
M - 

4 . 5  

0 . 0 5  

0 . 0 1 2  

0 . 0 0 8  

0 . 0 0 1  

0 .10  

0 . 0 1  

0 . 0 0 1  

0 . 0 0 5  

6 . 5  

0 . 0 0 3  

0 .010  

< o .  0 0 1  

O x i d e ,  
M - P e r  

l i t e r  W a s t e  
- 

4 . 0 0  

0 . 9 1  

0 . 6 0  

0 . 0 5 1  

3 .10  

2 .70  

0 . 2 7  

1 . 3 5  
- 

0 . 2 1  

0 . 6 0  

0 . 0 1 1  

I o n  

H 

A d d i t i v e s  

N  a Na20 6  2  1 . 4 0  

Fe  Fe 2'3 1 6 0  0 . 4 5  

P04 '2'5 1 4 2  5 .05  

F i s s i o n  P r o d u c t s  0 . 9 0 8 1  

T o t a l s  

M e a s u r e d  P r o d u c t  D e n s i t y ,  y / l i t e r  

T h e o r e t i c a l  Volume R e d u c t i o n  ( L i q u i d  t o  S o l i d )  : 5 . 0  

T h e o r e t i c a l  P r o d u c t  Volume,  l i t e r / t o n n e  76 

T h e o r e t i c a l  P r o d u c t  C o m p o s i t i o n :  Mole % wt$ 

FP 1 6  2  2  

Mole  % 

1 6  

1 9  

8 1  

W a s t e  

A d d i t i v e s  



m e l t .  S imulated  PCJ-4m phosphate  g l a s s  was te  p roduc t s  have 

been prepared  w i t h  h i g h e r  f i s s i o n  p roduc t  c o n c e n t r a t i o n s  hy 

adding less sodium and i r o n  b u t  t h i s  g e n e r a l l y  r e s u l t e d  i n  

h ighe r  p roduc t  me l t i ng  t empera tu res  ~ ~ i t h  cor responding  lower 

p roduc t ion  r a t e s  and p r e c i p i t a t i o n  of  r a r e  e a r t h s  from t h e  

phosphate  m e l t s  occur red .  Consequently,  t h e  2 2  w t %  f i s s i o n  

p roduc t  c o n t e n t  i n  t h e  was te  p roduc t s  i n  Tab le  3.4 r e p r e s e n t s  

one of  t h e  l i m i t s  which p r e s c r i b e s  how much s o l i d  was t e  p roduc t  

w i l l  b e  produced from t h e s e  was tes  and a l s o  e s t a b l i s h e s  t h e  

maximum h e a t  g e n e r a t i o n  r a t e s  f o r  t h e  PW-4m and LK2BR phosphate  

g l a s s  was t e  p roduc t s .  The the rmal  maximum h e a t  g e n e r a t i o n  

r a t e s  f o r  t h e s e  phosphate  g l a s s  was te  p roduc t s  i s  d i s c u s s e d  

i n  S e c t i o n  7 of t h i s  r e p o r t .  

The h igh  c o n c e n t r a t i o n s  of  r a r e  e a r t h  f i s s i o n  p roduc t s  

i n  t h e  PW-4m and LMFBR was tes  gave a d j u s t e d  f e e d  s o l u t i o n s  

which con t a ined  nominal ly  50 v o l %  suspended s o l i d s ,  abou t  t w i c e  

t h a t  p r e s e n t  i n  t h e  PW-1 and PW-2 a d j u s t e d  f eed  s o l u t i o n s .  

The volume p e r c e n t  of  und isso lved  s o l i d s  i n  a c t u a l  f e e d  Sam- 

p l e s  i s  g iven  i n  Table 3.5 and v a r i e d  a?p rec i ab l e  due t o  t h e  

d i f f i c u l t y  i n  o b t a i n i n g  r e p r e s e n t a t i v e  samples w i thou t  accumu- 

l a t i n g  exces s  s o l i d s  w h i l e  r e c i r c u l a t i n g  through t h e  sample 

b o t t l e .  

Laboratory  s c a l e  t e s t s  w e r e  made on each ba t ch  of  a c t u a l  

f e e d  p r i o r  t o  each WSEP demonstra t ion run .  The r e s u l t s  o f  

t h e s e  tes ts  determined t h e  s u i t a b i l i t y  of  t h e  f eed  f o r  pro-  

c e s s i n g  i n  t h e  phosphate  g l a s s  s o l i d i f i e r .  B o i l i n g  p o i n t s ,  

me l t i ng  p o i n t ,  c o r r o s i v e n e s s  o f  t h e  m e l t ,  foaming t endenc i e s  

of  t h e  d e n i t r a t e d  s o l u t i o n ,  and v i s u a l  v o l a t i l i z a t i o n  w e r e  

noted.  The r e s u l t s  of  t h e s e  tes ts  a r e  shown i n  Table  3.5. 



TABLE 3.5. Resul ts  of Prel iminary Radioact ive In-Cel l  Laboratory T e s t s  w i th  
Adjusted Phosphate Glass Feeds 

PG- 7  

PW-2 

PG- 8  

Pi+ 4m 

WSEP Run No. 
PG-9 PG-10 

PW-4m PW-4m 

PG-11 

LMFBR Feed  Type 

H e a t  G e n e r a t i o n  
R a t e  i n  F e e d ,  W/liter 

Feed  B o i l i n g  P o i n t ,  OC 

9  . O  1 6 . 4  

q.100 Not  A v a i l a b l e  

1 4 . 6  

B u b b l i n g  1.90 'C S p a t t e r i n g  s t a r t e d  
a t  295 "C 

S u s p e n d e d  S o l i d s  i n  
A d j u s t e d  F e e d ,  ~ 0 1 % ' ~ '  

Foaming be low 150 OC 
( d e n i  t r a t o r - e v a p o r a t o r  
c o n d i t i o n s )  

10 t o  50 

No f o a m i n g ,  r a p i d l y  
formed v i s c o u s  
brown s y r u p  which  
b u b b l e d  and  
s p a t t e r e d  

V i s c o u s  s l u d g e  
t o  800 'C t u r n i n g  
t o  s h i n y  v i s c o u s  
r e s i d , ~ e  a t  850 'C, 
v i s c o u s  m o l t e n  
g l a s s  a t  900 ' C ,  
t o  f l u i d  m e l t  a t  
950 'C 

50 t o  90 

No f o a m i n g ,  some 
s p a t t e r i n g .  Bub- 
b l e s  a t  1 4 5  * C  
c o l l a p s e d  t o  v i s -  
c o u s  brown s l u d g e  

S l u d g e  m o i s t  a t  
200 t o  220 O C ,  
c r u m b l y ,  l i g h t  
c o l o r e d .  T u r n e d  
d a r k  g r e y ,  d u l l  
d r y  s o l i d  t o  
750 " C ,  s lumped  a t  
800 'C, a l l  m e l t e d  
a t  850 O C  and  
f l u i d  m e l t  a t  
900 'C 

No fumes o b s e r v e d  
d u r i n g  1 h r  a t  
900 "C 

O x i d i z e d  a f t e r  
24 h r  a t  650 OC 
b u t  no  v i s i b l e  
p e n e t r a t i o n  o f  
304L ss coupon 

No s e v e r e  foaming t o  
146 OC 

S e v e r e  s p a t t e r i n g  
c o a t e d  c r , ~ c i h l e  
w a l l s  w i t h  v i s c o u s  
d r o p l e t s  

No f o a m i n g ,  r a p i d l y  
formcd v i s c o u s  s y r u p  
which b u b b l e d  and  
s p a t t e r e d  

Foaminq above  1 5 0  "C 
( r n e l t e r  o p e r a t i n g  
c o n d i t i o n s )  

V i s c o u s  b u b b l e s  
a t  170  t o  200 "C  

V i s c o u s  b u b b l e s  
f i l l e d  1 / 2  c r u c i b l e  
f rom 170  t o  220 'C. 
Grey i s h - w h i t e  
b u b b l e s  f i l l e d  
c r u c i b l e  f rom 400 
t o  525 'C, sub-  
s i d e d  a n d  o n l y  r e s i -  
d u e  a t  750 "C 

V i s c o u s  b u b b l e s  
t o  800 OC, some 
s l u m p i n g  a t  850 OC, 
v i s c o u s  m e l t  a t  
900 O C ,  g l a s s y  f l u i d  
m e l t  a t  950 OC 

f i l l e d  c r u c i b l e  
t h e n  c o l l a p s e d  
a t  ~ 2 2 0  OC 

V o l a t i l i z a t i o n  ( b )  None v i s i b l e  a f t e r  
h o l d i n g  a t  900 OC 
f o r  1 h r  

No fumes o b s e r v e d  a t  
1000 O C  f o r  1 h r  

No fuming  o b s e r v e d  No fumes o b s e r v e d  
d u r i n g  2 h r  a t  d u r i n g  2  h r  a t  
1000  OC 1000  O C  

Not A v a i l a b l e  Not  A v a i l a b l e  M e l t  C o r r o s i v i t y  
t o  P r o d u c t  R e c e i v e r  
M a t e r i a l  

Wel l  o x i d i z e d  
a f t e r  20 h r  a t  
750 'C b u t  no  
v i s i b l e  p e n e t r a -  
t i o n  o f  310 SS 
coupon  

H e a v i l y  o x i d i z e d  
a f t e r  20 h r  a t  
750 OC b u t  no  v i s i -  
b l e  p e n e t r a t i o n  o f  
m i l d  s t e e l  coupon 

P r o d u c t  a p p e a r a n c e  (') Green-b lack  smooth ,  
g l a s s y  

Brown-black s m o o t h ,  
g l a s s y  

G r e e n - b l a c k  s m o o t h ,  B l a c k  s m o o t h ,  
g l a s s y  g l a s s y  

900 900 

B l a c k  s m o o t h ,  
g l a s s y  

850 I n i t i a l  
M e l t i n g  P o i n t ,  O C  

a .  Range o f  u n d i s s o l v e d ,  s e t t l e d  s o l i d s  l n  a d j u s t e d  f e e d  s a m p l e s  t a k e n  b e f o r e ,  d u r i n g ,  and  a f t e r  e a c h  r u n .  
b .  T e s t  f o r  e x c e s s  p h o s p h a t e  a s  s e e n  by e v o l u t i o n  o f  w h i t e  P205 v a p o r s  f rom m e l t  a t  50 t o  1 0 0  OC a b o v c  

i n l t i a l  m e l t i n g  p o i n t .  
c .  A f t e r  c o o l i n g .  
d .  T e m p e r a t u r e  a t  w h i c h  a l l  m e l t  i s  i n  b o t t o m  o f  c r u c i b l e  and  a l l  m e l t e d .  Samples  u s u a l l y  began  s l u m p i n g  

f rom t h e  c r u c i b l e  w a l l s  a b o u t  50 OC be low m e l t i n g  p o i n t .  
I 
I-' 
UI 
& 
I-' 
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4.0 PHOSPEATE GLASS SOLIDIFICATION PERFORMANCE 

The f i n a l  f i v e  r a d i o a c t i v e  demons t ra t ion  r u n s  w i t h  t h e  

phosphate  g l a s s  s o l i d i f i c a t i o n  p roce s s  were completed i n  t h e  

TJSEP. The major  o b j e c t i v e s  w e r e  t o  demons t ra te  t h e  s o l i d i f i -  

c a t i o n  of  PW-4m and LMFBR was te  t y p e s ,  t o  i n c r e a s e  t h e  con- 

c e n t r a t i o n  of r a d i o n u c l i d e s  f o r  p r e d i c t i o n  o f  maximum a l l owab le  

h e a t  g e n e r a t i o n  r a t e s  i n  a  r e c e i v e r  p o t  and t o  de te rmine  t h e  

performance of t h e  phosphate  g l a s s  p roce s s  coupled w i t h  t h e  

a u x i l i a r y  o f f -ga s  t r e a t m e n t  equipment.  Major v a r i a b l e s  o f  t h e  

r u n s  a r e  shown i n  Table  4 . 1 .  Data p r e s e n t e d  i n  S e c t i o n  4 a r e  

from References  1 through  4 .  

Eng ineer ing  s c a l e  performance of  t h e  phosphate  ylas:; s o l i -  

d i f i c a t i o n  p roce s s  w i t h  h i g h l y  r a d i o a c t i v e  f eed  a g a i n  g e n e r a l l y  

confirmed e a r l i e r  development work. ( 5 )  The p r e d i c t e d  capac i -  

t ies  of  t h e  p r o c e s s  and t h e  d i s t r i b u t i o n  of r a d i o a c t i v i t y  i n  

t h e  e f f l u e n t s  w e r e  i n  t h e  range  i n d i c a t e d  by non rad ioac t i ve  

work a t  BNL and PEL. 

There w e r e  no r a j o r  problems d u r i n g  t h i s  seccnd series 

of r uns .  P lugging problems prominent  d u r i n g  t h e  s o l i d i f i c a -  

t i o n  of PW-1 was t e s  i n  t h e  f i r s t  series of  r u n s  w e r e  s i g n i f i -  

c a n t l y  reduced and e l i m i n a t e d  due t o  t h e  ccn t i nued  s u c c e s s f u l  

a p p l i c a t i o n  of t h e  remotable  f e a t u r e s  o f  t h e  new a i r l i f t  p o t  

and t h e  i n t r o d u c t i o n  o f  a  new d i p  t u b e  v e n t i n g  t e chn ique  which 

pe rmi t t ed  washing of t h e  t u b e s  by l e t t i n g  l i q u i d  r i se  i n s i d e  

th . em f o r  s h o r t  p e r i o d s .  The new was te  t y p e s  w e r e  a l s o  less 

prone t o  p lugg ing  because  s o l i d s  w e r e  k e p t  more r e a d i l y  i n  

suspens ion .  The f e a s i b i l i t y  of  a  screw t y p e  pump t o  d e l i v e r  

concen t r a t ed  f e e d  from t h e  d e n i t r a t o r  t o  t h e  melter more 

uni formly and w i t h  more c o n t r o l  was a l s o  e s t a b l i s h e d .  S a t i s -  

f a c t o r y  c o n t r o l  o f  foaming was aga in  ach ieved  by t h e  a d d i t i o n  



TABLE 4  .l. Major Run V a r i a b l e s  

Run - 

R a d i o a c t i v i t y  E q u i v a l e n t  ( a )  
P o t  Waste, P r o c e s s e d ,  T o n n e s  W/ t o n n e  ( b  

Mode D i a m .  , i n .  Type Ci t o  P o t  i n  Waste 

A 6  PW- 4m 1 , 0 0 0 , 0 0 0  0 . 4 1  1 0 , 2 0 0  

A 6  PW- 4m 2,6OO,OOO 0 . 3 5  2 6 , 6 0 0  

A 8  LMFBR 3 , 3 0 0 , 0 0 0  0 . 3 8  3 1 , 3 0 0  

E q u i v a l e n t  
Age,  y r .  

0.  4 6 ( C )  

- 

a. Tonne i s  a metric t o n  o f  o r i g i n a l  f u e l .  
b .  Heat g e n e r a t i o n  ra te  b a s e d  o n  a n a l y t i c a l  r e s u l t s :  
c. B a s e d  o n  2 0 , 0 0 0  MWd/tonne a t  1 5  MW/tonne. 
d .  B a s e d  o n  4 5 , 0 0 0  MWd/tonne a t  30 MW/tonne. 
e .  B a s e d  o n  1 0 0 , 0 0 0  MWd/tonne a t  200 MW/tonne. 



o f  a  s i l i c o n e  ant i foam agen t  i n t o  t h e  d e n i t r a t o r .  Of s i g n i f i -  

cance was t h e  s u c c e s s f u l  complet ion o f  back t o  back Runs PG-9 

and PG-10 which confirmed t h e  f e a s i b i l i t y  o f  cont inuous  opera-  

t i o n  w i th  t h e  phosphate  g l a s s  p roces s .  

S o l i d i f i c a t i o n  of was tes  du r ing  t h e  second series of  

r a d i o a c t i v e  demons t ra t ions  produced a  phosphate  g l a s s  w i t h  a  

h e a t  g e n e r a t i o n  r a t e  a s  h igh  a s  11,900 w a t t s  i n  an 8-inch 

d iamete r  p o t  and a  h e a t  g e n e r a t i o n  r a t e  d e n s i t y  a s  h igh  as  

317 W/liter i n  a  6-inch d iamete r  p o t  which i s  t h e  h i g h e s t  

a t t a i n e d  f o r  a  WSEP p roduc t  t o  d a t e .  A h i g h e r  thermal  con- 

d u c t i v i t y  f o r  t h e  p roduc t  i n  a  molten o r  n e a r  molten s t a t e  was 

a l s o  no ted .  However, molten co re  r e s t r i c t i o n s ,  a s  d e f i n e d  i n  

WSEP (see S e c t i o n  4 . 2 ) ,  may d imin i sh  any g a i n s  t o  be r e a l i z e d  

from it. The molten c o r e  r e s t r i c t i o n  was surpassed  i n  two o f  

t h e  p o t s  b u t  no adverse  e f f e c t s  have been no ted  t o  d a t e .  

4 . 1  OVERALL PROCESSING RATES 

O v e r a l l  p roces s ing  r a t e s  (based on m e l t e r  f e e d  t i m e  up 

t o  d e n i t r a t o r  d i l u t i o n )  w e r e  0.2 and 0.58 tonne/day f o r  

LT.IFBR and PFJ-2 w a s t e s ,  r e s p e c t i v e l y ,  and ranged from 0.34 t o  

0.47 tonnekday f o r  PW-.4m was te .  These r a t e s  r e p r e s e n t  

p roduc t ion  of g l a s s  p roduc t s  a t  32 and 37 l i t e r s / d a y  f o r  t h e  

LMFBR and PW-2 was tes  and from 29 t o  31 l i t e r s / d a y  f o r  t h e  

PW-4m was te .  The i n t e r n a l  h e a t  g e n e r a t i o n  r a t e  w i t h i n  t h e  

phosphate g l a s s  me l t  i n  t h e  melter was a s  h igh  a s  2 k i l o w a t t s .  

The t o t a l  n e t  power requ i rements  were 2 tc 4 k i l o w a t t s  f o r  

t h e  m e l t e r .  A s i g n i f i c a n t  ( 30%)  i n c r e a s e  i n  p roces s ing  r a t e s  

was ob t a ined  over  p rev ious  r u n s  and was c h i e f l y  a t t r i b u t a b l e  

t o  a  new fu rnace  i n s t a l l e d  p r i o r  t o  Run PG-7. Even w i th  t h e  

i n c r e a s e  i n  i n t e r n a l  h e a t  and t h e  r e s u l t i n g  dec rea se  i n  m e l t e r  

power requ i rement ,  t h e  melter remained t h e  c a p a c i t y  l i m i t i n g  

u n i t  of t h e  p roces s .  P roces s ing  r a t e s  a r e  summarized i n  

Table 4.2. 

4.3 



TABLE 4 . 2 .  WSEP Phosphate Glass Solidification Processing Rates 

P o t  S t e a d y -  Average  Feed Average  F e e d  
P G Feed Conc. ,  P o t  I n t e r n a l  T o t a l  Feed Feed  S t a t e  Rate D u r i n g  R a t e  Dur ing  
Run l i t e r s / t o n n e  Diam., H e a t  R a t e ,  t o  D e n i t r a t o r ,  Time,  F e e d  Time,  S t a r t u p ,  S t e a d y  S t a t e ,  

f u e l  i n .  w ( a )  l i t e r s  - h r  h r l i t e r / h r  l i t e r / h r  

7 A  644 8  9 ,800  806 44 .2  36.9 24.9 1 6 . 9  

Average  
O v e r a l l  

Feed  R a t e ,  
li t e r / h r  

1 8 . 2  

1 3 . 3  

26.3 

24 .2  

1 9 . 3  

S t e a d y - S t a t e  
T o t a l  T o t a l  P r o c e s s i n g  R a t e  T o t a l  Volume 

P G Run E q u i v a l e n t  T o t a l E q u i v a l e n t  t o R e c e i v e r ~ o t ( 9 )  o f  P r o d u c t  
Run Time, ( d )  Feed t o  M e l t e r ,  ( f )  Feed t o  M e l t e r ,  e q u i v a l e n t  l i t e r s  m e l t /  P r o d u c e d ,  
No. h r  l i te rs  t o n n e s  o f  f u e l  t o n n e s / d a y  d a y  l i te rs  

7  6 1 . 8 ( e 1  675 1 . 0 5  0 .58  3 7  67 .3  

8  55.2 610 0 .84  0.39 3 1  66.7 

a .  T o t a l  i n t e r n a l  h e a t  r a t e  i n  p o t  a t  end o f  r u n .  
b .  C o n s i s t s  o f  4 8 1  l i ters  a t  a  c o n c e n t r a t i o n  o f  1 , 0 2 3  l i t e r s / t o n n e  and  98  l i te rs  a t  1970 l i t e r s / t o n n e .  
c .  C o n s i s t s  o f  708 l i te rs  a t  a  c o n c e n t r a t i o n  o f  1 , 9 1 6  l i t e r s / t o n n e  and  1 9 9  l i te rs  3 ,832  l i t e r s / t o n n e .  
d .  I n c l u d e s  s t a r t u p  t i m e ,  s t e a d y - s t a t e  o p e r a t i n g  t i m e  a n d  shu tdown t i m e .  
e .  I n c l u d e s  a  4  h r  p e r i o d  when f e e d  was s h u t  o f f .  
f. Amount o f  m a t e r i a l  f e d  t o  t h e  m e l t e r  i n  t e r m s  o f  t h e  volume f e d  t o  t h e  d e n i t r a t o r - e v a p o r a t o r .  
g .  Based  on  m e l t e r  f e e d  t i m e  up t o  d e n i t r a t o r - e v a p o r a t o r  d i l u t i o n  and  t o n n e  e q u i v a l e n t s  t o  p o t  

u p  t o  d e n i t r a t o r - e v a p o r a t o r  d i l u t i o n .  

I-' 
U1 
tu 
I-' 



The g e n e r a l  f a c t o r s  a f f e c t i n g  r a t e s  were only  q u a l i t a -  

t i v e l y  i n v e s t i g a t e d .  The l i m i t i n g  f a c t o r  a f f e c t i n g  t h e  me l t e r  

p rocess inq  r a t e  i s  t h e  t ransmiss ion  of h e a t  i n t o  t h e  me l t e r  t o  

produce a  f l u i d  mel t .  Otyer f a c t o r s  a f f e c t i n g  t h e  r a t e  a r e  

feed composition and feed  r a t e  c o n t r o l  t o  t h e  m e l t e r .  The 

process ing  r a t e  i s  no t  l i m i t e d  5y t h e  den i t r a to r - evapora to r  

s i n c e  it can e v ~ p o r a t e  a t  g r e a t e r  than 35 l i t e r s / h r  of d i s -  

t i l l a t e  t o  provide a  t h ree - fo ld  g r e a t e r  concen t r a t e  r a t e  than 

t h e  m e l t e r  can handle .  

4.2 RADIONUCLIDE HEATING EFFECTS I N  THE PRODUCT RECEIVER -- 

Since  high concen t r a t i ons  of r ad ionuc l ides  i n  s o l i d i f i e d  

waste produce high i n t e r n a l  temperatures  even when t h e  r e c e i v e r  

p o t  i s  cooled ,  t h e  maximum a l lowable  temperatures  must be 

determined.  The temperatures  a r e  dependent on t h e  concentra-  

t i o n  of t h e  r ad ionuc l ides  i n  t h e  s o l i d  product  ( t h e  i r r a d i a -  

t i o n  h i s t o r y  of t h e  f u e l  and t h e  age of t h e  w a s t e ) ,  t h e  

r e c e i v e r  s i z e ,  t h e  thermal  conduc t iv i ty  of t h e  s o l i d  p roduc t ,  

and t h e  coo l ing  environment i n  which t h e  r e c e i v e r  i s  placed.  

The maximum a l lowable  product  temperatures  e s t a b l i s h e d  

f o r  WSEP a r e  a  product  temperature  of 9 0 0  O C  and/or a  

r e c e i v e r  p o t  w a l l  temperature  of 427  O C .  I f  a  molten co re  

e x i s t s  i n  t h e  r e c e i v e r  p o t ,  t h e  r a d i u s  of t h e  molten core  i s  

no t  t o  exceed cne-half  t h e  r e c e i v e r  p o t  r a d i u s .  The 900 O C  

r e s t r i c t i o n  l i m i t s  co r ros ion  t o  t h e  s t a i n l e s s  s t e e l  thermo- 

w e l l s  used t o  house t h e  thermocouples a t  t h e  c e n t e r l i n e  of 

t h e  p o t s .  (The w e l l s  w i l l  probably no t  be used i n  product ion 

model r e c e i v e r  p o t s . )  The 427  O C  w a l l  temperature  l i m i t s  

exces s ive  a i r  ox ida t ion  of t h e  con ta ine r  and a l lows remote 

handl ing of t h e  p o t  wi thout  excess ive  s p e c i a l  p r ecau t ions .  

Limit ing t h e  molten core  r a d i u s  p revents  molten waste from 



c o n t a c t i n g  t h e  p o t  v?a l l  and t h u s  reduces  t h e  c o r r o s i o n  p o t e n t i a l .  

I t  a l s o  minimizes t h e  consequences from chang2s w i t h i n  t h e  p rod-  

u c t ,  such a s  f i s s i o n  p roduc t  m i g r a t i o n  and ga s  fo rmat ion .  

The t empe ra tu r e s  caused hy t h e  i n t e r n a l  h e a t  g e n e r a t i o n  

r a t e  i n  t h e  f i v e  p o t s  a r e  l i s t e d  i n  Table  4.3. During t h e  second 

s e r i e s  of  r a d i o a c t i v e  demons t ra t ions  of  t h e  phosphate  g l a s s  

p r o c e s s  i n  WSEF, t h e  i n t e r n a l  h e a t  r a t e  d e n s i t y  of t h e  PW-4m prod- 

u c t  was i n c r e a s e d  t o  a  maximum of 317 \!/liter i n  PG-10 which 

caused t i le  average  i n t e r n a l  c e n t e r l i n e  t empera tu re  t o  r e a c h  

731 O C  and t h e  w a l l  t empera tu re  t o  r e a c h  387 O C  w h i l e  s t o r e d  i n  

a i r .  I n  no c a s e s  w e r e  r e s t r i c t i o n s  l i m i t i n g  c e n t e r l i n e  and w a l l  

t empe ra t u r e s  t o  900 and 427 O C ,  r e s p e c t i v e l y ,  exceeded.  Because 

t h e  phosphate  g l a s s  p roduc t  ha s  an  approximate 700 O C  r e m e l t  

t empe ra tu r e ,  t h e  maximum h e a t  r a t e  d e n s i t y  i s  l i m i t e d  by t h e  

molten c o r e  r a d i u s  r e s t r i c t i o n  and w i l l  be approx imate ly  180 t o  

200 W / l i t e r  f o r  an  8-inch d i ame te r  r e c e i v e r  p o t  and 320 W/liter 

f o r  a 6-inch d i ame te r  p o t  s t o r e d  i n  a i r .  The h e a t  r a t e  d e n s i t y  

of 198 W / l i t e r  i n  t h e  8-inch d i ame te r  r e c e i v e r  p o t  of Run PG-11 

produced an  average  i n t e r m e d i a t e  (midway between t h e  p o t  c e n t e r -  

l i n e  and w a l l )  zone t empera tu re  of  796 O C  wh i l e  s t o r e d  i n  a i r ,  

consequen t l y ,  t h e  molten c o r e  r e s t r i c t i o n  w a s  d e f i n i t e l y  s u r -  

passed  i n  t h i s  r e c e i v e r .  An average  i n t e r m e d i a t e  t empe ra tu r e  

of  674 O C  was r eco rded  i n  t h e  6-inch d i ame te r  r e c e i v e r  of  

Run PG-10. S ince  t h e  i n t e r m e d i a t e  thermowell  i s  c l o s e r  t o  t h e  

w a l l  o f  t h e  r e c e i v e r  f o r  t h e  6-inch p o t  ( less t han  1 i n c h  

d i s t a n c e ) ,  t h e  mol ten  c o r e  r e s t r i c t i o n  was most l i k e l y  s u r p a s s e d  

i n  t h i s  r un  a l s o ,  o r  a t  l e a s t  equa l ed .  Iiowever, t h e r e  w e r e  no  

adve r se  e f f e c t s  no t ed  i n  t h e  PG-10 and PG-11 r e c e i v e r s  w i t h  

r e s p e c t  t o  s t o r a g e  and hand l i ng .  

During t h e  r u n s  t h e  r e c e i v e r  p o t  f u r n a c e  w a s  h e l d  a t  abou t  

600 OC. Th i s  f u r n a c e  t empera tu re  was used t o  a s s u r e  t h a t  t h e  

p o t  w a l l  t empera tu re  remained s u f f i c i e n t l y  h igh  s o  t h a t  t h e  
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s t e a d y  d r i p  of m e l t  e n t e r i n g  t h e  r e c e i v e r  p o t  a t  r a t e s  a s  low 

a s  1 l i t e r / h r  would cause  no s t a l a g m i t e s .  During Run PG-11 

g l a s s  s t a l a g m i t e s  formed i n  t h e  upper p o r t i o n  o f  t h e  r e c e i v e r  

where no h e a t  was a v a i l a b l e  t o  pe rmi t  t h e  me l t  t o  slump. Th i s  

s i t u a t i o n  developed because t h e  m e l t e r  had become t i l t e d  and 

was d i s c h a r g i n g  m e l t  s o  t h a t  it would s t r i k e  t h e  upper r e c e i v e r  

w a l l  and upper thermowell .  Batch d r a i n s  w e r e  s ubsequen t l y  

employed and posed no problems a s  f a r  a s  s t a l a g m i t e  fo rmat ion  

was concerned.  Any r e c e i v e r  w a l l  t empera tu re  i n c r e a s e s  due t o  

b a t c h  d r a i n s ,  were reduced by t u r n i n g  h e a t  o f f  t o  t h e  a f f e c t e d  

zone o r  by t u r n i n g  c o o l i n g  a i r  on o r  by combinations o f  bo th .  

P o t  w a l l  t empe ra tu r e s  of  abou t  600 OC a r e  recommended when m e l t  

i s  t o  be con t i nuous ly  d i s cha rged  v i a  the m e l t e r  w e i r .  F ig-  

u r e  4 . 1  i s  a  schemat ic  of  a  r e c e i v e r  p o t  which shows t h e  

e l e v a t i o n  of  t h e  p o t  thermocouples and zones.  One a i r  blower 

r a t e  a t  275 scfm was s u f f i c i e n t  t o  c o n t r o l  t h e  r e c e i v e r  p o t  

c e n t e r l i n e  t empe ra tu r e  below 900 OC and t h e  p o t  w a l l  below 

425 OC d u r i n g  Run PG-10 which con t a ined  t h e  h i g h e s t  h e a t  r a t e  

d e n s i t y  (317 W / l i t e r )  t e s t e d .  The maximum c e n t e r l i n e  tempera- 

t u r e  recorded  d u r i n g  p r o c e s s i n g  was 960 OC d u r i n g  Run PG-9 

and occu r r ed  d u r i n g  a  b a t c h  d i s c h a r g e  when t h e  m e l t e r  d r a i n  

f r e e z e  v a l v e  was i n a d v e r t e n t l y  p e r m i t t e d  t o  thaw. Th i s  t e m -  

p e r a t u r e  was q u i c k l y  reduced by app ly ing  c o o l i n g  a i r  t o  t h e  

o u t s i d e  o f  t h e  fu rnace  s u s c e p t o r *  and t u r n i n g  o f f  t h e  f u r n a c e  

h e a t  i n  t h e  a f f e c t e d  zone. The maximum w a l l  t empera tu re  

recorded  d u r i n g  p r o c e s s i n g  was 740 OC and a l s o  occu r r ed  i n  

Run PG-9 i n  t h e  same zone due t o  t h e  i n a d v e r t e n t  b a t c h  d r a i n .  

A t y p i c a l  r e c e i v e r  p o t  t empera tu re  p r o f i l e  f o r  a  con t inuous  

d r a i n  o p e r a t i o n  u s i n g  d a t a  from Run PG-8 i s  shown i n  F i g u r e  4 . 2 .  

For a  b a t c h  d r a i n  o p e r a t i o n ,  d a t a  from Run PG-11 i s  shown i n  

F igu re  4 . 3 .  

* Direct c o o l i n g  o f  t h e  p o t  w a l l  ( i n s i d e  t h e  s u s c e p t o r )  was 
a v a i l a b l e ,  b u t  was n o t  used.  
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FIGURE 4 .l. Phosphate Glass  Receiver Po t  Thermocouple 
Arrangement 
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4.3 WASTE VOLUl.!E REDUCTION 

Because of  t h e  v a r i a t i o n s  i n  chemical  composi t ions  o f  

t h e  d i f f e r e n t  was tes  p rocessed  d u r i n g  s o l i d i f i c a t i o n ,  t h e  

o v e r a l l  volume r e d u c t i o n  f a c t o r s  v a r i e d  from 2.4 t o  5.3 

(based on t h e  r a t i o  o f  aqueous was te  a t  378 l i t e r s / t o n n e  t o  

p r o d u c t ) .  Volume r e d u c t i o n  f a c t o r s  a r e  summarized i n  Table  4 . 4 .  

Also shown f o r  comparison w i t h  observed v a l u e s  a r e  t h e  ca l cu -  

l a t e d  volume r e d u c t i o n s  t h a t  w e r e  expec ted .  OSserved v a l u e s  

of volume r educ t i on  d i f f e r e d  from c a l c u l a t e d  v a l u e s  i n  

Runs PG-7, 8, and 10 by about  8, 1 2 ,  and l o % ,  r e s p e c t i v e l y .  

Observed v a l u e s  i n  Runs PG-9 and 11 w e r e  i d e n t i c a l  w i t h  c a l -  

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

was about  6 % .  D i f f e r e n c e s  i n  t h i s  a r e a  can u s u a l l y  be  

a t t r i b u t e d  t o  d i f f i c u l t i e s  i n  ana lyz ing  f e e d  f o r  some of  t h e  

ox ide  forming m e t a l l i c  c a t i o n s  such a s  aluminum i n  t h e  p r e sence  

of phosphate .  Comparison of  l a b o r a t o r y  measured d e n s i t i e s  

w i th  c a l c u l a t e d  bu lk  d e n s i t i e s  shows good agreement w i t h  

on ly  t h e  p roduc t s  o f  Runs PG-7 and 10 d i f f e r i n g  by 6.9 and 

3 .3%,  r e s p e c t i v e l y .  D i f f e r e n c e s  h e r e ,  i f  n o t  caused by e r r o r s  

i n  measuring t h e  p roduc t  volume cou ld  be caused by vo id s  which 

can form i n  e i t h e r  slow c o o l i n g  o r  e x t r a  v i s cous  me l t .  

The u n i t  volumes of  phosphate g l a s s  from PW-4m was te  i n  

a  r e c e i v e r  p o t  (Tab le  4.5) w e r e  79, 65,  and 84 l i t e r s / t o n n e  

of  f u e l  f o r  Runs PG-8, 9 ,  and 10 ,  r e s p e c t i v e l y .  For  LMFBR 

was t e ,  t h e  u n i t  volume was 158 l i t e r s / t o n n e  of  f u e l  and f o r  

t h e  PW-2 was te  used i n  Run PG-7 t h e  u n i t  volume was 64 l i te rs /  

tonne.  The f i s s i o n  p roduc t  ox ide  c o n t e n t  of t h e  p roduc t s  

v a r i e d  from 15  t o  25 w t % .  Comparison of  t h e  c a l c u l a t e d  

f i s s i o n  p roduc t  c o n t e n t s  i n  t h e  p roduc t s  w i t h  t h a t  from t h e  

nominal f i s s i o n  p roduc t  c o n t e r t  shows t h a t  t h e  a c t u a l  f i s s i o n  

p roduc t  ox ide  c o n t e n t  d i f f e r s  from -24% t o  +25%. D i f f e r e n c e s  

a r e  p r i m a r i l y  due t o  v a r i a t i o n s  i n  t h e  r a r e  e a r t h  c o n t e n t  of 

t h e  was tes .  
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4.4 VOLATILIZATION OF RUTHENIUI'I AND OTRLR VOLATILGS 

An i m p o r t a n t  o b j e c t i v e  o f  t h e  f i v e  p h o s p h a t e  g l a s s  s o l i -  

d i f i c a t i o n  r u n s  was t o  c h a r a c t e r i z e  t h e  p a t h  and b e h a v i o r  o f  

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

t h e  f i r s t  series o f  r u n s  made w i t h  PW-1 and  PIV-2 w a s t e s ,  t h e  

o n l y  f i s s i o n  p r o d u c t  p r e s e n t  i n  s i g n i f i c a n t  q u a n t i t i e s  which 

v o l a t i l i z e d  vras ru then ium.  The b e h a v i o r  o f  t h i s  f i s s i o n  

p r o d u c t  was a g a i n  c l o s e l y  f o l l o w e d  i n  t h i s  l a s t  series o f  

d e m o n s t r a t i o n  r u n s .  I n  a d d i t i o n ,  t h e  f i s s i o n  p r o d u c t s  o f  

s e l e n i u m ,  t e l l u r i u m ,  an t imony,  and  t i n  w e r e  a l s o  d e s i g n a t e d  

wor thy  o f  s t u d y  b e c a u s e  t h e y  a r e  p r e s e n t  i n  more s i g n i f i -  

c a n t  q u a n t i t i e s  i n  LMFBR w a s t e s .  Dur ing  t h e  d e m o n s t r a t i o n  

r u n s ,  u s i n g  PIJ-2 and  PW-4m w a s t e s ,  ru then ium was a g a i n  

found t o  b e  t h e  o n l y  f i s s i o n  p r o d u c t  v o l a t i l i z e d .  Cesium 

e v o l u t i o n  was more t y p i c a l  o f  ce r ium e n t r a i n m e n t  r e s u l t s  

t h a n  o f  ru then ium v o l a t i l i z a t i o n  r e s u l t s  and i s  t h e r e f o r e  

n o t  c o n s i d e r e d  t o  b e  s i g n i f i c a n t l y  v o l a t i l e .  Ruthenium 

was a l s o  v o l a t i l i z e d  i n  t h e  r u n  u s i n g  LMFBR w a s t e .  Dur ing  

t h e  run  w i t h  s i m u l a t e d  LMFBR w a s t e  2 .6% o f  t h e  1 2 3 m ~ e  i n  

t h e  f e e d  t o  t h e  m e l t e r  v o l a t i l i z e d .  A n a l y s i s  o f  t h e  e f f l u -  

e n t s  from a  " c o l d "  r u n  made a t  BNL h a s  shown t h a t  f rom 1 t o  

1 0 %  o f  t h e  t e l l u r i u m  and  50 t o  100% o f  t h e  s e l e n i u m  can  b e  

e x p e c t e d  t o  v o l a t i l i z e  f rom the m e l t e r .  ( 6 )  However, t h e  

q u a n t i t y  o f  s e l e n i u m  i n  t h e  w a s t e  w i l l  b e  i n s u f f i c i e n t  f o r  

i t s  v o l a t i l i t y  t o  b e  a  s i g n i f i c a n t  problem. The f i s s i o n  

p r o d u c t s  o f  an t imony and t i n  a r e  n o t  e x p e c t e d  t o  v o l a t i l i z e .  

Most o f  the r u t h e n i u m  t h a t  i s  v o l a t i l i z e d  and e n t r a i n e d  dur -  

i n g  t h e  d e n i t r a t i o n - c o n c e n t r a t i o n  s t e p  i s  c o l l e c t e d  i n  t h e  

WSEP a u x i l i a r y  e v a p o r a t o r ;  t h a t  which is v o l a t i l i z e d  and 

e n t r a i n e d  f rom t h e  melter i s  c o l l e c t e d  i n  t h e  m e l t e r  c o n d e n s a t e  

r e c e i v i n g  t a n k .  



As expected, ruthenium was volatilized from the melter 

in quantities that were in agreement with previously determined 

results. These results and melter parameters are shown in 

Table 4.6. From 4 to 8% of the total ruthenium entering the 

melter  as volatilized based on l o 6 ~ u  analysis. Entrainment 

was less than 0.1% for all runs and ranged from 0.04 to 0.07%. 

Entrainment was always determined with resnect to 144~e-~r. 

Volatilization and entrainment of ruthenium from the 

denitrator-evaporator was less than 1% for all runs in which 

radioruthenium was added and ranged from about 0.5% to about 

0.9%. Radioruthenium was not added to the feed used in Run PG-10 

therefore no volatilization numbers are reported. Entrainment 

from the denitrator was consistently less than 0.1% and ranged 

from 0.001 to 0.06%. Volatilization and entrainment from the 

denitrator is shown in Table 4.7 along with other parameters. 

Feed composition had no apparent affect on either volatilization 

of ruthenium or entrainment. Figures 4.4 and 4.5 shows the accu- 

mulations of ruthenium and cerium, respectively, in the deni- 

trator-evaporator and melter condensate receivers as a function 

of elapsed run time. The boiloff rates did not affect the 

entrainment markedly because the rates were below the capacity 

of the denitrator (viz. 35 litersfir capacity) . Foaming that 

occurred in the denitrator during the early part of Run PG-7 did 

not appear to increase losses from the denitrator and apparently 

had no effect on entrainment. 

4.5 PERFOWIANCE OF TI!C DENITRATOR-EVAPORATOR 

The denitrator was started with an initial volume of approxi- 

mately 3 5  liters of 691 - nitric acid. During the initial con- 

centration period feed was continuously added to the boiling 

contents of the denitrator-evaporator while the denitrator- 

evaporator volume was kept essentially constant, and no material 



TABLE 4 . 7 .  V o l a t i l i z a t i o n  and  E n t r a i n m e n t  f rom t h e  D e n i t r a t o r - E v a p o r a t o r  

D e n i  t r a t o r  
C o n c e n t r a t e  Deni  t r a t o r  C o n s e n t r a t e  P ~ r r ~ n  + P e r c e n t  

- - - - - . . 
Vo 1 ume , 

c o m p o s i t i o n ,  A v e r a g e  B o i l o f f  106Rv 1 4 4 c e - p r  
P  G F e e d  l i t e r s /  Foam F e e d  R a t e ,  R a t e ,  V o l a t l l -  E n t r a i n -  
Run Mode Type --- t o n n e  ~ e + ~  ~ 1 ' ~  ~ a +  RE P O * - ~  R U ( ~ )  A d d i t i v e s  P r e s e n t  l i t e r s / h r  l i t e r s / h r  i z e d ( c )  m e n t ( c )  ---- 

8  A ,  B  PW-4m 270 0 . 2 9  0.56 2 . 1 8  0 . 8 3  8 . 1 2  0 . 0 0 5 0  6MHN03 n o  1 3 . 3  1 2 . 7  0 . 6 2  0 .029  
A A n t i f o a m  B  

P 9  A PW-4m 2 6  2  0 . 1 0  0 . 6 1  1 . 9 3  0 . 1 7  6 . 5 4  0 . 0 0 2 9  6M HN03 n o  2 6 . 3  26 .2  0 . 8 8  0 . 0 6 3  
4 A n t i f o a m  B  

11 A  LMFBR 5 4 0  0 . 3 8  0.49 2 . 3 4  0 . 6 4  7 .12  0 . 0 0 6  6M HN03 n o  1 9 . 3  1 9 . 0  0 . 4 8 ( ~ )  0 . 0 0 1 ( ~ )  
A n t i f o a m  B  

a .  A l l  m o l a r i t i e s  a r e  a t  d e n i t r a t o r - e v a p o r a t o r  a v e r a g e  o p e r a t i n g  c o n d i t i o n s .  S e e  a p p e n d i x  
f o r  f e e d  c o n c e n t r a t i o n  i n  t h e  f e e d  t a n k .  

b .  C h e m i c a l  r u t h e n i u m .  
c .  P e r c e n t  o f  t o t a l  a c t i v i t y  f e d  t o  t h e  d e n i t r a t o r ,  w h i c h  w a s  f o u n d  i n  t h e  c o n d e n s a t e  

f r o m  t h e  d e n i t r a t o r .  
d .  R a d i o r u t h e n i u m  was  n o t  a d d e d  t o  f e e d .  
e .  B a s e d  o n  d e n i t r a t o r  c o n d e n s e r  c o n d e n s a t e  s t r e a m  s a m p l e s .  



E L A P S E D  R U N  T I M E .  h r  

FIGURE 4 . 4 .  Accumula t ion  o f  Ruthenium i n  t h e  
Phospha te  Glass S o l i d i f i e r  
Condensa te  
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was f e d  t o  t h e  x x e l t e r .  During t h i s  c o n c e n t r a t i o n  p e r i o d  t h e  

f e e d  r a t e  t o  t ? e  d e n i t r a t o r  averaged a lmos t  25 l i t e r s / h r  f o r  

?':-4m w a ~ t e  and ranged from 16.5 t o  31 l i t e r s / h r  f o r  PY-4m was te  

depending on t h e  f e e d  c o n c e n t r a t i o n .  The average  s t a r t u p  r a t e  

f o r  t h e  L;IFSR was te  ~ 7 a s  35 l i t e r s / h r .  The s t a r t u p  p e r i o d  

r e q u i r e d  from about  5  t o  7.5 hours  f o r  a l l  demons t ra t ion  r u n s .  

The s t e a d y - s t a t e  f e e d  r a t e s  averaged 17 l i t e r s / h r  f o r  PId-2 and 

v a r i e d  from 13  t o  25 l i t e r s / h r  f o r  PP!-4x1 was tes .  LLvIFBR s t eady -  

s t a t e  p r o c e s s i n g  r a t e s  [jere 17.5  l i t e r s / h r .  P r o c e s s i n g  r a t e s  

a r e  summarized i n  TaLle 4.2. Ope ra t i ng  pa ramete r s  a r e  shown 

i n  Table  4.8. The shutdown p e r i o d  i n v o l v e s  d i l u t i o n  of  t h e  

c o n t e n t s  of  t h e  d e n i t r a t o r - e v a p o r a t o r  w i t h  6M - n i t r i c  a c i d  a s  

f e e d i n g  t o  t h e  melter i s  con t inued .  No.waste i s  f e d  t o  t h e  

d e n i t r a t o r  d u r i n g  t h i s  p e r i o d .  

The d e n i t r a t o r  c o n c e n t r a t e  b o i l i n g  t empera tu re  d u r i n g  t h e  

p r o c e s s i n g  of PW-4m was te  was h e l d  a t  abou t  123 OC f o r  b o t h  

Runs PG-8 and 10 and 126 OC f o r  Run PG-9. These were h i g h e r  

t han  t h e  121  "C r e q u i r e d  f o r  t h e  p r o c e s s i n g  of UFBR was te  b u t  

much lower t h a n  t h e  136 OC r e q u i r e d  f o r  t h e  PW-2 was te  used i n  

Run PG-7. 9ecause  of t h e  h i g h e r  f i s s i o n  p roduc t  c o n t e n t  i n  

t h e  h i g h e r  Surnup PW-4m and LIQBR f u e l ,  lower t empe ra tu r e s  were 

r e q u i r e d  t o  p r e v e n t  t h e  c o n c e n t r a t e  from g e t t i n g  t o o  h i g h  i n  

s p e c i f i c  g r a v i t y  and v i s c o s i t y .  The d e n i t r a t o r  c o n c e n t r a t i o n  

f a c t o r *  f o r  PW-2 was te  i n  Run PG-7 was 2.7 and was lower t h a n  

t h e  average  v a l u e  of 3 .3  determined f o r  PW-2 was tes  i n  t h e  

f i r s t  series o f  r uns .  The p r e sence  o f  e x t r a  sodium i n  PG-7 

from an i n a d v e r t e n t  a d d i t i o n  o f  EDTA and t h e  p r e sence  o f  e x t r a  

r a r e  e a r t h s  were t h e  r e a s o n s  f o r  t h e  lower c o n c e n t r a t i o n  f a c t o r .  

The c o n c e n t r a t i o n  f a c t o r  f o r  Pit-4m was te  was t y p i c a l l y  1 . 4  and 

r e f l e c t s  t h e  i n c r e a s e d  f i s s i o n  p roduc t  l oad ing  o f  t h e  s p e n t  

* Volume r a t i o  of i n i t i a l  aqueous was te  a t  378 l i t e r s / t o n n e  of - 
f u e l  t o  t h a t  of  t h e  c o n c e n t r a t e  from t h e  d e n i t r a t o r - e v a p o r a t o r .  



TABLE 4 . 8 .  Denitrator-Evaporator General Operating Parameters 

Average 
Aver age Average Aver age Steam Average Average AT 
L i q u i d  Vapor S t a r t u p  Concen t r a t e  Average P r e s s u r e  t o  Steam Steam- 

PG Feed Temp, Temp , Vo 1 ume , Vo 1 ume , D e n s i t y ,  ( a )  A g i t a t o r ,  Tube Bundle,  Temp, L i q u i d ,  
Run Type O C  C l i t e r s  l i t e r s  k g / l i t e r  rPm p s i g  ( c )  -- O C O C 

11 LMFBR 121  10 8 3  1 4 7  1 . 7  ( d )  4 6 145 2  4 

a .  A t  o p e r a t i n g  t empera tu re  
b .  Use d i s c o n t i n u e d  a f t e r  1 3  h r  of  e l a p s e d  run  t ime 
c .  S a t u r a t e d  s t eam 
d.  Not used 



f u e l  because  o f  t h e  h i g h e r  burnup (45,000 MliJd/tonne a t  30 _NW/ 

t o n n e ) .  The 0 . 7  va lue  p r e s e n t e d  a s  t h e  c o n c e n t r a t i o n  f a c t o r  f o r  

LMFBR was te  i s  due t o  an even h i g h e r  burnup (100,000 MWd/tonne 

a t  200 MVJ/tonne f o r  c o r e  f u e l  o n l y )  . I t  must be  r e a l i z e d  t h a t  

t h e s e  va lue s  a r e  based on was tes  a t  t h e o r e t i c a l  c o n c e n t r a t i o n s  

of  378.5 l i t e r s / t o n n e .  Th is  was a  r e a l i s t i c  f i g u r e  s e l e c t e d  

f o r  was tes  c o n t a i n i n g  lower f i s s i o n  p roduc t  c o n c e n t r a t i o n s ;  how- 

eve r ,  f o r  t h e  was tes  w i t h  i n c r e a s e d  f u e l  burnup i t  becomes 

appa ren t  t h a t  t h e  s e l e c t e d  t h e o r e t i c a l  waste  c o n c e n t r a t i o n  i s  

n o t  r e p r e s e n t a t i v e  and w i l l  l e a d  t o  t h e  anomaly encounte red  

above. Bowever, it s t i l l  i s  conven ien t  f o r  purposes  of  com- 

p a r i s o n ,  p a r t i c u l a r l y  when a t t e m p t i n g  t o  d e s c r i b e  r e a s o n s  f o r  

d i f f e r e n c e s  t h a t  may e x i s t  w i t h i n  t h e  same waste  t ype .  The 

e x t e n t  of  d e n i t r a t i o n  was n o t  determined d u r i n g  t h e  f i n a l  f i v e  

runs .  Two a t t emp t s  w e r e  made t o  o b t a i n  c o n c e n t r a t e  samples a t  

t h e  e n t r a n c e  t o  t h e  s o l u t i o n  f e e d e r  by a  s u c t i o n  d e v i c e ;  how- 

e v e r ,  bo th  a t t e m p t s  w e r e  unsucces s fu l .  

4 .5 .1  Plugging 

Plugging of t h e  s p e c i f i c  g r a v i t y  and l i q u i d  l e v e l  (weight  

f a c t o r )  t u b e s  was s i g n i f i c a n t l y  minimized a s  a  problem d u r i n g  

t h e  p roces s ing  of  purex was t e s ,  p r i n c i p a l l y  due t o  t h e  i n c o r -  

p o r a t i o n  of a  s e l f - c l e a n i n g  techn ique .  The t e chn ique  c o n s i s t e d  

of v e n t i n g  t h e  t u b e s  t o  t h e  d e n i t r a t o r - e v a p o r a t o r  p e r i o d i c a l l y  

t o  a l low s o l u t i o n  t o  r ise i n s i d e  t h e  t ubes  and c l e a n s e  them. 

Venting t h e  t ubes  f o r  a  10 minute p e r i o d  o f  every  1 5  minutes  

of o p e r a t i o n  proved s a t i s f a c t o r y  f o r  t h i s  purpose.  

O p e r a t i o n a l  pa ramete rs  i n  t h e  d e n i t r a t o r - e v a p o r a t o r ,  such 

a s  l i q u i d  and vapor t empe ra tu r e s ,  l i q u i d  volume, f e e d  r a t e s ,  

and s p e c i f i c  g r a v i t y  a r e  shown i n  d e t a i l  f o r  each  demons t ra t ion  

i n  t h e  Appendix a s  F igu re s  9 . 5  through 9 .8 .  



4.5.2 Foaming 
--P 

Foaming i n  t h e  d e n i t r a t o r  was e i t h e r  complete ly  suppressed  

o r  e lse ex t remely  w e l l  c o n t r o l l e d  d u r i n g  t h i s  f i n a l  series of 

r u n s  w i t h  t h e  excep t i on  of  t h e  f i r s t  p a r t  o f  Run PG-7. I t  was 

q u i c k l y  determined,  however, t h a t  t h e  r e a son  f o r  t h e  incomplete  

supp re s s ion  of  foam i n  t h i s  r un  was due t o  t h e  u se  of s t a l e  a n t i -  

foam a g e n t .  The problem was e l i m i n a t e d  when f r e s h  an t i foam was 

used i n  t h e  remainder of  t h e  run .  The primary i n d i c a t o r  of  

foaming, e q u a l  l i q u i d  and vapor  t empe ra tu r e s ,  was n o t  p r e s e n t  

i n  any run  a s  t h e  average  minimum d i f f e r e n c e  between l i q u i d  and 

vapor t empe ra tu r e s  was never  below 11 OC. No l o s s  of  f e e d  from 

t h e  d e n i t r a t o r  occu r r ed  d u r i n g  any of  t h e  r u n s .  Antifoam a g e n t  

was g e n e r a l l y  added t o  t h e  d e n i t r a t o r  a t  abou t  2.7 t o  2.8 l i ters /  

h r  a s  a  s o l u t i o n  c o n t a i n i n g  6.75 grams of  an t i foam p e r  l i t e r  and 

was ve ry  e f f e c t i v e  i n  t h e s e  amounts. The f e e d  used i n  Run PG-10 

was made on ly  from a  rad iocer ium s o l u t i o n  and consequen t ly  d i d  

n o t  c o n t a i n  t h e  foam induc ing  agen t  d i b u t y l  phosphate  (DBP). 

Because of  t h i s ,  no an t i foam agen t  was added d u r i n g  t h i s  r un  

no r  was it found nece s sa ry .  Th i s  was a l s o  e s t a b l i s h e d  i n  e x p e r i -  

ments and i n  p r a c t i c e  d u r i n g  t h e  f i r s t  series of  r uns .  

4.5.3 A g i t a t o r  Opera t ion  

E r r a t i c  o p e r a t i o n  of  t h e  a g i t a t o r  was f i r s t  no ted  i n  

Run PG-8 and r e q u i r e d  i t s  c u r t a i l e d  u s e  d u r i n g  a  major p o r t i o n  

of  Run PG-8 and i n  a l l  subsequen t  r uns .  P r i m a r i l y ,  i t s  u s e  was 

suspended d u r i n g  t h e  s t a r t u p  and s t e a d y - s t a t e - p o r t i o n s  o f  t h e  

runs  when b o i l i n g  was normal ly  p r e s e n t .  I t  was s t i l l  used dur-  

i n g  d i l u t i o n  p e r i o d s  when b o i l i n g  i s  normal ly  a b s e n t  s i n c e  it 

was f e l t  t h a t  some a g i t a t i o n  i s  nece s sa ry  t o  keep s o l i d s  i n  su s -  

pens ion .  No obvious  d e l e t e r i o u s  e f f e c t s  w e r e  no ted  d u r i n g  t h e  

runs  when t h e  a g i t a t o r  was n o t  used n o r  w e r e  any obvious  d i f -  

f e r e n c e s  e v i d e n t .  The e r r a t i c  o p e r a t i o n  appeared t o  be  due t o  



d ragg ing  of t h e  a g i t a t o r  s h a f t .  Th i s  i s  a lmos t  c o n c l u s i v e l y  - 
b e l i e v e d  due t o  breakdown of  t h e  s h a f t  b e a r i n g  l u b r i c a n t  from 

t h e  r a d i o a c t i v e  environment.  

4.5.4 E f f e c t  of  I n t e r n a l  Heat Genera t ion  i n  t h e  

D e n i t r a t o r - E v a ~ o r a t o r  

The h e a t  r equ i rement  t o  d e n i t r a t e  and c o n c e n t r a t e  t h e  w a s t e  

e n t e r i n g  t h e  d e n i t r a t o r  i s  abou t  1 2  k i l o w a t t s  a t  a  f e e d  r a t e  o f  

15 l i t e r s / h r  based on e v a p o r a t i o n  of  w a t e r .  Concen t r a t i ng  t h e  

f e e d  which con t a ined  from 10 t o  2 2  W / l i t e r  f o r  PW-4m w a s t e ,  

15 W / l i t e r  f o r  PW-2 was t e  and 17 W / l i t e r  f o r  LMFBR w a s t e s  

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

Run PG-10 t h e  h e a t  r a t e  d e n s i t y  was 1 0 4  W / l i t e r  i n  t h e  d e n i t r a t o r  

c o n c e n t r a t e .  T h i s  maximum h e a t - r a t e  d e n s i t y  t h e o r e t i c a l l y  accounted 

f o r  abou t  2 6 %  of  t h e  n e t  h e a t  r equ i rement .  (See  TaSle 4.9 .) The 

e f f e c t s  o f  t h i s  a v a i l a b l e  h e a t  was n o t  r e a d i l y  a p p a r e n t  i n  t e r m s  

of d e n i t r a t o r - e v a p o r a t o r  s team requ i rements ;  however, t h e  i n t e r n a l  

h e a t  was s u f f i c i e n t  t o  ma in t a in  t h e  c o n c e n t r a t e  nea r  t h e  b o i l i n g  

p o i n t  w i  t h o ~ t  e x t e r n a l  h e a t i n g .  

TABLE 4.9.  Den i t r a t o r -Evapo ra to r  I n t e r n a l  Heat 
Genera t ion  E f f e c t s  

Average 
Hea t  H e a t  R a t e  
Ra te  D e n i t r a t o r  D e n s i t y  i n  I n t e r n a l  

Average D e n s i t y  Average D e n i t r a t o r  H e a t  G e n e r a t i o n  (b) 
PG Feed Feed R a t e ,  i n  Feed Holdup Volume, C o n c e n t r a t e ,  % o f  D e n i t r a t o r  
Run Type l i t e r s / h r   liter ( a )  --  l i t e r s  W/liter 

7  PW-2 1 8 . 2  14 .6  4  4 67.4 2  0 

11 LMFBR 1 9 . 3  1 6 . 6  4  7 58.9  1 8  

a .  Based o n  f e e d  a n a l y s i s  

b. Based on e v a p o r a t i o n  o f  w a t e r  



4.5.5 F3elter Feed System 

The t r a n s f e r  of  concen t r a t ed  was t e  from t h e  d e n i t r a t o r -  

evapo ra to r  t o  t h e  m e l t e r  was achieved p r i n c i p a l l y  by t h e  modi- 

f i e d  a i r l i f t  p o t  used du r ing  Runs 2G-5 and PG-6 of  t h e  f i r s t  

series of runs  and f o r  a  s h o r t  p e r i o d  i n  P G - 1 1  by a  s l u r r y  

pump. With t h e  a i r l i f t ,  t h e  d e n i t r a t e d  and concen t r a t ed  

waste  i s  a i r l i f t e d  from nea r  t h e  bottom of t h e  d e n i t r a t o r  t o  

t h e  a i r l i f t  p o t  from which p a r t  of t h e  h o t  c o n c e n t r a t e  recir-  

c u l a t e ~  back t o  t h e  d e n i t r a t o r  and p a r t  overf lows i n t o  t h e  

m e l t e r  f e e d  l i n e .  An a l t e r n a t e  dev i ce  was i n s t a l l e d  p r i o r  t o  

Run P G - 1 1  and i s  shown i n  F igu re  4.6. The s l u r r y  pump u s e s  

t h e  Archimedes screw p r i n c i p l e  and c o n s i s t s  o f  an a i r  d r i v e n  

auger  which r o t a t e s  w i t h i n  a  snug f i t t i n g  t u b u l a r  c a s ing .  A 

tachometer  i s  f i t t e d  t o  t h e  d r i v e  assembly and p rov ides  speed 

i n d i c a t i o n  which i s  used a s  a  measure o f  pumping r a t e .  

The t r a n s f e r  o f  concen t r a t ed  was te  from t h e  d e n i t r a t o r -  

evapo ra to r  t o  t h e  m e l t e r  was l i m i t e d  t o  an average of  about  

4 l i t e r s / h r  because  o f  t h e  c a p a c i t y  of  t h e  m e l t e r  t o  t r a n s f e r  

h e a t  i n t o  t h e  incoming concen t r a t ed  feed .  Th i s  r a t e  was s i g n i -  

f i c a n t l y  h ighe r  ( 3 0 % )  t h a n  i n  t h e  f i r s t  series of  r u n s .  A 

new m e l t e r  f u rnace  was i n s t a l l e d  p r i o r  t o  t h i s  second series 

and was o p e r a t e d  a t  a  h ighe r  t empera tu re  and was mainly respon- 

s i b l e  f o r  t h e  i n c r e a s e d  r a t e .  A i r l i f t  p o t  o p e r a t i o n  was u s u a l l y  

very  s a t i s f a c t o r y  d u r i n g  t h e  second s e r i e s  of  r u n s  w i th  t h e  

excep t ion  of  Run PG-7. Plugs  developed i n  t h e  r e c i r c u l a t i o n  

l i n e  about  e i g h t  t i m e s  d u r i n g  t h e  run  and a t  l e a s t  t w i c e  i n  t h e  

a i r l i f t  weight  f a c t o r  d i p  t ube .  These p lugs  i n  t u r n  l e d  t o  l o s s  

of c o n t r o l  of  t h e  f eed  r a t e  t o  t h e  m e l t e r .  Con t ro l  o f  f eed  r a t e  

t o  t h e  melter was a l s o  a f f e c t e d  t o  a  lesser e x t e n t  whenever 

changes occu r r ed  i n  t h e  i n t e r n a l  d e n i t r a t o r - e v a p o r a t o r  l i q u i d  

l e v e l  and p r e s s u r e .  A s  t h e  runs  p rog re s sed ,  t h e s e  d i s r u p t i o n s  
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were a n t i c i p a t e d  and t h e i r  e f f e c t s  w e r e  minimized th rough  t h e  

u s e  of a  v e n t  c o n t r o l  j e t  t o  h e l p  s t a 5 i l i z e  p r o c e s s  p r e s s u r e s .  

The major  p l u g s  i n  t h e  r e c i r c u l a t i o n  l i n e  w e r e  always removed 

e i t h e r  k y  i n s e r t i n g  t h e  a i r l i f t  c l e a n o u t  r o d  i n t o  t h e  r e c i r c u -  

l a t i o n  l i n e  o r  by back ing  o u t  t l ie  r e c i r c u l a t i o n  p l u g  v a l v e  and 

f l u s h i n g  tile l i n e  w i t h  n i t r i c  a c i d .  The a i r l i f t  p o t  w e i g h t  f a c -  

t o r  d i p  t u b e  p l u g s  were removed by f l u s h i n g  t h e  l i n e  w i t h  n i t r i c  

a c i d .  P a r t i a l  p l u g s  i n  t h e  w e i g h t  f a c t o r  l i n e  were pe rhaps  more 

s e r i o u s  because  it obscured  t h e  development  o f  p l u g s  i n  t h e  

r e c i r c u l a t i o n  l i n e  by f a i l i n g  t o  s i g n a l  a  rise i n  t h e  l i q u i d  

l e v e l  i n  t h e  a i r l i f t  p o t .  The cause  of  t h e  p l u g s  i n  t h e  a i r -  

l i f t  p o t  may have Seen due  t o  t h e  p r e s e n c e  o f  r e s i d u a l  PW-1 m a t e -  

r i a l  from Runs PG-6 and 7  which was n e v e r  comple te ly  removed 

p r i o r  t o  Run PG-7. These problems w e r e  s i g n i f i c a n t l y  

reduced o r  e l i m i n a t e d  i n  a l l  subsequen t  r u n s  by t h e  r o u t i n e  

a p p l i c a t i o n  of s p r a y s  and f l u s h e s  and by u s e  of  t h e  remotab le  

f e a t u r e s  of t h e  a i r l i f t  p o t .  A i r l i f t  p o t  t e m p e r a t u r e s  

averaged abou t  4' lower t h a n  f e e d  p r o c e s s i n g  t e m p e r a t u r e s  

i n  t h e  l a s t  f o u r  r u n s .  Other  o p e r a t i n g  pa ramete r s  of t h e  

a i r l i f t  p o t  a r e  shown i n  Tab le  4 . l o .  

During t h e  e a r l y  p a r t  of  Run PG-7 t h e  a i r l i f t  p o t  was v e n t e d  

t o  t h e  m e l t e r  v i a  t h e  m e l t e r  f e e d  l i n e  and was t h e  p rocedure  

used on a l l  p r e v i o u s  r u n s .  T h i s  p rocedure  w a s  changed l a t e r  

i n  Run PG-7 and a l s o  i n  t h e  remainder  of t h e  r u n s  by v e n t i n g  

t h e  a i r l i f t  t o  t h e  d e n i t r a t o r - e v a p o r a t o r .  Smoother o p e r a t i o n  

seemed t o  r e s u l t  from t h e  change. 

An a l t e r n a t e  method of t r a n s f e r r i n g  f e e d  t o  t h e  m e l t e r  v i a  

a s c r e w  pump was t r i e d  i n  Run PG-11. Although a i r l i f t  p o t  oper-  

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

watch on o p e r a t i n g  pa ramete r s  was n e c e s s a r y  t o  a s s u r e  good p e r -  - - 
formance. The a i r l i f t  i s  v e r y  s e n s i t i v e  t o  changing c o n d i t i o n s  

- .  
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TABLE 4 . 1 0 .  A i r l i f t  P o t  O p e r a t i n g  P a r a m e t e r s  

A v e r a g e  
D e n s i t y  A v e r a g e  C o n c e n t r a t e  

D e n i  t r a t o r  T e m p e r a t u r e  
F e e d  B o t t o m s ,   eni it rat or, A i r l i f t  P o t .  

Mode  T y p e  -- k g / l i  t e r  O C  O C  - 

A PW- 2  1 . 9 2  1 3 6  9 2  ( a 1  

A  PW- 4m 1 . 7 4  1 2  6  1 2 0  

A  PW- 4m 1 . 7 4  1 2 3  11 8  

A  LMFB R 1 . 7  1 2 1  1 1 8  

A v e r a g e  1 2 3 . 2  (b) 1 1 9 . 5  (b) 

a .  A i r l i f t  p o t  thermocouple b e l i e v e d  f a u l t y  d u r i n g  
R u n  PG-7 a n d  w a s  replaced f o l l o w i n g  the run .  

b .  E x c l u d i n g  R u n  PG-7 

A v e r a g e  
A i r  

S u p p l y  
P r e s s u r e ,  

p s i 9  

Average 
A i r l i f t  

A i r  
S u p p l y  

R a t e ,  
s c fh  

A v e r a g e  
A i r l i f t  P o t  

J a c k e t  
S t e a m  

P r e s s u r e ,  
p s i g  



and it  i s  easy t o  o v e r a d j u s t  t o  compensate f o r  t h e s e  changing 

c o n d i t i o n s .  Plugging of v a r i o u s  p a r t s  of  t h e  a i r l i f t  p o t  w i th  

quick s e t t l i n g  s o l i d s ,  a s  exper ienced  i n  Runs PG-5 and PG-6 

i n  wllich PkJ-1 was te  was used ,  was a l s o  a problem which was 

reduced i n  magnitude by t ime ly  u se  of t h e  remotable  f e a t u r e s  

of t i le  u n i t .  F u r t h e r  r educ t i on  of t h e  p lugging problems asso-  

c i a t e d  w i th  t h e  u s e  of PW-1 was tes  may b e  forthcoming s i n c e  

r e c e n t  developments ( 7 )  i n  g l a s s  composi t ions  made i t  appa ren t  

t h a t  t h e  PW-1 was te  f lowshee t  could  b e  a d j u s t e d  by t h e  a d d i t i o n  

of sodium and phosphor ic  a c i d  t o  make it s i m i l a r  t o  a PW-4m feed  

which was processed w i th  no d i f f i c u l t y .  (Th is  w i l l  a l s o  r e s u l t  

i n  an i n c r e a s e  i n  t h e  u n i t  volume of t h e  s o l i d ) .  The screw pump 

was developed t o  p rov ide  an added degree  of c o n t r o l  and t o  l e s s e n  

t h e  c o n s t a n t  s u r v e i l l a n c e  t h a t  i s  necessa ry  w i th  t h e  a i r l i f t  

po t .  The screw pump was i n  o p e r a t i o n  f o r  8 hours  when i t s  

a i r  d r i v e n  motor f a i l e d ,  caus ing  t h e  use  o f  t h e  pump t o  b e  ter- 

minated.  The a i r  motor was e i t h e r  i n h e r e n t l y  d e f e c t i v e  due t o  

prolonged use  i n  developing t h e  pump o r  became d e f e c t i v e  because  

of r a d i a t i o n  damage. During i t s  b r i e f  performance s e v e r a l  advan- 

t a g e s  of t h e  u s e  of a pump of t h i s  t y p e  w e r e  appa ren t .  These 

advantages i nc luded :  

More s t a b l e  m e l t e r  o p e r a t i o n  a s  i n d i c a t e d  by s t a b l e  

t empera tu res  i n  t h e  m e l t e r .  

Higher t han  average t empera tu res  i n  t h e  m e l t e r  a t  a 

m e l t e r  f eed  i a t e  of 3 .5  l i t e r s / h r  i n d i c a t e d  t h a t  

an i n c r e a s e d  feed  r a t e  cou ld  b e  accommodated. 

Less s e n s i t i v e  t o  changes w i t h i n  t h e  d e n i t r a t o r .  

More p o s i t i v e  c o n t r o l  w i th  l i t t l e  l i k e l i h o o d  of 

overcompensating.  



Furt i le r  u se  of t h e  screw pump i s  recommended w i t h  emphasis on 

de t e rmin ing  i t s  u s e f u l  l i f e  d u r i n g  0 2 e r a t i n g  c o n d i t i o n s .  

Ope ra t i ng  pa ramete r s  of t h e  pump and t h e  motor and s o l u t i o n  

c h a r a c t e r i s t i c s  a r e  shown i n  F igu re  4 . 7 .  The pump o p e r a t e d  

between 600 and 650 rpm w i t h  40 p s i g  a i r  p r e s s u r e  and d e l i v e r e d  

c o n c e n t r a t e d  feed  t o  t h e  m e l t e r  a t  abou t  3.5 l i t e r s / h r .  P e r f o r -  

mance of t h e  pump began t o  d e c r e a s e  a s  an i n c r e a s e d  a i r  p r e s s u r e  

was r e q u i r e d  t o  ma in t a in  a d e s i r a b l e  rpm. A i r  motor f a i l u r e  

f i n a l l y  occu r r ed  as t h e  a i r  p r e s s u r e  reached 85 p s i g .  

4.6 PERFORMANCE OF PELTER 

D e n i t r a t o r  c o n c e n t r a t e  a t  120 t o  135 O C  i s  conve r t ed  t o  a  

m e l t  a t  t empe ra tu r e s  up t o  1200 O C .  When t h e  c o n c e n t r a t e  e n t e r s  

t h e  melter ( a t  t h e  nominal r a t e  of  abou t  4 l i t e r s / h r ) ,  f i n a l  

evapo ra t i on  and d e n i t r a t i o n  t a k e s  p l a c e  and t h e  s o l i d s  a r e  mel ted .  

During normal o p e r a t i o n ,  t h e  m e l t  w a s  con t i nuous ly  overf lowed 

from t h e  melter v i a  an  i n t e r n a l  melter we i r  a t  an  average  r a t e  of 

abou t  1 . 3  l i t e r / h r .  A t  t h e  end of each run  t h e  me l t  was b a t c h  

d i s cha rged  through t h e  d r a i n  f r e eze -va lve .  Throughout most of 

t h e  r u n s ,  f e e d  from t h e  d e n i t r a t o r  e n t e r e d  t h e  m e l t e r  a s  a gummy 

and bubbly m a t e r i a l  b u t  caused no major d i f f i c u l t i e s .  M e l t e r  

o p e r a t i o n  d u r i n g  t h e  f i v e  runs  proceeded smoothly e x c e p t  d u r i n g  

s h o r t  p e r i o d s  of foaming which sometimes fo l lowed e x c e s s i v e  s u r g e s  

of  f e e d  t o  t h e  m e l t e r .  

I n  t h e s e  f i v e  r u n s ,  no i n i t i a l  s e a l i n g  of t h e  melter i n t e r n a l  

w e i r  w i t h  n o n r a d i o a c t i v e  g l a s s  was p rov ided .  I n s t e a d  t h e  m e l t e r  

vacuum was reduced from t h e  normal 6 i n c h e s  of  wa t e r  t o  2  i n c h e s  

of wa t e r  t o  minimize suck ing  a i r  through t h e  unsea led  w e i r  t u b e  

w h i l e  c o n c e n t r a t e  was f e d  t o  t h e  melter. When m e l t  was obse rved  

d r i p p i n g  from t h e  w e i r ,  t h e  w e i r  t u b e  was known t o  be  s e a l e d  and 

t h e  vacuum was i n c r e a s e d  back t o  t h e  normal 6  i n c h e s  of w a t e r .  





Tile  melter fu rnace  was ope ra t ed  a t  an average  t empe ra tu r e  
4 

of 1230 OC d u r i n g  a l l  f i v e  r u n s ,  and tile r e s u l t i n g  average  i n t e r -  

n a l  m e l t  t empe ra tu r e  ranged from 1153 t o  1200 OC a s  measured 

nea r  tile bottom of t h e  m e l t e r .  F i g u r e  4.8 shows t y p i c a l  m e l t e r  

t empe ra t u r e  p r o f i l e s  durirlg Run P C - 1 1  where bo th  t n e  screw 

f e e d e r  and a i r l i f t  were used.  No a p p r e c i a b l e  t empe ra tu r e  d i f -  

f e r e n c e  was d i s t i n g u i s h a b l e  arnong phosphate  g l a s s  m e l t s  from 

PW-4n1 UiFi3IC, and PW-2 was t e s  e x c e p t  t h a t  t h e  m e l t  t empe ra tu r e  

i n c r e a s e d  a s  t h e  i n t e r n a l  h e a t  r a t e  d e n s i t y  i n c r e a s e d .  The n e t  

h e a t  r equ i rement  t o  produce g l a s s  was about  2  k i l o w a t t s .  Th i s  

was less t h a n  expec ted  from t h e  d e s i g n  v e r i f i c a t i o n  tes ts .  The 

average  m e l t  l e v e l  i n  t h e  m e l t e r  was abou t  6 i n c h e s .  M e l t  l e v e l  

c o n t r o l  was a t t empted  by c o n t r o l l i n g  t h e  f e e d  r a t e  t o  t h e  m e l t e r .  

Th i s  was done by a d j u s t i n g  a i r  supp ly  t b  t h e  a i r l i f t  a s  a  func- 

t i o n  of t empera tu re  r e ad ings  w i t h i n  t h e  m e l t .  However, m e l t  

l e v e l s  d i d  n o t  always cor respond  t o  t h o s e  i n d i c a t e d  by c o n t r o l  

thermocouple r e a d i n g s .  The c o n t r o l  thermocouple i s  abou t  1 i n c h  

above t h e  c o l d  f eed  l a y e r  and m e l t .  I f  t h e  m e l t  l e v e l  i s  

approximate ly  a t  t h e  we i r  over f low l e v e l ,  a  d e c r e a s i n g  m e l t e r  

f e ed  c o n t r o l  t empe ra tu r e  i n d i c ~ t e s  an i n c r e a s i n g  l e v e l  o f  m e l t  

i n  t h e  m e l t e r .  An i n t e r n a l  m e l t e r  thermocouple,  l o c a t e d  

1/2 i n c h  below t h e  w e i r  ove r f l ow ,  was monitored con t i nuous ly  

and p rov ided  f o r  b e t t e r  i n t e r p r e t a t i o n  of i n t e r n a l  melter o p e r a t i n g  

c o n d i t i o n s .  The upper c o n t r o l  t empera tu re  was moni tored  t o  

d e t e c t  sudden changes i n  feed  r a t e  t o  t h e  m e l t e r .  The c o n t r o l  

t empera tu re  l o c a t e d  below t h e  w e i r  overf low l e v e l  responded 

less r a p i d l y  t o  sys tem changes and was used t o  e s t i m a t e  t h e  

magnitude of t h e  f e e d  r a t e  changes nece s sa ry  t o  r e s t o r e  t h e  

m e l t  t o  t h e  p rope r  t empe ra tu r e .  The upper m e l t  c o n t r o l  tempera- 

t u r e  averaged between 925 and 1015 OC d u r i n g  t h e  s i x  r u n s .  An 

optimum would nave been about  850 OC f o r  s t e a d y  con t inuous  opera -  

t i o n .  The melter was ope ra t ed  under an average  vacuum of 6 i n c h e s  

of wa t e r .  The d r a inage  of m e l t  t o  t h e  r e c e i v e r  was c y c l i c  dur-  

i n g  most of  t h e  r u n s  due t o  t h e  a i r l i f t  n o t  f e e d i n g  t h e  melter 

a t  a  s t e a d y  r a t e .  
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r
l 

T
I' 

m
 

r
l 
I 
4
 

z L-4 

m
 

c, 
d
 

2 a, 
r
l 
a, 

a, 
S

 
E

 

h
 

m
 

T
I' 

a, 
k
 

?
 

tn 
.rl 
b.4 
V

 

a, 
U

 
rd 
d
 

k
 

?
 

w
 a, 

,G
 

+
' 

w
 0
 

k
 

a, 
c, 
d
 

a, 
U

 

a, 
s
 

+
' 

a
 

k
 

rd 

5 c, 

T
I' 
M
 

Q
' 



N e g  0692632-12 

FIGURE 4 . 9 .  D i s t o r t e d  E l e m e n t s  of the F i r s t  P h o s p h a t e  
G l a s s  Melter F u r n a c e  A f t e r  8 6 1  Hours of 
O p e r a t i o n  



development tests. A t  t h i s  t ime t h e r e  i s  no exp lana t ion  f o r  t h e  

f a i l u r e  of t h e  e lements .  I n s p e c t i o n  of  t h e  o l d  fu rnace  was 

l i m i t e d  t o  remote viewing wi th  a m i r r o r .  The second s e r i e s  

of p h ~ s p h a t e  g l a s s  demcjnsti-azio~i runs  w a s  coriipleted wi th  t h e  

modified fu rnacc  wi th  r;o d i f f i c u l t y .  The furnace  was modif ied 

by i n s t a l l i n g  v e r t i c a l  ceramic rods  i n  f r o n t  of each of  t h e  

sets of Kanthal  A - 1  e lements  t o  l i m i t  t h e i r  bowing: The e f f e c t s  

of thermal  c y c l i n g  of t h e  new fu rnace  was l e s sened  i n  t h e s e  

l a s t  r c n s  by l i m i t i n g  t h e  ?urnace h e a t i n g  and coo l ing  c y c l e s  

t c  200 OC/hr. 

The p la t inum me l t e r  was examined a t  t h e  t ime t h e  furnace  

w z s  be ing  r ep l aced .  The s i d e s  of t h e  m e l t e r  were s l i g h t l y  con- 

cave (F igure  4 .10) .  The lower two-thi rds  of t h e  me l t e r  appeared 

t o  have l a r g e r  g r a i n  growth than  t h e  upper p o r t i o n .  Both 

of t h e s e  c o n d i t i o n s  have been no ted  i n  a me l t e r  used. f o r  

over 2800 hours  under s i m i l a r ,  b u t  non rad ioac t ive ,  c o n d i t i o n s  

a t  BLIL. ( 8 )  

The v a r i o u s  of f -gas  f i t t i n g s  of  t h e  me l t e r  w e r e  examined 

f o r  cake format ion.  The s e a l  p o t  v e n t  l i n e  had a cake a t  t h e  

f langed  connect ion (F igure  4 . 1 1 ) .  The cake covered approxi-  

mately h a l f  t h e  opening and t ape red  o f f  toward t h e  i n s i d e  of 

each l i n e .  Cake format ion a t  t h i s  j o i n t  sugges t s  t h a t  t h e  j o i n t  

was n o t  a b s o l u t e l y  t i g h t .  Inf low of  coo l ing  a i r  w i th  subse- 

quent  condensat ion of vapor a t  t h i s  p o i n t  provided a s i t e  f o r  

cake format ion.  The remainder of t h e  l i n e  was c l e a r  a s  was t h e  

m e l t e r  o f f -gas  l i n e .  The cake was greenish-gray i n  c o l o r  and 

w a s  e a s i l y  removed. 

4.6.1 - Drain Systems 

During a l l  t h e  demonstra t ions  w i th  t h e  except ion  of t h e  

l a t t e r  p a r t  of Run PG-11, m e l t  was d i scharged  t o  t h e  r e c e i v e r  
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FIGURE 4.10. Phosphate Glass 
Platinum Melter 





p o t  v i a  t h e  unheated i n t e r n a l  overf low w e i r .  A t  t h e  end of  

each run ,  b a t c h  d i s c h a r g e  of  m e l t  was accomplished through t h e  

d r a i n  f r eeze -va lve  t o  empty t h e  m e l t e r  complete ly  t o  minimize 

t h e  p o t e n t i a l  f o r  s t r e t c h i n g  t h e  melter due t o  d i f f e r e n t  c o e f f i -  

c i e n t s  of  the rmal  expansion o f  t h e  g l a s s  and t h e  p l a t i num m e l t e r .  

During Run P G - 1 1  a  t i l t e d  melter made it neces sa ry  t o  d r a i n  t h e  

melter i n  ba t ches  f o r  a  l a r g e  p o r t i o n  o f  t h e  run .  A propane- 

a i r  t o r c h  was used t o  d i r e c t l y  h e a t  t h e  d r a i n  f r eeze -va lve  t o  

d r a i n  t h e  melter a t  t h e  end of  Runs PG-7 and PG-8. The b a t c h  

d r a i n s  d u r i n g  P G - 1 1 ,  a s  w e r e  t h e  f i n a l  d r a i n s  i n  PG-9 and PG-10, 

were e f f e c t e d  by t u r n i n g  o f f  c o o l i n g  a i r  and a l l owing  t h e  f r o z e n  

produc t s  i n  t h e  d r a i n  v a l v e  t o  thaw. The v a l v e  was s e a l e d  by 

t u r n i n g  c o o l i n g  a i r  on aga in .  

4.6.2 Off-Gas L ine ,  Melter Condenser,  and Steam Spray --- 

Off-gases gene ra t ed  i n  t h e  h igh- temperature  glass-making 

s t e p  i n  t h e  m e l t e r  c o n s i s t e d  mainly o f  w a t e r ,  n i t r a t e s ,  and 

s u l f a t e  (when p r e s e n t  i n  t h e  w a s t e ) ,  and t o  a lesser e x t e n t ,  

phosphates .  I n  a d d i t i o n ,  some v o l a t i l i z e d  ruthenium, se len ium 

and t e l l u r i u m ,  and e n t r a i n e d  m a t e r i a l s  a r e  p r e s e n t .  This  s t r eam 

i s  r o u t e d  through a platinum-5% i r r i d i u m  o f f -ga s  l i n e  t o  t h e  

mel ter -condenser .  The t empera tu res  of  t h e  g a s e s  pa s s ing  th rough  

t h i s  l i n e  w e r e  main ta ined  i n  t h e  range  of  400 t o  475 O C  i n  t h e  

f i v e  WSEP runs  t o  p r e v e n t  condensa t ion  and t he r eby  minimize 

c o r r o s i o n  i n  t h e  l i n e .  

The ga s  t empe ra tu r e s  a t  t h e  i n l e t  of  t h e  m e l t e r  condenser 

w e r e  e s s e n t i a l l y  t h e  same a s  t h o s e  o f  t h e  o f f -ga s  l i n e  shown 

i n  Table  4 . 1 1 .  The g a s  t empera tu res  a t  t h e  o u t l e t  o f  t h e  con- 

dense r  ranged from 50 t o  55 OC, and w e r e  g e n e r a l l y  h i g h e r  t h a n  

t h e  t empera tu res  o f  t h e  c o l l e c t e d  condensa te  which w e r e  4 1  t o  

47 O C .  Condensate f low r a t e s  ranged from 2.0 t o  abou t  

3 .0  li t e r s / h r  . 



TABLE 4 . 1 1 .  Performance o f  Melter Condenser 

Average ( a )  

I n l e t  O u t l e t  O u t l e t  Steam Rate  
Gas Gas Cond. Spray Steam of Melter 

PG Waste Temp, Temp, Temp, P r e s s u r e ,  Flow, Cond. Flow, 
Run Mode Type - -  OC OC OC p s i g  li t e r s / h r  l i t e r s / h r  

11 A LMFBR 470 53 46 0 0 2.54 

a.  During p e r i o d  o f  cont inuous  f e e d i n g  t o  melter. 

b. S u l f a t e  i s  n o t  p r e s e n t  i n  PW-4m and LMFBR was t e s .  

Recovery 
o f  Me l t e r  

V o l a t i l i z e d  
S u l f a t e ,  % 



Recovery of v o l a t i l i z e d  s u l f a t e  from PW-2 waste  was 9 9 %  

i n  Run PG-7. Steam spray  a d d i t i o n s  t o  t h e  bottom chamber o f  

t h e  melter-condenser du r ing  PG-7 were made through a modi- 

f i e d ,  fu l l -cone ,  Nionel spray nozzle* t o  h e l p  recover  vola-  

t i l i z e d  s u l f a t e  from t h e  m e l t e r  of  f-gas vapors and t o  h e l p  

i n h i b i t  co r ros ion  of t h e  s t a i n l e s s  s t e e l  me l t e r  condensate 

d r a i n  l i n e  by d i l u t i n g  t h e  condensate and reducing conden- 

s a t e  temperatures .  S u l f a t e  was n o t  p r e s e n t  i n  s i g n i f i c a n t  

q u a n t i t i e s  i n  t h e  was tes  used i n  t h e  o t h e r  runs ;  consequent ly  

it was n o t  necessary  t o  use  steam a d d i t i o n s  i n  t h e s e  runs .  

4.7 GENERAL PERFORMANCE AND OPERATING HISTORY 

4.7.1 Waste Composition E f f e c t s  

During WSEP phosphate g l a s s  s o l i d i f i c a t i o n  of h i g h l y  r ad io -  

a c t i v e  aqueous was tes  t o  s o l i d s ,  r e l a t i v e l y  few p roces s ing  prob- 

lems occurred.  One run  each wi th  PW-2 and LMFBR was t e s ,  and 

t h r e e  runs  wi th  PW-4m waste  demonstrated performance wi th  waste  

r e p r e s e n t i n g  t h a t  from rep roces s ing  s p e n t  f u e l  i r r a d i a t e d  from 

20,000 t o  100,000 MWd/tonne a t  power l e v e l s  ranging  from 15 t o  

200 MW/tonne, r e s p e c t i v e l y .  The on ly  problems were plugging 

of t h e  a i r l i f t  a i r  l i n e  and of t h e  a i r l i f t  p o t  r e c i r c u l a t i o n  

l i n e  du r ing  Run PG-7. R e l a t i v e l y  few p roces s ing  d i f f i c u l t i e s  

were encountered whi le  concen t r a t i ng  and s o l i d i f y i n g  PW-4m and 

LMFBR was tes .  

The s u l f a t e  i n  t h e  PW-2 waste  reduces  t h e  v i s c o s i t y  of and 

homogenizes t h e  evapora to r  concen t r a t e .  Also,  e v o l u t i o n  of s u l -  

f u r  oxide gases  from t h e  me l t e r  h e l p s  t o  i n c r e a s e  mixing and h e a t  

t r a n s f e r  r a t e s .  Melt foaming was n o t  app rec i ab ly  a f f e c t e d  by 

t h e  chemical f lowshee t .  

* Spraying Systems Co.-- Wide Spray Hydraul ic  Atomizing Nozzle 
Type 1 / 4  NW4W wi th  0.060-inch diameter  o r i f i c e  modified by 
removing i n t e r n a l  p a r t s  and d r i l l i n g  t o  o b t a i n  about  a 
1/8-inch diameter  o r i f i c e .  



Genera l  was t e  composi t ion  ranges  and a d d i t i v e s  f o r  t h e  

f i v e  phosphate  g l a s s  r u n s  a r e  shown i n  Tab le  4.12. Feed compo- 

s i t i o n s  f o r  t h e  f i v e  r u n s ,  a s  w e l l  a s  o t h e r  p e r t i n e n t  d a t a  on 

t h e  f e e d s ,  a r e  l i s t e d  i n  Table  9 . 1  of  t h e  Appendix. Feeds t o  

t h e  phospha te  g l a s s  s o l i d i f i c a t i o n  p r o c e s s  w e r e  p r epa red  u s i n g  

a c t u a l  Purex h i g h - l e v e l  was t e  and c o n c e n t r a t e d  r a d i o r a r e - e a r t h  

(most ly  1 4 4 ~ e - ~ r )  s o l u t i o n s  t o  p rov ide  t h e  d e s i r e d  s e l f - h e a t  

g e n e r a t i o n  r a t e  i n  t h e  g l a s s  p roduc t .  However, because  t h e  

s t o c k  s o l u t i o n s  sometimes con t a ined  e x c e s s  aluminum and r a r e  

e a r t h s  compared t o  t h e  s t a n d a r d  PW-2, PW-4m, and LMFBR was t e  

compos i t ions ,  t h e  a c t u a l  composi t ion  o f  t h e  w a s t e s  p roce s sed  

v a r i e d  somewhat from t h e  d e s i r e d  compos i t ion .  The PW-2 was t e s  

used i n  Run PG-7 c o n t a i n e d  a lmos t  50% more sodium t h a n  t h e  

nominal v a l u e  i n  t h e  f l owshee t .  T h i s  exce s s  sodium concen- 

t r a t i o n  p robab ly  caused t h e  d e n i t r a t o r - e v a p o r a t o r  s l u r r y  t o  

become somewhat more nonhomogeneous, ( e . g . ,  forming h e a v i e r  

s o l i d s ,  which s e t t l e  o u t  a t  a  more r a p i d  r a t e ) .  The e x c e s s  

aluminum i n  t h e  Purex was t e  was used  a s  a  s u b s t i t u t e  (34 t o  

100%) f o r  t h e  i r o n  d u r i n g  a l l  t h e  r u n s .  An exces s  of  r a r e  

e a r t h s  i n  a l l  r u n s  e x c e p t  PG-9 r e q u i r e d  a d d i t i o n a l  H PO b e  3 4 
added t o  t h e  was t e  t o  ma in t a in  t h e  M/P e q u a l  t o  1 . 0 .  

Chemical a d d i t i v e s  were added d i r e c t l y  t o  t h e  f e e d .  

4.7.2 Re l a t ed  Equipment - 

Performance of t h e  pr imary p i e c e s  of  phosphate  g l a s s  equ ip-  

ment ha s  been d i s c u s s e d  i n  t h e  p r eced ing  s e c t i o n s .  The oper-  

a t i n g  h i s t o r y  o f  t h i s  equipment i s  summarized i n  Tab le  4.13. 

D i scus s ion  of  o t h e r  r e l a t e d  equipment i s  p r e s e n t e d  below. 
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TABLE 4.13. Phosphate Glass Equipment Operating History 

P r e s s u r e ,  
C o n s t r u c t i o n  i n .  w a t e r  

Equipment  M a t e r i a l  Temp, OC o r  f l o w  Chemica l  

P h o s p h a t e  G l a s s  F e ,  SS ,  N i o n e l  %50 -2 t o  -10 L i q u i d  N i t r a t e s ,  
Rack ( 5C-Rack) S u l f a t e s ,  a n d  

P h o s p h a t e  
S l u r r i e s  

O p e r a t i n g  
Hours Remarks . -- 

1 1 2 5  --- --- --- 

1 0 3 5  A f t e r  110  h r  o f  C P G ( ~ )  o p e r a  .on ,  
t h e  i n a d e q u a t e l y  h e a t e d  m e l t t : .  
v e n t  n o z z l e  c o r r o d e d  and  p a r -  
t i a l l y  c o l l a p s e d  b e c a u s e  o f  
e x p a n s i o n  s t r e s s e s .  The me1 :r 
was r e p l a c e d  a f t e r  783  h r .  l i a l l s  
w e r e  s l i g h t l y  c o n c a v e .  

M e l t e r  P l a t i n u m  800-1270 -2 t o  -10 P h o s p h a t e  M e l t s  

M e l t e r  S p a r g e r  No. 1 P l a t i n u m  

No. 2  P l a t i n u m  

800-1200 0  t o  1 . 2  
s c f h  

2  

800-1200 0  t o  0 . 8  
s c f h  

2  

800-1200 0  t o  0 . 5  A i r  
s c f h  

1 Used o n l y  on  t r i a l  b a s i s  d u r ~ i l g  
CPG- 7.  

445 Used o n l y  d u r i n g  i n - c e l l  h o t  
o p e r a t i o n .  

M e l t e r  L e v e l  Dip  Tube P l a t i n u m  725 Used o n l y  d u r i n g  i n - c e l l  h o t  
o p e r a t i o n .  

M e l t e r  F u r n a c e  No. 1 Hevi-Duty K a n t h a l  800-1270 T r a c e  N 2  P u r g e  i n  
A-1 E l e m e n t s  J a c k e t  

861  N2 p u r g e  is t o  p r e v e n t  o x i d a t  ..on 
o f  e l e c t r i c a l  w i r i n g  i n  furnz.ce 
j a c k e t .  E l e m e n t s  f a i l e d  a t  €,rid 
o f  t h i s  t i m e .  

M e l t e r  F u r n a c e  No. 2  Hevi-Duty K a n t h a l  800-1270 T r a c e  N2 P u r g e  i n  
A-1 E l e m e n t s  J a c k e t  

M e l t e r  Wei r  H e a t e r  K a n t h a l  A-1 600-1000 --- --- 
E l e m e n t s  

260 The w e i r  h e a t e r  b u r n e d  o u t  
p e r i o d i c a l l y  a n d  it n e v e r  worked 
d u r i n g  t h e  h o t  Runs PG-1 t h r c  lign 
PG-6. 

M e l t e r  F r e e z e  V a l v e  K a n t h a l  A-1 600-1000 --- --- 
H e a t e r  E l e m e n t s  

48 The F.V. h e a t e r  b u r n e d  o u t  
p e r i o d i c a l l y  a n d  d u r i n g  PG-5 r t  
f a i l e d  and  was n o t  r e p l a c e d .  

M e l t e r  O f f  Gas L i n e  P l a t i n u m - 5 %  150-600 -2 t o  -10 S u l f a t e  a n d  
I r i d i u m  N i t r a t e  Vapors  

M e l t e r  O f f  Gas L i n e  Nichrome H e a t i n g  200-600 --- --- 
H e a t e r  Wire  

763 A  hand  wrapped  h e a t e r  was usc:l 
f o r  CPG-7, ( a )  t h e  p r e s e n t  
h e a t e r  was i n s t a l l e d  f o r  r a d i o -  
a c t i v e  o p e r a t i o n  

M e l t e r  C o n d e n s e r  (E-117) I n n e r  S h e l l ,  Tubes  40-180 -2 t o  -10 S u l f a t e  and 
D r a i n - N i o n e l  N i t r a t e  Vapors  
O u t e r  S h e l l - S S  

1 0 3 5  A f t e r  200 h r  s e r v i c e ,  t h e  SS 
l i n e  on  t h e  5C r a c k  was 
changed  t o  n i o n e l .  F o r  t h e  
i n - c e l l  r u n s  ( h o t ) ,  t h e  n i o n t  .. 
d r a i n  l i n e  jumper h a s  b e e n  u s e d  
473 h r .  

M e l t e r  S o l u t i o n  F e e d e r  P l a t i n u m  100-120 --- P u r e x  Type 
W a s t e s  

D e n i t r a t o r  A i r l i f t  P o t  304L SS 
No. l a  

120-140 -5 t o  + 5  P u r e x  Type 
W a s t e s  

310 Removed and  r e p l a c e d  a f t e r  
CPG-7 d u e  t o  e x c e s s i v e  c o r r o -  
s i o n  c a u s e d  by  a d d i n g  5  l i t e l . : ;  
o f  17.5M H2SO4 t o  t h e  d e n i t r i  - -  
t o r  v i a  t h e  p o t .  

N O .  l b  120-140 -5 t o  + 5  P u r e x  Type 
W a s t e s  

319 Removed and  r e p l a c e d  a f t e r  
PG-4 ( b )  d u e  t o  i n a d e q u a t e  
r e m o t a b l e  f e a t u r e s .  

No. 2  304L SS ( T i -  120-140 -5  t o  + 5  P u r e x  Type 
A i r l i f t  A i r  W a s t e s  
L i n e )  

Deni  t r a t o r  E v a p o r a t o r  A-55 T i  40-140 -2 t o  -10 P u r e x  Type 
(TK-121) W a s t e s  

393 I n s t a l l e d  p r i o r  t o  PG-5 t o  
p r o v i d e  r e m o t a b l e  f e a t u r e .  

1 1 2 5  E v a p o r a t o r  a i r l i f t  r e t u r n  
l i n e  was c o r r o d e d  t h r o u g h  
f o l l o w i n g  CPG-7 when 5  l i t e r s  
o f  17.5M H2SO4 was added  t o  
t h e  d e n i t r a t o r  v i a  t h e  a i r -  
l i f t  p o t .  

D e n i t r a t o r  Tube Bundle  A-55 T i  40-140 0  t o  100  P u r e x  Type 
p s i g  s t e a m  W a s t e s  

Deni  t r a t o r  A g i t a t o r  SS S h a f t ,  SS a n d  40-140 --- P u r e x  Type 
T i  I m p e l l e r s  Was tes  

A f t e r  330 h r  t h e  SS i m p e l l e r  
was c h a n g e d  t o  A-55 T i .  The 
a g i t a t o r  r a n  backwards  f o r  
PG-1 t o  3.  Used o n l y  i n t e r -  
m i t t e n t l y  a f t e r  914 h r  d u e  t o  
r a d i o l y t i c  b r e a k  down o f  bea:- Lng 
g r e a s e .  

30-50 -2 t o  -10 D i l u t e  HN03 

30-50 -2 t o  -10 D i l u t e  HN03 

30-50 -2 t o  -10 H20 

D e n i t r a t o r  Over  Flow P o t  304L SS 

D e n i t r a t o r  S e a l  P o t  304L SS 

D e n i t r a t o r  Vacuum B r e a k e r  304L SS Removed f rom t h e  r a c k s  a f t e r  
CPG-7. 

M e l t  R e c e i v e r  P o t s  304L SS 100-900 T r a c e  S o l i d i f i e d  M e l t  No v ~ s ~ b l e  w a r p i n g  o r  b e n d i n : .  
No d e t e c t a b l e  c o r r o s i o n  o f  
s t a i n l e s s  s t e e l  p o t s .  

Mi ld  S t e e l  p o t s  became 
e x t e r n a l l y  c o r r o d e d  d u r i n g  
w a t e r  s t o r a g e  when r e d u c t a n t : :  
w e r e  n o t  added  t o  t h e  w a t e r .  

A l s o  u s e d  a s  p o t  c a l c i n e r  
f u r n a c e .  D e l a m i n a t e d  
i n s u l a t i o n  was c o m p l e t e l y  
r e p l a c e d  w i t h  Ceroform a t  
1 0 2 5  h r  j u s t  b e f o r e  r a d i o -  
a c t i v e  s e r v i c e .  

Use d i s c o n t i n u e d  a f t e r  1 3  h r  
r u n  when d r i v e  motor  f a i l e d .  

F a i l e d  a f t e r  1 3  h r  i n  h o t  c e  . 

Mild  S t e e l  

R e c e i v e r  F u r n a c e  H a s t e l l o y  X Was te  P o t s  

Screw F e e d e r  

Screw F e e d e r  Motor 

115-125 --- P u r e x  Type 
Was tes  

2.50 "C 0  t o  9 0 ' ~ )  C e l l  A i r  

a .  CPG = "Cold" p h o s p h a t e  q l a s s  r u n s .  
b .  PG = "Hot"  p h o s p h a t e  q l a s s  r u n s .  
c .  A i r  p r e s s u r e ,  p s i g .  



S e a l  P o t s  

Secondary v e n t  l i n e s  from t h e  d e n i t r a t o r - e v a p o r a t o r  and 

melter w e r e  provided f o r  r e l i e f  of p r e s s u r e  i f  it i n c r e a s e d  

t o  a tmospher ic  l e v e l  d u r i n g  o p e r a t i o n .  Water-seal  p o t s  i n  

each of  t h e  two l i n e s  a l low t h e  p o t s  t o  v e n t  and overf low 

d i r e c t l y  i n t o  t h e  m e l t e r  condensate  t ank .  

The m e l t e r  s e a l  p o t  i s  an 8-inch d iamete r  by 22-inch long  

s e c t i o n  of p i p e  which i s  c l o s e d  a t  each end and c o n t a i n s  i n l e t  

and o u t l e t  p i p i n g  des igned  s o  t h a t  maximum p r e s s u r e  d i f f e r e n -  

t i a l s  of  up t o  8 i nches  of  wa te r  a r e  r e q u i r e d  t o  a l low gas  t o  

flow from tile m e l t e r  t o  t h e  condensate  t a n k .  S e a l  wa t e r  cannot  

f low backwards t o  t h e  m e l t e r .  

The d e n i t r a t o r - e v a p o r a t o r  overf low s e a l  p o t  i s  a 6-inch 

d iamete r  by 17-inch long  s e c t i o n  of p i p e  which i s  c l o s e d  a t  each  

end and c o n t a i n s  i n l e t  and o u t l e t  p i p i n g  des igned  s o  t h a t  

maximum p r e s s u r e  d i f f e r e n t i a l s  of  up t o  1 2  i n c h e s  of  wa te r  a r e  

r e q u i r e d  t o  a l low gas  t o  f low t o  t h e  condensate  t ank .  The over-  

f low s e a l  p o t  was never  needed f o r  emergency v e n t i n g  of t h e  

d e n i t r a t o r  d u r i n g  t h e  f i v e  runs .  

Receiver  Po t  Furnace 

The s ix-zone induc t ion-hea ted  r e c e i v e r  p o t  f u rnace  which 

has  a t empe ra tu r e - con t ro l l ed  s u s c e p t o r  t o  t r a n s f e r  h e a t  t o  o r  

from t h e  me l t  r e c e i v e r  w a l l  performed w e l l .  Each zone was con- 

t r o l l e d  t o  w i t h i n  + l o  OC of t h e  se t  p o i n t  w i thou t  g r o s s  i n f l u -  

ence  from a d j a c e n t  zones wh i l e  h e a t i n g  a l l  zones t o  approximate ly  

600 OC t o  pe rmi t  slumping of  t h e  m e l t  w i t h i n  t h e  r e c e i v e r .  Zones 

below t h e  m e l t  l e v e l  w e r e  unheated and were u s u a l l y  cooled.  . 
I n d i r e c t  c o o l i n g  by f o r c e d  a i r  around t h e  o u t s i d e  of t h e  sus-  

c e p t o r  was s u f f i c i e n t  f o r  t h e  f i v e  phosphate  g l a s s  runs  and t h e  - 



furnace  should be  adequate f o r  coo l ing  po t s  con ta in ing  up t o  

13  k i l o w a t t s  of phosphate g l a s s .  This  fu rnace  i s  a l s o  t h e  primary 

s o l i d i f i c a t i o n  furnace  f o r  t h e  p o t  c a l c i n a t i o n  process .  

Process  Condenser 

The same process  condenser i s  used f o r  t h e  vapors from a l l  

s o l i d i f i c a t i o n  processes  i n  WSEP. A 304L s t a i n l e s s  s teel  s l e e v e  

was i n s t a l l e d  a t  t h e  i n l e t  of t h e  t i t a n i u m  condenser t o  p revent  

co r ros ion  a t  t h i s  p o i n t  a f t e r  l o c a l  s u l f a t e  co r ros ion  occur red  

du r ing  e a r l y  DVT runs .  Corrosion coupons w e r e  i n s t a l l e d  i n  

t h e  l i n e r  p r i o r  t o  r a d i o a c t i v e  ope ra t ion .  These w e r e  made o f  

A-55 t i t an ium,  304L and 316L s t a i n l e s s  s teel ,  and Nionel.  The 

coupons were i n s p e c t e d  a t  t h e  end of  t h e  f i r s t  series o f  s i x  

p o t  c a l c i n a t i o n  runs  (3 )  and aga in  a f t e r  t h e  f i r s t  s i x  and 

t h e  second f i v e  phosphate g l a s s  runs .  Although no i n c r e a s e  i n  

co r ros ion  t o  e i t h e r  t h e  l i n e r  o r  t h e  coupons was v i s i b l e ,  some 

d e p o s i t s  (up t o  1/8 i n c h  t h i c k )  were on t h e  samples and i n  

t h e  l i n e r .  Laboratory a n a l y s i s  of  the d e p o s i t s  i n d i c a t e d  t h a t  

they were probably e n t r a i n e d  c a l c i n e ,  r a t h e r  than  ruthenium 

which was suspec ted .  
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. Conversion of high--level aqueous rrastes to a solid results 

in one or more effluent streams vith lower levels of radio- 

activity. These effluent streams m u ~ t  be reduced to nontoxic 

levels before the total benefits of solidification are truly 

realized. Therefore is.aportant to any waste solidification 

sys tem are the auxiliary systems (primarily decontamination 

equipment) located downstream of the solidification systems. 

Demonstration of effluent cleanup (decontamina-tion) is a sig- 

nificant part of the VEEP Program. This objective was estab- 

lished to investigate the parameters affecting the performance 

of the decontamination equipment and involves the following 

items : 

Providing data on decontamination of solidifier 

off-gases prior to their discharge to the atmosphere. 

Characterizing the secondary aqueous effluent streams 

from waste solidification. 

Evaluating the needs and methods for treating the 

secondary effluent streams. 

Establishing the performance characteristics of the 

individual decontamination equipment, i.e., con- 

densers, evaporator, acid fractionator, filters, and 

scrubber. 

Auxiliary equipment in support of a waste solidification 

system must be designed to assure that sufficient decontamina- 

tion of secondary effluent streams is done so that these 
' I  . streams are acceptable for recycle to the fuel reprocessing 

plant or for final release to the environment. 



I n i t i a l  s t u d i e s  have i n d i c a t e d  t h a t  t h e  recovered  n i t r i c  

a c i d  and w a t e r  s t r eams  from t h e  p i o s p h a t e  q l a s s  s o l i d i f i c a t i o n  

p roce s se s  can prol;ahl:~7 he r e cyc l ed  t o  a  f u e l  r c ~ r o c c s s i n g  

2 l a n t .  The recovered  a c i d  rhrhich i s  s l i c h t l y  contaminated  

can be r e c y c l e d  f o r  p o s s i b l e  use  i n  f u e l  e lement  d i s s o l u t i o n  

and/or f o r  p o s s i b l e  use  i n  s o l v e n t  e x t r a c t i o n  s c r u b  s t r e ams .  

E f f l u e n t  r e c y c l e  i s  based upon having s o l i d i f i c a t i o n  p r o c e s s i n g  

c a p a b i l i t i e s  w i t h  each  f u e l  r e p r o c e s s i n g  p l a n t .  I f  t h e  s o l i d i -  

f i c a t i o n  c a p a b i l i t i e s  w e r e  n o t  i n t e g r a t e d  w i t h  b u t  were remote 

from t h e  f u e l  r e p r o c e s s i n g  p l a n t ,  t h e  s o l i d i f i c a t i o n  p l a n t  

would need a complete b u t  s m a l l e r  c a p a c i t y  v e r s i o n  o f  t h e  

e f f l u e n t  was te  t r e a t m e n t  and a c i d  recovery  f a c i l i t i e s .  Ship-  

p ing  of  h igh  l e v e l  aqueous was te  and r e u s a b l e  e f f l u e n t s  

between t h e  two p l a n t s  would a l s o  be r equ i r ed .  These condi-  

t i o n s  a r e  b e l i e v e d  t o  be  i m p r a c t i c a l  and unsafe .  

P roce s s  a u x i l i a r i e s  t h a t  a r e  nece s sa ry  f o r  a  s o l i d i f i c a t i o n  

system c o n s i s t  o f  equipment f o r  (1) p r e p a r i n g  aqueous was te  s o l u -  

t i o n s  f o r  f e e d i n g  t h e  s o l i d i f i e r ,  ( 2 )  decon tamina t ing  t h e  s o l i d i -  

f i e r  o f f - g a s ,  and ( 3 )  decontaminat ing t h e  s o l i d i f i e r  condensa te  

and r e c o v e r i n g  n i t r i c  a c i d .  

I n  tile WSEP a u x i l i a r y  sys tem,  vapors  from t h e  s o l i d i f i c a t i o n  

sys tem which a r e  n o t  a c c e p t a b l e  f o r  d i s c h a r g e  w i thou t  f u r t h e r  

t r e a t m e n t  a r e  f i r s t  r o u t e d  through a condenser  t o  t h e  e v a p o r a t o r .  

The s o l i d i f i e r  condensa te  i s  c o n c e n t r a t e d  i n  t h e  e v a p o r a t o r  ( a l ong  

w i th  incoming f e e d  i n  some c a s e s ) .  The vapors  from t h e  evapora-  

t o r  a r e  f i r s t  decontaminated  from e n t r a i n e d  a e r o s o l s  i n  t h e  

evaporator tower by irilpengment p l a t e s ,  b u b l ~ l e  c a p s ,  and a m i s t  

e l i m i n a t o r  and t hen  t hey  a r e  condensed. The evapo ra to r  condensa te  

i s  f u r t h e r  decontaminated  and c o n c e n t r a t e d  i n  t h e  a c i d  f r a c t i o n a -  

t o r  where n i t r i c  a c i d  i s  recovered .  The vapors  from t h e  f r a c t i o n -  

a t o r  a r e  a g a i n  condensed and abou t  8 0 %  of  t h e  f r a c t i o n a t o r  







TABLE 5.1.  Typ ica l  E f f l u e n t s  During Mode A Ope ra t i on  ( a )  
(based  on t h e  l a s t  f i v e  phosphate  g l a s s  r u n s )  

Gross Radio- 
Volume, ( b )  Rad ioac t ive  a c t i v i t y  Less 

l i t e r s /  Ruthenium, Ruthenium, 
Stream S o l u t i o n  l i t e r  f eed  C i / C i  i n  f e e d  C i / C i  i n  feed  P o t e n t i a l  Disposa l  

Evapora to r  Bottoms 5M - HN03 0 . 7 ' ~ )  4 . 8 x 1 0 - ~  1 . 3 ~ 1 0 - ~  Recycle t o  s o l i d i f  i e r  
f e e d  o r  t o  f u e l  repro-  
c e s s i n g  p l a n t  waste  
c o n c e n t r a t o r  

Acid F r a c t i o n a t o r  Bottoms 9M - HN03 0 . 3  5 .2  x 1 .3  x Reuse i n  f u e l  
r e p r o c e s s i n g  p l a n t  

F r a c t i o n a t o r  D i s t i l l a t e  0.01M - HN03 0.6 2 .2  x 2.6 x lo - '  Reuse i n  f u e l  

Ln r e p r o c e s s i n g  p l a n t  

Scrubber  Bottoms 2 M  - NaOH 0.7  (a)  6 . 3  x NDG I n t e r m e d i a t e  l e v e l  
t r e a t m e n t  o r  combine 
w i t h  high l e v e l  
waste  

F i n a l  Off-Gas from Scrubber A i r  2200 1 . 4 ~  lo- '  2 . 3 ~  10-l2 To b u i l d i n g  v e n t i  l a -  
t i o n  f i l t e r s  and 
atmosphere 

F i n a l  Off-Gas t o  Stack A i  r --- <9 lo-10 <7 10-13 To atmosphere 

NDG No d e t e c t a b l e  ga in  i n  r a d i o a c t i v i t y .  

a .  Run PG-11 d a t a  was used a s  r e p r e s e n t a t i v e  of  Mode A o p e r a t i o n  ( s e e  Appendix Table  9 . 5 ) .  
b .  Volumes i n c l u d e  a d d i t i o n s  t o  system ( s e e  ~ p p e n d i x ,  Table  9 .4 )  . E'ractions do  n o t  sum 

t o  1 . 0  s i n c e  a c t u a l  d a t a  was used.  
c .  The s t a r t i n g  volume i n  t h e  WSEP e v a p o r a t o r  v a r i e d  from 300 t o  500 l i t e r s .  Th i s  

s o l u t i o n  can remain i n  t h e  e v a p o r a t o r  f o r  s e v e r a l  r u n s .  
d .  The s t a r t i n g  volume i n  t h e  s c r u b b e r  v a r i e d  from 400 t o  500 l i t e r s .  Th i s  s o l u t i o n  

can remain i n  t h e  sc rubber  f o r  s e v e r a l  runs .  



was c o l l e c t e d  s e p a r a t e l y .  An average  of o n l y  0.71% of  

t h e  r a d i o r u t h e n i u m  and 0.042% of t h e  n o n v o l a t i l e 3  were 

i n  t h e  d e n i t r a t o r  o f f - g a s  which was condense6 and c o l l e c t e d  

i n  t h e  a u x i l i a r y  e v a p o r a t o r  f o r  f u r t h e r  t r e a t m e n t .  

During commercial p r o c e s s i n g  of  aqueous w a s t e s  u s i n g  t h e  

phosphate  g l a s s  s o l i d i f i c a t i o n  p r o c e s s ,  t h e  m e l t e r  o f f - g a s  can  

be  combined w i t h  t h e  d e n i t r a t o r  o f f - g a s  and decontaminated  by 

t h e  a u x i l i a r y  sys tem.  Also ,  t h e  m e l t e r  o f f - g a s e s  c o u l d  be  con- 

densed and r e c y c l e d  t o  t h e  d e n i t r a t o r  f e e d  o r  d i r e c t l y  t o  t h e  

e v a p o r a t o r .  

5 .1  OPERATING MODES 

The need t o  demons t ra te  how t h e  t r e a t m e n t  of  e f f l u e n t s  from 

s o l i d i f i c a t i o n  can  be  i n t e g r a t e d  i n t o  a  f u e l  r e p r o c e s s i n g  p l a n t  

u s i n g  e x i s t i n g  equipment  such as w a s t e  e v a p o r a t o r  and a c i d  r e c o v e r y  

sys tem o r  done s e p a r a t e l y  prompted t h e  s e l e c t i o n  of t h r e e  d i f f e r -  

e n t  o p e r a t i n g  modes i n  WSEP. These a r e  d e s i g n a t e d  i n  NSEP as 

Mode A ,  B ,  and C ;  and a r e  d e s c r i b e d  i n  Refe rences  2 and 3 .  F ig-  

u r e  5.2 shows t h e  t h r e e  o p e r a t i n g  mode o p t i o n s  f o r  WSEP. To 

d a t e ,  Mode A and B were t e s t e d  w i t h  t h e  phospha te  g l a s s  s o l i d i -  

f i c a t i o n  p r o c e s s ;  Mode C was n o t  t e s t e d .  

A p p l i c a t i o n s  o f  t h e  modes i n  a f u e l  r e p r o c e s s i n g  p l a n t  a r e  

v i s u a l i z e d  as shown i n  F i g u r e  5.3.  During Mode A o p e r a t i o n ,  t h e  

e v a p o r a t o r  bot toms i s  an a d d i t i o n a l  e f f l u e n t  s t r e a m  which must 

be  r e c y c l e d  back t o  t h e  s o l i d i f i e r  f e e d  o r  t o  t h e  w a s t e  concen- 

t r a t o r  i n  a  f u e l  r e p r o c e s s i n g  p l a n t .  I n  Mode B and C o p e r a t i o n ,  

t h e  e v a p o r a t o r  bot toms are mixed w i t h  incoming w a s t e .  T y p i c a l  

e f f l u e n t  d a t a  f o r  Mode A o p e r a t i o n  f o r  t h e  a u x i l i a r y  sys tem dur -  

i n g  t h e  l a s t  series of  phospha te  g l a s s  w a s  summarized i n  

Tab le  5.1.  The o n l y  Mode B Run was Run PG-8. 
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FIGURE 5.3. Operating Mode Applications in a Fuel Reprocessing Plant 



Although was te  s o l u t i o n  i s  f e d  t o  t h e  evapo ra to r  dur ing  

Mode B and C ,  ruthenium i n  t h e  evapo ra to r  e f f l u e n t  i s  more 

dependent  on o t h e r  f a c t o r s  such a s  a c i d  concen t r a t i on  i n  

t h e  evapo ra to r  bottoms,  evapo ra to r  b o i l u p  r a t e ,  and f r a c t i o n  

of  ruthenium v o l a t i l i z e d  from t h e  s o l i d i f i e r .  Thus, t h e  

d i f f e r e n c e  i n  t h e  rutnenium concen t r a t i on  i n  t h e  evapo ra to r  

and f r a c t i o n a t o r  e f f l u e n t  s t reams w i th  d i f f e r e n t  o p e r a t i n g  

modes i s  g e n e r a l l y  less than  t h e  d i f f e r e n c e  between t h e  

ruthenium c o n c e n t r a t i o n  i n  t h e  evapo ra to r  and can be  minor. 

The ruthenium concen t r a t i on  i n  t h e  f r a c t i o n a t o r  bottoms 

and d i s t i l l a t e  w i l l  probably a l low t h e s e  s t reams  t o  b e  reused  

i n  a f u e l  r ep roces s ing  p l a n t .  The a c i d  f r a c t i o n a t o r  bottoms 

can probably  be reused  i n  f u e l  d i s s o l u t i o n  and i n  t h e  f i r s t  

c y c l e  s o l v e n t  e x t r a c t i o n  s c rub  s o l u t i o n ,  and t h u s  w i l l  n o t  

r e q u i r e  f u r t h e r  c leanup .  The a c i d  f r a c t i o n a t o r  d i s t i l l a t e  

can a l s o  probably  be  reused  i n  t h e  f i r s t  c y c l e  o f  t h e  f u e l  

r ep roces s ing  p l a n t .  To be  r e l e a s e d  t o  t h e  environment,  t h e  

f  r a c t i o n a t o r  d i s t i l l a t e  s t r eam ( f i n a l  aqueous e f f l u e n t )  would 

r e q u i r e  a d d i t i o n a l  decontaminat ion.  

Mode C o p e r a t i o n  was n o t  demonstra ted  du r ing  t h e  phosphate 

g l a s s  runs  because  it would have r e q u i r e d  cont inuous  b o i l i n g  o f  

t h e  phosphate c o n t a i n i n g  f eed .  The degree  o f  feed  p re -  

evapo ra t i on  which would b e  ga ined  by Mode C o p e r a t i o n  i s  n o t  

needed because  o f  t h e  c a p a c i t y  o f  t h e  d e n i t r a t o r - e v a p o r a t o r .  

5 . 2  RUTHENIUM CONTROL 

The p roces s  e f f l u e n t s  from phosphate  g l a s s  s o l i d i f i c a t i o n  

a r e  contaminated p r i m a r i l y  by v o l a t i l i z e d  ruthenium. The com- 

p l e x i t y  of ruthenium can be  s een  i n  Reference 4 by t h e  many 

ranges  of v a l u e s  f o r  ruthenium v o l a t i l i z a t i o n  i n  n i t r i c  a c i d  



s o l u t i o n s .  Some c o r r e l a t i o n s  do e x i s t  f o r  very s p e c i f i c  so lu -  

t i o n s ,  b u t  t h e  v o l a t i l i z a t i o n  f o r  a  c o n s t a n t  bottoms a c i d i t y  

ranges  a s  much a s  f i v e  o r d e r s  o f  magnitude, and depends 

l a r g e l y  on t h e  n e t  o x i d i z i n g  p o t e n t i a l  due t o  t h e  p r e sence  

o f  o t h e r  i n g r e d i e n t s  i n  t h e  s o l u t i o n .  Ruthenium t e t r o x i d e  

(Ru04) has  been e s t a b l i s h e d  ( 4 f 5 )  a s  t h e  p r i n c i p a l  v o l a t i l e  

form o f  ruthenium from b o i l i n g  n i t r i c  a c i d  s o l u t i o n s .  Seve ra l  

g e n e r a l  r e l a t i o n s h i p s  apply t o  minimizing t h e  v o l a t i l i z a t i o n  

o f  ruthenium: (4 ,6 )  

Main ta in ing  a low c o n c e n t r a t i o n  of  HNO i n  t h e  bottoms 
3 

and r e s u l t i n g  overheads.  

Lowering t h e  t empera tu re  o f  d i s t i l l a t i o n  by means of  

vacuum d i s t i l l a t i o n .  

Adding reduc ing  agen t s  ( e . g . ,  suga r  and phosph i t e )  i n t o  

t h e  s o l u t i o n .  

A combination of  t h e s e  methods may prove advantageous.  

During t h e  l a s t  series of phosphate  g l a s s  s o l i d i f i c a t i o n  r u n s ,  

t h e  WSEP a u x i l i a r y  evapo ra to r  was ope ra t ed  w i th  a bottoms a c i d i t y  

of less t h a n  6M - HN03 and a overhead a c i d i t y  o f  less t h a n  1PI - HNO 
3 '  

t h u s  reduc ing  t h e  p o t e n t i a l  f o r  ruthenium v o l a t i l i z a t i o n .  Vola- 

t i l i z a t i o n  of  ruthenium was t y p i c a l l y  k e p t  below 2 %  of t h a t  p r e s e n t  

i n  t h e  evapo ra to r  bottoms.  I t  may be  d e s i r a b l e  t o  d e c r e a s e  t h e  

ruthenium v o l a t i l i z a t i o n  from t h e  evapo ra to r  by t h e  con t inuous  

a d d i t i o n  of a  r e d u c t a n t  t o  t h e  evapo ra to r .  Reductants  have been 

shown t o  d e c r e a s e  ruthenium v o l a t i l i t y ,  (6 -9 )  b u t  no such reduc- 

t a n t s  were added t o  t h e  evapo ra to r  d u r i n g  t h e  l a s t  s z r i e s  of  

phosphate  g l a s s  runs .  



During t h e  l a s t  f i v e  phospha te  g l a s s  s o l i d i f i c a t i o n  r u n s ,  

from 0.48 t o  0.88% of t h e  rad io ru then ium f e d  t o  t h e  s o l i d i f i e r  

was v o l a t i l i z e d  from t h e  d e n i t r a t o r  and accumulated i n  t h e  a u x i -  

l i a r y  e v a p o r a t o r .  F i g u r e  5.4 p r e s e n t s  t i le  accumula t ion  of r a d i o -  

ru thenium i n  t h e  WSEP a u x i l i a r i e s  a s  a  f u n c t i o n  of r u n  d u r a t i o n  

f o r  $lode A o p e r a t i o n .  

The a u x i l i a r y  e v a p o r a t o r  s e r v e s  a s  a  decon tamina t ion  s t a g e  

between t h e  phospha te  g l a s s  s o l i d i f i e r  and t h e  n i t r i c  a c i d  f r a c -  

t i o n a t o r .  The e v a p o r a t o r  was o p e r a t e d  w i t h  a  bot toms a c i d i t y  of  

4 t o  5M - H N 0 3 .  S t r i p w a t e r  ( f r a c t i o n a t o r  d i s t i l l a t e )  was r e c y c l e d  

back t o  t h e  e v a p o r a t o r  t o  s t r i p  n i t r i c  a c i d  w h i l e  m a i n t a i n i n g  

t h e  e v a p o r a t o r  overheads  between 0.2 and 0.4M - HNO 
3 

A u x i l i a r y  

e v a p o r a t o r  o p e r a t i n g  c o n d i t i o n s  f o r  Runs PG-7 through PG-11 a r e  

shown i n  t h e  appendix  i n  F i g u r e s  9 . 9  th rough  9.13. These 

i n c l u d e :  volume, s p e c i f i c  g r a v i t y ,  s o l u t i o n  t e m p e r a t u r e ,  s t r i p -  

w a t e r  a d d i t i o n  r a t e ,  and overhead a c i d i t y .  T y p i c a l  a u x i l i a r y  

e v a p o r a t o r  o p e r a t i n g  c o n d i t i o n s  a r e  shown i n  F i g u r e  5.5. Other  

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

i s  p r e s e n t e d  i n  Table  9 .2  i n  t h e  Appendix. 

Performance o f  t h e  a u x i l i a r y  system was mainly  a s s e s s e d  

by de te rmin ing  t h e  decon tamina t ion  f a c t o r s  a t  each s t a g e  i n  

t h e  system. Data on decon tamina t ion  f a c t o r s  a c r o s s  t h e  evapora-  

t o r  and f r a c t i o n a t o r  a r e  p r e s e n t e d  i n  Tab le  5.2 t o  show t h e  

e f f e c t s  o f  e v a p o r a t o r  bot toms and overhead a c i d  c o n c e n t r a t i o n  

on ru thenium DF's .  Cumulat ive ru thenium DF's (DFc) (a)  a c r o s s  

t h e  e v a p o r a t o r  v a r i e d  from a low o f  1 5  t o  a  h igh  of  580 

and averaged a b o u t  50. The l o w e s t  DFc o c c u r r e d  i n  t h e  

Mode A p o r t i o n  of  Run PG-8 w h i l e  t h e  h i g h e s t  DF o c c u r r e d  
C 

i n  t h e  Mode B p o r t i o n  o f  Run PG-8. The i n c r e a s e  i n  t h e  

( a )  T o t a l  c u r i e s  o f  ru thenium i n  e v a p o r a t o r  bot toms a t  end of  
run  from any s o u r c e / t o t a l  c u r i e s  o f  ruthenium g a i n e d  i n  t h e  
f r a c t i o n a t o r .  



E L A P S E D  R U N  T I M E ,  h r  

FIGURE 5.4. Radioruthenium Accumulation 
in the WSEP Auxiliaries 
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TABLE 5 . 2 .  Radioruthenium and Radiocerium Decontaminat ion F a c t o r s  Across  WSEP 
A u x i l i a r y  Evapora to r  and F r a c t i o n a t o r  

PG 
Run Mode 
- -  

7 A  

S o l u t i o n  i n  
E v a p o r a t o r _  

N l t r i c  A c i d  
P l u s  D e n i t r a t o r  
C o n d e n s a t e  

N i t r i c  A c i d  
P l u s  D e n i t r a t o r  
C o n d e n s a t e  

N i t r i c  A c i d ,  
D e n l t r a t o r  Con- 
d e n s a t e  a n d  
HL Waste 

N i t r i c  A c i d  
P l u s  D e n i t r a t o r  
C o n d e n s a t e  

N l t r i c  A c i d  
P l u s  D e n i t r a t o r  
C o n d e n s a t e  

N i t r l c  A c l d  
P l u s  D e n i t r a t o r  
C o n d e n s a t e  

A d d i t i v e  

S t r l p w a t e r  

S t r l p w a t e r  

S t r l p w a t e r  

S t r i p w a t e r  

S t r l p w a t e r  

S t r l p w a t e  r 

E v a p o r a t o r  F r a c t i o n a t o r  
C u m u l a t i v e  Cumulative I n s t a n t a n e o u s  C u m u l a t i v e  C u m u l a t i v e  

Average A c l d i t y ,  M HNOj R a d i o r u t h e n l u m  R a d i o r u t h e n i u m  Radiocerium 
D i s t i l l a t e  D F ( ~ )  Bottoms DF ( c )  DF ( c )  

5 0 .4  4 . 9  lo1 2 . 7  l o4  l o 5  7 0 .02  1 . 5  x l o 3  8 .3  x l o 3  

NA Not A v a i l a b l e  

a .  T o t a l  c u r i e s  o f  componen t  i n  e v a p o r a t o r  a t  end  o f  r u n / t o t a l  c u r i e s  g a i n e d  i n  t h e  f r a c t l o n a t o r .  

b .  I n s t a n t a n e o u s  c o n c e n t r a t i o n  o f  component  i n  evaporator/lnstantanfous c o n c e n t r a t i o n  i n  t h e  c o n d e n s e d  
e v a p o r a t o r  o v e r h e a d s .  

c .  T o t a l  c u r l e s  o f  componen t  i n  f r a c t i o n a t o r  a t  e n d  o f  r u n / t o t a l  c u r i e s  g a i n e d  i n  f r a c t i o n a t o r  
d i s t i l l a t e  r e c e i v e r .  



ruthenium DF du r ing  t h e  Mode B p o r t i o n  of Run PG-8 i s  due 
C 

t o  t h e  method o f  c a l c u l a t i n g  t h e  DF. During t h e  Mode B por- 

t i o n  o f  Run PG-8, a5out  703 l i t e r s  of  1 W W  c o n t a i n i n g  

1 .3  x l o 5  c u r i e s  of  t o t a l  r a d i o a c t i v i t y  w e r e  t r a n s f e r r e d  t o  t h e  

evapo ra to r  i n  50 l i t e r  b a t c h e s ,  hou r ly .  During t h e  Plode B opera-  

t i o n  t h e  accumulat ion of radioruthenium i n  t h e  f r a c t i o n a t o r  d i d  

i n c r e a s e  by a  f a c t o r  o f  17 i n d i c a t i n g  an a p p r e c i a b l e  i n c r e a s e  

i n  ruthenium v o l a t i l i z a t i o n  from t h e  e v a p o r a t o r  bottoms b u t  t h i s  

s t i l l  was w i t h i n  t h e  range of Mode A d a t a  a t t a i n e d  from t h e  

o t h e r  runs .  This  i n c r e a s e d  ruthenium v o l a t i l i z a t i o n  was due t o  

t h e  i n c r e a s e d  ruthenium c o n c e n t r a t i o n  i n  t h e  e v a p o r a t o r  bottoms 

and i n c r e a s e d  b o i l u p  r a t e  du r ing  Mode B. 

The r a d i o n u c l i d e  d i s t r i b u t i o n  f o r  t h e s e  l a s t  f i v e  phosphate 

g l a s s  runs  i s  summarized i n  Table  5.3. From 0.2% d u r i n g  t h e  Mode B 

p o r t i o n  of  Run PG-8 t o  7% du r ing  t h e  Mode A p o r t i o n  o f  Run PG-8 of 

t h e  e q u i v a l e n t  rad ioru then ium p r e s e n t  i n  t h e  evapo ra to r  bottoms 

a t  t h e  end of  t h e  run accumulated i n  t h e  f r a c t i o n a t o r  bottoms.  

I n  g e n e r a l ,  t h e s e  va lue s  w e r e  t y p i c a l  of p rev ious  WSEP runs .  (2 ,3 ,10)  

These va lue s  i n d i c a t e  t h a t  t h e  accumulat ion of  ruthenium i n  t h e  

f r a c t i o n a t o r  i s  n o t  a  d i r e c t  f u n c t i o n  of  t h e  ruthenium p r e s e n t  

i n  t h e  evapo ra to r  s i n c e  t h e  accumulat ion of  ruthenium i n  t h e  

f r a c t i o n a t o r  does n o t  f o l l ow  ruthenium i n c r e a s e s  i n  t h e  evapora-  

t o r .  This  s u g g e s t s  t h a t  gas  phase ca r ryove r  of  ruthenium from 

t h e  s o l i d i f i e r  condenser off -gas  i s  more impor tan t  than  t h e  

v o l a t i l i z a t i o n  o f  ruthenium from t h e  evapo ra to r .  

The problem of ruthenium v o l a t i l i z a t i o n  from t h e  WSEP aux i -  

l i a r y  evapo ra to r  was i n v e s t i g a t e d  by d e f i n i n g  i n s t a n t a n e o u s  DF's 

(DFi I S )  ( b )  a c r o s s  t h e  evapo ra to r .  Genera l ly  , t h e s e  DFi I s  f o r  t h e  

f i r s t  series of phosphate  g l a s s  s o l i d i f i c a t i o n  and p o t  c a l c i n a t i o n  

runs  v a r i e d  i n v e r s e l y  w i th  t h e  n i t r i c  a c i d  c o n c e n t r a t i o n  i n  t h e  
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evapo ra to r  bottoms and r e s u l t i n g  d i s t i l l a t e  a s  shown i n  Fig-  

u r e  5.6. ( 2  "') This  i n d i c a t e d  t h a t  ruthenium v o l a t i l i t y  

i n c r e a s e s  w i th  i n c r e a s i n g  a c i d i t y  i n  t h e  evapo ra to r  bottoms.  

However, dur ing  t h e  l a s t  series of f i v e  phosphate  g l a s s  s o l i d i -  

f i c a t i o n  runs  t h e r e  was no apparen t  c o r r e l a t i o n  of  DF and t h e  i 
d i s t i l l a t e  a c i d i t y .  These g e n e r a l l y  low DFils f o r  ruthenium 

a r e  a t t r i b u t e d  t o  vapor phase  flow of  ruthenium from t h e  s o l i d i -  

f i e r  which was on ly  p a r t i a l l y  scrubbed i n  t h e  s o l i d i f i e r  con- 

dense r  a s  i n d i c a t e d  by t h e  p resence  o f  ruthenium i n  t h e  
-4  s o l i d i f i e r  condenser  off -gas .  From 1 .5  x 10 pci/m3 of l o 6 ~ u  

du r ing  Run PG-10 where no radioruthenium was p r e s e n t  i n  t h e  

f eed  t o  2 . 1  x p c i / c m 3  of  'O6l3u du r ing  Run PG-8 was pre-  

s e n t  i n  t h e  s o l i d i f i e r  condenser o f f -ga s .  

The DF1s a c r o s s  t h e  s o l i d i f i e r  condenser  f o r  rad ioru then ium 

w e r e  g e n e r a l l y  about  40 (about  2.5% of t h e  ruthenium i n  t h e  

s o l i d i f i e r  o f f -gas  remained unscrubbed and i n  t h e  condenser 

o f f - g a s ) .  Average c o n c e n t r a t i o n s  of  r a d i o n u c l i d e s  i n  t h e  p roces s  

o f f -gas  a r e  summarized i n  T a b l e  5.4 wh i l e  DF's a c r o s s  t h e  WSEP 

process  condensers and p roces s  o f f -gas  f i l t e r  a r e  summarized i n  

Table  5.5. Th is  vapor phase  flow of ruthenium appa ren t l y  had 

less e f f e c t  on DFils du r ing  t h g  f i r s t  s i x  phosphate g l a s s  and 

p o t  c a l c i n a t i o n  runs .  Another p o s s i b l e  cause  of t h e  g e n e r a l l y  

low DFils and no c o r r e l a t i o n  between DF1s and evapo ra to r  d i s t i l -  

l a t e  a c i d i t y  cou ld  b e  t h e  con tamina t ion  of  t h e  a u x i l i a r y  system 

by t h e  c o n t i n u a l  bu i l dup  o r  a d s o r p t i o n  of  ruthenium on t h e  s t a i n -  

less s teel  p i p i n g  and o t h e r  a u x i l i a r y  equipment. S t a i n l e s s  s teel  

has  been shown t o  adsorb  ru then ium(12)  on to  i t s  s u r f a c e .  

Most of  t h e  ruthenium t h a t  v o l a t i l i z e s  from t h e  evapo ra to r  

i s  condensed by t h e  e v a p o r a t o r  condenser and accumulated i n  

t h e  f r a c t i o n a t o r .  From 4.9 x t o  3.0 x vci/cm3 of 

l o 6 ~ u  w e r e  p r e s e n t  i n  t h e  e v a p o r a t o r  condenser of  f-gas.  Ruthen- 

ium DF1s a c r o s s  t h e  evapo ra to r  condenser averaged 330. Th is  was 

a f a c t o r  of  about  8 i n c r e a s e  ove r  t h e  d e n i t r a t o r  s o l i d i f i e r  

condenser.  

5.17 
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TABLE 5.5.  Decontamination Fac to r s  Across t h e  Process  Condensers 
and Process  Off-Gas F i l t e r  

Average  DF ( a )  

lo 'RU 1 4 4 ~ e ~ r  
P G  Run 7  8  9 10 11 7 8 9 10 11 

pp - - - - 

D e n i t r a t o r  45 40 36 4 1  2000 6 3  60 1800 4  5  0  10 
C o n d e n s e r  (E-111) 

A u x i l i a r y  E v a p o r a t o r  200 200 150 320 800 66 70 440 390 3 0 
C o n d e n s e r  (E-113) 

UI F r a c t i o n a t o r  NA NA 370 N A  200 NA NA 380 N A N A 

N C o n d e n s e r  (E-115) 
0 

High E f f i c i e n c y  ( b )  NA NA 1.7-9.4 2 . 1 - 7 . 1  NA NA NA 130-800 330-1700 4000 
F i l t e r  (F-112) 

a. DF = A v e r a g e  c o n c e n t r a t i o n  o f  component  i n  o f f - g a s  t o  c o n d e n s e r / a v e r a g e  
c o n c e n t r a t i o n  o f  component i n  c o n d e n s e r  o f f - g a s .  

b .  DF = a v e r a g e  c o n c e n t r a t i o n  o f  component  i n  o f f - g a s  t o  f i l t e r / a v e r a g e  
c o n c e n t r a t i o n  o f  component p r o c e s s  o f f - g a s  l e a v i n g  t h e  f i l t e r  p r i o r  t o  
e n t e r i n g  t h e  s c r u b b e r .  

NA Not  A v a i l a b l e .  



A t o t a l  of 7.6 x t o  5 . 4  x  of t h e  e q u i v a l e n t  

ruthenium fed  t o  t h e  s o l i d f i e r  accumulated i n  t h e  f r a c t i o n a t o r .  

The f r a c t i o n a t o r  n i t r i c  a c i d  concen t r a t i on  was maintained a t  

about  7  t o  9?4, - and t h e  r e s u l t i n g  f r a c t i o n a t o r  overheads a c i d i t y  

ranged from 0.006 t o  0.02bI - HN03 us ing  a  tower i n t e r n a l  r e f l u x  

r a t i o  vary ing  from about 0 .1  t o  0.5. .The ruthenium D F  ac ros s  
C 

t h e  f r a c t i o n a t o r  v a r i e d  from a  low of 15 i n  t h e  Mode A p o r t i o n  

of Run PG-8 t o  8.0 x  l o 3  i n  Run PG-10 where no radioruthenium 

was f ed  t o  t h e  s o l i d i f i e r .  The ruthenium D F  ' s  ac ros s  t h e  
i 

f r a c t i o n a t o r  ranged from l e s s  than 100 t o  g r e a t e r  than  1000 

and were t y p i c a l l y  g r e a t e r  than  100. The low D F i l s  probably 

were caused by contaminated f r a c t i o n a t o r  d i s t i l l a t e  s t ream sam- 

p l e s .  These samples a r e  i n t e rmed ia t e - l eve l  samples t h a t  were 

handled i n - c e l l  which could r e s u l t  i n  some contaminat ion of 

t h e  samples. 

Ruthenium t h a t  escapes  t h e  WSEP a c i d  f r a c t i o n a t o r  i s  mostly 

condensed by t h e  f r a c t i o n a t o r  condenser and then  e i t h e r  r ecyc l ed  

back t o  t h e  evapora tor  a s  s t r i p w a t e r  o r  accumulated i n  a  s e p a r a t e  . 
d i s t i l l a t e  r e c e i v e r  o r  both .  Typ ica l ly  90% of t h e  f r a c t i o n a t o r  

d i s t i l l a t e  was r ecyc l ed  back t o  t h e  evapora tor  whi le  t h e  

remaining 10% was accumulated i n  t h e  f r a c t i o n a t o r  d i s t i l l a t e  

r e c e i v e r .  The d i s t i l l a t e  r e c e i v e r  accumulated from 2 . 2  x  

t o  2 . 8  x of t h e  e q u i v a l e n t  ruthenium f e d  t o  t h e  s o l i d i -  

f i e r  du r ing  t h e  l a s t  f i v e  runs .  The f r a c t i o n a t o r  d i s t i l l a t e  

( f i n a l  aqueous process  e f f l u e n t )  from t h e  l a s t  f i v e  runs  average 

about 3 x l o m 6  C i / l i t e r  of radioruthenium.  This  concentra-  

t i o n  i s  above 10CFR20 r e l e a s e  l i m i t s  by a  f a c t o r  of 3000. 

Typical  a u x i l i a r y  tank  volumes inc lud ing  t h e  a c i d  f r a c t i o n a t o r  

a r e  shown i n  F igure  5.7. Average s t r i p w a t e r  r a t e s  t o  and 

b o i l o f f  r a t e s  from t h e  evapora tor  a r e  l i s t e d  i n  t h e  Appendix 

Table 9 . 2 .  
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Approximately 1 0  scfm of noncondensible gases  l e a v i n g  

t h e  f r a c t i o n a t o r  condenser a r e  f i l t e r e d  tilrough a h igh  e f f i c i e n c y  

f i l t e r  b e f o r e  e n t e r i n g  t h e  o f f -gas  s c rubbe r .  The f i l t e r i n g  e f f i -  

c iency  f o r  radioruthenium based on gas  samples ranged from 4 0  

t o  90% d u r i n g  Runs PG-3 and PG-10.  l los t  of t h e  remaining r ad io -  

ruthenium i n  t h e  p roces s  o f f -gas  was removed i n  t h e  o f f -ga s  sc rub-  

b e r  where from 6.5 x l o m 7 %  of t h e  e q u i v a l e n t  radioruthenium f e d  

t o  t h e  s o l i d i f i e r  du r ing  Run PG-7 t o  1 . 3  x du r ing  Run PG-8 

accumulated i n  t h e  s c rubbe r  bottoms.  Accumulation of  r a d i o r u t h e -  

nium i n  t h e  s c rubbe r  du r ing  Runs PG-8 and PG-11 i s  shown i n  

F igure  5.4.  

The f i n a l  p roces s  o f f -gas  l e a v i n g  t h e  off -gas  s c rubbe r  con- 

t a i n e d  c o n c e n t r a t i o n s  of rad ioru then ium t h a t  w e r e  f a c t o r s  of  

1 4 0  t o  4800 above 10CFR20 (I7) r e l e a s e  l i m i t s .  However, t h e  f i n a l  

p roces s  o f f -gases  a r e  f i l t e r e d  twice  more and d i scharged  i n t o  t h e  

main b u i l d i n g  v e n t i l a t i o n  system where they  a r e  mixed w i t h  about  

1 2 0 , 0 0 0  scfm of a i r  b e f o r e  e n t e r i n g  t h e  stacl.;. Th i s  l a r g e  d i l u -  

t i o n  by t h e  main b u i l d i n g  v e n t i l a t i o n  f low and t h e  a d d i t i o n a l  

f i l t r a t i o n  reduced t h e  ruthenium c o n c e n t r a t i o n  t o  below d e t e c t i o n  

l i m i t s  f o r  t h e  a v a i l a b l e  count ing  equipment. During t h e  l a s t  

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

t h e  s t a c k  ga se s  was a t  l e a s t  2500 t i m e s  less than  t h e  2 x 1 0  
-10  

wCi /  

a n 3  10CFR20 (17)  r e l e a s e  l i m i t .  This  v a l u e  i s  conse rva t i ve  because 

it assumes a l l  r ad io ru then ium emi t t ed  t o  t h e  o f f -gas  i s  from 

WSEP p roces s ing .  Other  sou rce s  of  r a d i o n u c l i d e s  i n  t h e  f a c i l i t y  

a r e  v e n t i l a t i o n  a i r  from e i g h t  o t h e r  h igh  l e v e l  r a d i o a c t i v i t y  

c e l l s  and p roces s  v e n t  e f f l u e n t s  from o t h e r  i n - c e l l  a c t i v i t i e s .  

The primary f a c t o r  i n f l u e n c i n g  t h e  evapo ra to r  and t h e  f r a c -  

t i o n a t o r  DF's i s  t h e  f r a c t i o n  of t h e  v o l a t i l i z e d  ruthenium and 

t h e  mechanism by which t h e  ruthenium i s  removed i n  t h e  towers 

I '  . and overhead condensers .  A mechanism based on t h e  d i f f u s i o n  of  



t h e  a i r b o r n e  ru thenium from t h e  ga s  s t r e am t o  t h e  w e t t e d  w a l l s  

of a  downdraft  condenser  was assumed i n  t h e  mathemat ica l  model- 

i n g  of t h e  WSEP a u x i l i a r y  o f f -ga s  t r a i n .  (16)  Ti le  d i f f u s i o n  model 

f o r  t h e  condenser  s u g g e s t s  t h a t  t h e  i nadequa t e ly  scrubbed ru then-  

ium l e a v i n g  i n  t h e  s o l i d i f i e r  condenser  o f f -ga s  h a s  a t  l e a s t  a s  

much i n f l u e n c e  on t h e  DF's a c r o s s  t h e  evapo ra to r  and t h e  f r a c -  

t i o n a t o r  a s  does  t h e  q u a n t i t i e s  of  ruthenium v o l a t i l i z e d  and/or  

e n t r a i n e d  from t h e  e v a p o r a t o r  and t h e  f r a c t i o n a t o r  bottoms under 

normal o p e r a t i n g  c o n d i t i o n s .  The mathemat ica l  model o f  t h e  

behav ior  of t h e  a i r b o r n e  ruthenium sugges t s  t h a t  p r i o r  t o  t h e  

h igh  e f f i c i e n c y  f i l t e r s  and t h e  s c rubbe r  i n  t h e  a u x i l i a r y  o f f -ga s  

t r a i n ,  t h e  a u x i l i a r y  equipment i s  n o t  i d e a l l y  s u i t e d  f o r  t h e  

removal of ruthenium. 

Gas sample d a t a  from t h e  d e n i t r a t o r  condenser  o f f -ga s  a s  

p r e v i o u s l y  d i s c u s s e d ,  s u g g e s t  t h a t  a d d i t i o n a l  o r  modif ied  equ ip-  

ment i s  needed t o  remove more of  t h e  gaseous and p a r t i c u l a t e  

ruthenium from t h e  d e n i t r a t o r  o f f - g a s .  The u s e  o f  improved gas-  

l i q u i d  c o n t a c t i n g  equipment (e .g . ,  a  condenser  packed w i t h  

e f f i c i e n t  c o n t a c t i n g  s u r f a c e s )  f o r  gas  removal and a  h igh  e f f i -  

c i ency  f i l t e r  f o r  p a r t i c u l a t e  removal shou ld  s u b s t a n t i a l l y  improve 

t h e  ru thenium DF's. Such a sys tem bras des igned  and used i n  t h e  

l a s t  series of  sprz l7  s o l i d i f i c a t i o n  d e m o n s t r a t i o r s .  

I n  c c n c l u s i o n ,  t h e  ru thenium decontaminat ion f a c t o r s  f o r  

t h e  e f f l u e n t  from phosphate  g l a s s  s o l i d i f i c a t i o n  a r e  l a r g e l y  

i n f l u e n c e d  by t h e  s c rubb ing  e f f i c i e n c y  o f  t h e  towers  and over -  

head condensers  f o r  removal o f  ru1:henium vapors  and, by i n t e r n a l  

con tamina t ion  of  t h e  a u x i l i a r y  system. 



5.3 CCINTI;OL OF OTHER RADIOKUCIIIDES --- 

With phosphate  g l a s s  s o l i d i f i c a t i o n  a r e l a t i v e l y  sma l l  

amount (less t h a n  0.06%) of  no r lvo l a t i l e  c o n s t i t u e n t s  w e r e  en- 

t r a i n e d  from t h e  d e n i t r a t o r - e v a p o r a t o r  and accumulated i n  t h e  

a u x i l i a r y  evapo ra to r .  Cumulative decontaminat ion f a c t o r s  (Dl?=) 

f o r  n o n v o l a t i l e s  r e p r e s e n t e d  by 1 4 4 ~ e ~ r  a c r o s s  t h e  WSEP evapora-  

t o r  ranged from 1 .9  x l o 3  t o  1 . 0  x l o 5 .  I n s t an t aneous  decon- 

t amina t i on  f a c t o r s  (DF . ' s)  f o r  n o n v o l a t i l e s  a c r o s s  t h e  a u x i l i a r y  

evapo ra to r  based on 14'CePr ranged from about  l o 3  t o  l o 5 .  These 

d a t a  a g r e e  q u i t e  w e l l  w i th  d a t a  from t h e  f i r s t  series o f  phosphate  

g l a s s  and p c t  c a l c i n a t i o n  and s p r a y  s o l i d i f i c a t i o n  ( 2 )  

r u n s .  

Typ ica l  en t r a inmen t  from t h e  WSEP a u x i l i a r y  e v a p o r a t o r  was 

less t h a n  0.66% o f  t h e  n o n v o l a t i l e s  p r e s e n t  i n  t h e  e v a p c r a t o r .  

The o v e r a l l  DFts  f o r  n o n v o l a t i l e s  r e p r e s e n t e d  by 1 4 4 ~ e ~ r  from 

t h e  o r i g i n a l  aqueous was t e  through t h e  a u x i l i a r y  sys tem t c  t h e  
6 recovered a c i d  i n  t h e  f r a c t i o n a t o r  w e r e  t y p i c a l l y  10 . Comparable 

9 
DFts t o  the f r a c t i o n a t o r  d i s t i l l a t e  w e r e  t y p i c a l l y  10 . Accumu- 

l a t i o n  of n o n v o l a t i l e  r a d i o n u c l i d e s  i n  t h e  WSEP a u x i l i a r i e s  i s  

shown i n  F i g u r e  5.8.  

The WSEP phosphate  g l a s s  s o l i d i f i e r  o f f -ga se s  con t a ined  abou t  

10 scfm of  a i r  from in l eakage .  The p r e sence  of  t h i s  noncondensable 

ga s  phase  s i g n i f i c a n t l y  a f f e c t s  decontaminat ion and e f f o r t s  t o  

keep a i r  i n l e a k a g e  minimized should  b e  a p p l i e d  t o  commercial a p p l i -  

c a t i o n s .  The a i r  f low through t h e  sys tem probably  caused some 

i n c r e a s e  i n  ruthenium c a r r y o v e r  through t h e  a u x i l i a r i e s .  O v e r a l l ,  

t h e  n o n v o l a t i l e  c o n s t i t u e n t s  i n  t h e  noncondensable g a s  f low w e r e  

s u f f i c i e n t l y  removed by t h e  a u x i l i a r y  sys tem t o  l e v e l s  t h a t  w e r e  

i n s i g n i f i c a n t  compared t o  radiorutheniurn.  



R U N  D U R A T I O N ,  h r  

FIGURE 5.8. Radiocerium Accumulation 
in the WSEP Auxiliaries 



The f r a c t i o n a t o r  condenser o f f -gas  i s  f i l t e r e d  through a  

h igh  e f f i c i e n c y  f i l t e r  be fo re  e n t e r i n g  t h e  of f -gas  s c rubbe r .  

F i l t e r i n g  e f f i c i e n c i e s  f o r  n o n v o l a t i l e s  r2nged from about  98 t o  

99.9% which g e n e r a l l y  s topped any accumulat ion of  n o n v o l a t i l e s  i n  

t h e  off-g2.s s c rubbe r .  A s  w i t h  rad ioru then ium,  t h e  n o n v o l a t i l e  

r a d i o a c t i v e  c o n s t i t u e n t s  e n t e r i n g  t h e  atmcsphere w e r e  w e l l  below 

10CFR20 (17)  r e l e a s e  l i m i t s  a f t e r  t h e  sc rubber  o f f -gas  was f i l -  

t e r e d  twice  more and d i l u t e d  by o t h e r  b u i l d i n g  and p roces s  a i r .  

5.4 NITROGEN BALANCE 

Approximately 60 t o  85% of t h e  n i t r o g e n  t h a t  v o l a t i l i z e d  

from t h e  d e n i t r a t o r  was removed from t h e  s o l i d i f i e r  o f f -ga s  i n  t h e  

d e n i t r a t o r  condenser.  The remaining 15  t o  4 0 %  was probably  p r e s e n t  

a s  n i t r o g e n  ox ides  which were c a r r i e d  through t h e  condenser i n  t h e  

gas  phase.  The accumulat ion of  n i t r o g e n  a t  v a r i o u s  p o i n t s  

i n  t h e  a u x i l i a r y  sys tem a r e  l i s t e d  i n  Table  5.6. The o f f -gas  

s c rubbe r  absorbed from 3.5 t o  6.8% of  t h e  e q u i v a l e n t  n i t r o g e n  

f e d  t o  t h e  d e n i t r a t o r .  During t h e  l a s t  f i v e  phosphate g l a s s  

s o l i d i f i c a t i o n  runs  a s  w i th  t h e  f i r s t  s i x  phosphate g l a s s  r u n s ,  

t h e  c a u s t i c  s c rubbe r  s o l u t i o n s  w e r e  n o t  n e u t r a l i z e d  by ox ides  of  

n i t r o g e n  a s  occu r r ed  du r ing  t h e  sp ray  s o l i d i f i c a t i o n  runs .  

5.5 SAMPLING OF PROCESS OFF-GAS 

Gas sampling t e chn iques  were i n i t i a t e d  p r i o r  t o  t h e  l a s t  

series of f i v e  phosphate  g l a s s  runs  i n  an a t t emp t  t o  p rov ide  

eng inee r ing  s c a l e  d a t a  t o  pe rmi t  b e t t e r  de f in i t i -on  of t h e  t y p e ,  

form, and e x t e n t  of r a d i o a c t i v i t y  p r e s e n t  i n  t h e  p roces s  o f f -  

gas .  (15 1 During t h e  l a s t  series of  phosphate g l a s s  runs  f i n a l  

p rocess  o f f -ga s  l e a v i n g  t h e  s c rubbe r ,  gaseous e f f l u e n t s  from 

t h e  s o l i d i f i e r  condenser ,  evapo ra to r  condenser and f r a c t i o n a t o r  

I . condenser ,  and gaseous e f f l u e n t s  from t h e  high e f f i c i e n c y  p roces s  



TABLE 5 .6 .  N i t r o g e n  B a l a n c e  f o r  t h e  L a s t  F i v e  P h o s p h a t e  G l a s s  
S o l i d i f i c a t i o n  Runs 

N e t  Change,  k g  N 

P h o s p h a t e  G l a s s  Run 7  8  9  10  11 

Feed  Tank (TK-114) -38 - 4 1 ( a )  -20 -20 -40 
(Feed  t o  P r o c e s s )  

D e n i t r a t o r - E v a p o r a t o r  +3.9  +5.2 + 3 . 1  +4 .7  +7 
(TK-12 1) 

Melter C o n d e n s a t e  
~ e c e i v e r  (TK-117) 

E v a p o r a t o r  (TK-113) N A -2.0 +4 .4  -5.0 -8.0 

F r a c t i o n a t o r  (TK-115) 37 +36 +10 +17 +33  

F r a c t i o n a t o r  Condense r  n i  1 n i  1 n i  1 n i  1 n i  1 
(E-115) ( 50  l i t e r  h o l d u p  
t a n k )  

F r a c t i o n a t o r  D i s t i l l a t e  +0.2 +0.2  +0.07 +0.04 <+0 .1  
Receiver (TK-116) 

S c r u b b e r  +1 .8  +2.8 +0 .7  +0.9 +2.2 

A d d i t i o n :  A c i d  S p r a y  -4.5 -4.5 -2.4 -7 .5  -4 .8  
t o  TK-121 a n d  TK-121 
A i r l i f t  P o t  

P e r c e n t  Recovery  ( b )  9  4  10 4  9  3  95 9  2  

P e r c e n t  o f  E q u i v a l e n t  4 .7  6 . 8  3 .5  4.5 5 .5  
Feed  N i t r o g e n  i n  
S c r u b b e r  

a. I n c l u d e s  %5 k g  f rom TK-112 f e e d  t a n k  t o  TK-113 d u r i n g  
Mode B o p e r a t i o n  

b .  Based  o n  n i t r o g e n  i n  f e e d  



f i l t e r  p r i o r  t o  t h e  s c r u b b e r  w e r e  sampled f c r  bo th  p a r t i -  

c u l a t e  and v c l a t i l e  forms of  r a d i o a c t i v i t y .  Tl-.is was accomp- 

l i s h e d  by r o u t i n g  a  s i d e  s t r e am c f  tl.e gaseous e f f l u e n t  through 

f i r s t  a  g l a s s  f i b e r  f i l t e r  and t h e n  a  221 - i<GH s c rubbe r .  The 

condenser  o f f -gas  sampling sys tem i s  shown i n  F igures  5.9 and 

5.10 w h i l e  t h e  h igh  e f f i c i e n c y  f i l t e r  and s c r u b b e r  o f f -gas  

sampling sys tem i s  shown i n  F igure  5.11. 

The condenser  o f f -ga s  sampling equipment shown i n  F i g u r e  5.10 

c o n s i s t s  o f  t h r e e  s e p a r a t e  samplers  on one common vacuum header .  

Each sampler  i n c l u d e s  a  f lowmeter  (0 t o  1 .2  f t3 /min a t  STP) and a  

vacuum gage (0  t o  30 i n c h e s  of  mercury) .  The sample packages 

which a r e  used i n  con junc t i on  w i t h  t h e  samplers  c o n t a i n  a  25 mm 

Gelman Type A g l a s s  f i b e r  f i l t e r  t o  c o l l e c t  p a r t i c u l a t e s ,  a 

f r i t t e d  ga s  d i s p e n s e r ,  and a  200 ml-2M - KOH s c rubbe r  t c  absorb  

t h e  v o l a t i l e  components such a s  Ru04. 

Eva lua t i on  of  d a t a  from gas  sampling i s  p r e s e n t e d  i n  Sec- 

t i o n s  5.2 and 5.3. 

Gas samples t a k e n  d u r i n g  t h e  l a s t  f i v e  phosphate  g l a s s  r uns  

w e r e  f a i r l y  r e p r e s e n t i v e  of  t h e  p r o c e s s  o f f -ga se s .  However, 

sample d a t a  was probably  i n f l u e n c e d  by t h e  sampling t e chn iques  

used.  Samples w e r e  r o u t e d  through 20 t o  30 f e e t  o f  sampl ing l i n e  

b e f o r e  r e ach ing  t h e  sampler .  P a r t i c l e  d e p o s i t i o n  i n  t h e s e  l i n e s  

probably  i n f l u e n c e d  t h e  sample d a t a  somewhat. Eva lua t i on  of  

p a r t i c l e  d e p o s i t i o n  i n  sample l i n e s  was n o t  i n v e s t i g a t e d .  

The Gelman Type A g l a s s  f i b e r  f i l t e r  was chosen because  o f  

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

The f i l t e r  i s  d i s s o l v e d  i n  a  combination o f  h y d r o f l o r i c  and 

n i t r i c  a c i d  and a  Gamma Er:ission Ana ly s i s  (GEA) i s  made cn  t h e  

r e s u l t i n g  s o l u t i o n .  







FIGURE 5.11. F ina l  Process O f f - G a s  Sampling System 
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A f t e r  t h e  q a s  pa s se s  through t h e  f i l t e r  i t  goes through a  

p l a s t i c  g a s  d i s p e n s e r  which i s  l a t e r  removed and counted d i r e c t l y  

f o r  a  GEA. The r a d i o a c t i v e  ga se s  a r e  t h e n  passed  through a  

2M - KOH s c rubbe r  which was chosen f o r  i t s  e f f e c t i v e n e s s  i n  removing 

ruthenium t e t r a o x i d e ,  Ru04. 

AUXILIARY HANDLING OF PUREX WASTE 

F i s s i o n  p roduc t  was te  s o l u t i o n s  c o n t a i n  p r e c i p i t a t e s  which 

may i n t e r f e r e  w i t h  l i q u i d  t r a n s f e r ,  s t o r a g e  o r  evapo ra t i on .  

While amorphous, noncaking p r e c i p i t a t e s  can b e  handled a t  

c o n c e n t r a t i o n s  up t o  50 v o l % ,  i n  WSEP, very  sma l l  quan t i -  

t i e s  of  heavy, cak ing  p r e c i p i t a t e s  can p lug  p i p e s  and equipment. 

Thus, p roper  de s ign  and o p e r a t i o n  r e q u i r e s  a  good knowledge of  

t h e  p r e c i p i t a t e  c h a r a c t e r i s t i c s .  The p r e c i p i t a t e s  p r e s e n t  i n  

a  g iven  was t e  s o l u t i o n  depend t o  a  l a r g e  e x t e n t  upon t h e  chemi- 

c a l  f lowshee t  used i n  t h e  r ep roces s ing  p l a n t  and du r ing  t h e  sub- 

sequen t  t r e a t m e n t  of t h e  was te .  I n  g e n e r a l ,  t h e  PW-2, PW-4m and 

LY'LFBR s o l u t i o n s  used i n  demonstra t ion T e s t s  PG-7 through P G - 1 1  

w e r e  r e p r e s e n t a t i v e  of t y p i c a l  Purex p l a n t  was tes .  That  i s ,  t h e y  

con ta ined  t h e  f u l l  gamut of  expec ted  p r e c i p i t a t e  t y p e s ,  a l though  

t h e  comparat ive amounts of  p r e c i p i t a t e  v a r i e d  w i th  each waste .  

The volume of  s e t t l e d  s o l i d s  i n  a c t u a l  samples o f  t h e  f e e d  

s o l u t i o n s  used i n  t h e  l a s t  f i v e  phosphate  g l a s s  s o l i d i f i c a t i o n  

runs  ranged from 8 t o  6 0 %  and were t y p i c a l l y  g r e a t e r  t h a n  20%. 

The m a j o r i t y  of t h e  s o l i d s  encountered i n  t h e  phosphate g l a s s  

s o l i d i f i c a t i o n  f eeds  c o n t a i n s  molybdenum, phosphorous, and z i r -  

conium, and a r e  probably  zirconium phosphomolybdate compounds. 

The s o l i d s  a r e  hydrous ,  amorphous p r e c i p i t a t e s  which have never  

been observed t o  cake i n  t h e  l a b o r a t o r y  even a f t e r  s t a n d i n g  sev- 

e r a l  months. I n  PW-4m, LMFBR and PW-1 was t e  t h e  phosphomolybdate 

compound i s  predominant and t h e  s o l i d s  a r e  g e l a t i n o u s  and noncrys- 

t a l l i n e .  I n  t h e  s u l f a t e - c o n t a i n i n g  PW-2 was te ,  t h e  p r e c i p i t a t e  



remains g e l a t i n o u s ,  b u t  on c l o s e  i n s p e c t i o n ,  s m a l l  needle-shaped 

c r y s t a l s  (p robab ly  sod ium-ra re -ea r th  s u l f a t e s )  a r e  a l s o  p r e s e n t .  

When t h e  P:J-4m and LMF3R was tes  a r e  con t inuous ly  b o i l e d ,  t h e  

p r e c i p i t a t e s  l o s e  t h e i r  g e l a t i n o u s  c h a r a c t e r i s t i c s  and become 

a  very  l o o s e ,  eas i ly - suspended  2 r e c i p i t a t e  (even a f t e r  pro-  

longed s e t t l i n g ) .  Continuous b o i l i n g  o f  t h e  PW-2 was t e  has  n o t  

been a t t emp ted ,  and w i t h  t h i s  p o s s i b l e  excep t i on ,  t h e  hand l i ng  

of phosphate  g l a s s  s o l i d i f i c a t i o n  f e e d s  i n  f e e d  t a n k s ,  e v a p o r a t o r s ,  

and t r a n s f e r  l i n e s  i s  n o t  cons ide r ed  t o  b e  a  major  problem. 

5.7 GENERAL PERFORilANCE OF AUXILIARY EQUIPMENT 

The a u x i l i a r y  equipment performed s a t i s f a c t o r i l y  d u r i n g  t h e  

l a s t  f i v e  phosphate  g l a s s  r u n s .  Some f e e d  pump problems and 

d e t e r i o r a t i o n  o f  p l a s t i c  i n s u l a t i o n  on e l e c t r i c a l  and i n s t r u m e n t  

w i r i n g  w i t h i n  t h e  c e l l  occu r r ed  b u t  d i d  n o t  a f f e c t  t h e  r e s u l t s  

of  any runs .  A l l  f i v e  runs  w e r e  completed w i t h o u t  an  i n t e r r u p -  

t i o n .  Tab le  5.7 i s  a  comp i l a t i on  of t h e  g e n e r a l  o p e r a t i n g  

expe r i ence  of t h e  WSEP a u x i l i a r y  equipment.  

The f e e d  pumps used d u r i n g  t h e  l a s t  f i v e  phosphate  g l a s s  

s o l i d i f i c a t i o n  runs  w e r e  a  modi f i ed  i n l i n e  pump assembly u s i n g  

@ a  conven t i ona l  Deanl in  c e n t r i f u g a l  pump. The pumps con t a ined  

doub le  mechanical ,  w a t e r  l u b r i c a t e d  s e a l s  w i t h  g r a p h i t e  r o t a t -  

i n g  r i n g s .  I s o l a t i o n  v a l v e s  w e r e  i n s t a l l e d  on t h e  pump 

assembly t o  p r e v e n t  l o s s  o f  f e e d  i f  t h e  s e a l s  f a i l e d  and t o  

a l l ow  remote change o u t  i n  approximate ly  4 hours  w i t h o u t  

t r a n s f e r r i n g  t h e  f e e d  o u t  o f  t h e  f e e d  t ank .  

@ RTM Dean Bro the r s  Pumps, I n c .  



TABLE 5 . 7 .  WSEP A u x i l i a r y  Equipment O p e r a t i n g  Summary (Through Phospha te  
Glass  S o l i d i f i c a t i o n  Run PG-11) 

Temp, Avg. P r e s s .  , Opera t ing  
~ n .  water  Chemical Time, h r  Equipment Cons t ruc t ion  M a t e r i a l  OC Remarks 

Feed Tanks 304L SS 25 t o  60 - 5 Darex, Purex ,  3664 A g i t a t o r s  used 2900 h r .  
TBP-25 Type 
Waste 

Condensate Tanks 304L SS 2  5  -10 t o  20 H20, D i l u t e  3194 Submerged pump used1600 h r .  
H N O j  

304L SS 25 t o  40 -10 t o  20 D i l u t e  NaOH 3194 C i r c u l a t i o n  pump used 1600 h r .  C a u s t i c  Scrubber  

Evapora tor  A-55 Ti  110 -10 t o  20 B o i l i n g  Waste 2994 Minor t i t a n i u m  c o r r o s i o n  caused by f l u o r i d e  
i o n  d u r i n g  e a r l y  DVT runs  

F r a c t i o n a t o r  

S o l i d i f  i e r  
Condenser 

A-55 Ti  100 t o  200 -10 t o  20 HN03 Vapors 3154 Loca l ized  vapor e n t r y  c o r r o s i o n  caused by 
v o l a t i l i z e d  s u l f a t e  (up t o  0.06 i n . )  d u r i n g  
e a r l y  DVT Runs 3  and 4  

Evapora tor  
Condenser 

A-55 T i  100 t o  110 -10 t o  20 D i l u t e  HN03 2994 

F r a c t i o n a t o r  304L SS 100 t o  110 -10 t o  20 H20, D i l u t e  2994 
Condenser ~ ~ 0 3  

Feed Pumps 304L SS 6  0  Adjusted Waste 1690 Changed from t h e  o r i g i n a l  i n l i n e  pump t o  
c o n v e n t i o n a l  pump p r i o r  t o  Run PG-3 

New pump jumper ( s e e  Appendix Table  9. 5  
f o r  pump h i s t o r y )  

Flowmeters: 

Feed,  V i t r e o u s  enamel l i n e r .  30 t o  80 '.lo0 Concent ra ted  2324 
magnet ic  Plat inum s e a l e d  e l e c -  Wastes 

t r o d e s  . Inconel  
f  lowtubes . 

Occas iona l  i n t e r m i t t e n t  r e a d l n g s  due t o  
l e a d  wi re  f a i l u r e s .  Also f r e q u e n t  s h i f t s  
i n  c a l i b r a t i o n  and l o s s  of  s e n s i t i v l t y ,  
p a r t i a l l y  a t t r i b u t e d  t o  low WSEP flow 
r a t e s .  

Condensate,  (same a s  above) 25 t o  40 c l O O  Condensate 2734 
magnet ic  

Two u n i t s  (1150 h r / u n i t )  d i d  n o t  o p e r a t e  
d u r i n g  l a s t  5  phosphate g l a s s  runs  
p r i m a r i l y  due t o  e l e c t r i c a l  l e a d  f a i l u r e s .  

Condensate,  
e l e c t r o n i c  
r o t a m e t e r  

30 t o  80 10 t o  30 D i l u t e  Acid 2884 The meter  was r e l i a b l e  f o r  r e c y c l e  flow 
Water measurement of s t r i p w a t e r .  

F i l t e r s ,  P r o c e s s  
Of f-Gas 

-20 Predominantly 
A i r ,  Ni t rogen  
Oxides 

Process  Vent Glass -asbes tos  wi th  50 t o  70 
aluminum s e p a r a t o r s  
i n  304L SS housing 

No f i l t e r  changes d u r i n g  l a s t  f i v e  
phosphate g l a s s  runs  

Vesse l  Vent (same a s  above) 50 t o  70 
Changed s i x  t imes  mos t ly  due t o  e x c e s s i v e  
mois ture .  74 days was s h o r t e s t  d u r a t i o n  
between changes.  Aluminum f i l t e r  s p a c e s  
inadequate  a t  t h i s  l o c a t i o n  p o s s i b l y  due 
t o  o c c a s i o n a l  c o n t a c t  w i t h  NaOH from 
t h e  s c r u b b e r .  

-10 Predominantly 
A i r  



Three pump f a i l u r e s  occur red  du r ing  t h e  l a s t  f i v e  phosphate 

g l a s s  runs* because of s e a l  and bea r ing  f a i l u r e s .  Each of t h e s e  

f a i l u r e s  occur red  j u s t  p r i o r  t o  a  run s o  no downtime occur red  

dur ing  a  run a s  a  r e s u l t  of pump f a i l u r e .  Pump l i f e  v a r i e d  from 

27 hours on P-16 which was used du r ing  Run PG-10 and pre -  P G - 1 1  

t o  157 hours  on P-15 used du r ing  Runs PG-8 and PG-9. Pump l i f e  

i s  decreased by s t a r t  and s t o p  ope ra t ion  and i s  s u b s t a n t i a l l y  

i nc reased  by thorough water  f l u s h i n g  a f t e r  each run.  I n  an 

extended pump o p e r a t i n g  t e s t  wi th  nonrad ioac t ive  f e e d ,  a  s i m i l a r  

pump was ope ra t ed  cont inuously  f o r  553 hours be fo re  t h e  s e a l s  

f a i l e d .  (18) 

5.7.2 Feed Cont ro l  System and Flow Measurement 

Operat ion of t h e  feed  c o n t r o l  system over  t h e  range of about .  

5  t o  40 l i t e r s / h r  was on ly  f a i r  because measurement of t h i s  low 

feed flow r a t e  t o  t h e  s o l i d i f i e r  w i th  a  magnetic flowmeter was 

f r e q u e n t l y  inadequate .  The automat ic  feed  c o n t r o l l e r  r e c e i v e s  

an i n p u t  s i g n a l  from t h e  magnetic flowmeter and d e l i v e r s  

an ou tpu t  s i g n a l  t o  t h e  feed  c o n t r o l  va lve .  D i f f i c u l t i e s  expe r i -  

enced with  t h e  magnetic flowmeters occu r r ing  i n  many e a r l y  WSEP 

runs  inc luded  l o s s  of  s i g n a l ,  f r e q u e n t  s h i f t s  i n  c a l i b r a t i o n  

( p a r t i a l l y  due t o  low flow r a t e s  r equ i r ed )  and f a i l u r e  of e l e c -  

t r i c a l  w i r e  i n s u l a t i o n .  R e l i a b i l i t y  was inc reased  s i g n i f i c a n t l y  

by changing t h e  e l e c t r i c a l  wi re  p e r i o d i c a l l y .  The w i r e  i n s u l a t i o n  

f a i l u r e s  a r e  desc r ibed  below. A 1/2-inch Hammel Dahl va lve  wi th  

a  No. 5  s p l i n e  t r i m  was used t o  c o n t r o l  t h e  f eed  t o  t h e  s o l i d i -  

f i e r .  S o l i d s  i n  t h e  feed  r e a d i l y  pas s  through t h e  c o n t r o l  

va lve .  Spec i a l  f l u s h i n g  procedures  a r e  used p r i o r  t o  and 

a f t e r  f eed ing  t o  keep t h e  f e e d  l i n e  s a t i s f a c t o r i l y  f r e e  of  

s o l i d s  depos i t i on .  

* See Appendix Table 9.6 f o r  feed  pump o p e r a t i n g  exper ience.  

5.36 



5.7.3 Evaporator  and Acid F r a c t i o n a t o r  

The WSEP evapo ra to r  and f r a c t i o n a t o r  which a r e  capab le  of  

b o i l u p  r a t e s  a s  h igh  a s  530 and 310 l i t e r s / h r ,  r e s p e c t i v e l y ,  pe r -  

formed s a t i s f a c t o r i l y .  Typ ica l  o p e r a t i n g  c o n d i t i o n s  f o r  t h e  

evapo ra to r  a r e  shown i n  F igure  5.5 and d i s cus sed  i n  S e c t i o n  5.2. 

A c o n d u c t i v i t y  measurement of  t h e  condensed evapo ra to r  overheads 

was used t o  determine t h e  overhead a c i d i t y ,  and t he r eby  c o n t r o l  

t h e  s t r i p w a t e r  ( f r a c t i o n a t o r  d i s t i l l a t e )  r e c y c l e  f low t o  t h e  

evapo ra to r  t o  main ta in  a  g iven  n i t r i c  a c i d  c o n c e n t r a t i o n  

i n  t h e  overheads (less t h a n  1 M )  - t h u s  reduc ing  t h e  p o t e n t i a l  

f o r  ruthenium v o l a t i l i z a t i o n .  

The s p e c i f i c  g r a v i t y  and l i q u i d  l e v e l  d i p  t u b e s  of  t h e  

evapo ra to r  would o c c a s i o n a l l y  p lug  a s  t hey  d i d  du r ing  p rev ious  

WSEP runs .  F lu sh ing  t h e  d i p  t ubes  w i t h  a l t e r n a t e  s o l u t i o n s  of  

n i t r i c  a c i d  and c a u s t i c  between runs  e l i m i n a t e d  most o f  t h e  

p lugg ing ,  however, t h e  d i p  t u b e s  shou ld  b e  made more r e l i a b l e  

f o r  con t inuous  o p e r a t i o n .  Semicontinuous w e t  purging of t h e  

d i p  t u b e s  was s u c c e s s f u l l y  t e s t e d  by v e n t i n g  t h e  d i p t u b e  f o r  

about  10 o u t  of eve ry  15 minutes  t o  a l low t h e  was te  s o l u t i o n  t o  

r ise i n t o  t h e  d i p  t u b e s ,  and i n  e f f e c t ,  wash o u t  t h e  t ubes .  Con- 

t i n u a l  semicontinuous v e n t i n g  o f  t h e  d i p  t u b e s  would substan-  

t i a l l y  reduce  t h e  p o s s i b i l i t y  of t h e  d i p  t ubes  becoming plugged 

w i th  s o l i d s ,  p a r t i c u l a r l y  a f t e r  con t inuous  ope ra t i on .  

Requirements f o r  au tomat ic  c o n t r o l  o f  t h e  evapo ra to r  b o i l u p ,  

s t r i p w a t e r  a d d i t i o n  t o  t h e  evapo ra to r ,  and f r a c t i o n a t o r  b o i l u p  

were t e s t e d  d u r i n g  s h o r t  p e r i o d s  of  Run PG-11. F igu re  5.12 

shows t h e  b a s i c  c o n t r o l  i n s t r u m e n t a t i o n  a v a i l a b l e  f o r  t h e  

WSEP a u x i l i a r i e s .  During t h e s e  tests t h e  evapo ra to r  weight  

f a c t o r  ( l i q u i d  l e v e l )  c o n t r o l l e r  was cascaded t o  t h e  t ube  

bundle  s team flow c o n t r o l l e r  wh i l e  t h e  c o n d u c t i v i t y  c o n t r o l l e r  

was cascaded t o  t h e  s t r i p w a t e r  c o n t r o l l e r s .  During t h e  
. - 
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s h o r t  t es t  p e r i o d s  ( 0 . 1  t o  2  hou r s )  of  au toma t i c  c o n t r o l  

a  s t e a d y  o p e r a t i n g  c o n d i t i o n  was n o t  o b t a i n e d ,  t h u s  poor 

c o n t r o l  r e s u l t e d .  Attempts i n  p r ev ious  r u n s  t o  u se  t h e  

e v a p o r a t o r  s p e c i f i c  g r a v i t y  a s  a cascade  c o n t r o l  i n p u t  t o  

t h e  s team c o n t r o l l e r  were unsucces s fu l  because  t h e  spe-  

c i f i c  g r a v i t y  was a d v e r s e l y  a f f e c t e d  by t h e  evapo ra to r  b o i l u p  

r a t e .  With on ly  t h e s e  s h o r t  t e s t  p e r i o d s  ve ry  l i t t l e  i n f o r -  

mation was o b t a i n e d  on t h e  requ i rements  f o r  au tomat ic  c o n t r o l  

of t h e  a u x i l i a r i e s .  More r e c e n t l y ,  promis ing r e s u l t s  have 

been o b t a i n e d  d u r i n g  au toma t i c  c o n t r o l  tests .  Automatic 

c o n t r o l  o f  t h e  WSEP a u x i l i a r i e s  i s  planned f o r  f u t u r e  WSEP 

runs .  

Again a s  i n  p r ev ious  WSEP r u n s ,  chemical  complexants 

w e r e  added t o  t h e  t i t a n i u m  e v a p o r a t o r  and f r a c t i o n a t o r  v e s s e l s  

t o  minimize f l uo r ide - i nduced  c o r r o s i o n .  Aluminum n i t r a t e  

i s  added t o  t h e  v e s s e l s  i f  pure  n i t r i c  a c i d  i s  t o  be b o i l e d .  

When was t e  s o l u t i o n s  a r e  b o i l e d  i n  t h e  e v a p o r a t o r ,  enough 

i r o n ,  z i rconium,  and aluminum i o n i c  complexants  a r e  p r e s e n t  

i n  t h e  was t e  s o l u t i o n  t o  i n h i b i t  c o r r o s i o n .  

5.7.4 F i l t e r s  

The h i g h - e f f i c i e n c y  p roce s s  v e n t i l a t i o n  f i l t e r s  performed 

w e l l  as i n  p r e v i o u s  WSEP runs .  P r i o r  t o  Run PG-7, t h e  h igh-  

e f f i c i e n c y  p roce s s  o f f -ga s  f i l t e r  (F-112) was charged o u t  

due t o  a  h igh  p r e s s u r e  d rop  a c r o s s  t h e  f i l t e r  (10 i n c h e s  

o f  w a t e r ) .  The new p r o c e s s  o f f -ga s  f i l t e r  w a s  used w i thou t  

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

runs .  



5.7.5 E l e c t r i c a l  and Ins t rument  Wiring 

During t h e  l a s t  s e r i e s  of phosphate g l a s s  r u n s ,  l e s s  

ex t ens ive  d e t e r i o r a t i o n  of w i r i n g  i n s u l a t i o n  occurred s i n c e  

most of t h e  w i r i n g  t h a t  used l i n e a r  p o l y e t h y l i n e  a s  i n s u l a t i o n  

had been r ep l aced  wi th  a  more f l e x i b l e  and l e s s  expensive 

neoprene rubber  i n s u l a t e d  wi re .  

Sampling techniques  were cons iderab ly  improved over  

t hose  used i n  t h e  f i r s t  s e r i e s  of s i x  phosphate g l a s s  runs .  

Low l e v e l  r a d i o a c t i v e  aqueous samples ( t h o s e  of f r a c t i o n a t o r  

d i s t i l l a t e  and sc rubbe r )  were rou ted  o u t s i d e  of B-Cell t o  

a  new sampling s t a t i o n .  This  reduced p o t e n t i a l  contaminat ion 

by i n - c e l l  handl ing.  Since r e p r e s e n t a t i v e  samples of t h e  

WSEP a u x i l i a r y  evapora to r  and f r a c t i o n a t o r  were d i f f i c u l t  

t o  o b t a i n  u n l e s s  t h e  t anks  were b o i l i n g ,  s t a r t  and end of 

run samples f o r  t h e s e  two t anks  were ob ta ined  wh i l e  t h e  t anks  

were b o i l i n g .  Inco rpo ra t ion  of t h e  above improvements l e d  

t o  improved d a t a  from samples. 

Gas sampling equipment was i n s t a l l e d  p r i o r  t o  l a s t  s e r i e s  

of f i v e  phosphate g l a s s  runs  t o  c o l l e c t  samples of p rocess  

o f f -gas  a t  v a r i o u s  p o i n t s  i n  t h e  a u x i l i a r y  system. (15) G a s  

sampling i s  discussed i n  Sec t ion  5.5. 

5.7.7 M a t e r i a l  Balances 

S p e c i f i c  ba lance  d a t a  f o r  t h e  l a s t  f i v e  phosphate g l a s s  

s o l i d i f i c a t i o n  runs  a r e  p resen ted  i n  Appendix Table  9.3.  

Except f o r  radioruthenium,  t h e  recovery of i n d i v i d u a l  elements 

was good. 



Ana lys i s  f o r  ruthenium i n  t h e  g l a s s y  p roduc t  was very  

u n r e l i a b l e  by e i t h e r  chemical  o r  rad iochemica l  a n a l y s i s .  

Consequently,  a t o t a l  m a t e r i a l  ba l ance  f o r  ruthenium was 

d i f f i c u l t  t o  make. However, r e c e n t l y  a new method of coun t ing  

WSEP mel t  samples f o r  o b t a i n i n g  r e l a t i v e  p e r c e n t  r e c o v e r i e s  

of l o 6 ~ u ,  137~s ,  and 9 5 ~ b  was s u c c e s s f u l l y  t e s t e d  and eva lua t ed .  

Ana lys i s  f o r  ruthenium i n  t h e  l i q u i d  streams i n  WSEP i s  e a s i l y  

ob t a ined  from a rad iochemica l  gama enerqy a n a l y s i s  (GEA) .  

The o v e r a l l  m a t e r i a l  ba l ances  f o r  t h e  l a s t  s i x  phosphate g l a s s  

s o l i d i f i c a t i o n  runs  a r e  shown i n  Table  5 . 8 .  

TABLE 5 . 8 .  O v e r a l l  M a t e r i a l  Balances f o r  t h e  L a s t  
F ive  Phosphate G la s s  S o l i d i f i c a t i o n  
Runs PG-7 Through PG-11 

PG 
Run - 

Percen t  Recovery 
Volume Weight 
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E v a l u a t i o n  of t h e  ~ f a s t e  r e c e i v e r  ;2ot and t h e  s o l i d i f i e d  

w a s t e  from t h e  d e m o n s t r a t i o n  r u n s  c o n s t i t u t e s  an  i m p o r t a n t  

phase  of  t h e  Xas te  S o l i d i f i c a t i o n  Demonst ra t ion  Program. The 

purpose  of  t h e  e v a l u a t i o n  i s  t o  p r o v i d e  i n f o r m a t i o n  abou t  t h e  

s a f e t y ,  e n g i n e e r i n g ,  and economic a s p e c t s  of  s o l i d i f i c a t i o n  

of h igh  l e v e l  r a d i o a c t i v e  I~ras te  from n u c l e a r  r e a c t o r  f u e l  

r e p r o c e s s i n g .  Rece ive r  e v a l u a t i o n s  b e g i n  p r i o r  t o  t h e  t i m e  of  

t h e  demons t ra t ion  r u n  where in  b a s i c  d imens iona l  measurements 

of each  w a s t e  r e c e i v e r  p o t  a r e  made b e f o r e  f i l l i n g  w i t h  s o l i d i -  

f i e d  w a s t e .  The e v a l u a t i o n s  c o n t i n u e  immedia te ly  f o l l o w i n g  t h e  

run  w i t h  a f t e r - f i l l  measurements.  Subsequen t ly ,  s e l e c t e d  w a s t e  

c o n t a i n e r s  a r e  t r a n s f e r r e d  t o  t h e  S o l i d s  S t o r a g e  Eng ineer ing  

T e s t  F a c i l i t y  (SSET.F) f o r  c o n t i n u e d  o b s e r v a t i o n s  under con- 

t r o l l e d  s t o r a g e  c o n d i t i o n s  f o r  ex tended  p e r i o d s  of  t i m e .  

Exper imenta l  measurements a r e  made on each  r e c e i v e r  t o  a i d  

i n  c h a r a c t e r i z i n g  t h e  the rmal  c o n d u c t i v i t y ,  l e a c h a b i l i t y ,  

chemical  and p h y s i c a l  s t a b i l i t y ,  and c o r r o s i v i t y  of  t h e  s o l i d i -  

f i e d  w a s t e  and t o  a i d  i n  c h a r a c t e r i z i n g  t h e  s u i t a b i l i t y  and 

c o m p a t i b i l i t y  of t h e  r e c e i v e r  and s o l i d i f i e d  w a s t e s .  T h i s  

s e c t i o n  p r e s e n t s  a  summary of  t h e  e x p e r i m e n t a l  measurements 

t h a t  have Seen made f o r  t h e  r e c e i v e r s  from Phosphate  G l a s s  

Demonst ra t ion  Runs 7 through 11. Data from Runs PG-1 through 

PG-6(2) a r e  i n c l u d e d  where it i s  c o n s i d e r e d  a p p r o p r i a t e .  

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  r e l a t i n g  t o  t h e  maximum t e m -  

p e r a t u r e s  t h a t  can b e  e x p e c t e d  under  v a r i o u s  p r o c e s s i n g  and 

h a n d l i n g  c o n d i t i o n s  have been d i s c u s s e d  ~ r e v i o u s l ; 7 .  ( 2 )  No 

a t t e m p t  i s  made h e r e  t o  review t h e s e  c o n s i d e r a t i o n s ,  however,  

some r e f e r e n c e  t o  maximum t e m p e r a t u r e s  can  b e  found i n  Sec- 

t i o n s  4 and 7 of  t h i s  r e p o r t .  Thermal maximum h e a t  g e n e r a t i o n  

r a t e s  a r e  p r e s e n t e d  i n  F i g u r e  7 . 2  of t h i s  r e ~ o r t .  



Table 6 . 1  i s  a  summary of o v e r a l l  r e c e i v e r  p o t  f i l l  d a t a .  

h a s t e  t y p e ,  r e c e i v e r  d iamete r  and m a t e r i a l  and t h e  we igh t  and 

volume f o r  t h e  l a s t  f i v e  phosphate g l a s s  demons t ra t ions  a r e  

i nc luded  w i t h  bu lk  d e n s i t y ,  l a b o r a t o r y  determined d e n s i t y ,  and 

c a l c u l a t e d  t h e o r e t i c a l  d e n s i t y .  There i s  c l o s e  agreement 

between measured bullc d e n s i t y  and measured l a b o r a t o r y  sample 

(g rab  sample)  d e n s i t y .  Both of  t h e s e  measured d e n s i t i e s  a r e  

w i t h i n  about  15% of t h e  c a l c u l a t e d  t h e o r e t i c a l  d e n s i t y .  The 

d e n s i t y  d a t a  i n d i c a t e  t h a t  t h e r e  a r e  few i f  any v o i d s  i n  t h e  

s o l i d i f i e d  was t e  . 

6 .1  THERMAL CONDUCTIVITY 

A r e g r e s s i o n  a n a l y s i s  of  t h e  e f f e c t i v e  t he rma l  conduc- 

t i v i t y  ( k e f f )  f o r  phosphate  g l a s s  s o l i d i f i e d  was te  a s  a  

f u n c t i o n  of  average  p roduc t  t empe ra tu r e  has  been completed.  

The d a t a  from WSEP demons t ra t ion  Runs P G - 1  through PG-6 w e r e  

i nc luded  w i t h  t h e  d a t a  f o r  WSEP Runs PG-7 through P G - 1 1 .  

F igu re  6 . 1  shows t h e  c a l c u l a t e d  e f f e c t i v e  the rmal  ccnduc- 

t i v i t y  of  t h e  combined s o l i d i f i e d  was te  and was t e  r e c e i v e r s  

based on expe r imen t a l l y  determined h e a t  g e n e r a t i o n  r a t e  and 

t empe ra tu r e s .  The l i n e  f c r  t h e  l e a s t  squa re s  curve  f i t  h a s  

been drawn through t h e  d a t a .  

The k e f f  of  t h e  p roduc t s  from each feed  t y p e  (PW-1, 

PW-2, PW-4m and LMFBR) was compared by s t a t i s t i c a l  t e chn iques  

t o  de te rmine  i f  keff  shou ld  b e  t r e a t e d  independen t ly .  How- 

e v e r ,  it was n o t  p o s s i b l e  t o  de te rmine  i f  t h e  v a r i a t i o n  i n  

k e f f  between phosphate  g l a s s  p roduc t  t y p e s  i s  r e a l  o r  due t o  

v a r i a t i o n s  i n  measurements. The d a t a  showed t h a t  t h e  e f f e c t i v e  

the rmal  c o n d u c t i v i t y  f c r  phosphate  g l a s s  over  t h e  tempera- 

t u r e  range  from 1 0 0  t o  650 OC shou ld  b e  t r e a t e d  independent  

of  s o l i d i f i e r  f e e d  t.ype acco rd ing  t o  Equat ion (1) : 



TABLE 6 .l. Receiver P o t  F i l l  Data 

L a b o r a t o r y  C a l c u l a t e d  
WSEP P o t  Volume o f  W e i g h t  o f  Sample  T h e o r e t i c a l  
Run Waste D i a m e t e r ,  P o t  P r o d u c t ,  ( a )  Waste P r o d u c t ,  B u l k  D e n s i t y ,  ( b )  D e n s i t y ,  D e n s i t y ,  
No. Type i n .  Material l i t e r s  k g  k g / l i  t e r  k g / l i t e r  k g / l i t e r  

a? PG-7 PW-2 8  310 SS 6 7 . 3  

w PG-8 PW-4m 8  M i l d  66 .7  
S t e e l  

PG-11 LMFBR 8 304L SS 60 .  0  1 7 2  2 . 9  2 . 9  3.4 

a. C a l c u l a t e d  b y  r o d d i n g  t h e  p o t  t o  o b t a i n  a p r o d u c t  d e p t h .  

b .  B u l k  d e n s i t y  i s  o b t a i n e d  by  w e i g h i n g  t h e  r e c e i v e r  p o t  
b e f o r e  a n d  a f t e r  i t  i s  f i l l e d .  





where k  
e f f  

i s  t h e  e f f e c t i v e  the rmal  c o n d u c t i v i t y  ( 2 )  (W/ ( m 2 )  
- 

(OC/m) and T i s  t h e  a r i t h e m e t i c  average  of t h e  waste  con- 

t a i n e r  c e n t e r l i n e  and w a l l  t empera tu re  i n  "C. 

The two the rmal  c c n d u c t i v i t y  measurements shown i n  F ig -  

u r e  6 . 1  a t  750 and 720 OC were n o t  i nc luded  i n  t h e  r e g r e s s i o n  

a n a l y s i s .  I n  t h e s e  two c a s e s  a  l a r g e  p o r t i o n  of  p roduc t  i s  

above t h e  expec ted  r e m e l t  t empera tu re  of  approximate ly  650 OC 

(based on l a b o r a t o r y  d a t a ) .  I n c l u s i o n  of t h e  d a t a  would i n t r o - -  

duce a  b i a s  because  t h e  mol ten  p roduc t  d a t a  i s  n o t  t y p i c a l  of  

t h e  nonmolten p roduc t  d a t a  used i n  t h e  a n a l y s i s .  However, t h i s  

d a t a  does p o i n t  o u t  a  p o t e n t i a l l y  h p o r t a n t  f e a t u r e  of  phosphate  

g l a s s ,  a  h igh  ke f f  a t  t empera tu res  t h a t  a r e  r e l a t i v e l y  low 

compared t o  m e l t e r  p roce s s ing  t empe ra tu r e s .  

6 .2  GAMMA SPECTRUM ANALYSIS AND RADIATION PROFILES 

Uniform h e a t  g e n e r a t i o n  r a t e  i s  one of t h e  S a s i c  assump- 

t i o n s  ( 2 )  used t o  de te rmine  t h e  e f f e c t i v e  the rmal  c o n d u c t i v i t y  

o f  s o l i d i f i e d  was t e .  Uniform h e a t  g e n e r a t i o n  r a t e  i s  impor t an t  

t o  s a f e t y  c o n s i d e r a t i o n s  i n  t h a t  " h o t  s p o t s "  w i t h i n  a  c o n t a i n e r  

could  r e s u l t  i n  premature  f a i l u r e  o f  t h e  c o n t a i n e r .  For t h e s e  

r ea sons ,  g r o s s  gamma scans  o f  t h e  phosphate  g l a s s  was t e  con- 

t a i n e r s  were made a f t e r  f i l l i n g .  The purpose  o f  t h e  scans  i s  

t o  f i n d  any g r o s s  f i s s i o n  p roduc t  m ig ra t i on  o r  s e g r e g a t i o n .  

The t empera tu re  p r o f i l e s  from t h e  p o t  i n t e r n a l  and w a l l  thermo- 

couples  were a l s o  s t u d i e d  f o r  ev idence  o f  " h o t  s p o t s . "  No 

d a t a  ha s  been g a t h e r e d  i n  t h e  phosphate  g l a s s  demons t ra t ion  

series t h a t  would i n d i c a t e  t h a t  f i s s i o n  p roduc t  m i g r a t i o n  o r  

s e g r e g a t i o n  i s  a  problem. 



The g r o s s  gamma scans  a r e  accomplished by p o s i t i o n i n g  an 

i o n i z a t i o n  chamber approximately 6  inches  from t h e  p o t  nea r  t h e  

midpoint of each of t h e  s i x  p o t  zones. De ta i l ed  a n a l y s i s  of t h e  

f i s s i o n  produc t  spectrum a t  va r ious  l o c a t i o n s  i n  waste  c o n t a i n e r s  

w i l l  be accomplished l a t e r  i n  t k e  S o l i d s  S torage  Engineer ing Tes t  
(1) F a c i l i t y  where co re  d r i l l e d  samples a r e  planned.  

F igure  6.2 shows t h e  r e s u l t s  of t h e  g r o s s  gamma scans  f o r  

phosphate g l a s s  demonstra t ion Runs 7  through 11. The dose r a t e  

measurements have been normalized t o  Zone 4 which i s  l o c a t e d  n e a r  

t h e  midplane of t h e  f i l l e d  p o r t i o n  of t h e  r e c e i v e r .  The purpose 

of normal iza t ion  was t o  show t h e  c h a r a c t e r i s t i c  "banana shape" 

r a d i a t i o n  p r o f i l e  t h a t  one would expec t  from a  homogeneous, uni-  

form d i s t r i b u t i o n  of f i s s i o n  produc ts .  Actual  d a t a  from g r o s s  

gamma dose r a t e  measurements a r e  p re sen ted  i n  Table 6.2. I n t e r -  

mediate and w a l l  thermocouple t ~ m p e r a t u r e  measurements, a l s o  

normalized t o  Zone 4 ,  a r e  p re sen ted  i n  F igure  6.3 f o r  Zones 1 

through 6  t o  f u r t h e r  s u b s t a n t i a t e  t h e  product  un i formi ty .  

TABLE 6.2. Gross Gamma Dose Rates f o r  PG-7 Through PG-11 Receivers  

Rates f o r  
PG-7 PG-8 PG-9 PG-10 PG-11 

Scanned Scanned Scanned Scanned Scanned 
Waste 7/11/69, 8/19/69, 4/24/69, 4/24/70, 12/12/69, 

Container  R/hr R/hr R/hr R/hr R/hr 
Zone x 1 0 - 4  x 1 0 - 4  x 1 0 - 4  x10-5 x 1 0 - 4  

2.3 2.6 0.48 1 . 4  5.4 1 (Top) 

6  ( B o t t o m )  3.2 3.4 1 .7  5.0 6.2 







The f i l l  h e i g h t  of  s o l i d i f i e d  ~ i a s t e  r e l a t i v e  t o  t h e  p o t  

zones i s  sh0v.m f o r  each ~ , r a s t e  r e c e i v e r  on F i g u r e s  6 . 2  and 6 . 3 .  

OSvious ly ,  t n e  amount c f  p r o d u c t  i n  t h e  r e c e i v e r  p o t  a f f e c t s  

t h e  shape  of  b o t h  t h e  r a d i a t i o n  and t e m p e r a t u r e  p r o f i l e s .  

For  example, t h e  r a d i a t i o n  and t e m p e r a t u r e  p r o f i l e s  f o r  

PG-10 t e n d s  t o  f a l l  o f f  r a p i d l y  toward Zone 1 due t o  t h e  

r e l a t i v e l y  low f i l l  h e i g h t  compared t o  t h e  o t h e r  f o u r  r u n s .  

A l l  of t h e  r a d i a t i o n  p r o f i l e s  i n d i c a t e  t h a t  t h e  s o l i d i f i e d  

was te  i n  WSEP demons t ra t ion  Runs PG-7 through PG-11 i s  un i fo rmly  

d i s t r i b u t e d .  I n  a l l  c a s e s ,  t h e  t e m p e r a t u r e  p r o f i l e s  i n d i c a t e  

t h a t  t h e r e  a r e  no " h o t  s p o t s "  w i t h i n  t h e s e  w a s t e  c o n t a i n e r s  t h a t  

might  l e a d  t o  premature  r e c e i v e r  f a i l u r e  o r  i n v a l i d a t e  assump- 

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

6 . 3  WASTE RECEIVER DIMENSIOlJS AND PHYSICAL DATA 

Each w a s t e  r e c e i v e r  t h a t  i s  used i n  a  WSEP d e m o n s t r a t i o n  

run  i s  c a r e f u l l y  examined p r i o r  t o  t r a n s f e r  t o  t h e  h o t  c e l l .  

P r e f i l l  d imensions  a r e  t a k e n  of  t h e  r e c e i v e r  w a l l  t h i c k n e s s ,  

r e c e i v e r  l e n g t h ,  and r e c e i v e r  d iamete r  a t  s e v e r a l  l o c a t i o n s .  

No s i g n i f i c a n t  d imens iona l  changes w e r e  d e t e c t e d  f o r  phosphate  

g l a s s  Runs PG-5 th rough  11 a f t e r  t h e  r e c e i v e r s  w e r e  f i l l e d .  

S a t i s f a c t o r y  w a l l  t h i c k n e s s  measurements of  t h e  was te  

r e c e i v e r s  a f t e r  t h e  r e c e i v e r s  have Seen f i l l e d  have been 

made u s i n g  zn u l t r a s o n i c  w a l l  t h i c k n e s s  s c a n  svstem. The 

d a t a  i s  p r e l i m i n a r y  and i s  n o t  r e p o r t e d  h e r e .  The w a l l  2 i e c e s  

t h a t  a r e  removed d u r i n g  c o r e  d r i l l i n g  w i l l  a l s o  be used t o  

de te rmine  w a l l  t h i c k n e s s .  

The r e c e i v e r  d i a m e t e r  and l e n g t h  w e r e  measured f o r  each o f  

t h e  phosphate  g l a s s  r u n s  i n  t h e  f i n a l  t e s t  series.  The purpose  

of  t h e s e  measurements i s  t o  d e t e c t  g r o s s  changes i n  p o t  



dimensions du r ing  t h e  process ing  cyc l e .  The f i l l  p o r t i o n  of  t h e  

waste s o l l d i f i c a t i o  c y c l e  i s ,  i n  g e n e r a l ,  t h e  most s eve re  p a r t  

of t h e  c y c l e  wi th  r e s ~ e c t  t o  environmental  cond i t i ons .  Table 6.3 

summarizes t h e  p r e f i l l  and a f t e r f i l l  measurements of p o t  d iameter  

and length  f o r  t h e  l a s t  f i v e  phosphate q l a s s  runs .  The diame- 

t r a l  measurements were made us ing  n e w l y - i n s t a l l e d  d i a l  i n d i -  

c a t i n g  micrometers which al low accu rac i e s  w i t h i n  0.025 inches .  

However, d a t a  a r e  r epo r t ed  t o  t h e  n e a r e s t  0 . 1  inches  which i s  

adequate f o r  de te rmina t ion  of g r o s s  changes. No diameter  changes 

of more then  0 . 1  inches  occurred i n  any p o t  except  f o r  P G - 1 1 ,  

where t h e  maximum a f t e r f i l l  dimension decreased by 0 . 2  inches  

a s  shown i n  Table 6 . 2 .  This  i s  n o t  considered exces s ive .  

F igures  6 . 4  and 6.5 show photographs of PG-10 (6-inch 

p o t )  and P G - 1 1  (8-inch p o t )  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 .  

The t o p  p o r t i o n  of t h e s e  two con ta ine r s  was i d e n t i c a l .  The lower 

6-inch diameter  p o r t i o n  of t h e  PG-10 c o n t a i n e r  i s  connected t o  

t h e  8-inch diameter  upper s e c t i o n  by a 4-inch long t r a n s i t i o n  

p i e c e .  The w a l l  thermocouples a r e  r e a d i l y  v i s i b l e  f o r  both  p o t s .  

The i n t e r i o r  thermocouples were ' i n s e r t e d  i n t o  t h e  thermal  w e l l s  

through Conax g lands .  Connection t o  t h e  p o t  f o r  thermocouple 

readout  i s  through t h e  L-shaped thermocouple arm and Cannon con- 

n e c t o r .  The i n t e r m e d i a t e  and c e n t e r l i n e  thermocouples can and have 

been r ep l aced  remotely where thermocouples become i n o p e r a t i v e .  

6 . 4  WASTE RECEIVER WELDING 

The waste  r e c e i v e r  p o t s  i n  t h i s  s e r i e s  have been welded and 

l eak  checked wi th  t h e  except ion  of PG-10. Table 6 . 4  shows t h e  

b a s i c  weld parameters  and t h e  b e f o r e - f i l l  and a f te r -weld ing  

helium mass spec t rometer  l eak  r a t e s .  The b a s i c  concepts  and 

p r i n c i p l e s  t h a t  have been app l i ed  t o  seal -welding t h e  waste 

r e c e i v e r s  have worked very w e l l .  ( 2 )  Some d i f f i c u l t y  was 



TABLE 6.3. Phosphate Glass Waste Receiver Prefill and Postfill Dimensions 

Distance from Diameter Diameter Pot Length Pot Length 
Run Top of Pot, Prefill, in. Afterfill, in. (Prefill) , (Afterfill), 
No. in. Maximum Minimum Maximum Minimum in. in. 

a. No six inch micrometers are available for measurements. 
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:GURE 6 . 4 .  P h o s p h a t e  G l a s s  6 - I n c h  Tla .s t e  C o n t a i n e r  (PG-10) 
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F I G U R E  6.5. P h o s p h  .te G l a s s  8-Inci W a s t e  C o n t a i n e r  ( P G - 1 1 )  



TABLE 6.4. Phosphate  G la s s  Rece iver  Basic Welding Paramete r s  
and Leak Rates 

Welding 
Run C u r r e n t ,  Vol tage ,  Speed,  

3  
Leak Rate ,  a t m  c m  /sec 

N o .  A V in. /min Before  F i l l  A f t e r  Weld 

PG-7 160 10  4.6 6.7 X l o m 7  4 . 1  X 

PG- 8  160 10 4 .6  5.4 X 4 . 1  X l o - *  

5.2 x 
I 

PG-9 160 10 4.6 

PG-10 160 10 --- 4.6 X l o e 8  (a) 

PG-11 (b) 160 10 4.6 1 .7  x l o - *  3.8 x 

- --- - -- 

a .  P o t  must be  rewelded.  

b. F i n a l  p o t  p r e s s u r e  r e adou t  jumper w a s  n o t  
i n s t a l l e d  on PG-11 b u t  t h e  p o t  w a s  l e a k  
checked u s i n g  a  s p e c i a l  l e a k  t e s t  jumper. 

encounte red  w i t h  i n - c e l l  components t h a t  are s u b j e c t  t o  r a d i a -  

t i o n  damage. The f a i l u r e  of  t h e  PG-10 weld was due t o  e i t h e r  

ma l func t i on  of t h e  a rgon  purge  sys tem o r  impure a rgon .  I t  w i l l  

b e  nece s sa ry  t o  g r i n d  t h i s  weld comple te ly  o f f  and reweld .  

The o r i g i n a l  i n - c e l l  t u r n t a b l e  used  f o r  t h e  we ld ing  opera -  

t i o n  w a s  r e p l a c e d  d u r i n g  t h e  PG-7 th rough  11 series o f  demon- 

s t r a t i o n  r u n s .  The new t u r n t a b l e  f e a t u r e s  remotab le  d r i v e  

components and o u t - o f - c e l l  speed c o n t r o l .  The o r i g i n a l  S i aky  

weld c o n t r o l  head w a s  r e p l a c e d  w i t h  a new S iaky  u n i t  due  t o  

r a d i a t i o n  damage o f  t h e  i n t e r n a l  w i r i n g .  



6.5 WASTE RECEIVER CALORIYLETRY 

Tile h e a t  g e n e r a t i o n  r a t e  o f  t h e  w a s t e  r e c e i v e r s  f rom t h e  

l a s t  phospha te  g l a s s  series o f  r u n s  was d e t e r m i n e d  Ly i n - c e l l  

c a l o r i m e t e r .  The c a l o r i m e t e r  ( 2 )  i s  a  w a t e r - c o o l e d  c o n s t a n t  tern- 

p e r a t u r e  b a t h  t h a t  p e r m i t s  c a l c u l a t i o n  o f  s t e a d y - s t a t e  h e a t  gen- 

e r a t i o n  rates o f  t h e  f i l l e d  r e c e i v e r s .  

TaS le  6.5 shows t h e  r e s u l t s  o f  t h e  c a l o r i m e t e r  measurements  

and  t h e  back  c a l c u l a t e d  end-of-run h e a t  g e n e r a t i o n  r a t e s  f o r  e a c h  

p h o s p h a t e  g l a s s  f i l l e d - w a s t e  c o n t a i n e r  i n  t h i s  series.  The decay  

h a l f - l i f e  t h a t  was u s e d  f o r  t h e  end-of-run h e a t  g e n e r a t i o n  r a t e  

c a l c u l a t i o n  was 2  84 d a y s  ( 1 4 4 ~ e ~ r )  . The c a l o r i m e t e r  measurements  

a r e  c o n s i d e r e d  t o  b e  a c c u r a t e  w i t h i n  t 1 0 %  b a s e d  on compar i sons  

w i t h  material  b a l a n c e  c a l c u l a t i o n s  f rom e a c h  o f  t l l e  r u n s  and  t h e  

r e p r o d u c i b i l i t y  o f  c a l o r i m e t r y  r e s u l t s .  

TABLE 6.5.  Phospha te  G l a s s  Waste R e c e i v e r  C a l o r i m e t r y  

H e a t  H e a t  G e n e r a t i o n  
Run C a l o r i m e t r y  G e n e r a t i o n  F i l l  R a t e  a t  
No. D a t e  R a t e ,  kW D a t e  F i l l  Da te ,  kW 

PG-7 7/16/69 9.6 7/10/69 9.8 

PG- 8  8/2 8/6 9  8.0 8/13/69 8.3 



6 . 6  RECEIVER POT IPJTERNAL PRESSUFGZ 

The bourdon p r e s s u r e  t ube  gages t h a t  were i n s t a l l e d  on 

waste r e c e i v e r s  from WSEP demonstra t ion Funs PG-7, PG-8, and 

PG-9 have showed no s i g n i f i c a n t  r e c e i v e r  p r e s s u r i z a t i o n .  The 

r e c e i v e r  from PG-10 had n o t  been welded ( s e a l e d )  and leak-  

checked a t  t h e  t ime of t h i s  r e p o r t .  P G - 1 1  r e c e i v e r  p r e s s u r e  

d a t a  i s  n o t  a v a i l a b l e  because a  p o t  p re s su re  readout  assembly 

has  n o t  y e t  been i n s t a l l e d  on t h e  p o t .  This  c o n t a i n e r  has been 

open t o  c e l l  atmosphere p re s su re  except  du r ing  l eak  checks w i th  

a  s p e c i a l  l e ak  t e s t  jumper. The absence of p o s i t i v e  p r e s s u r e  

i n d i c a t i o n  i n d i c a t e s  t h a t  t h e  r e s i d u a l  l e v e l  of n i t r a t e  and 

o t h e r  u n s t a b l e  o r  v o l a t i l e  c o n s t i t u e n t s  i s  low i n  t h e  phosphate 

g l a s s  and i s  cons idered  an i n d i c a t i o n  of t h e  product  s t a b i l i t y .  

I t  should be recognized t h a t  t h e  p r e s s u r e  gages- used on 

t h e  waste  c o n t a i n e r s  a r e  s u b j e c t  t o  e x t e r n a l  shock and bumping 

i n  remote handl ing .  The B-Cell p o t  s t o r a g e  rack  ( t h e  4A r ack )  

i s  a  p a r t i c u l a r l y  d i f f i c u l t  a r e a  i n  t h e  c e l l  f o r  handl ing t h e  

p o t s .  Therefore ,  sma l l  d e f l e c t i o n s  of 5 p s i g  o r  -5 inches  of mer- 

cury have been d i s r ega rded  and considered a s  ze ro  p r e s s u r e .  The 

h o t t e r  p o t s  t end  t o  go t o  a  vacuum read ing  a s  they  c o o l  because 

of normal gas  response t o  a  cool ing  environment. Vacuum, of 

cou r se ,  should be viewed favorab ly  because it shows a  l ack  of 

gaseous r e l e a s e .  

Table 6 . 6  summarizes t h e  a f t e r f i l l  p r e s su re  read ings  f o r  

PG-7, PG-8, and PG-9 r e c e i v e r s .  Observation of p o t  p r e s s u r e s  

i s  a  cont inu ing  e f f o r t .  Those p o t s  t h a t  a r e  u l t i m a t e l y  t r a n s -  

f e r r e d  t o  environmental  t e s t i n g  i n  t h e  SSETF w i l l  come under 

cont inuous p r e s s u r e  moni tor ing.  



TABLE 6.6. Phosphate Glass Waste Receiver Pressure Data 

WSEP Date 
Run of Pressure Pressure 
No. ~ecorded Indication Remarks 

PG-7 3/26/70 1 psig None 

PG- 8 3/2 3/70 -1 inch Hg None 

PG- 9 3/2 3/70 5 psig Gage glass broken 

PG-10 -- -- Receiver not welded 

0 Atmospheric pressure. 
No pressure jumper installed. 

6.7 RECEIVER POT WALL TEMPERATURES 

Numerous receiver wall temperature readings are obtained 

from the six wall thermocouples during the different phases of 

handling. Comparisons between calculated and experimental 

temperatures have been made with the waste receiver hanging 

in air in the processing cell. Natural convection and radia- 

tion heat transfer were assumed to be the principle heat trans- 

fer mechanisms. 

Figure 6.6 shows the calculated pot wall temperature for 

receiver heat generation rates and five experimental pot wall 

temperatures obtained during air temperature profile measure- 

ments. Two pot sizes, 8-inch diameter and 6-inch diameter, and 

two emissivities, 0.6 and 0.8, were used for the comparison. 

The surrounding media was assumed to be at 38 OC based on mea- 

sured cell temperatures. All calculated wall temperatures are 

based on a 6 foot receiver fill height. The five experimental 

data points are from a thermocouple positioned at the receiver 



H E A T  G E N E R A T I O N  I N  R E C E I V E R  P O T ,  kW 

FIGURE 6 . 6 .  Receiver Pot  W a l l  Temperatures f o r  Radia t ion  
and Natura l  Convection Cooling 



midplane. The c a l c u l a t e d  and measured va lues  of w a l l  tempera- 

t u r e  compare favoral2ly. The measured tem?erature va lues  a r e  

~ r i t h i n  tl:e c a l c u l a t e d  range of temperatures  f o r  expected 

e m i s s i v i t y  va lues  f o r  t l ie  p o t  s u r f a c e s .  

Grab samples of s o l i d i f i e d  waste from PG-7, PG-8, and PG-9 

were c o l l e c t e d  a s  t h e  mel t  flowed from t h e  mel te r  t o  t h e  r e c e i v e r  

po t .  Leach r a t e s  f o r  1 3 7 ~ s  and 1 4 4 ~ e  a r e  be ing  ob ta ined  on t h e  

samples. The s t anda rd  o r  slow leach  method based on t h e  work 

of Paige ( 3 )  us ing  reticulating d i s t i l l e d  wate r  a t  25 O C  i s  

being used.  Data up t o  1 2  weeks f o r  PG-7 and PG-8 samples and 

d a t a  up t o  1 6  weeks f o r  PG-9 a r e  shown i n  F igure  6.7. 

The d a t a  shown i n  Figure  6.7 a r e  t y p i c a l  of phosphate g l a s s  

r a d i o a c t i v e  samples. The s c a t t e r  of t h e  d a t a  f o r  a  g iven sample 

can be l a r g e  a s  shown by PG-9 (137~s )  d a t a  and t h e  v a r i a b i l i t y  

f o r  a  given waste  type  l a r g e  a s  shown by PG-8 and PG-9. The d a t a  

t end  t o  show a  cons t an t  l each  r a t e  f o r  t h e  t ime of t h e  t e s t s  

shown. There i s  approximately one and one-half o r d e r s  of magni- 

tude  d i f f e r e n c e  i n  PG-8 and PG-9 leach  r a t e s  f o r  both 1 3 7 ~ s  and 
~ - 

1 4 4 ~ e  even though both a r e  PW-4m wastes .  The h i g h e s t  l each  r a t e  

i s  f o r  
2 1 3 7 ~ s  f o r  PG-8 a t  5  x  g(cm )day  whi le  PG-9 l4 4 ~ e  

leach  r a t e  i s  t h e  lowest  a t  5  x  l o - *  g(cm2)day.  PG-7 which i s  

a  PW-2 waste  (high s u l f a t e )  i s  in t e rmed ia t e  t o  t h e  high and low 

a t  1 .5  x  f o r  1 4 4 ~ e  and 3.5 x  f o r  13'cs. 

6.3 ENVIRONIGZNTAL TESTING 

The MSEP demonstra t ion runs  from t h i s  l a t t e r  series of 

phosphate g l a s s  runs  a r e  p a r t i c u l a r l y  important  t o  t h e  environ- 

mental t e s t  program. PG-7, PG-8, PG-10, and PG-11 waste r e c e i v e r s  

a r e  scheduled f o r  f u r t h e r  and more ex t ens ive  e v a l u a t i o n .  ( 4 , 5 )  



T I M E ,  weeks 

FIGURE 6.7. Phosphate G l a s s  G r a b  S a m p l e  L e a c h  R a t e s  



These f o u r  was te  r e c e i v e r s  and t:ro from tile f i r s t  series (PG-4 

and PG--6) . , r i l l  be  used t o  de te rmine  t h e  p roduc t  and c o n t a i n e r  

c l l a r a c t e r i s t i c s  f o r  up t o  5  y e a r s  a f t e r  f i l l i n g .  The importance  

of  t h i s  work l i e s  i n  o b t a i n i n g  i n fo rma t ion  about  r a d i a t i o n  

s t a b i l i t y ,  chemical  s t a b i l i t y ,  and t h e r n a l  s t a b i l i t y  of  t h e  

s o l i d i f i e d  was te .  Equal ly  a s  impor tan t  a r e  t h e  c o r r o s i o n  r e s i s -  

t a n c e  and environmenta l  s t a b i l i t y  of  t h e  was te  r e c e i v e r  p o t .  
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7. 0 PROJi;CTF:3 FL0P;SRCT;TS FOR PYi-4n AND L:IFS;i iqA5TES 

LJhile i t  i s  d e s i r a h l e  f o r  a  was te  s o l i d i f . i c a t i o n  f a c i l i t y  

t o  be capab le  of p roces s ing  \ cas tes  which d i f f e r  widely  in chemi- 

c a l  and radioc;le:nizsl c o m ~ 3 s i t i o n s ,  dcZI~ i I~ t r a t l 011  or' a l l  pos s i - -  

5 l e  was te  v a r i a t i o n s  i n  t h e  WSEP program is i m p r a c t i c a l .  

Explxience i n  f u e l  r e p r o c e s s i n g  and p r o j e c t i o n s  o f  f u t u r e  

f u e l  r e p r o c e s s i n g  requirements l e d  t o  t h e  s e l e c t i o n  of  

f ou r  g e n e r a l i z e d  t ypes  o i  Purex a c i d  was t e s .  Two of t h e s e  

was tes ,  Purex 1 and 2 ,  were d i s c u s s e d  i n  t h e  WSEP Volum2 5 

r e p o r t  where t h e  f i r s t  series of phospllate g l a s s  runs  w e r e  

d ~ s c u s s e d .  The second two was tes  t y p e s ,  PW-lm and L:G'BR, 

a r e  shodn i n  Tables  3 .1  t o  3.4 and w e r e  t e s t e d  du r ing  t h e  

l a s t  series of phosphate  q l a s s  runs .  

The i n i t i a l  phase  of t h e  program f o r  WSEP demons t ra t ions  

w s s  based on p roces s ing  f i s s i o n  p roduc t  was tes  from l i g h t  wa t e r  

r e a c t o r  f u e l s  w i t h  an i n t e g r a t e d  exposure of  20,000 i4\Jd/tonne 

a t  a  s p e c i f i c  power of 15 J!l!il/tonne. During t h e  l a t t e r  phase  of  

t h e  program t h e  i n t e g r a t e d  exposure was i n c r e a s e d  t o  45,000 MWd/ 

tonne a t  30 Il;J/tonne, an a n t i c i p a t e d  maximum exposure f o r  

the rmal  r e a c t o r  f u e l .  Th is  was te  was de s igna t ed  PVJ-4m and simu- 

l a t e d  r e l a t i v e l y  " c l ean"  was te  o r i g i n a t i n g  from a  r e p r o c e s s i n g  

p l a n t  u s i n g  mechanical  dec ladd ing  and adding a  minimum of chemi- 

c a l s  d u r i n g  r ep roces s ing .  The f i n a l  phosphate  g l a s s  demon- 

s t r a t i o n  was made u s ing  a  s imu la t ed  LI4FBR co re  f u e l  was te  w i th  

an i n t e g r a t e d  exposure  o f  100,000 tlWd/tonne a t  a  s p e c i f i c  power 

of 200 MW/tonne. 

The f i s s i o n  p roduc t  h e a t  g z n e r a t i o n  r a t e  i n  was te  from 

1 tonne of t h e  45,000 I;"ild/tonne and LFlFBR c o r e  f u e l s  i s  p re sen t ed  

i n  F igu re  7.1. Both t h e  i n i t i a l  h e a t  g e n e r a t i o n  r a t e  l e v e l s  of  



T I M E  S I N C E  R E A C T O R  D I S C H A R G E ,  y r  

FIGURE 7.1. F i s s i o n  Product  Heat Generat ion Rate  w i t h  T i m e  
f o r  One Tonne o f  Reac tor  Fue l  



t h e  waste  and i t s  l a t e r  aged l e v e l s  clust be  considered i n  f i l l -  

i n g  a  p o t .  I n i t i a l l y ,  t i le  maximum h e a t  cjensrat ion r a t e  t h a t  can 

be placed i n  any c o n t a i n e r  i s  l i m i t e d  by e i t h e r  t h e  a l l o v ~ a b l e  

c e n t e r l i n e  and w a l l  temperatures  o r  b y  t h e  p o t e n t i a l  co r ros ion  

of t h e  c a n t a i n e r  by rnolten waste  i n  c o n t a c t  wi th  t i ie  p o t .  The 

maximum h e a t  gene ra t ion  r a t e  i n  a  s o l i d i f i e d  waste  may n o t  b e  

compatible wi th  economical h e a t  d i s s i p a t i o n  i n  a  f i n a l  s t o r a g e  

environment such a s  a  s a l t  mine; consequent ly ,  an a j i n g  per iod  

may be r equ i r ed .  I f  aging of t ~ l e  s o l i d i f i e d  waste  ( t o  permi t  

r ad ionuc l ide  decay) i n  an i n t e r i m  s t o r a g e  b a s i n  i s  used,  t h e  

con ta ine r  can be loaded wi th  a  h igher  h e a t  gene ra t ion  r a t e  than  

t h e  f i n a l  s t o r a g e  environment may al low.  Figure  7.2 shows t h e  

ages r equ i r ed  t o  meet p r e s e n t  temperature  l i m i t a t i o n s  f o r  f i l l -  

i n g  a  6-  and an 8-inch diameter  p o t  w i th  phosphate g l a s s  p roduc t  

f o r  s t o r a g e  i n  e i t h e r  water  o r  a i r .  Because of t h e  700 O C  

r emel t ing  temperature  of t h e  phosphate g l a s s  p roduc t ,  t h e  maximum 

h e a t  gene ra t ion  r a t e  f o r  each case  i n  F igure  7.2 i s  l i m i t e d  by 

an a r b i t r a r i l y  s e l e c t e d  l i m i t a t i o n  i n  WSEP t h a t  t h e  f rozen  w a l l  

t h i ckness  ( i . e . ,  s o l i d i f i e d  g l a s s )  i s  n o t  t o  be l e s s  than one- 

h a l f  t h e  p o t  r a d i u s .  With t h i s  r e s t r i c t i o n  app l i ed  t o  t h e  

700 O C  product  remel t  t empera ture ,  p o t  c e n t e r l i n e  and w a l l  t e m -  

p e r a t u r e s  of 900 and 427 O C ,  r e s p e c t i v e l y ,  a r e  n o t  a t t a i n e d .  

The aging be fo re  s o l i d i f i c a t i o n  of was tes  depends on an economic 

choice .  However, a  proposed Fede ra l  Regulat ion ( 5 )  sugges t s  t h a t  

s o l i d i f i c a t i o n  of a l l  h igh l e v e l  wastes  be  completed be fo re  

t h e  f u e l  has  been o u t  of t h e  r e a c t o r  f o r  5 y e a r s .  

Data from WSEP have been used i n  p r o j e c t i n g  t y p i c a l  chemi- 

c a l  f lowshee ts  f o r  phosphate g l a s s  s o l i d i f i c a t i o n .  F igure  7.3 

i s  a  Idode A f l o v ~ s h e e t  f o r  PW-4m waste  u s ing  an 8-inch diameter  

r e c e i v e r .  Because phosphate g l a s s  s o l i d i f i c a t i o n  i s  a  cont inu-  

ous p roces s ,  t h e  p roces s ing  r a t e  i s  independent o f  po t  s i z e  

(except  f o r  t h e  t ime r equ i r ed  t o  change o u t  t h e  p o t s ) .  The 



FIGURE 7.2.  Heat-Age Environment Re la t i onsh ips  f o r  High-Level 
Radioac t ive  Phosphate Glass Showing F i s s i o n  
Product  Heat R a t e  Densi ty  L imi t s  

1 0 0 0  I I I I I I I I I I I I _ 
- - - - 

- 
- 
- 

- 

8  i n .  P O T  I N  A I R  ( T O T A L  k W / P O T  = 1 1 . 3 )  
- 

L 
a, - 1 0 0 -  - 
.r- 

7 - -. 
3 - 

- 
> 
k- 

- - 
H 

w - - 
Z 
W 
n - - 
W 
k- 
4. 
E - - 
+ 
4. 
w P W - 4 m  ( N O M I N A L L Y  
1 - 
k- 
0 
3 
n 
0 
E 
a 

4. 
1 
a 

1  

A G E  O F  W A S T E ,  y r  o u t - o f - r e a c t o r  

' L M F B R  ( N O M I N A L L Y  

1 0 -  1 5 8  l i t e r s / t o n n e )  - - - - - 
- - 
- B A S I S :  P W - 4 m  W A S T E  F R O M  F U E L  I R R A D I A T E D  T O  4 5 , 0 0 0  M W d / t o n n e  - 
- A T  3 0  M W / t o n n e .  L M F B R  W A S T E  F R O M  C O R E  F U E L  I R R A D I A T E D  T O  

1 0 0 , 0 0 0  M W d / t o n n e  A T  2 0 0  M W / t o n n e .  6 - f t .  F I L L  H E I G H T .  6  i n .  
- 

P O T S  C O N T A I N  3 4 . 1  l i t e r s ,  8  i n .  P O T S  C O N T A I N  5 8 . 7  l i t e r s .  
- T H E R M A L  C O N D U C T I V I T Y  O F  S O L I D  P H A S E :  1  . 0 3  W /  ( m 2 )  ( " ~ / m )  F O R  

- 
A L L  C A S E S .  W A T E R  S T O R A G E  A S S U M E S  A  W A T E R  T E M P E R A T U R E  O F  1 0 0  " C .  

- A I R  S T O R A G E  A S S U M E S  A N  A I R  T E M P E R A T U R E  O F  3 8  " C  A N D  A  P O T  W A L L  - 
E M I S S I V I T Y  O F  0 . 8 .  A L L  C A S E S  A R E  L I M I T E D  B Y  A  M O L T E N  C O R E  
R E S T R I C T I O N  T H A T  T H E  T H I C K N E S S  O F  T H E  F R O Z E N  W A L L  ( S O L I D I F I E D  

- G L A S S )  I S  E Q U A L  T O  O N E - H A L F  T H E  P O T  R A D I U S .  ( A  7 0 0  OC P R O D U C T  
M E L T I N G  P O I : i T  F O R  B O T i i  P , ! - 4 m  A 4 0  L M F B R  bJAS U S E D  T O  C A L C U L A T E  

- 
T N E  M O L T E r i  R A D I U S . )  T H E  T i I E R M A L  C O : : D U C T I V I T Y  O F  T H E  M O L T E N  
C O R E  I S  A S S U M E D  T O  B E  T!:E S A M E  A S  T I i A T  O F  T H E  S O L I D .  
E Q U A T I O I i S  F O R  M O L T C I !  C O R E  C A L C U L A T I O Y S  A R E  I N  R E F E R E P J C E  4 .  

I I I I 
0  1  2  3  4  5  6  7  8  9 1 0  1 1  1 2  1 3  1 4  

I I I I I I I 



X X 
0 

m o p -  
. U '  

m m m  

W 
a 
4 
a 

Z 
0 

W 
m .  
4 rn 

k- 
rn w  
Z W 
0 1  - rn 
k 3 
w 0 
z J +. u 
u 
w a  
nz  - 
z 3 
4 0 
W J  
m  J 
k 0 
r n u  

o w w  
I n .  
7 - 7  

I 

z z  
kk- 
4 4 
'X m  
k-0 - n 

@lr 14, n W 

r7 W Z Z U  c l a w  

k- Z - - 4  
'XWW O k - J Z  
W U Z  N 4 0 ' X  
k-4 I W 0 3  
J Z 3 W T U U  
w m x  

I I z3 
u m  

N P- 
O N .  
m - m  

WrnJ -. ..UF 

1,;;" - "  W "  " 
aJ - - J a m  w  L a L  0 
u w  zaJ < w  r n o  

I 3 -  m o  "7.. 
-o  w o  - 0 
L-. U-. r n k  o 
rn.- d .- rn < -. 
O U  d U  -wZx 
m - UI 



*
a

m
 

r
o

o
 

(D
 
r

 P
 

a
 

r
-
 

a
o

a
 

(D
 

3
 

P
- 

r
L
2
m
 

P
- 

P
- 

P
. 

*
b

-
(

D
 

6
P

6
 

D
 

(D
 

* 
cn

 
--

 
0

.
w

 
6
 

6
 

P
 - 

;
-
 :. 

2 
X

 
6
 

D
 
* 

P
- 

m
w

 r
 

Y
 

;
%
a
 

0
6

0
 

a
a

r
 

(D
 

I-'
- 

r
 * 

r
e

6
 

D
 

*
O

*
 

r
m

o
 

I-
'.
 

6
 

cn
 
*

-
 

m
 

D
 

o
r

*
 

6
 

I-'
. 

(D
 



Evaporator  overheads .  A £ I N 0 3  c o n c e n t r a t i o n  of 0.51i - 

i s  used h e r e .  

Antifoam a d d i t i o n  t o  t h e  d e n i t r a t o r  t o  supp re s s  foam 

caused by foaming agen t s  i n  t h e  Purex was tes  

( 6 . 7 5  grams of ant i foam p e r  l i t e r  of  s o l u t i o n ) .  

Evaporator  s t r i p  wa te r .  A £X?03 c o n c e n t r a t i o n  of 0.02N - 
i s  used h e r e .  

Steam sp ray .  

F r a c t i o n a t o r  bottoms.  A RNO c o n c e n t r a t i o n  of 1 0 M  i s  3  - 
used f o r  c a l c u l a t i o n s .  This  s t ream can be  used f o r  

f u e l  e lement  d i s s o l u t i o n ,  o r  i n  o t h e r  a r e a s  of  f u e l  

r ep roces s ing .  

F r a c t i o n a t o r  d i s t i l l a t e .  

F r a c t i o n a t o r  d i s t i l l a t e ;  a v a i l a b l e  f o r  r e c y c l e  a s  

makeup wate r  i n  f u e l  r ep roces s ing  o r  t r e a tmen t  a s  

low l e v e l  was te .  

Sys t e m  o f f -gas  . 

Melt  flow t o  r e c e i v e r .  

S o l i d i f i e d  g l a s s  p roduc t ;  p o t  i s  welded and s t o r e d .  

Scrubber  s o l u t i o n ,  approximate ly  1 t o  2r4 - NaOIi; 7 %  of 

t h e  n i t r a t e  from t h e  d e n i t r a t o r  i s  removed by t h e  

sc rubber .  

D e n i t r a t o r  n i t r i c  a c i d  sp ray  f o r  f l u s h i n g  t h e  t o p  of 

t h e  t u b e  bundle .  (A t o t a l  o f  1 - 1 / 2  l i t e r s / h r  i s  used 

ne re .  ) 



h e a t  r a t e  d e n s i t y  and maximum h e a t  g e n e r a t i o n  r a t e  i n  a p o t  a r e ,  

however,  dependent  on p o t  s i z e .  The P:7-4m f l o v s h e e t  i s  b a s e d  

on a i r  c o o l i n g  o f  t h e  p o t .  A s  s e e n  i n  F i g u r e  7 . 2 ,  c o n s i d e r a b l y  

h i g h e r  h e a t  r a t e  d e n s i t i e s  can  b e  a t t a i n e d  i f  t h e  p o t s  a r e  f i l l e d  

and c o o l e d  i n  water. 

S i n c e  t h e  Purex  r e p r o c e s s i n g  s t e p  r e q u i r e s  t h e  u s e  o f  t r i -  

b u t y l  phospha te  a s  t h e  s o l v e n t ,  t h e  p r e s e n c e  o f  t h e  d e g r a d a t i o n  

p r o d u c t  d i b u t y l  phospha te  i n  t h e  w a s t e  w i l l  r e q u i r e  t h e  a d d i -  

t i o n  of a n t i f o a m  t o  t h e  d e n i t r a t o r  t o  p r e v e n t  s e r i o u s  foaming. 

P r o c e s s i n g  r a t e s  a r e  b a s e d  on a l i m i t i n g  WSEP melter p ro -  

c e s s i n g  r a t e  o f  5.0 l i t e r s / h r  o f  combined m e l t  and melter con- 

d e n s a t e .  

The p r imary  c o n t r o l  r e q u i r e m e n t  f o r  t h e  a u x i l i a r i e s  i s  an  

e v a p o r a t o r  ove rheads  a c i d i t y  o f  0.5M - RNO t o  minimize ru then ium 3 
v o l a t i l i z a t i o n .  

A f l o w s h e e t  i s  n o t  p r e s e n t e d  f o r  LMFBR w a s t e  b e c a u s e  

t h e  LMF'BR w a s t e  a s  shown i n  T a b l e  3 . 1  and a s  demons t ra t ed  

d u r i n g  phospha te  g l a s s  Run PG-11 was a d j u s t e d  by add ing  

c h e m i c a l s  t o  make it n e a r l y  i d e n t i c a l  t o  PW-4m. S l i g h t  

d i f f e r e n c e s  i n c l u d e d  t h e  p r e s e n c e  o f  antimony and t i n ,  

and v o l a t i l e  se l en ium and t e l l u r i u m  i n  t h e  LMFBR w a s t e  

a s  d i s c u s s e d  i n  S e c t i o n  4 .  To p r o c e s s  t h e  LMFBR c o r e  f u e l ,  

an a g i n g  p e r i o d  o f  1 . 7  y e a r s  i s  needed p r i o r  t o  s o l i d i f y i n g  

i n  8- inch  d i a m e t e r  p o t s  i n t e n d e d  f o r  a i r  s t o r a g e .  A f t e r  t h e  

d i l u t i o n  by a d d i t i v e  chemica l s  t h e  p o t  would c o n t a i n  w a s t e  

e q u i v a l e n t  t o  0 . 4 0  t o n n e s  of  LMFBR c o r e  f u e l .  F u r t h e r  

i n f o r m a t i o n  on p r o c e s s i n g  s i m u l a t e d  LJLFBR w a s t e  i s  p r e s e n t e d  

i n  S e c t i o n s  4 and 9 .  



Both t h e  : r a te r  and tile a c i d  from t h e  f r a c t i o n a t o r  r e q u i r e  

r e u s e  o r  f u r t h e r  t r e a t m e n t .  Althouc~i: t n e  chemical  l e v e l  of 

f i s s i o n  p roduc t s  i n  each ',73LP demons t ra t ion  run  r e p r e s e n t e d  

45,000 :.:TTd/tonne t he rma l  f u e l  and L J P B R  c o r e  f u e l  a t  

100,000 :i\<d/tonne, t h e  r a d i o a c t i v e  f i s s i o n  p roduc t  spect rum 

used d i d  n o t  r e p r e s e n t  t h a t  va lue .  I n  o r d e r  t o  p r o j e c t  

SGEP d a t a  t o  expec ted  45,000 lv;FJd/tonne and LKFZR c o r e  exposure ,  

t h e  same f r a c t i o n a l  d i s t r i b u t i o n  of r a d i o n u c l i d e s  t o  t h e  

a u x i l i a r i e s  a s  g iven  i n  Table  5.3 was used f o r  e v a l u a t i o n  

of each r u n .  Th i s  e x e r c i s e  i n c r e a s e d  p a r t i c u l a r  r a d i o n u c l i d e s  

t o  t h e  a p p r o p r i a t e  c u r i e  l e v e l  t h a t  would e x i s t  i f  t h e  

waste  was s o l i d i f i e d  a f t e r  6 months d i s c h a r g e  from t h e  

r e a c t o r .  R e s u l t s  a r e  g iven  i n  Tab les  7 . 1  and 7.2. On t h i s  

b a s i s ,  approximat ley  300 c u r i e s  of ru thenium,  1 c u r i e  of 
1 4 4  

C e P r  and less t h a n  0 . 1  c u r i e  of 'OSr a r e  found i n  t h e  f r a c -  

t i o n a t o r  bottoms p e r  tonne of  45,000 Ivll7d/tonne the rmal  f u e l  

p rocessed .  For  100,000 )IWd/tonne LMFBR c o r e  f u e l ,  t h e  f r a c -  

t i o n a t o r  w i l l  accumulate approximate ly  1900 c u r i e s  of ru thenium,  

less than  1 0  c u r i e s  of  1 4 4 ~ e ~ r ,  and less t han  0 . 2  c u r i e s  of 

''5,. The g r o s s  fi + y i n  t h e  a c i d  \ r i l l  r ange  from 100 t o  

2000 u C i / m l  f o r  t h e  45,000 L",lLird/tonne the rmal  f u e l  t o  approx i -  

mate ly  6000 u C i / m l  f o r  t h e  100,000 ;fWd/tonne LWBR c o r e  f u e l .  

The n i t r i c  a c i d  produced i n  t h e  f r a c t i o n a t o r  i n  WSEP i s  

nominal ly  10M, - b u t  it can b e  a s  h igh  a s  12 t o  131.1. - I n  a  com- 

m e r c i a l  s o l i d i f i c a t i o n  p l a n t ,  t h i s  a c i d  cou ld  be  r ecyc l ed  t o  

t h e  r e p r o c e s s i n g  p l a n t  f o r  f u e l  d i s s o l u t i o n  o r  o t h e r  r ep roce s s -  

i n g  s t e p s .  ( 6  1 

The r a t i o  of t h e  r a d i o n u c l i d e  c o n c e n t r a t i o n  i n  t h e  f i n a l  

d i s t i l l a t e  t o  10CFR20 r e l e a s e  l i m i t s  was o k t a i n e d  by p r o j e c t i n g  

run  d a t a  a s  shown i n  TaSle 7.2. Sdhile " ~ r  and 1 4 4 ~ e ~ r  concen- 

t r a t i o n s  a r e  approximate ly  100 t o  40,000 t i m e s  t h e  10CrX20 



r e l e a s e  l i m i t s  f o r  t h e  45,000 M:Jd/tonne the rmal  f u e l  w a s t e ,  

lo6I?u i s  t h e  c o n t r o l l i n g  c o n s t i t u e n t  a t  approximate ly  500,000 

t imes  i t s  l i m i t .  Another c a r e f u l  d i s t i l l a t i o n  of  t h e  d i s t i l l a t e  

would, i n  g e n e r a l ,  S r i n g  a l l  v a l u e s ,  excep t  p o s s i b l y  l o 6 ~ u  t o  

below 10CFR20 r e l e a s e  l i m i t s .  The d i s t i l l a t e  cou ld  a l s o  be  used 

a s  makeup wa t e r  i n  t h e  r e p r o c e s s i n g  p l a n t ,  however, i f  an 

a d d i t i o n a l  d i s t i l l a t i o n  i s  made, t h e  hottoms would be  r e c y c l e d  

t o  t h e  was t e  e v a p o r a t o r  o r  t o  t h e  s o l i d i f i e r  f e e d .  

TAELE 7 .1 .  C a l c u l a t e d  Cur i e s  i n  t h e  F r a c t i o n a t o r  Acid P e r  
Tonne of Fue l  ( a r b )  

Run Waste T o t a l  
No. Mode - Type 1 4 4 ~ e - ~ r  9 0 ~ r  Ruthenium 

10 A PW- 4m 0.67 0.05 N A 

a .  C a l c u l a t e d  u s ing  f i s s i o n  p roduc t  d a t a  o f  Tab les  3.1 
t o  3.4 and r a d i o n u c l i d e  d i s t r i b u t i o n  f r a c t i o n s  from 
Tab le  5 . 3  w i t h  bo th  1 4 4 ~ e - p r  and 9 0 ~ r  r e p r e s e n t e d  
by t h e  1 4 4 ~ e - p r  v a l u e s .  

b .  The volume of a c i d  t h a t  c o n t a i n s  t h e s e  c u r i e s  depends 
on t h e  o p e r a t i n g  t e chn ique ,  f e e d  t ype ,  e t c . ,  b u t  i t  
w i l l  p robab ly  average  200 t o  300 l i t e r s  o f  1 0 5  HN03/ 
tonne o f  f u e l  p rocessed .  

c.  PW-2 was te  from f u e l  i r r a d i a t e d  t o  20,000 MWd/tonne 
a t  15  MW/tonne and 6  months o u t  of r e a c t o r .  

d .  PW-4m was te  from f u e l  i r r a d i a t e d  t o  45,000 MWd/tonne 
a t  30 MCV/tonne and 6  months o u t  o f  r e a c t o r .  

e .  LMFBR was te  from c o r e  f u e l  i r r a d i a t e d  t o  100,000 MWd/ 
tonne a t  200 MW/tonne and 6  months o u t  o f  r e a c t o r .  

NDG = No d e t e c t a b l e  g a i n .  
NA = Not a v a i l a b l e .  



TABLE 7 . 2 .  P ro j ec t ed  Radionuclides i n  t h e  D i s t i l l a t e  from t h e  Acid 
F r a c t i o n a t o r  Per  Tonne of Feed Processed  

PW-4m Waste  ( a )  LMFBR Was te  
( b )  

R a t i o ,  R a t i o ,  
1 0  CFR 20") P r o j e c t e d  D i s t i l l a t e ,  (d '  P r o j e c t e d  D i s t i l l a t e  P r o j e c t e d  D i s t i l l a t e ,  P r o j e c t e d  D i s t i l l a t e ,  ( d )  

N u c l i d e  L i m i t ,  pCi/ml pCi/ml t o  1 0  CFR 20 L i m i t  pCi/ml t o  10 CFR 20 L i m i t  

a .  PW-4M w a s t e  f rom f u e l  i r r a d i a t e d  t o  45 ,000  MWd/tonne 
a t  30 MW/tonne a n d  6 months  o u t  of r e a c t o r .  P r o j e c t i o n s  
a r e  b a s e d  o n  Runs PG-8, 9 and 1 0  u s i n g  d i s t r i b u t i o n s  
f r o m  T a b l e  5 . 3 .  

b.  LVFBR w a s t e  f rom c o r e  f u e l  i r r a d i a t e d  t o  1 0 0 , 0 0 0  MWd/tonne 
a t  200 MW/tonne and 6 months  o u t  o f  r e a c t o r .  P r o j e c t i o n  
i s  b a s e d  on Run PG-11 and u s i n g  d i s t r i b u t i o n s  f rom T a b l e  5 . 3  

c.  USAEC Code o f  F e d e r a l  R e g u l a t i o n s  - T i t l e  1 0 ,  P a r t  2 0 ,  
T a b l e  11, Column 2 .  

a. A d i s t i l l a t e  volume o f  250 l i t e r s  i s  u s e d  b u t  a c t u a l  vo lumes  
depend  on  f e e d  t y p e ,  e t c . ,  and may v a r y  f rom 200 
t o  400 l i t e r s / t o n n e  o f  w a s t e .  

t-' 
Cn 
+b 
t-' 



The same observa t ions  can be made f o r  t h e  f i n a l  d i s t i l l a t e  

from p rocess ing  of LivlFBR core  f u e l  a s  were made f o r  t h e  

45,000 MWd/tonne thermal f u e l .  By p r o j e c t i n g  t h e  d a t a  from t h e  

one LfiWBR phosphate g l a s s  run t h a t  was made, t h e  f i n a l  d i s t i l -  

l a t e  i s  found t o  be approximately 4000 t imes t h e  10CFR20 l i m i t s  

f o r  both and 1 4 4 ~ e ~ r  and 300,000 t imes 10CFR20 l i m i t s  f o r  
1 0 6  Ru . 

A l t e r n a t i v e  methods f o r  t r e a t i n g  t h e  d i s t i l l a t e  have been 

s tud ied .  ("I These inc lude  adso rp t ion ,  e l e c t r o d i a l y s i s  and 

e l e c t r o d e i o n i z a t i o n ,  ion exchange, and ox ida t ion  and v o l a t i l i z a -  

t i o n .  O f  t h e s e  t h e  most s u i t a b l e  method appeared t o  be two- 

s t a g e  e l e c t r o d i a l y s i s  followed by ion  exchange. 
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8 . 0  FUTURE WORK 

Although t h e  WSEP s o l i d i f i c a t i o n  runs  have been completed,  

work remains t o  e v a l u a t e  t h e  s o l i d i f i e d  p roduc t s  from t h e s e  runs  

and some a d d i t i o n a l  development of t h e  phosphate  g l a s s  s o l i d i -  

f i e r  i s  warranted.  

8 . 1  EQUIPMENT REQUIREMENTS 

Although plugging of d e n i t r a t o r - e v a p o r a t o r  t r a n s f e r  l i n e s  

and l i q u i d  l e v e l  and s p e c i f i c  g r a v i t y  d i p  t ubes  was r e s o l v e d  

du r ing  t h e  WSEP demons t ra t ions ,  t h e  s u i t a b i l i t y  of  t h e s e  systems 

on a p roduc t ion  s c a l e  i s  q u e s t i o n a b l e .  Development work i s  

needed i n  both  a r e a s ;  an improved m e l t e r  f e e d  system such a s  

t h e  screw pump t e s t e d  du r ing  t h e  l a s t  phosphate g l a s s  demonstra- 

t i o n ,  and an improved l i q u i d  d e t e c t i o n  system t h a t  would n o t  

p lug.  These evapo ra to r  improvements cou ld  be p o s s i b l y  b rought  

about  w i t h  a d i f f e r e n t  evapo ra to r  de s ign  such a s  a  wiped f i l m  

evapo ra to r .  

The p la t inum m e l t e r  used w i t h  t h e  phosphate g l a s s  p roces s  

i s  very  expensive  and i s  a weak s t r u c t u r a l  l i n k  i n  t h e  c h a i n  

of s o l i d i f i c a t i o n  p roces s  equipment. The h e a t  t r a n s f e r  char-  

a c t e r i s t i c s  of  t h e  p la t inum a r e  a l s o  undes i r ab ly  l i m i t e d  by a 

ve ry  low e m i s s i v i t y  of approximate ly  0 . 1  t o  0 . 2  a t  1 0 0 0  OC 

u n l e s s  s p e c i a l  s u r f a c e  t r e a t m e n t s  a r e  used.  Tecent  tests  

have shown a ceramic ,  chromium-aluminum ox ide  m e l t e r  t o  

possess  good c o r r o s i o n  r e s i s t a n c e  t o  m e l t s ;  however, c r ack ing  

of t h e  m a t e r i a l  from thermal  c y c l i n g  remains a s  a  problem. (1) 

8.2 FILLED POT PZRFOItr,LANCE 

S i x  of  t h e  waste  c o n t a i n e r s  from t h e  phosphate  g l a s s  

demonstra t ion runs  a r e  scheduled f o r  environmenta l  t e s t i n g  i n  



t h e  S o l i d  Storage Engineering Tes t  F a c i l i t y  (SSETF) . ( 2 )  Two 

of t h e  waste con ta ine r s ,  PG-6 and PG-7, have been t r a n s f e r r e d  

t o  environmental  t e s t  pods and t e s t s  begun. The waste conta in-  

a r a  from demonstrat ion Runs PG-4,  ? G - 8 ,  PG--10 and PG-11 a r e  

scheduled f o r  t e s t  i n  t h e  near  f u t u r e .  

The SSETF i s  a  s p e c i a l  f a c i l i t y  i n  A-Cell of t h e  Chemical 

and Mate r i a l s  Engineerinq Laboratory ( 3 )  i n  which a s  many a s  

16 WSEP product  con ta ine r s  can be sub jec t ed  t o  a  c o n t r o l l e d  environ-  

ment s t o r a g e .  The f a c i l i t y  c o n s i s t s  of t e s t  pods i n  which v a r i -  

ous s t o r a g e  condi t ions  can be provided under c a r e f u l l y  c o n t r o l l e d  

cond i t ions .  Storage temperatures  up t o  100 OC i n  water  and up 

t o  600 OC i n  a i r  w i l l  be  s t u d i e d .  The SSETF was a c t i v a t e d  i n  

January 1969, wi th  i n s t a l l a t i o n  of t h e  f i r s t  pot-pod combination. 

The c o n t r o l l e d  environment s t o r a g e  of t h e  WSEP waste con- 

t a i n e r s  w i l l  provide d a t a  on t h e  thermal ,  r a d i a t i o n ,  and chemical 

s t a b i l i t y  of t h e  products  a s  a  func t ion  of t ime. 

The v a r i a b l e s  involved i n  t h e  t e s t  p lan ( 4 )  a r e :  

3 processes :  spray and phosphate g l a s s  s o l i d i f i c a t i o n  

and po t  c a l c i n a t i o n ;  

4 waste types :  PW-1, PW-2, PW-4m and LPIFBR; 

3 con ta ine r  materials: 304L and 310 s t a i n l e s s . s t e e 1  

and mild s t e e l ;  

2  s t o r a g e  nedia:  water  and a i r .  

Obviously, a l l  combinations of t h e  v a r i a b l e s  cannot b e  inc luded  

i n  t h e  engineer ing-sca le  s t u d i e s  because of space and t i n e  l i m i -  

t a t i o n s .  The b a s i c  purpose of t h e  s t u d i e s  i s  t o  provide d a t a  on 



a c t u a l  s o l i d i f i e d  ~ r a s t e ;  b u t  wherever  p o s s i b l e ,  r e l a t i o n s h i p s  

:.:i t l l  t i l e  n o n r a d i o a c t i ~ r e  l a 7 ~ o r a t o r g 7  s t u d i e z  - r i l l  : ~ e  developed.  

I n s i g l ~ t  i n t o  , i roduct  arid c o n t a i n e r  : , ropert ie;  t r i l l  h e  

qa ined  ti lrough tltllis stud:. S n e c i f  i c a l l y ,  t i le  n r o d u c t  1 : i l l  S e  

s t u d i e d  f o r  e f f z c t i v e  tl ierv.al c o n d u c t i v i t y  and ? r e c s u r i z a t i o n  

( n o n d e s t r u c t i v e  t e s t i n g )  , and. f o r  c r y s  tall in it:^, l e a c h a l ~ i l i t y  , 
and d i s p e r s i b i l i t y  i n  s u p p o r t i n g  l a b o r a t o r y  s t u d i e s  u s i n g  c o r e  

d r i l l e d  samples .  Tile env i ronmenta l  s t o r a g e  s t u d i e s  c e n t e r  

about  d e t e r m i n i n g  t h e  e f f e c t s  of s t o r a g e  t e m p e r a t u r e  ( a i r  o r  

w a t e r ) ,  r a d i a t i o n ,  and f e e d  t y p e  upon t h e  p h y s i c a l  and chemica l  

p r o p e r t i e s  of  s ~ l i d i f i e d  w a s t e  p r o d u c t s .  

P e r i o d i c a l l ; -  d u r i n g  tile c o n t r o l l e d  environment  s t o r a g e  of 

WSEP was te  c o n t a i n e r s ,  t h e  c o n t a i n e r s  w i l l  b e  withdrawn and 

sampled by c o r e  d r i l l i n g .  The c o r e - d r i l l e d  samples w i l l  b e  

transferred t c  t i le  s h i e l d e d  chemical  l a b o r a t o r y  f o r  measure - 

mcnts.  A cap  :?ill b e  welded o v e r  t1.e h o l e  and t i -e  c o n t a i n e r  

r e t u r n e d  t o  i t s  c o n t r o l l e d  environment  s t o r a q e .  The w a l l  p l u g s  

removed from t h e  c o n t a i n e r s  d u r i n g  c o r e  c" . r i l l ing   i ill p r o v i d e  

samples f o r  c o r r o s i o n  s t u d i e s  of  t:le c o n t a i n e r  m a t e r i a l  f o l l o w i n g  

a c t u a l  s o l i d i f i c a t i o n  p r o c e s s i n g  and s t o r a g e .  

The r e s u l t s  o b t a i n e d  from t h e  c o r e - d r i l l e d  p r o d u c t  samples 

w i l l  be compared with t h e  d a t a  o b t a i n e d  from t h e  p r e v i o u s l y  

o b t a i n e d  g r a b  samples (grabbed from t h e  mol ten  melter d i s c h a r g e  

d u r i n g  p r o c e s s i n g ) .  Thus, t h e  e f f e c t s  o f  s t o r a g e  c o n d i t i o n s  

and s t o r a g e  t i m e  can  b e  examined. 

T a b l e  8 . 1  i s  a  sununary of  SSETZ' env i ronmenta l  tests  f o r  

phosphate  g l a s s  f i l l e d  v a s t e  c o n t a i n e r s ,  P- complete summary of 

a l l  SSETF t e s t i n g  ms.y b e  found i n  t k e  :?as te  S o l i d i f i c a t i o n  Demon- 

s t r a t i o n  Program P r o d u c t  S v a l u a t i o n  Document. 
( 4 )  



TABLE 8 .1 .  SSETF ~ n v i r o n m e n t a l  T e s t s  o f  P h o s p h a t e  Glass R e c e i v e r  P o t s  

WSEP 
D e m o n s t r a t i o n  

Run 
Number 

PG- 4  

Feed  C o n t a i n e r  
Type Material  

PW-2 Mi ld  S t e e l  

PW-1 S t a i n l e s s  S t e e l  

PW-2 S t a i n l e s s  S t e e l  

PW-4m Mi ld  S t e e l  

PW-4m S t a i n l e s s  S t e e l  

LMFBR S t a i n l e s s  S t e e l  

F i l l  
D a t e ,  
mo/y r 

I n i t i a l  
Heat Gen- 

e r a t i o n  R a t e ,  
kW 

SSETF 
T e s t  

S t a r t e d ,  S t o r a g e  
mo/yr Medium 

- A i r  

10/69 Water 

4 /70  A i r  

- Water  

- A i r  

- Water 
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9 . 1  RUN DESCRIPTION - - --. 

KSEP r a d i o a c t i v e  Runs PG-7 tiirough PG-11 a r e  I ~ r i e f l y  

d e s c r i b e d  Selow. Genera l  i n fo rma t ion  f o r  a l l  r uns  on com- 

p o s i t i o n s ,  o p e r a t i n g  pa ramete r s  and r e s u l t s ,  m a t e r i a l  

ba l ances ,  and f e e d  pump expe r i ence  a r e  p r e sen t ed  i n  Tab les  9 . 1  

t o  9 .5 ,  r e s p e c t i v e l y .  Schematic diagrams of t h e  equipment 

arrangements f o r  Mode A and I3 o p e r a t i o n  a r e  shovrn i n  F i g u r e s  9 . 1  

and 9.2. WSEP a u x i l i a r y  and s o l i d i f i c z t i o n  equipment f low d i a -  

gram a r e  shown on F i g u r e s  9 .3  and 9.4, r e s p e c t i v e l y .  D e n i t r a t o r -  

e v a p o r a t o r  o p e r a t i n g  pa ramete r s  a r e  shown i n  F igu re s  9.5 t o  9 .8  

and WSEP a u x i l i a r y  e v a p o r a t o r  o p e r a t i n g  pa ramete r s  a r e  shown on 

F igu re s  9.9 t o  9.13. F igu re  9.14 shows a  schemat ic  of t h e  pro-  

cess o f f -ga s  v e n t i l a t i o n  system. S t a r t u p ,  normal o p e r a t i n g ,  

and shut-down procedures  f o r  t h e  phosphate  g l a s s  s o l i d i f i c a -  

t i o n  p roce s s  a r e  p r e sen t ed  i n  Reference  1, S e c t i o n  5. 

Run PG-7 -- 

The second and l a s t  series of  phosphate  g l a s s  s o l i d i f i c a t i o n  

runs  began w i t h  Run PG-7 which was t h e  s even th  r a d i o a c t i v e  demon- 

s t r a t i o n  of  t h e  phosphate  g l a s s  s o l i d i f i c a t i o n  p r o c e s s ,  and t h e  

twen ty - t h i rd  r a d i o a c t i v e  r u n  i n  WSEP. 

During phosphate  g l a s s  s o l i d i f i c a t i o n  Run PG-7, was te  from 

t h e  e q u i v a l e n t  o f  1 .05 t onnes  o f  power r e a c t o r  f u e l  i r r a d i a t e d  

t o  20,000 Mh'd/tonne a t  a  power l e v e l  of  1 5  liK/tonne a f t e r  

0 .5  y e a r s  ou t -o f - r eac to r  oras p roce s sed  t o  produce 182 kg of  

g l a s s  p roduc t .  The 67 l i te rs  of r a d i o a c t i v e  s o l i d i f i e d  was te  

produced a  s e l f - g e n e r a t i n g  h e a t - r a t e  d e n s i t y  o f  146 W/liter 

(9800 w a t t s  t o t a l  by f eed  a n a l y s i s  and by p o t  c a l o r i m e t r y )  i n  

an 8-inch d i ame te r  310 s t a i n l e s s  s tee l  r e c e i v e r  p o t .  



The den i t r a to r - evapora to r  wzs f e d  a  t o t a l  of 806 l i t e r s  of 

ad jus t ed  ?P;-2 f eed  ( 6 4 4  l i t e r s / t o n n e )  i n  4 4  hours a t  an average 

feed  r a t e  of 18 ,3  l i t e r s / h r .  Tk.e average feed  r a t e  dur ing  t h e  

7.3 hours of s t a r t u p  was 2 6  l i t e r s / h r  and dur ing  t h e  37 hours 

of s t e a d y - s t a t e  ope ra t ion  was 1 6  l i t e r s / 5 r .  A t o t a l  of 

3,390,000 c u r i e s  of r a d i o a c t i v i t y  inc lud ing  15,500 c u r i e s  of  

radioruthenium was i n  t h e  feed  t o  t h e  d e n i t r a t o r .  The ad jus t ed  

PW-2 feed was concent ra ted  i n  t h e  d e n i t r a t o r  by a  f a c t o r  of 4 .6  

(2.7 a t  378 l i t e r s / t o n n e )  . 

Overa l l  ope ra t ion  of t h e  den i t r a to r - evapora to r  was g e n e r a l l y  

good. The s p e c i f i c  g r a v i t y  and weight f a c t o r  d i p  tubes  remained 

f r e e  o f  plugs  throughout t h e  run.  No s p e c i a l  p recau t ions  were 

necessary i n  keeping t h e s e  tubes  c l e a r  o f  s o l i d s  w i t h  t h e  

PW-2 feed .  Foaming was s u c c e s s f u l l y  c o n t r o l l e d  w i t h  t h e  con- 

t inuous  a d d i t i o n  of antifoam a t  2 .8  l i t e r s / h r  (18 g / h r ) .  How- 

eve r ,  t h e  a d d i t i o n  of bad antifoam agent  dur ing  t h e  f i r s t  

24 hours of steady-s t a t e  ope ra t ion  d i d  n o t  completely suppress  

t h e  foam. The antifoam has  a  d e f i n i t e  s h e l f  l i f e  and t h i s  

must be considered when prepar ing  t h e  antifoam s o l u t i o n .  The 

a c c i d e n t a l  a d d i t i o n  of EDTA t o  t h e  f eed  apparen t ly  had no 

adverse  e f f e c t s  on t h e  equipment, process  o p e r a t i o n s ,  o r  

products .  Attempts t o  sample t h e  concentra ted d e n i t r a t o r -  

evapora tor  product  through t h e  s o l u t i o n  f e e d e r  were unsuccess- 

f u l .  Feed t o  t h e  deni t ra tor -evapora tor  was d e l i b e r a t e l y  

i n t e r r u p t e d  twice (4 hours t o t a l )  dur ing  pe r iods  when t h e  

a i r l i f t  p o t  r e c i r c u l a t i o n  l i n e  began t o  plug t o  prevent  a  

bu i ldup  of  l i q u i d  l e v e l  i n  t he  den i t r a to r - evapora to r  whi le  t h e  

the me l t e r  was recover ing  from overfeeding.  

The a i r l i f t  po t  p resen ted  t h e  major problems dur ing  t h i s  

run.  Plugging of t h e  a i r l i f t  p o t  r e c i r c u l a t i o n  l i n e  and par-  

t i a l  plugging of t h e  a i r l i f t  po t  x e i g h t  f a c t o r  d i p  tube  occurred 



many t i m e s .  These p l u q s  were alwavs removed by m a n i p u l a t i n g  

e i t h e r  t h e  c l e a n o u t  r o d  o r  t h e  r e c i r c u l a t i o n  p l u g  v a l v e  

and f l u s h i n g  w i t h  n i t r i c  a c i d .  I !o~~ever ,  d u r i n g  p e r i o d s  

when 50 th  l i n e s  wcre  ? lugged ,  e x c e s s  f e e d  e n t e r e d  t h e  m e l t e r  

and foaming u s u a l l y  fol lovred.  I n  t 1 \ 7 0  i n s t a n c e s  f e e d  t o  

t h e  m e l t e r  c o u l d  o n l y  be s t o p p e d  by i n s e r t i n g  a n  emergency 

p l u g  v a l v e  i n t o  t h e  s o l u t i o n  f e e d e r .  T h i s  t.ras t h e  f i r s t  

t i m e  t h e  m o d i f i e d  a i r l i f t  p o t  was used  f o r  t r a n s f e r r i n g  

a  PW-2 c o n c e n t r a t e  and t h e  f i r s t  t i m e  t h a t  t h e  r e c i r c u l a -  

t i o n  l i n e  p lugged  w i t h  a  PW-2 c o n c e n t r a t e .  The r e a s o n  f o r  

t h e  p l u g s  was p r o b a b l y  t h a t  some r e s i d u a l  PW-1 m a t e r i a l  from 

Runs PG-5 and PG-6 was s t i l l  p r e s e n t  i n  t h e  a i r l i f t  r e c i r c u -  

l a t i o n  l i n e .  A c o n t r o l l e d  f e e d  r a t e  t o  t h e  melter was a l s o  

d i f f i c u l t  t o  m a i n t a i n  because  o f  t h e  d e n i t r a t o r - e v a p o r a t o r  

foaming e a r l y  i n  t h e  r u n  and p r e s s u r e  d i s r u p t i o n s  i n  t h e  

d e n i t r a t o r - e v a p o r a t o r  d u r i n g  s p r a y  a d d i t i o n s  t o  t h e  d e n i t r a t o r  

and d u r i n g  sampl ing  p e r i o d s .  These d i s r u p t i o n s  w e r e  minor  

and w e r e  minimized t h r o u g h  t h e  u s e  o f  a i r l i f t  a i r  r e d u c t i o n s  

and c o n t r o l  changes  t o  t h e  vacuum sys tem.  Changing t h e  v e n t -  

i n g  of t h e  a i r l i f t  p o t  from t h e  m e l t e r  t o  t h e  d e n i t r a t o r -  

e v a p o r a t o r  d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  r u n  seemed t o  improve 

a i r l i f t  p o t  o p e r a t i o n .  

Melter o p e r a t i o n  t h r o u g h o u t  t h e  r u n  e x c e p t  d u r i n g  momentary 

p e r i o d s  of  o v e r f e e d i n g ,  was good. A s t e a d y - s t a t e  g l a s s  produc-  

t i o n  r a t e  of 37 l i t e r s / d a y  (0.58 tonnes /day)  was m a i n t a i n e d  as 

mol t en  g l a s s  d i s c h a r g e d  c o n t i n u o u s l y  d u r i n g  s t a b l e  o p e r a t i n g  

p e r i o d s  from t h e  o v e r f l o w  w e i r .  I n t e r n a l  m e l t  t e m p e r a t u r e s  

( a t  bo t tom of  m e l t e r )  ave raged  1150 O C  w h i l e  t h e  m e l t e r  f u r n a c e  

o p e r a t e d  a t  1225 O C .  The melter r e c e i v e d  a  t o t a l  o f  675 l i ters  

of  e q u i v a l e n t  PW-2 f e e d  c o n t a i n i n g  aSou t  2 ,800,000 c u r i e s  of  

r a d i o a c t i v i t y  i n c l u d i n g  13 ,000  c u r i e s  o f  r a d i o r u t h e n i u m .  Con- 

c e n t r a t e d  f e e d  was a i r l i f t e d  t o  t h e  rnelter a t  an  a v e r a g e  ra te  o f  



3 . 5  l i t e r s / h r .  A volume r e d u c t i o n  of  2.2 Tlas o b t a i n e d  i n  t h e  

m e l t e r  f o r  a  t o t a l  volume r e d u c t i o n  from a d j u s t e d  f e e d  t o  p roduc t  

of 1 0  ( 5 . 9  a t  378  l i t e r s / t o n n e ) .  The s t ead ; - - s t a te  p r o c e s s i n g  

r a t e  was 37 l i t e r s / d a y  of m e l t  ( 0 . 5 8  tonnes/day of  f u e l ) .  A s  

i n  p r ev ious  r u n s ,  a  propane torcl ;  was used t o  h e a t  up t h e  f r e e z e  

d r a in -va lve  t o  complete ly  empty t h e  m e l t e r  a t  t h e  end of  t h e  run .  

Foaming occu r r ed  i n  t h e  m e l t e r  s e v e r a l  t imes  d u r i n g  t h e  r u n  

fo l l owing  p e r i o d s  of ove r f eed ing  t h e  m e l t e r .  The foaming i n c i -  

d e n t s ,  w i t h  one  e x c e p t i o n ,  were n o t  t roublesome s i n c e  foaming sub- 

s i d e d  whenever f e e d  t o  t h e  m e l t e r  was reduced o r  s topped .  A s  a  

r e s u l t  of poor foam c o n t r o l  i n  t h e  d e n i t r a t o r - e v a p o r a t o r  from 

us ing  s t a l e  an t i f oam e a r l y  i n  t h e  r u n ,  a  s e v e r e  foaming i n c i -  

d e n t  occu r r ed  d u r i n g  one p e r i o d  of ove r f eed ing  t o  t h e  e x t e n t  

t h a t  t h e  melter became p r e s s u r i z e d  ( 2 . 6  i nches  H 2 0 ) .  A s  a  

r e s u l t ,  v apo r s  l e aked  t o  t h e  ce l l  from v a r i o u s  f i t t i n g s  on t h e  

m e l t e r .  Also ,  foam l e v e l s  r eached  t h e  m e l t e r  v iewing p o r t  

and e n t e r e d  t h e  o f f -gas  l i n e  and t h e  s e a l  p o t  l i n e .  The foam 

subs ided  when t h e  f e e d  was s topped  and t h e r e  were no i n d i c a t i o n s  

of  any a d v e r s e  e f f e c t s  due t o  t h e  i n c i d e n t  d u r i n g  t h e  remainder  

of t h e  run  o r  fo l l owing  t h e  run .  M e l t  d r a i n i n g  w a s  i n t e r r u p t e d  

s e v e r a l  t imes  when t h e  melter vacuum was i n c r e a s e d  from t h e  

nominal -6 i n c h e s  of H 2 0  t o  - 1 4  i nches  of  H 2 0 .  Th i s  occu r r ed  

d u r i n g  sampl ing ,  b u t  was q u i c k l y  c o r r e c t e d  by a d j u s t i n g  t h e  

system vacuum. 

P r i o r  t o  Run PG-7 t h e  e l e c t r i c  melter fu rnace  f a i l e d  de l ay -  

i n g  t h e  run .  During t h e  replacement  of t h e  f a i l e d  f u r n a c e ,  t h e  

m e l t e r  was removed and v a r i o u s  o f f -ga s  l i n e s  were d i s connec t ed  

f o r  i n s p e c t i o n .  When t h e  seal p o t  l i n e  was removed a  g r een i sh -  

g r ay  c o l o r e d  cake  was found i n  t h e  l i n e  a t  t h e  f l anged  connec t ion .  

The cake  which was e a s i l y  removed covered approximate ly  h a l f  t h e  

opening and t a p e r e d  o f f  toward t h e  i n s i d e  o f  each  l i n e .  Cake 



fo rmat ion  a t  t h i s  j o i n t  s u g g e s t s  t h a t  t h e  j o i n t  was n o t  aSso- 

l u t e l y  t i g h t .  In f low of  c o o l i n g  a i r  w i t h  subsequen t  condensa- 

t i o n  of vapor  a t  t h i s  p o i n t  p rov ided  a  s i t e  f o r  cake  fo rma t ion .  

The remainder of t h e  l i n e s  w e r e  c l e a r  a s  v a s  t h e  m e l t e r  o f f - g a s  

l i n e .  

The s i d e s  of t h e  m e l t e r  were s l i g h t l y  concave. The lower 

two- th i rd s  of  t h e  melter appeared t o  have l a r g e r  g r a i n  growth 

t han  t h e  upper p o r t i o n .  Both of  t h e s e  c o n d i t i o n s  have been no ted  

i n  a  melter used f o r  ove r  2800 hours  under s i m i l a r ,  b u t  non- 

r a d i o a c t i v e ,  c o n d i t i o n s  a t  BNL. 

Uniform f i l l i n g  of t h e  r e c e i v e r  p o t  was no ted  a s  tine m e l t  

f lowed o u t  even ly  t o  t h e  w a l l  o f  t h e  r e c e i v e r  p o t  a s  t h e  r e c e i v e r  

f u r n a c e  t empera tu re  was main ta ined  a t  600 O C .  A t  t h e  end of  t h e  

run  an i n s p e c t i o n  of t h e  i n s i d e  of  t h e  r e c e i v e r  p o t  r e v e a l e d  a  

smooth l a y e r  of  b l a c k  g l a s s .  The bu lk  d e n s i t y  of t h e  p roduc t  

was c a l c u l a t e d  t o  be  2 . 7  k g / l i t e r  w h i l e  t h e  l a b o r a t o r y  measured 

d e n s i t y  was 2.89 k g / l i t e r .  The s t e a d y - s t a t e  w a l l  t empe ra tu r e s  

of t h e  r e c e i v e r  averaged 650 O C  w h i l e  s e t t i n g  i n  t h e  warm f u r n a c e  

a t  t h e  end of t h e  run .  I n  a i r ,  t h e  s t e a d y - s t a t e  w a l l  tempera- 

t u r e  was 330 O C .  The s t e a d y - s t a t e  c e n t e r l i n e  t empera tu res  of 

t h e  r e c e i v e r  i n  t h e  warm f u r n a c e  and i n  a i r  were 853 O C  and 

749 O C ,  r e s p e c t i v e l y .  The p roduc t  h e a t  g e n e r a t i o n  r a t e  was 

146 W / l i t e r  and t h e  u n i t  volume was 64 l i t e r s / t o n n e .  The 

e f f e c t i v e  t he rma l  c o n d u c t i v i t y  of  t h e  p roduc t  i n  t h e  warm f u r -  
2  

nace  was c a l c u l a t e d  t o  be  1.78 W / ( n  ) (OC/m) L1.03 B t u / ( h r )  

( f t 2 )  ( O F / f t ) ] .  I n  a i r ,  t h e  e f f e c t i v e  t he rma l  c o n d u c t i v i t y  

dec r ea sed  t o  0.86 w / ( m 2 )  (OC/m) [ O .  5 Btu/ ( h r )  ( f t 2 )  (OF/ft)  1 . 
The h i g h e r  v a l u e  i n  t h e  warm f u r n a c e  i s  due t o  t h e  p a r t i a l l y  

molten s t a t e  of  t h e  p roduc t .  



A maximum p o t  r a d i a t i o n  r ead ing  of  3.4 x  l o 4  P/hr 'gas mea- 

su r ed  a t  a  d i s t a n c e  of 6 i nches  from t h e   all. P o t  l eakage  
-7 3  a f t e r  capping w a s  4 . 1  x 10 atm-cm / s e c .  

During Run PG-7, 8% of  t h e  radioruthenium and 0.05% of t h e  

n o n v o l a t i l e s  r e p r e s e n t e d  by 1 4 4 ~ e ~ r  i n  t h e  f e e d  t o  t h e  melter w e r e  

v o l a t i l i z e d  and e n t r a i n e d  r e s p e c t i v e l y  from t h e  m e l t e r .  Approxi- 

mately 0 . 9 %  of  t h e  r ad io ru t l~en ium and 8  x  of  t h e  n o n v o l a t i l e s  

i n  t h e  f e e d  t o  t l ie  d e n i t r a t o r  were v o l a t i l i z e d  and e n t r a i n e d  

r e s p e c t i v e l y  from t i le  d e n i t r a t o r  and accumulated i n  t h e  WSEP 

a u x i l i a r y  evapo ra to r .  

The WSEP a u x i l i a r y  evapo ra to r  performed s a t i s f a c t o r i l y  d u r i n g  

t h e  Mode A o p e r a t i o n  w i th  an average bottoms a c i d i t y  of  about  

5M - HN03. The cumulat ive  decontaminat ion f a c t o r  (DFc) a c r o s s  

t h e  evapo ra to r  f o r  l o 6 ~ u  was 49 and f o r  
4 1 4 4 ~ e ~ r  was 2.7 x  10 . 

In s t an t aneous  decontaminat ion f a c t o r s  (DFils)  a c r o s s  t h e  evap- 

o r a t o r  f o r  l o 6 ~ u  ranged from 9.7 x  l o 2  t o  3.2 x  l o 4  w i th  t h e  

cor responding  evapo ra to r  overhead a c i d i t y  rang ing  from 0 . 4  t o  

0 . 1 M  HN03. DFils f o r  
5  

- 1 4 4 ~ e ~ r  averaged about  10 . 

The a c i d  f r a c t i o n a t o r  ope ra t ed  w i t h  an  average bottoms 

a c i d i t y  o f  about  8!1 - H'LJO w i th  t h e  average overhead a c i d i t y  a t  
3  

about  0.01M - HN03. The DFc f o r  l o 6 ~ u  a c r o s s  t h e  f r a c t i o n a t o r  

was 1 .5  x  l o 3  w i t h  DFils f o r  l o 6 ~ u  rang ing  from 6.4 x  l o 2  t o  
3  5 .3  x  10 . The DFc f o r  3  1 4 4 ~ e ~ r  was 8.3 x  10 . 

The c o n c e n t r a t i o n s  of r a d i o n u c l i d e s  i n  t h e  f i n a l  aqueous 

e f f l u e n t  (accumulated f r a c t i o n a t o r  d i s t i l l a t e )  were above 10CFR20 

r e l e a s e  l i m i t s  by f a c t o r s  of 2500 and 55 f o r  l o 6 ~ u  and 1 4 4 ~ e ~ r ,  

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

During Run PG-7, gaseous e f f l u e n t s  from t h e  d e n i t r a t o r  con- 

d e n s e r ,  t h e  a u x i l i a r y  evapo ra to r  condenser ,  and t h e  o f f -ga s  



sc rubber  w e r e  sampled f o r  bo th  p a r t i c u l a t e  and v o l a t i l e  forms 

of r a d i o n u c l i d e s .  Th is  was done by r o u t i n g  a  s i d e  stream of  

t h e  gaseous e f f l u e n t  f i r s t  t;iroug:i a   lass f i b e r  f i l t e r  and t h e n  

a  211 - KOH scrubber. Tlie r a d i o n u c l i d e s  i n  tne d e n i t r a t o r  and evap- 

o r a t o r  condenser o f f -ga se s  were p r i m a r i l y  c o l l e c t e d  on t h e  g l a s s  

f i b e r  f i l t e r s  i n d i c a t i n g  en t ra inment  of p a r t i c u l a t e  m a t e r i a l  

o r  a d s o r p t i o n  of  ruthenium on t h e  f i b e r  g l a s s  f i l t e r .  The aver -  

age c o n c e n t r a t i o n  of r a d i o n u c l i d e s  i n  t h e  d e n i t r a t o r  condenser 

o f f -gas  w a s  3.2 x p c i / c m 3  f o r  lo6I?u and 4.5 x p C i / c m  
3  

f o r  1 4 4 ~ e ~ r .  The average c o n c e n t r a t i o n  o f  l o 6 ~ u  and 1 4 4 ~ e ~ r  i n  

t h e  evapo ra to r  condenser o f f -ga s  was 3  - 0  x l o m 5  uci/cm3 and 

3.6 x l o m 4  y c i / c m 3 ,  r e s p e c t i v e l y .  The f i n a l  p roces s  o f f -gas  

l e a v i n g  t h e  sc rubber  which has  been d i l u t e d  Sy t h e  v e s s e l  v e n t  

je t  a i r  con t a ined  an average of 9 .6  x lo - '  pCi/cm l o 6 ~ u  and 

1 .2  x uci/crn 1 4 4 ~ e ~ r .  These v a l u e s  were above 10CFR20 

r e l e a s e  l i m i t s  by f a c t o r s  of 4800 and 3000 f o r  l o 6 ~ u  and 1 4 4 ~ e ~ r ,  

r e s p e c t i v e l y .  However, b e f o r e  t h e  p roces s  o f f -gases  a r e  

r e l e a s e d  t o  t h e  atmosphere,  they  a r e  d i l u t e d  s i g n i f i c a n t l y  by 

t h e  b u i l d i n g  v e n t i l a t i o n  and f i l t e r e d  tw ice  aga in  r e s u l t i n g  i n  

a c o n c e n t r a t i o n  of  r a d i o n u c l i d e s  w e l l  below 10CFR20 d i s c h a r g e  

l i m i t s .  

Run PG-8 

During phosphate  g l a s s  Run PG-8, 146 kg of g l a s s  p roduc t  

was produced from PT.7-4m was te  from t h e  e q u i v a l e n t  of  0.84 tonnes  

of power r e a c t o r  f u e l  (45,000 &'IIild/tonne a t  30 MI.J/tonne) a f t e r  

1 yea r  o u t  of  t h e  r e a c t o r .  The 67 l i t e r s  of  r a d i o a c t i v e  g l a s s  

produced a  s e l f - g e n e r a t i n g  h e a t - r a t e  d e n s i t y  of 127 W / l i t e r  

(8500 w a t t s  t o t a l  by p o t  c a l o r i m e t r y  and 8800 w a t t s  by f eed  

a n a l y s i s )  i n  an 8-inch d iamete r  mi ld  s t e e l  r e c e i v e r  p o t .  



k t o t a l  of  660 l i t e r s  of  a d j u s t e d  P??-4m f e e d  a t  722 l i t e r s /  

tonne  was f e d  t o  t h e  d e n i t r a t o r - e v a p o r a t o r  i n  49.5 h o u r s  a t  an  

average  f e e d  r a t e  o f  13 .3  l i t e r s / h r .  A t o t a l  of  2,500,000 c u r -  

i e s  of  r a d i o a c t i v i t y  i n c l u d i n g  10,000 c u r i e s  o f  r a d i o r u t h e n i u m  w e r e  

i n  t h e  f e e d  t o  t h e  d e n i t r a t o r .  The d e n i t r a t o r - e v a p o r a t o r  con- 

c e n t r a t e d  t h e  P!;7-4m f e e d  b:; a  f a c t o r  o f  2.7 ( 1 . 4  a t  378 l i t e r s /  

t o n n e )  a t  an average  t e m p e r a t u r e  of 123 O C  b e f o r e  b e i n g  a i r -  

l i f t e d  t o  t h e  m e l t c r .  

O p e r a t i o n  of  t h e  d e n i t r a t o r - e v a p o r a t o r  was good. The s p e c i -  

f i c  g r a v i t y  and w e i g h t  f a c t o r  d i p  t u b e s  remained f r e e  of s o l i d s  

b u i l d u p  by v e n t i n g  t h e  t u b e s  p e r i o d i c a l l y  (10 minu tes  o u t  o f  e a c h  

15 minu tes  of  o p e r a t i o n )  t o  t h e  d e n i t r a t o r .  Vent ing  a l lowed 

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

c l e a r  them of  s o l i d s .  Foaming due t o  t h e  p r e s e n c e  of  d i b u t y l  

phosphate  i n  t h e  r a d i o a c t i v e  f e e d  s t o c k  (Purex lTf14) was appar -  

e n t l y  comple te ly  s u p p r e s s e d  by t h e  c o n t i n u o u s  a d d i t i o n  of  

Dow Corning Antifoam B a t  a  r a t e  of  2.8 l i t e r s / h r  (19 grams o f  

a n t i f o a m  a g e n t  p e r  h o u r ) .  Sampling of  t h e  u e n i t r a t o r - e v a p o r a t o r  

c o n c e n t r a t e  was u n s u c c e s s f u l  a s  had been t h e  c a s e  i n  Run PG-7. 

The d e n i t r a t o r  a g i t a t o r  began v i b r a t i n g  e a r l y  i n  t h e  r u n  and i t s  

use  was d i s c o n t i n u e d  a f t e r  abou t  1 3  hours  o f  e l a p s e d  r u n  

t ime.  No a p p a r e n t  d e t r i m e n t a l  e f f e c t s  appeared  from n o t  

o p e r a t i n g  t h e  a g i t a t o r  s i n c e  normal b o i l i n g  a c t i o n  w i t h i n  

t h e  d e n i t r a t o r  was s u f f i c i e n t  t o  keep s o l i d s  i n  s u s p e n s i o n .  

A i r l i f t  o p e r a t i o n  was improved o v e r  t h a t  o f  Run PG-7. The 

a i r l i f t  p o t  r e c i r c u l a t i o n  l i n e  p lugged o n l y  once d u r i n g  t h e  r u n  

and t h i s  p l u g . w a s  removed by m a n i p u l a t i n g  t h e  r e c i r c u l a t i o n  

p l u g  v a l v e .  The a i r l i f t  p o t  was v e n t e d  t o  t h e  d e n i t r a t o r -  

e v a p o r a t o r  b u t  no d e f i n i t e  c o n c l u s i o n s  can  be  drawn as t o  t h e  

e f f e c t i v e n e s s  of t h e  v e n t i n g  on a i r l i f t  p o t  per formance .  



Mel te r  o ~ e r a t i o n  y.7as g e n e r a l l y  good v r i t l ?  on117 one s h o r t  

p e r i o d  of foaming 0:3serve6 due t o  a h igh  r a t e  of  d e n i t r a t o r  con- 

c e n t r a t e  e n t e r i n g  t h e  m e l t e r .  Th is  was c o r r e c t e d  by s t opp ing  

t h e  f e e d  t o  t h e  m e l t e r  f o r  ahout  5 minutes .  

The melter r s c e i v e d  about  610 l i t e r s  of  e q u i v a l e n t  f e e d  a t  

an average d ~ n i t r a t o r  c o n c e n t r a t e  r a t e  of  about  3.9 l i t e r s / h r .  

The f eed  r a t e  t o  t h e  m e l t e r  was c o n t r o l l e d  manually and a d j u s t e d  

t o  keep t h e  m e l t e r  c o n t r o l  t empera tu re  a t  about  875 "C. An 

i n t e r n a l  melter thermocouple,  l ~ c a t e d  1/2-inch below t h e  w z i r  

overf low,  was monitored con t inuous ly  and prov idsd  f o r  b e t t e r  

i n t e r p r e t a t i o n  of i n t e r n a l  me l t e r  o p e r a t i n g  c o n d i t i o n s .  The 

t empera tu re  a t  t h i s  p o i n t  averaged 1 0 4 0  "C.  The upper c o n t r o l  

temperature  was monitored t o  d e t e c t  sudden changes i n  f eed  r a t e  

t o  t h e  m e l t e r  w i t h  t h e  t empera tu re  averag ing  970 "C. The c o n t r o l  

t empera tu re  l o c a t e d  below t h e  w e i r  overf low l e v e l  rssponded l e s s  

r a p i d l y  t o  sys tem changes and was used t o  e s t i m a t e  t h e  magnitude 

of t h e  f eed  r a t e  changes necessa ry  t o  r e s t o r e  t h e  m e l t  t o  t h e  

p roper  t empera tu re .  The i n t e r n a l  me l t  t empera tu re  a t  t h e  bottom 

of t h e  m e l t e r  was 1150 "C. A t o t a l  of 2,300,000 c u r i e s  of  

r a d i o a c t i v i t y  i n c l u d i n g  9800 c u r i e s  of  radioruthenium were i n  

t h e  f eed  t o  t h e  m e l t e r .  A volume r e d u c t i o n  of  3.4 was ob t a ined  

i n  t h e  m e l t e r  and r e s u l t e d  i n  an o v e r a l l  volume r e d u c t i o n  from 

a d j u s t e d  f e e d  t o  p roduc t  of  9.2 (4.8 a t  378 l i t e r s / t o n n e ) .  The 

s t e a d y - s t a t e  p roces s ing  r a t e  was 31 l i t e r s / d a y  of m e l t  

(0.39 tonnes/day)  . 

The m e l t  was d i s cha rged  con t inuous ly  through t h e  unheated 

we i r  a s  i n  p rev ious  r u n s .  A t  t h e  end of  t h e  run  t h e  f r e e z e  

d ra in -va lve  a i r  was t u r n e d  o f f  t o  a l low t h e  m e l t e r  t o  d r a i n .  

I t  was necessa ry  t o  p rov ide  a d d i t i o n a l  h e a t  t o  t h e  d r a in -va lve ,  

a s  was t h e  c a s e  w i t h  p rev ious  runs ,  t o  promote d r a inage  o f  t h e  

me l t e r .  The m e l t e r  s t a r t e d  t o  d r a i n  when t h e  f r e e z e  d r a i n -  

va lve  t empera tu re  reached 915 "C. 



Uniform f i l l i n g  of  t h e  r e c e i v e r  p o t  w i th  67 l i te rs  of  g l a s s  

was ob t a ined  w i t h  t h e  p o t  f u rnace  h e l d  a t  about  620 O C .  The 

t o t a l  we igh t  of  g l a s s  p roduc t  was 136 lig, g iv inq  a  bu lk  d e n s i t y  

of 2.9 k g / l i t e r  . The l a l o r a t o r ;  measured d e n s i t y  was 

2.89 k g / l i t e r .  

The i n t e r n a l  h e a t - r a t e  d e n s i t y  of 127 ih1/liter (8800 w a t t s  

t o t a l )  w a s  s u f f i c i e n t  t o  produce a  s t e a d y - s t a t e  c e n t e r l i n e  

t empera tu re  of  659 O C  and a c e n t e r l i n e - t o - w a l l  t empera tu re  d i f -  

f e r e n c e  of  356 O C .  From t h e s e  v a l u e s  f o r  t h e  p o t  i n  a i r ,  t h e  
2 e f f e c t i v e  the rmal  c o n d u c t i v i t y  was c a l c u l a t e d  t o  be  0.94 W / ( m  ) 

(OC/m)  [0.54 Btu/ ( h r )  ( f t 2 )  (OF/ft)  I .  

A maximum r a d i a t i o n  r e a d i n g  of 3.8 x l o 4  R/hr was ob t a ined  

a t  6 i nches  from t h e  w a l l  of t h e  r e c e i v e r  p o t .  

A t o t a l  of 0.37% of t h e  ruthenium and less t h a n  0.004% of 

t h e  n o n v o l a t i l e s  r e p r e s e n t e d  by 1 4 4 ~ e ~ r  f e d  t o  d e n i t r a t o r  were 

v o l a t i l i z e d  and e n t r a i n e d  r e s p e c t i v e l y  from t h e  d e n i t r a t o r  and 

accumulated i n  t h e  WSEP a u x i l i a r y  evapo ra to r .  Four p e r c e n t  

of t h e  e q u i v a l e n t  ruthenium and on ly  0.04% of  t h e  n o n v o l a t i l e s  

f e d  t o  t h e  d e n i t r a t o r  were v o l a t i l i z e d  and e n t r a i n e d  r e s p e c t i v e l y  

from t h e  m e l t e r .  The need t o  s e p a r a t e  t h e  melter condensa te  

from t h e  d e n i t r a t o r  condensate  was on ly  e s s e n t i a l  d u r i n g  

t h o s e  phosphate  g l a s s  s o l i d i f i c a t i o n  runs  where s u l f a t e  

w a s  p r e s e n t  i n  t h e  feed  (PW-2 waste); however, t h e  WSEP p i p i n g  

f o r  a l l  phosphate g l a s s  runs  i s  such t h a t  t h e  condensa tes  are 

always s e p a r a t e d .  Recycling t h e  m e l t e r  condensate  d i r e c t l y  

back t o  t h e  d e n i t r a t o r  o r  t o  t h e  d e n i t r a t o r  f eed  would b e  

s a t i s f a c t o r y  and would e l i m i n a t e  an a d d i t i o n a l  e f f l u e n t  

s t ream.  A l s o  t h e  m e l t e r  o f f -ga s  cou ld  be  combined w i t h  

t h e  d e n i t r a t o r  o f f -ga s  and decontaminated by t h e  WSEP a u x i l i a r -  

ies  w i t h o u t  s u f f i c i e n t l y  i n c r e a s i n g  t h e  r a d i o a c t i v i t y  i n  

t h e  f i n a l  p roces s  e f f l u e n t s  ( f r a c t i o n a t o r  d i s t i l l a t e  and 

o f f -ga s  from s c r u b b e r ) .  



The s o l i d i f i e r  a u x i l i a r i e s  w e r e  o 7 ~ r a t e G  w i t h  a  biode A 

arrangement d u r i n g  t h e  f i r s t  88% of t h e  d e n i t r a t o r  f eed ing  

pe r iod  and a s  ;<ode d d u r i n g  t h e  remainder of t h e  run .  The 

i n s t a n t a n e o u s  ruthenium decontaminat ion f a c t o r s  (DF t s )  a c r o s s  

t h e  a u x i l i a r y  evapo ra to r  d u r i n g  :lode A o p e r a t i o n  ranged 

from 2 . 4  x l o 2  t o  1 . 4  x  l o 3  and du r ing  Mode 8 were g r e a t e r  
3 t han  1 0  . Again, a s  i n  p r ev ious  r u n s ,  t h e r e  was no appa ren t  

c o r r e l a t i o n  between i n s t an t aneous  ruthenium DFts  and evapo ra to r  

overhead a c i d i t y ,  i n d i c a t i n g  t h a t  a  l a r g e  p o r t i o n  of t h e  

ruthenium i n  t h e  evapo ra to r  condenser condensate  was t h e  

r e s u l t  of ruthenium be ing  c a r r i e d  through i n  t h e  gas  phase  

from t h e  d e n i t r a t o r  condenser .  The d e n i t r a t o r  condenser 
-2 

o f f -gas  con t a ined  2.2 x  1 0  uci/cm3 of l o 6 ~ u  ( f e e d  on)  which 

could account  f o r  a l l  of t h e  0.043% of  t h e  e q u i v a l e n t  f eed  

ruthenium t h a t  accumulated i n  t h e  f r a c t i o n a t o r  bottoms,  

v e r i f y i n g  t h e  c a r r y  over  of  ruthenium i n  t h e  gas  phase .  

The cumulat ive  DF's a c r o s s  t h e  evapo ra to r  f o r  t h e  e n t i r e  

run i n c l u d i n g  bo th  Mode A and B was 420 f o r  ruthenium and 

g r e a t e r  t han  l o 5  f o r  n o n v o l a t i l e s .  

During Mode B t h e  ruthenium accumulat ion r a t e  i n  t h e  

f r a c t i o n a t o r  i n c r e a s e d  by a  f a c t o r  of about  4 over  t h a t  du r ing  

Mode A ,  i n d i c a t i n g  an a p p r e c i a b l e  i n c r e a s e  i n  t h e  ruthenium 

v o l a t i l i z e d  from t h e  evapo ra to r .  Th is  i n c r e a s e  was due t o  

an i n c r e a s e d  ruthenium c o n c e n t r a t i o n  and b o i l u p  r a t e  d u r i n g  

Mode B ( t h e  bottoms a c i d i t y  remained about  t h e  same).  The 

i n c r e a s e  d u r i n g  Mode B was s t i l l  w i t h i n  t h e  range  of Mode A 

d a t a  a t t a i n e d  from prev ious  runs .  The cumulat ive  DF's d u r i n g  

Mode B f o r  ruthenium and n o n v o l a t i l e s  were 5.8 x l o 2  and about  

l o 5 ,  r e s p e c t i v e l y .  

The cumulat ive  DP f o r  t h e  e n t i r e  r un  a c r o s s  t h e  f r a c t i o n -  

a t o r  was 5.9 x l o 2  f o r  ruthenium and 3 x l o 3  f o r  n o n v o l a t i l e s .  



The average c o n c e n t r a t i o n  of r a d i o n u c l i d e s  i n  t h e  f i n a l  

aqueous e f f l u e n t  (accumulated f r a c t i o n a t o r  d i s t i l l a t e )  w e r e  above 

10CFR2O r e l e a s e  l i m i t s  by f a c t o r s  of 5.6 x l o 3  f o r  ruthenium and 

89 f o r  1 4 4 ~ e ~ r  r e p r e s e n t i n g  n o n v o l a t i l e a  . 

During t h e  run ,  1.3 x of t h e  ruthenium and 

1 . 6  x of t h e  n o n v o l a t i l e s  i n  t h e  f eed  t o  t h e  d e n i t r a t o r  

accumulated i n  t h e  o f f -gas  s c rubbe r .  The f r a c t i o n a t o r  con- 
-7  

dense r  o f f -ga s  c o n t a i n i n g  an average of 1.9 x 10 v C i / c m  
3  

o f  lo6Itu which cou ld  account  f o r  a l l  t h e  ruthenium accumulated 

i n  t h e  s c rubbe r .  

The f i n a l  p roces s  o f f -gas  l e a v i n g  t h e  o f f -gas  s c rubbe r  con- 

t a i n e d  a  r a d i o n u c l i d e  c o n c e n t r a t i o n  above 10CFR20 r e l e a s e  l i m i t s  

by f a c t o r s  of 1.7 x l o 3  f o r  l o 6 ~ u  and 1.1 x l o 2  f o r  1 4 4 ~ e ~ r .  

Again, a s  i n  a l l  p rev ious  runs ,  t h i s  off -gas  i s  s i g n i f i c a n t l y  

d i l u t e d  and f i l t e r e d  twice more p r i o r  t o  r e l e a s e  t o  t h e  atmo- 

sphere  and t h e  c o n c e n t r a t i o n  of  r a d i o a c t i v i t y  i s  w e l l  below 

r e l e a s e  l i m i t s .  

Run PG-9 

During Run PG-9,  was t e  from t h e  e q u i v a l e n t  of 0.41 tonnes  

of  power r e a c t o r  f u e l  (45,000 Mqd/tonne a t  30 MW/tonne) a f t e r  

0.9 y e a r s  o u t  of  r e a c t o r  was s o l i d i f i e d  t o  76 kg of  g l a s s  prod- 

u c t .  The 27 l i t e r s  of  r a d i o a c t i v e  g l a s s  produced a  s e l f  gen- 

e r a t i n g  h e a t - r a t e  d e n s i t y  of  158 W/liter i n  a  6-inch d iamete r  

304L s t a i n l e s s  s t e e l  r e c e i v e r  p o t .  

The o p e r a t i o n  of t h e  d e n i t r a t o r - e v a p o r a t o r  d u r i n g  Run PG-9 

was good. The weigh t  f a c t o r  and s p e c i f i c  g r a v i t y  d i p  t u b e s  

remained f r e e  of p lugs  u s ing  p e r i o d i c  ven t i ng  a s  used d u r i n g  

Run PG-8 and foam c o n t r o l  was adequa te  a s  Dow Corning Antifoam B . .  
was con t inuous ly  added a t  2.7 l i t e r s / h r  (18 g /h r )  . 



During Run PG-9 t h e  d e n i t r a t o r - e v a p o r a t o r  !+as f e d  532 l i t e r s  

of  a d j u s t e d  PIT-4m feed  (1023 l i t e r s / t o n n e )  i n  22 hours  a t  an 

average f eed  r a t e  of 26.3 l i t e r s / h r .  The average  feed  r a t e  

du r ing  t i le  16.7 hours  of  s t e a d l - - s t a t e  o p e r a t i o n  was approxi-  

mate ly  25 l i t e r s / h r .  A t o t a l  of  1,300,000 c u r i e s  of  r ad ioac -  

t i v i t > 7  i n c l u d i n g  11,000 c u r i e s  o f  radioruthenium were i n  t h e  

f eed  f e d  t o  t h e  d e n i t r a t o r - e v a p o r a t o r .  The a d j u s t e d  PW-4m f eed  

was c o n c e t r a t e d  i n  t h e  d e n i t r a t o r  by a  f a c t o r  of 3.9 ( 1 . 4  a t  

3 7 8  l i t e r s / t o n n e ) .  The a g i t a t o r  was n o t  used du r ing  t h i s  run 

and, a s  b e f o r e ,  no d e t r i m e n t a l  e f f e c t s  occur red .  

A i r l i f t  p o t  o p e r a t i o n  du r ing  Run PG-9 w a s  good and f eed  

f low t o  t h e  melter was s a t i s f a c t o r i l y  c o n t r o l l e d  throughout  

most of t h e  run .  Con t ro l  was momentarily i r r e g u l a r  on ly  once 

and t h i s  occur red  du r ing  a p e r i o d  of sampling.  T h e ' a i r l i f t  p o t  

w a s  vented t o  t h e  vapor space  o f  t h e  d e n i t r a t o r - e v a p o r a t o r  and 

may have c o n t r i b u t e d  somewhat t o  improved c o n t r o l ;  however, 

improved c o n t r o l  cannot  c o n c l u s i v e l y  be a t t r i b u t e d  t o  t h i s  

method of o p e r a t i n g  s i n c e  some b e n e f i t s  i n  performance may a l s o  

be  due t o  t h e  " f r i e n d l i e r "  PW-4m f lowshee t .  The c o n c e n t r a t e  t e m -  

p e r a t u r e  averaged 120 OC f o r  t h e  run.  

Mel te r  o p e r a t i o n  was g e n e r a l l y  good and became l e s s  r e l i a n t  

on v i s u a l  a cce s s  as t r a n s f e r  of  f eed  became more c o n t r o l l e d .  

Excess ive  foaming occur red  du r ing  two p e r i o d s  of sampling,  b u t  

caused no adve r se  a f f e c t s .  A f ree - f lowing  m e l t  was produced and 

was con t inuous ly  d i s cha rged  through t h e  unheated, overf low w e i r  

excep t  f o r  about  a 1-hour p e r i o d  when m e l t  i n  t h e  p o r t i o n  of 

t h e  overf low w e i r  l o c a t e d  i n s i d e  t h e  m e l t e r  became f rozen  a s  a  

r e s u l t  of ove r f eed ing  t h e  m e l t e r .  

A t  t h e  end of t h e  run t h e  me l t  was d r a i n e d  through t h e  f r e e z e  

d ra in -va lve  by s h u t t i n g  o f f  t h e  f r e e z e  v a l v e  c o o l i n g  a i r  which 

al lowed t h e  f r o z e n  m e l t  w i t h i n  t o  thaw. The m e l t  s t a r t e d  d r a i n i n g  



8 minutes  a f t e r  c o o l i n g  a i r  T.?as si lut  o f f  when tile t empera tu re  

of t h e  f r e e z e  va lve  i n c r e a s e d  from 595 OC t o  about  755 O C .  

The t ime r e q u i r e d  t o  d r a i n  about  4 . 5  l i ters  of m e l t  was 

11 minutes .  During dra inar je ,  e v o l u t i o n  of  ~ r h i t e  fumes, probably  

P205, from t h e  me l t  appeared t o  be more abundant  t han  on o t h e r  

occas ions .  An exces s  of  phosphor ic  a c i d  p r e s e n t  i n  t h e  f e e d  

because  of a lower than expec ted  rare e a r t h  c o n c e n t r a t i o n  

probably  accounted f o r  t h e  fumes. 

The m e l t e r  f u rnace  t empera tu re  averaged 1225 O C  whi l e  t h e  

mel t  t empera tu re  a t  t h e  bottom of t h e  m e l t e r  averaged 1135 OC. 

The m e l t  c o n t r o l  t empera tu res  averaged 952 and 1036 O C  a t  

1/2-inch above t h e  we i r  overf low l e v e l  and 1/2-inch below t h e  

w e i r  overf low l e v e l ,  r e s p e c t i v e l y .  The p r e s s u r e  i n  t h e  m e l t e r  

ranged from -10 t o  +0.8 i nches  H 2 0  w i th  t h e  average  and most 

t y p i c a l  p r e s s u r e  be ing  -3 i n c h e s  of  H 0 .  Melter  i n t e r n a l  p r e s -  
2 

s u r e s  were s t a b l e  and became d i s r u p t e d  on ly  du r ing  sampling 

p e r i o d s .  D e n i t r a t o r  c o n c e n t r a t e  e n t e r e d  t h e  m e l t e r  a t  an 

average r a t e  of about  4.8 l i t e r s / h r .  Approximately 

1,025,000 c u r i e s  of  r a d i o a c t i v i t y  i n c l u d i n g  9000 c u r i e s  of 

rad ioru then ium were f e d  t o  t h e  melter. A volume r e d u c t i o n  

of 4 . 1  w a s  o b t a i n e d  i n  t h e  m e l t e r  r e s u l t i n g  i n  an o v e r a l l  

volume r e d u c t i o n  from a d j u s t e d  f eed  t o  g l a s s  p roduc t  of 15.9 

(5.9 a t  378 l i t e r s / t o n n e )  . A s t e a d y - s t a t e  p roces s ing  r a t e  

of about  38 l i t e r s / d a y  of  mel t  (0.58 tonnes/day)  was produced.  

The r e c e i v e r  p o t  was uniformly f i l l e d  w i th  27 l i t e r s  o f  

PW-4m me l t  c o n t a i n i n g  4800 w a t t s  o f  i n t e r n a l  h e a t  accord ing  

t o  p o t  c a l o r i m e t r y  (4200 w a t t s  by f eed  a n a l y s i s ) .  The 

m e l t  weighed 76 kg and had a bulk  d e n s i t y  of  2.8 k g / l i t e r .  

Th is  was i n  good agreement w i t h  t h e  l a b o r a t o r y  measured d e n s i t y  

of  2.83 k g / l i t e r  and i n d i c a t e s  t h a t  t h e  r e c e i v e r  was un i fo rmly  



f i l l e d  w i t h  no voiCis. The PG-9 r e c e i v e r  p o t  :vas t h e  f i r s t  

6- inch d i ame te r  p o t  t o  be used i n  i7SEP. I t s  s u c c e s s f u l  

f i l l i n g  w i thou t  d i f f i c u l t i e s  l e d  t o  t h e  the rmal  maximum run  

u s i n g  a  6-incli p o t  i n  Run PG-10. T;ie ~ o t  s t e a d y - s t a t e  c e n t e r -  

l i n e  t empera tu re  ~ r h i l e  s t o r e d  i n  t i le  a i r - c o o l e d  fu rnace  was 

566 O C  wh i l e  t i le  p o t  ? ; a l l  t empera tu re  was 362 O C .  The e f f e c t i v e  

the rmal  c o n d u c t i v i t y  of  t h e  p roduc t  under t h e s e  c o n d i t i o n s  
2  2 was c a l c u l a t e d  t o  be  1 . 2 2  i J /  ( m  ) (OC/m) 10.71 Btu/ ( h r )  ( f t  ) 

During Run PG-3 v o l a t i l i z a t i o n  of  r ad io ru then ium and 

en t r a inmen t  of n o n v o l a t i l e s  from t h e  d e n i t r a t o r - e v a p o r a t o r  and 

m e l t e r  were w i t h i n  t h e  ranges  found i n  p r ev ious  runs .  A t o t a l  

of 0.88% of t h e  rad io ru then ium v o l a t i l i z e d  and 0.063% of  non- 

v o l a t i l e ~  r e p r e s e n t e d  by 1 4 4 ~ e ~ r  e n t r a i n e d  from t h e  d e n i t r a t o r  

and accumulated i n  t h e  a u x i l i a r y  e v a p o r a t o r .  ~ u t h e n i u m  vo l a -  

t i l i z a t i o n  from t h e  m e l t e r  was e q u a l  t o  5.7% of  t h e  t o t a l  r u t h e -  

nium f e d  t o  t h e  m e l t e r  ( e q u i v a l e n t  t o  4.7% o f  t h e  t o t a l  ru thenium 

f e d  t o  t h e  d e n i t r a t o r ) .  Entra inment  of n o n v o l a t i l e s  from t h e  

m e l t e r  was 0.068%. 

The WSEP a u x i l i a r y  evapo ra to r  performed s a t i s f a c t o r i l y  

wh i l e  u s i n g  a A o p e r a t i o n .  The cumulat ive  DF's a c r o s s  t h e  

e v a p o r a t o r  f o r  1062.~ was 1 . 4  x l o 2  and f o r  cerium was 1 . 9  x 1 0  3 . 
I n s t an t aneous  DF's f o r  2  l o 6 ~ u  ranged from 6  x l o 1  t o  5 . 7  x 10 . 
I n s t an t aneous  DF's f o r  n o n v o l a t i l e s  r e p r e s e n t e d  by l4 4 ~ e ~ r  

3  ranged from 8.9 x l o 2  t o  3 . 1  x 10 . 

The cumulat ive  DF f o r  ' 0 6 ~ u  a c r o s s  t h e  a c i d  f r a c t i o n a t o r  

was 2  x l o 3  w h i l e  a D F  f o r  cerium was n o t  a v a i l a b l e .  I n s t a n -  

taneous  DF's f o r  2 106~.u ranged from 1 . 8  x  l o 2  t o  8.8 x 10 . 
I n s t an t aneous  DF1s f o r  1 4 4 ~ e ~ r  were l e s s  t h a n  10 i n d i c a t i n g  t h a t  

t h e  f r a c t i o n a t o r  d i s t i l l a t e  samples were contaminated  d u r i n g  

i n - c e l l  hand l i ng  of t h e s e  samples.  



The c o n c e n t r a t i o n  of ruthenium and cer ium i n  t h e  f i n a l  

aqueous e f f l u e n t  (accumulated f r a c t i o n a t o r  d i s t i l l a t e )  bras above 

10CFR20 r e l e a s e  , l i m i t s  by f a c t o r s  of 1600 and 3500 f o r  l o 6 ~ u  and 

1 4 4 ~ e ~ r ,  r e s p e c t i v e l y .  There was no g a i n  i n  rad io ru then ium i n  

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

Cumulative DF's a c r o s s  t h e  p roce s s  and a u x i l i a r y  conden- 

sers w e r e  o h t a i n e d  from condenser  o f f -ga s  and l i q u i d  samples.  

The cumulat ive  DF f o r  l o 6 ~ u  was 36 a c r o s s  t h e  d e n i t r a t o r  con- 

d e n s e r ,  150 a c r o s s  t h e  e v a p o r a t o r  condenser ,  and 370 a c r o s s  

t h e  f r a c t i o n a t o r  condenser  w h i l e  f o r  l q 4 c e p r  were 1300 a c r o s s  

t h e  d e n i t r a t o r  condenser ,  440 a c r o s s  t h e  evapo ra to r  condenser ,  

and 380 a c r o s s  t h e  f r a c t i o n a t o r  condenser .  

The average  c o n c e n t r a t i o n  of r a d i o a c t i v i t y  l e a v i n g  t h e  

den i t r a t o r - condense r  o f f -ga s  f o r  l o 6 ~ u  w a s  about  9 x p C i / c m  
3  

( f e e d  o f f )  and abou t  3 x uci/cm3 ( f e e d  on)  and f o r  l4 4 ~ e ~ r  
3  

was abou t  8  x pCi/cm ( f e e d  o f f )  and ranged from about  

2  x t o  5 x u c i / c m 3  ( f e e d  o n ) .  The c o n c e n t r a t i o n  of  

r a d i o a c t i v i t y  l e a v i n g  t h e  a u x i l i a r y  evapora tor-condenser  o f f -  

ga s  remained abou t  t h e  same whether  f e e d  was on t o  t h e  s o l i d i -  

f i e r  o r  o f f  and averaged abou t  5 x  pci/cm3 f o r  lo61?u and 

2 x p c i / c m 3  f o r  1 4 4 ~ e ~ r .  These r a d i o n u c l i d e s  a r e  f i l t e r e d  

through a  h igh  e f f i c i e n c y  f i l t e r  b e f o r e  e n t e r i n g  t h e  o f f -ga s  

s c rubbe r .  The o f f -ga s  e x i t i n g  t h e  Ligk e f i i c i e n c y  f i l t e r  d u r i n g  

t h e  r u n  con t a ined  an average  of  abou t  4 x uci/cm3 f o r  

lo6Ru and 1 4 4 ~ e ~ r .  F i l t e r  e f f i c i e n c i e s  f o r  t h e  h igh  e f f i c i e n c y  

f i l t e r  ranged from 99.7 t o  99.9%,  r e s p e c t i v e l y .  Throughout t h e  

run  t h e r e  was no d e t e c t a b l e  g a i n  i n  r a d i o a c t i v i t y  i n  t h e  o f f -gas  

s c rubbe r .  The f i n a l  p roce s s  o f f -ga s  e x i t i n g  tk.e s c r u b b e r  
-8 con t a ined  an a r e r a g e  of  abou t  2.7 x 10 pci/crrL3 f o r  lo6Ru and 

7 x p c i / c m 3  f o r  1 4 4 ~ e ~ r  d u r i n g  PG-9. These v a l u e s  are above 

10CFR20 r e l e a s e  l i m i t s  by f a c t o r s  o f  about  140 f o r  l o 6 ~ u  and 



9 t o  18 f c r  1 4 4 ~ c ~ r .  However, t h e  f i n a l  p roces s  o f f -ga s  i s  

d i l u t e d  by t h e  b u i l d i n g  v e n t i l a t i o n  and f i l t e r e d  twice  b e f o r e  

e n t e r i n g  t k e  s t a c k  f o r  d i s c h a r g e  t c  t h e  atmosphere and was t hen  

w e l l  below d i s c h a r g e  l i m i t s .  

Run PG-10 - 

Run PG-10 fol lowed d i r e c t l y  a f t e r  Run PG-9 d u r i n g  t h e  same 

week .  I n  a d d i t i o n  t o  demons t ra t ing  t h a t  a s m a l l  d iamete r  p o t  

could  be uniformly f i l l e d ,  t h e  s u c c e s s f u l  r a ~ i d  replacement  of  

t h e  f i l l e d  PG-9 r e c e i v e r  p o t  w i th  an empty r e c e i v e r  p o t  f o r  

Run PG-10 was s i g n i f i c a n t  a s  it i n d i c a t e d  cont inuous  o p e r a t i o n  

of t h e  phosphate g l a s s  s c l i d i f i e r  i s  f e a s i b l e  because t h e  

changeover can be e f f e c t e d  i n  less t ime  t h a n  i s  r e q u i r e d  t o  

f i l l  t h e  m e l t e r  a f t e r  i t s  c o n t e n t s  have been d r a i n e d  t o  t h e  

r e c e i v e r .  

I n  Run PG-10 t h e  o p e r a b i l i t y  of t h e  d e n i t r a t o r - e v a p o r a t o r  

was a g a i n  demonstra ted  w i t h  a  PW-4m f eed  con t a in ing  a s i g n i f i -  

c a n t l y  h i g h e r  h e a t - r a t e  d e n s i t y  o f  2 3 . 8  W / l i t e r  which i s  t h e  

h i g h e s t  used t o  d a t e .  A t o t a l  of  580 l i t e r s  of  a d j u s t e d  PW-4m 

feed  (1198 l i t e r s / t o n n e )  w e r e  concen t r a t ed  i n  2 4  hours a t  an 

average f eed  r a t e  of 24.2 l i t e r s / h r .  The f eed  c c n t a i n e d  

3,700,000 c u r i e s  of r a d i o a c t i v i t y .  There w & s  no rad ioru then ium 

i n  t h e  f eed  s i n c e  no Purex 1 W W  was used i n  f eed  makeup. Only 

rad iocer ium s o l u t i o n  was used.  The average f eed  r a t e  du r ing  

17.5 hours  of  s t e a d y - s t a t e  o p e r a t i o n  w a s  abou t  2 2  l i t e r s / h r .  

The a d j u s t e d  f eed  was concen t r a t ed  by a  f a c t o r  of 4.65 (1.47 

a t  378 l i t e r s / t o n n e )  w i t h  an average s o l u t i o n  t empera tu re  

of  123 O C  and r ang ing  from 1 2 1  t o  128 OC. 

The o p e r a t i o n  of t h e  d e n i t r a t o r - e v a p o r a t o r  was good. There 

were no obvious  e f f e c t s  of t h e  i n c r e a s e d  h e a t - r a t e  d e n s i t y  of 

t h e  f eed  which was more t han  tw ice  t h a t  used i n  Run PG-9 



(23.8 W/liter ve r sus  11 i : ' / l i t e r ) .  The :,7eight f a c t o r  and s p e c i f i c  

g r a v i t y  d i p  t ubes  remained f r e e  of p lugs  excep t  f o r  a tendency 

f o r  p lugging s h o r t l y  a f t e r  f e ed  iras s t a r t e d  t o  t h e  d e n i t r a t o r -  

evapo ra to r  ( 5 . 7  hours  e l a p s e d  run t i m e ) .  Th i s  tendency s t a r t e d  

a s  t h e  d e n i t r a t o r  temperature  approached 125 O C  and p e r s i s t e d  

f o r  approximate ly  3  hours .  The l i q u i d  temperature  had r i s e n  t o  

about  128 O C  d u r i n g  t h e  l a t t e r  p a r t  of  t h i s  pe r iod  and concen t r a t ed  

f eed  e n t e r i n g  t h e  m e l t e r  appeared more v i scous  t h a n  i n  o t h e r  

runs .  The l i q u i d  t empera tu re  w a s  reduced t o  n e a r  120 ' C  and 

a lmost  immediately t endenc i e s  f o r  d i p  t u b e  plugging d i sappeared .  

During t h e  3 hour p e r i o d  when plugging t endenc i e s  w e r e  i n  

ev idence ,  t h e  wcight  f a c t o r  d i p  t u b e  was a i rb lown tw ice  and 

t h e  s p e c i f i c  g r a v i t y  d i p  t u b e  was f l u s h e d  w i th  6 M  - n i t r i c  a c i d  

3 t i m e s ,  Venting of t h e  d i p  t ubes  w a s  d i s con t inued  a f t e r  

7 hours  of o p e r a t i o n  and w a s  n o t  r e i n s t a t e d  u n t i l  11.3 hours  

of e l apsed  o p e r a t i o n .  

S ince  t h e  f e e d  was p repared  onll7 from a rad iocer ium so lu -  

t i o n  which does  n o t  c o n t a i n  t h e  foam inducing agen t  d i b u t y l  phos- 

pha t e  (DBP), no an t i foam agen t  w a s  r e q u i r e d  t o  supp re s s  foaming. 

A i r l i f t  p o t  o p e r a t i o n  du r ing  PG-10  was aga in  s a t i s f a c t o r y  

and c o n t r o l  of  t h e  f eed  r a t e  t o  t h e  m e l t e r  w a s  improved over  t h a t  

i n  Run P G - 9 .  The a i r l i f t  p o t  was a g a i n  ven ted  t o  t h e  vapor  space  

of t h e  d e n i t r a t o r - e v a p o r a t o r  and may have c o n t r i b u t e d  t o  improved 

c o n t r o l .  No p lugs  developed i n  t h e  weigh t  f a c t o r  d i p  t u b e ,  t h e  

r e c i r c u l a t i o n  l i n e ,  o r  t h e  a i r l i f t  a i r  l i n e .  A s  p r e v e n t i v e  m e a -  

s u r e s ,  t h e  a i r l i f t  p o t  weight  f a c t o r  t u b e  was a i rb lown e i g h t  

t i m e s  du r ing  s t e a d y - s t a t e  o p e r a t i o n  and f l u s h e d  once w i t h  n i t r i c  

a c i d .  The a i r l i f t  p c t  was f l u s h e d  once w i th  n i t r i c  a c i d .  

Me l t e r  o p e r a t i o n  throughout  Run PG-10 w a s  ve ry  good and 

r e f l e c t e d  t h e  improved o p e r a t i o n  of t h e  a i r l i f t  p o t .  There w e r e  

no ove r f eed ing  i n c i d e n t s  and no foaming. Mel te r  p r e s s u r e  



f l u c t u a t i o n s  d u r i n g  sampling p e r i o d s  were a l s o  s t a b i l i z e d .  The 

m e l t  d i s cha rged  con t i nuous ly  d u r i n g  t h e  run  th rough  t h e  over -  

f low w e i r .  Melt  t empe ra tu r e s  a t  1 / 2  i n c h  above t h e  overf low 

we i r  averaged 975 OC w h i l e  t h e  average  m e l t  t empe ra tu r e  1/2 i n c h  

below t h e  overf low w e i r  was 1075 O C .  The me l t  t empera tu re  a t  

t h e  bottom of t h e  m e l t e r  averaged 1200 O C  and was approximate ly  

65 OC h i g h e r  t h a n  i n  Run PG-9 due t o  t h e  i n c r e a s e d  h e a t - r a t e  

d e n s i t y  o f  PG-10 f e e d .  The fu rnace  t empera tu re  was 1250 O C  

which was approximate ly  25 O C  h i g h e r  t h a n  i n  Run PG-9. 

A volume r e d u c t i o n  of  3 . 1  was o b t a i n e d  i n  t h e  m e l t e r  

r e s u l t i n g  i n  an  o v e r a l l  volume r e d u c t i o n  from a d j u s t e d  f eed  

t o  f i n a l  p roduc t  of  1 4 . 1  (4.5 a t  378 l i t e r s / t o n n e ) .  The s t e ady -  

s t a t e  p r o c e s s i n g  ra te  was 29 l i t e r s / d a y  of  m e l t  (0.34 t onnes /day ) .  

A t  t h e  end of t h e  run  t h e  m e l t  was d r a i n e d  through t h e  f r e e z e  

d r a in -va lve  by s h u t t i n g  o f f  t h e  f r e e z e  v a l v e  c o o l i n g  a i r  which 

p e r m i t t e d  t h e  v a l v e  t o  h e a t  s u f f i c i e n t l y  t o  a l low t h e  m e l t  t o  

d r a i n .  The m e l t  s t a r t e d  d r a i n i n g  a t  a f r e e z e  v a l v e  t empe ra tu r e  

of  775 O C  about  7  minutes  a f t e r  c o o l i n g  a i r  was s h u t  o f f .  The 

4.5 l i te rs  of  m e l t  d r a i n e d  r a p i d l y  i n  a t h i n  stream i n  6  minutes .  

The i n t e r n a l  m e l t e r  p r e s s u r e  ranged from atmospher ic  t o  

-7.5 i n c h e s  of  B20 w i t h  t h e  most t y p i c a l  p r e s s u r e  b e i n g  abou t  

-3 i n c h e s  of H20. The t ime r e q u i r e d  t o  f i l l  t h e  m e l t e r  t o  

t h e  p o i n t  a t  which m e l t  d i s cha rge  occu r r ed  r e q u i r e d  approxi-  

mate ly  3.6 hours .  

The r e c e i v e r  was un i fo rmly  f i l l e d  w i t h  29 l i t e r s  of  PW-4m 

m e l t  c o n t a i n i n g  9500 w a t t s  o f  i n t e r n a l  h e a t  as determined by 

p o t  c a l o r i m e t r y  (9300 w a t t s  by f eed  a n a l y s i s )  w i t h  a  bu lk  

d e n s i t y  o f  2.9 k g / l i t e r .  The l a b o r a t o r y  measured d e n s i t y  

o f  t h e  p roduc t  was 3.0 k g / l i t e r .  The h e a t - r a t e  d e n s i t y  of  t h e  

p roduc t  was 317 W/ l i t e r  and i s  t h e  h i g h e s t  h e a t - r a t e  d e n s i t y  
a .  t h a t  w i l l  b e  produced i n  any WSEP p roduc t .  The s t e a d y - s t a t e  

average  c e n t e r l i n e  t empera tu re  of  t h e  r e c e i v e r  p o t  s t o r e d  i n  . 



an a i r - c o o l e d  f u r n a c e  T:Jas 827 O C  wh i l e  t h e  w a l l  t empera tu re  was 

458 O C .  The e f f e c t i v e  the rmal  c o n d u c t i v i t y  of t h e  p roduc t  and 

r e c e i v e r  yet s t o r e d  i n  t!-~e a i r - c o o l e d  fu rnace  .?as c a l c u l a t e d  
2  t o  be 1.22 W / ( m  ) ( O C / m )  [ 0 . 71  B t u / ( h r )  ( f t 2 )  (OF/ f t )  I .  V?k-lien 

t h e  r e c e i v e r  w a s  ? l a ced  i n  wa te r  s t o r a g e ,  t h e  c e n t e r l i n e  tempera- 

t u r e  dec r ea sed  t o  540 OC. The e f f e c t i v e  the rmal  c o n d u c t i v i t y  
2  of t h e  p roduc t  i n  wa t e r  s t o r a g e  was 0.87 Vr/(m ) (OC/m) [O .5 B t u / ( h r )  

( f t 2 )  (OF/f t )  ] . The maximum r a d i a t i o n  r ead ing  a t  6 i nches  

from t h e  p c t  was 59,000 R/hr. 

S ince  t h e r e  was no rad io ru then ium i n  t h e  PG-10 f e e d  r u t h e -  

nium v o l a t i l i z a t i o n  from t h e  d e n i t r a t o r  and m c l t e r  was n o t  

de termined.  A t o t a l  o f  0.037% of t h e  n o n v o l a t i l e s  r e p r e s e n t e d  

by 1 4 4 ~ e ~ r  e n t r a i n e d  from t h e  d e n i t r a t o r  wh i l e  an e q u i v a l e n t  

of  0.031% of t h e  n o n v o l a t i l e s  f e d  t o  t h e  d e n i t r a t o r  e n t r a i n e d  

from t h e  m e l t e r .  

The WSEP a u x i l i a r y  e v a p o r a t o r  performed s a t i s f a c t o r i l y  

wh i l e  c o n t i n u i n g  w i t h  t h e  Mode A o p e r a t i o n  used i n  Run PG-9. 

The cumulat ive  DF's a c r o s s  t h e  e v a p o r a t o r  f o r  lo6Ru was 2.9 x 10 2 

whi l e  f o r  1 4 4 ~ e ~ r  t h e  DFc w a s  1 .9 x l o 3 .  The cumulat ive  r u t h e -  

nium DF i s  p r i m a r i l y  dependent  on t h e  ru thenium p r e s e n t  i n  t h e  

e v a p o r a t o r  bottoms and t h e  v o l a t i l i z a t i o n  from t h e  e v a p o r a t o r .  

T h e r e f o r e ,  t h e  absence  of ruthenium i n  t h e  feed  d i d n ' t  r e s u l t  

i n  an i n c r e a s e d  cumulat ive  ruthenium DF. I n s t an t aneous  DF's f o r  

lo6Ru d u r i n g  PG-10 ranged from 1 .9  x l o 2  t o  2 x l o 3 .  These v a l u e s  

were somewhat h i g h e r  t han  t h o s e  ob t a ined  d u r i n g  PG-9 where r a d i o -  

ruthenium was p r e s e n t  i n  t h e  f e e d  and g i v e s  f u r t h e r  ev idence  

t h a t  r a d i o a c t i v i t y  i s  c a r r i e d  through t h e  a u x i l i a r y  e v a p o r a t o r  

from t h e  s o l i d i f i e r  w i thou t  be ing  scrubbed o u t .  I n s t a n t a n e o u s  

DF's f o r  1 4 4 ~ e ~ r  ranged from 3.8 x  l o 2  t o  2.7 x l o 5 .  The l a t t e r  

v a l u e  i s  more t y p i c a l  of p rev ious  r u n s .  



The cumulat ive  DF f o r  '0613u a c r o s s  the a c i d  f r a c t i o n a t o r  * 
3 was 8 x 10 . T h e  cumulat ive  D F  f o r  1 4 4 ~ e ~ r  \,,as n o t  a v a i l a b l e .  

I n s t an t aneous  DF ' s  f o r  3 lo61tu ranged from 5 . 7  x l o 1  t o  3.5 x 10 . 
I n s t an t aneous  DF's f o r  1 4 4 ~ e ~ r  f o r  bo th  Run PG-9 and PG-10 were 

less than  10 i n d i c a t i n g  t h a t  t h e  f r a c t i o n a t o r  d i s t i l l a t e  samples 

were probably  contaminated  d u r i n g  i n - c e l l  hand l i ng  of  t h e s e  

samples. Improved sample hand l i ng  t e chn iques  f o r  t h e  f r a c t i o n a t o r  

d i s t i l l a t e  samples were implemented a f t e r ,  t h e  f i n a l  series 

of phosphate  g l a s s  s o l i d i f i c a t i o n  runs  w e r e  completed. 

The c o n c e n t r a t i o n  of  1 4 4 ~ e ~ r  i n  t h e  f i n a l  aqueous e f f l u e n t  

(accumulated f r a c t i o n a t o r  d i s t i l l a t e )  w a s  above 10CFR20 r e l e a s e  

l i m i t s  by a f a c t o r  of 2150. There was no g a i n  i n  radioruthenium 

i n  t h e  f r a c t i o n a t o r  d i s t i l l a t e  r e c e i v e r  f o l l owing  Run PG-9 and 

th roughout  Run PG-10. 

Cumulative DF's a c r o s s  t h e  p roce s s  and a u x i l i a r y  condensers  

were o b t a i n e d  from condenser  o f f -ga s  and l i q u i d  samples.  The 

cumulat ive  DF's d u r i n g  PG-10 f o r  'O6Ilu w a s  4 1  a c r o s s  t h e  den i -  

t r a t o r  condenser ,  320 a c r o s s  t h e  e v a p o r a t o r  condenser ,  and 370 

a c r o s s  t h e  f r a c t i o n a t o r  condenser  w h i l e  f o r  1 4 4 ~ e ~ r  w e r e  450 

a c r o s s  t h e  d e n i t r a t o r  condenser ,  and 390 a c r o s s  t h e  e v a p o r a t o r  

condenser .  No DF's were a v a i l a b l e  a c r o s s  t h e  f r a c t i o n a t o r  dur-  

i n g  P G - 1 0 .  

The c o n c e n t r a t i o n  o f  r a d i o a c t i v i t y  i n  t h e  a u x i l i a r y  

evapora to r -condenser  o f f -gas  du r ing  PG-10 remained about  t h e  

same whether  f e e d  was on t o  t h e  s o l i d i f i e r  o r  o f f  and averaged 

abou t  5 x vci/cm3 f o r  l o 6 ~ u  and 2 x p c i / c m 3  f o r  

1 4 4 ~ e ~ r .  The c o n c e n t r a t i o n  of  r a d i o a c t i v i t y  i n  t h e  f r a c t i o n a t o r -  

condenser  o f f -ga s  a l s o  remained abou t  t h e  same whether  f e e d  w a s  

on o r  o f f  and averaged abou t  2 x p c i / c m 3  f o r  lo6Itu and 



2 x pci/cm3 f o r  1 4 4 ~ e ? r .  These r a d i o n u c l i d e s  a r e  f i l t e r e d  

through a  h igh e f f i c i e n c y  f i l t e r  b e f o r e  e n t e r i n g  t h e  s c rubbe r .  

The o f f -ga s  e x i t i n g  t i le  high e f f i c i e n c l -  f i l t e r  (F-112) d u r i n g  

Run PG-10 con t a ined  an average of  about  4 x y c i / c m 3  f o r  

'063u and 1 4 4 ~ e ~ r .  F i l t e r  e f f i c i e n c i e s  f o r  t h e  a h s o l u t e  f i l t e r  

dur ing  PG-10 ranged from 99.7 t o  9 9 . 9 % .  A s  i n  Run PG-9 t h e r e  

w a s  no d e t e c t a b l e  g a i n  i n  r a d i o a c t i v i t y  i n  t h e  2M NaOH - 
sc rubbe r .  The f i n a l  p roces s  o f f -ga s  e x i t i n g  t h e  s c r u b b e r  con- 

t a i n e d  an average of  about  2.4 x uci/cm3 f o r  '09Ru and 

3.5 x  pci/cm3 f o r  1 4 4 ~ e ~ r .  These va lue s  were above 

10CFR20 r e l e a s e  l i m i t s  by f a c t o r s  of about  140 f o r  lo6Ru and 

9  t o  1 8  f o r  1 4 4 ~ e ~ r .  However, t h e  f i n a l  p roces s  o f f -ga s  i s  

d i l u t e d  by t h e  b u i l d i n g  v e n t i l a t i o n  and f i l t e r e d  t w i c e  b e f o r e  

e n t e r i n g  t h e  s t a c k  f o r  d i s cha rge  t o  t h e  atmosphere and was 

t hen  w e l l  below 10CFR20 d i s cha rge  l i m i t s .  

Run PG-11 

Run PG-11 r e p r e s e n t e d  a  major mi l e s tone  i n  t h a t  it marked 

t h e  complet ion of t h e  r a d i o a c t i v e  phosphate  g l a s s  s o l i d i f i c a t i o n  

runs  i n  WSEP. I n  a d d i t i o n ,  t h i s  was t h e  f i r s t  phosphate  g l a s s  

s o l i d i f i c a t i o n  r u n  t o  demonstra te  s o l i d i f i c a t i o n  of a  s imu la t ed  

l i q u i d  me ta l  f a s t  b r eede r  r e a c t o r  (LMFBR) waste .  The LYFBR 

f lowshee t  i s  r e p r e s e n t a t i v e  of a  was t e  r e s u l t i n g  from r ep ro -  

c e s s i n g  power r e a c t o r  c o r e  f u e l  i r r a d i a t e d  t o  100,000 ;Tdd/tonne 

a t  a  power l e v e l  of 200 1IW/tonne. Th i s  probably  r e p r e s e n t s  t h e  

extreme f o r  s o l i d i f i c a t i o n  of  such a  h igh ly  i r r a d i a t e d  f u e l .  

To s o l i d i f y  t h e  LMFBR was t e ,  it was modif ied  t o  where 

it was n e a r l y  i d e n t i c a l  t o  t h e  PW-4m feed  composit ion used 

du r ing  Runs PG-8, 9 ,  and 10.  The LMFBR f lowshee t  c o n t a i n s  a 

s l i g h t l y  d i f f e r e n t  f i s s i o n  p roduc t  spectrum a t  t h e  h i g h e r  

burnup (e .g .  se lenium,  t e l l u r i u m ,  antimony, and t i n  become more 

s i g n i f i c a n t ) .  



The c o n c e n t r a t i o n  and d e n i t r a t i o n  of t h e  LKFBR was t e  

i n  t h e  d e n i t r a t o r - e v a p o r a t o r  was s a t i s f a c t o r i l y  demonst ra ted .  

A t o t a l  of  907 l i t e r s  of a d j u s t e d  LMFBR f e e d  were f e d  t o  t h e  

d e n i t r a t o r - e v a p o r a t o r  a t  an average  r a t e  of  19 .3  l i t e r s / h r .  

The average  f e e d  r a t e  d u r i n g  t h e  4 2  hours  of  s t e a d y - s t a t e  

o p e r a t i o n  was 17.5 l i t e r s / h r .  A t o t a l  of 3,720,000 c u r i e s  

of r a d i o a c t i v i t y  i n c l u d i n g  33,000 c u r i e s  of  r ad io ru then ium 

was i n  t h e  f e e d  t o  t h e  d e n i t r a t o r .  The e q u i v a l e n t  of  

0 .38  tonnes  o f  t h e  f a s t  r e a c t o r  f u e l  w i th  an e q u i v a l e n t  ag ing  

t i m e  of  1 . 5  y e a r s  was p rocessed  i n  59 hours .  

The d e n i t r a t o r - e v a p o r a t o r  s o l u t i o n  t empera tu re  d u r i n g  

s t e a d y - s t a t e  o p e r a t i o n  averaged 121  O C  and ranged from 115 

t o  125 OC. The h igh  s o l i d s  c o n t e n t  ( 6 0 %  by volume) i n  t h e  

f e e d  a p p a r e n t l y  had no  adve r se  e f f e c t s  on o p e r a t i o n .  Again, 

as in the p r e v i o u s  three r u n s ,  t h e  a g i t a t o r  was n o t  used 

excep t  d u r i n g  t h e  shutdown p e r i o d  when a g i t a t i o n  by b o i l i n g  

w a s  n o t  a v a i l a b l e .  

The s p e c i f i c  g r a v i t y  and weigh t  f a c t o r  d i p  t u b e s  w e r e  

ven t ed  t o  t h e  vapor  space  of t h e  d e n i t r a t o r - e v a p o r a t o r  f o r  

10 minutes  of every  15 minutes  th roughout  t h e  run  as i n  t h e  

t h r e e  p r ev ious  r u n s .  There was a  1 hour p e r i o d  between t h e  

22nd and 23rd hours  of  o p e r a t i o n  i n  which t h e  s p e c i f i c  g r a v i t y  

tube  s t a r t e d  t o  p lug .  The t u b e  w a s  f l u s h e d  w i t h  1 l i ter  of 

6 M  - HNO a f t e r  which a l l  p lugg ing  t endenc i e s  d i s appea red .  The 3 
s p e c i f i c  g r a v i t y  and we igh t  f a c t o r  t ubes  w e r e  each f l u s h e d  

once w i t h  1 l i t e r  of 6 M  - H N 0 3  d u r i n g  t h e  remainder of t h e  s t eady-  

s ta te  p o r t i o n  of t h e  run .  

Foaming due t o  t h e  p r e sence  of  d i b u t y l  phosphate  i n  t h e  

Purex 1WW used f o r  f e e d  makeup was a g a i n  complete ly  suppressed  

as Dow Corning an t i foam B w a s  con t i nuous ly  added t o  t h e  



d e n i t r a t o r - e v a p o r a t o r .  T h e  average  an t i foam a d d i t i o n  r a t e  dur-  

i n g  s t e a d y - s t a t e  o p e r a t i o n  bias 3 . 2  l i t e r s / h r  (21.6 grams o f  a n t i -  

foam a g e n t  p e r  hour )  . 

The concen t r a t ed  LKFBR feed  was s u c c e s s f u l l y  t r a n s f e r r e d  

from t h e  d e n i t r a t o r - e v a p o r a t o r  t o  t h e  m e l t e r  by a  screw pump 

i n s t e a d  of  t h e  a i r l i f t  p o t  d u r i n g  t h e  e a r l y  s t a g e s  of t h e  run .  

The performance of  t h e  screw pump was s a t i s f a c t o r y ;  however, 

i t s  u s e  was s h o r t - l i v e d  a s  t h e  a i r  d r i v e  motor f a i l e d  a f t e r  

8 hours  of  o p e r a t i o n .  The screw pump was developed a t  BNL 

t o  p rov ide  an improved method of  t r a n s f e r r i n g  c o n c e n t r a t e d  

f eed  t o  t h e  m e l t e r .  Th i s  need was e s t a b l i s h e d  d u r i n g  phosphate  

g l a s s  demons t ra t ion  Runs PG-5 and 6 i n  which t r a n s f e r  of  a con- 

c e n t r a t e d  PW-1 t ype  was te  t o  t h e  m e l t e r  by an  a i r l i f t  p o t  

was accompanied w i t h  c o n s i d e r a b l e  d i f f i c u l t y .  I t  shou ld  be  

no t ed  t h a t  more r e c e n t  development i n  g l a s s  composi t ions  made 

i t  appa ren t  t h a t  it may be  p o s s i b l e  t o  a d j u s t  PW-1 wastes 

by t h e  a d d i t i o n  of  phosphor ic  a c i d  and sodium t o  more c l o s e l y  

s i m u l a t e  t h e  PW-4m f e e d  composi t ion  which was s a t i s f a c t o r i l y  

d e l i v e r e d  t o  t h e  m e l t e r  by t h e  a i r l i f t  p o t  i n  Runs PG-8 th rough  

PG-10. (However, t h i s  w i l l  a l s o  r e s u l t  i n  a  h igh  u n i t  volume 

of s o l i d s . )  With t h i s  i n  mind it i s  appa ren t  t h a t  t h e  a i r l i f t  

p o t  may f u n c t i o n  s a t i s f a c t o r i l y  f o r  a l l  was te  t y p e s ;  however, 

t h e  p r e s e n t  a i r l i f t  sys tem would be n e a r l y  imposs ib l e  t o  c o n t r o l  

a u t o m a t i c a l l y  and very  c l o s e  watch i s  r e q u i r e d  t o  m a i n t a i n  

a  r e g u l a r  f e e d  r a t e  t o  p r e v e n t  m e l t e r  ove r f eed ing .  A s c r e w  

f e e d e r  cou ld  s o l v e  t h i s  problem. 

During t h e  8  hours  the screw pump w a s  i n  o p e r a t i o n ,  f e ed  

rates cou ld  n o t  be  a c c u r a t e l y  c a l c u l a t e d  excep t  d u r i n g  t h e  

t ime r e q u i r e d  t o  i n i t i a l l y  f i l l  t h e  m e l t e r .  A f e e d  r a t e  of  

approximate ly  3.5 l i t e r s / h r  w a s  c a l c u l a t e d  f o r  t h i s  p e r i o d  

and was based on t h e  i n c r e a s e  i n  m e l t e r  condensa te  t a n k  volume 



and t h e  c a p a c i t y  of t h e  m e l t e r .  To a t t a i n  t h i s  f e ed  r a t e  

t h e  screw pump was o p e r a t i n g  between 6 0 0  and 6 5 0  rpm wi th  

40 p s i g  a i r  p r e s s u r e  on t h e  a i r  d r i v e  motor.  I n  t e s t s  w i t h  

t h e  screw f e e d e r  a t  3iJL a s i m i l a r  f e e d  r a t e  was o b t a i n e d  w i t h  

t h e  pump o p e r a t i n g  a t  530 rpm w i t h  s l i g h t l y  more t h a n  30 p s i g  

a i r  p r e s s u r e  w i t h  an LllFBR f eed  of 54 c e n t i p o i s e s  v i s c o s i t y .  

During Run PG-11 t h e  screw pump speed began t o  d rop  o f f  about  

4 hours  a f t e r  t h e  s t a r t  of o p e r a t i o n  even though t h e  a i r  motor 

a i r  p r e s s u r e  was i nc r ea sed .  F u r t h e r  a t t e m p t s  t o  i n c r e a s e  

pump speed by r a i s i n g  t h e  a i r  p r e s s u r e  were made u n t i l  t h e  

motor f a i l e d  a s  a  maximum a i r  p r e s s u r e  o f  85 p s i g  was a p p l i e d .  

P r i o r  t o  i t s  f a i l u r e  t h e  motor n o i s e  was v a r i a b l e  and i n t e r m i t t e n t  

and j u s t  b e f o r e  it complete ly  s topped,  t h e  motor was noted  

t o  have been l ugg ing  bad ly .  The screw pump w a s  removed a f t e r  

t h e  run and judged t o  be  i n  good working o r d e r .  I t  was l a t e r  

de termined t h a t  t h e  a i r  d r i v e  motor,  which had been i n  s e r v i c e  

i n  development work a t  B N L ,  was t h e  d e f e c t i v e  component o f  

t h e  screw f e e d e r .  

Mel te r  c o n t r o l  t empera tu res  d u r i n g  screw pump o p e r a t i o n  

remained more s t a b l e  and averaged somewhat h ighe r  t h a n  i n  any 

p r ev ious  run .  During t h e  screw f e e d e r  o p e r a t i o n  a more uniform 

d e l i v e r y  of f eed  t o  t h e  m e l t e r  w a s  o b t a i n e d  and because  of t h i s ,  

an  i n c r e a s e d  c a p a c i t y  of  t h e  m e l t e r  cou ld  probably  be  r e a l i z e d .  

The a i r l i f t  p o t  was p u t  i n t o  o p e r a t i o n  w i t h i n  a  few minutes 

a f t e r  t h e  a i r  d r i v e  motor f a i l e d  on t h e  screw pump. S a t i s f a c t o r y  

o p e r a t i o n  of t h e  a i r l i f t  p o t  was o b t a i n e d  f o r  t h e  remainder  of  t h e  

Run (35  hou r s )  a s  t h e  we igh t  f a c t o r  l i n e ,  r e c i r c u l a t i o n  l i n e ,  

and a i r l i f t  l i n e  were k e p t  f r e e  of  p lugs .  There were t h r e e  

i n s t a n c e s  when p lugg ing  t e n d e n c i e s  were no ted ,  b u t  t h e s e  were 

c l e a r e d  by u t i l i z i n g  a i r  blowing o r  f l u s h i n g  p rocedures  which . . 
proved s u c c e s s f u l  i n  p r ev ious  r u n s .  



Melter o p e r a t i o n  d u r i n g  nun PG-11 was very  good d u r i n g  bo th  

~ ~ ~ n t i n u o u s  and ba t ch  d i s cha rge  o?e ra t i on .  A t o t a l  of  ap2roxi-  

mate ly  726 l i t e r s  o f  e q u i v a l e n t  f e e d  was p rocessed  i n  t h e  

m ? l t e r  a t  an average r a t e  of  4 l i t e r s / h r .  T h e  s t e a d y - s t a t e  

p roces s ing  r a t e  w 3 s  34.6 l i t e r s / d a y  of me l t  which i s  e q u i v a l e n t  

t o  0.22 tonnes/day of  h igh burnup LYFBR f u e l .  During t h e  p e r i o d  

of screw pump o p e r a t i o n  me l t e r  per'ormance was very  slnooth a s  

mel t  was con t inuous ly  d i s cha rged  through t h e  ~ v e r f l o w  w e i r .  

I n t e r n a l  m e l t  t empera tu res  were more s t a b l e  t h a n  i n  any o t h e r  

phosphate g l a s s  s o l i d i f i c a t i o n  run .  The r e l a t i v e l y  s m a l l  v a r i a -  

t i o n s  i n  t h e s e  t empera tu res  a t  aqy i n s t a n t  (less t h a n  6 0  OC 

i n  t h e  upper thermocouple and less t h a n  30 OC i n  t h e  lower 

thermocouple)  compared t o  o t h e r  r uns  and t h e  remainder of t h i s  

run i n d i c a t e d  improved c o n t r o l  of f eed  t o  t h e  m e l t e r  by t h e  

s c r e w  f eede r .  Because of a  t i l t e d  m e l t e r ,  cont inuous  d r a i n a g e  

of  t h e  m e l t e r  through t h e  overf low w e i r  had t o  be  abandoned 

i n  f avo r  of b a t c h  d r a inage  through t h e  f r e e z e  d r a in -va lve  

t o  p r even t  m e l t  from s t r i k i n g  and accumulat ing i n  t h e  neck 

of  t h e  r e c e i v e r  p o t .  The me l t e r  w a s  d r a i n e d  15  t i m e s  d u r i n g  

t h e  run and an  average of 8 minutes was r e q u i r e d  t o  complete 

a d r a i n .  The average t ime r e q u i r e d  t o  f i l l  t h e  me l t e r  w a s  

3  hours .  The average fu rnace  t empera tu re  was 1215 OC whi l e  

t h e  average  i n t e r n a l  m e l t  t empera tu re  was 975 OC and t h e  i n t e r n a l  

m e l t e r  p r e s s u r e  w a s  a n e g a t i v e  5 i nches  of H20. 

F i l l i n g  of t h e  8-inch d i ame te r ,  8- foot  long  304L  s t a i n l e s s  

s teel  r e c e i v e r  p o t  was more d i f f i c u l t  because d r a i n i n g  m e l t  was 

accumulat ing i n  t h e  upper r eg ion  o f  t h e  r e c e i v e r  p o t  due  t o  a 

t i l t e d  m e l t e r .  During most of t h e  d r a i n s ,  m e l t  w a s  i n t e n t i o n a l l y  

d e f l e c t e d  t o  t h e  bottom of  t h e  r e c e i v e r  by a  s t a i n l e s s  s t e e l  

p l a t e  and s t a l a g m i t e  fo rmat ion  was avoidsd.  The bu lk  d e n s i t y  

of t h e  p roduc t  was 2.87 k g / l i t e r  ( l a b o r a t o r y  measured d e n s i t y  



was 2.93 k g / l i t e r ) .  The maximum tempera tu re  recorded  d u r i n g  

p roces s ing  was 895 "C a t  a  p o i n t  l o c a t e d  i n t e r m e d i a t e  between 

t h e  c e n t e r l i n e  of t h e  r e c e i v e r  and t h e  w a l l  i n  Zone 2 .  The 

maximum w a l l  temperature  recorded  was 750 OC i n  Zone 1. These 

t empera tu res  occu r r ed  du r ing  m e l t e r  d r a i n s  and were reduced 

by s h u t t i n g  o f f  f u rnace  h e a t  and t u r n i n g  c o o l i n g  a i r  on. 

The s t e a d y - s t a t e  c e n t e r l i n e  t empera tu re  of  t h e  r e c e i v e r  p o t  

whi le  s t o r e d  i n  t h e  a i r  cooled fu rnace  was 834 O C ,  and t h e  

w a l l  t empera tu re  was 417 O C .  The e f f e c t i v e  the rmal  c o n d u c t i v i t y  

of t h e  p roduc t  under t h e s e  c i rcumstances  was c a l c u l a t e d  t o  

be  1 .18 w / ( m 2 )  (OC/m) [0.68 B t u / ( h r )  ( f t 2 )  ( O F / f t ) ] .  The maximum 

r a d i a t i o n  r ead ing  a t  6  i nches  from t h e  r z c e i v e r  w a l l  was 

68,000 R/hr. 

During Run PG-11, v o l a t i l i z a t i o n  and en t ra inment  from t h e  

d e n i t r a t o r  and m e l t e r  wh i l e  s o l i d i f y i n g  t h e  s imu la t ed  LMFBR waste  

were comparable t o  t h o s e  ob t a ined  i n  p r ev ious  runs .  V o l a t i l i z a -  

t i o n  of ruthenium and en t ra inment  of n o n v o l a t i l e s  r e p r e s e n t e d  by 

1 4 4 ~ e ~ r  from t h e  d e n i t r a t o r  were 0.48 and 0.0018, r e s p e c t i v e l y ,  

wh i l e  from t h e  m e l t e r  t hey  were 7 . 4  and 0.05%, r e s p e c t i v e l y .  

The a u x i l i a r y  p roces s  system performed s a t i s f a c t o r i l y  w i th  

a Mode A o p e r a t i o n .  With only  s h o r t  d u r a t i o n  tes ts  on t h e  auto-  

ma t i c  c o n t r o l  of  evapo ra to r  b o i l u p ,  s t r i p w a t e r  a d d i t i o n  and a c i d  

f r a c t i o n a t o r  b o i l u p ,  very  l i t t l e  i n fo rma t ion  was ob t a ined  on t h e  

requ i rements  f o r  au tomat ic  c o n t r o l  of  t h e  a u x i l i a r i e s .  The 

i n s t an t aneous  DF's a c r o s s  t h e  evapo ra to r  were t y p i c a l  of DF 's i 
from p rev ious  r u n s ,  r ang ing  from 1 . 4  x l o 2  t o  5.8 x l o 3  f o r  

l o 6 ~ u  and w e r e  t y p i c a l l y  l o 5  f o r  1 4 4 ~ e ~ r  r e p r e s e n t i n g  n o n v o l a t i l e s  . 
The r e l a t i v e l y  low DF's i n d i c a t e  t h a t  t h e  m a j o r i t y  of  t h e  

ruthenium i n  t h e  evapo ra to r  overheads was probably  t h e  r e s u l t  

of ruthenium be ing  c a r r i e d  through i n  t h e  gas  phase from t h e  

d e n i t r a t o r  condenser o r  due t o  i n t e r n a l  contaminat ion o f  t h e  



equipment. The f r a c t i o n  of  e q u i v a l e n t  f e e d  r a d i o a c t i v i t y  
-4  

t h a t  accumulated i n  t h e  a c i d  f r a c t i o n a t o r  was 5.2 x 10 f o r  

l o 6 ~ u  and 1 .3  x f o r  1 4 4 ~ e ~ r  r a p r e s e n t i n g  cumula t ive  D F  I s  

a c r o s s  t h e  evapo ra to r  of 48 f o r  l o 6 ~ u  and 2.0 x l o 4  f o r  1 4 4 ~ e ~ r .  

I n s t an t aneous  DF's a c r o s s  t!le a c i d  f r a c t i o n a t o r  ranged from 
2 2 .1  x 10 t o  5 .1  x  l o 3  f o r  lo611u and were g e n e r a l l y  l e s s  t han  

100 f o r  1 4 4 ~ e ~ r  i n d i c a t i n g  t h a t  contaminat ion of f r a c t i o n a t o r  

d i s t i l l a t e  samples probably  occu r r ed .  The cumulat ive  DF's 

were 2.7 x l o 3  and 9 .1  x l o 3  f o r  l o 6 ~ u  and 1 4 4 ~ e ~ r ,  r e s p e c t i v e l y .  

Cumulative DF's a c r o s s  t h e  d e n i t r a t o r  and a u x i l i a r y  condensers  

ranged from 2 x  l o 2  t o  2  x l o 3  f o r  l o 6 ~ u  and averaged about  

20 f o r  1 4 4 ~ e ~ r .  

The c o n c e n t r a t i o n  of r a d i o n u c l i d e s  i n  t h e  f i n a l  aqueous 

e f f l u e n t  (accumulated f r a c t i o n a t o r  d i s t i l l a t e )  were above 

10CFR20 r e l e a s e  l i m i t s  by a  f a c t o r  of  2200 f o r  lo6Ru and 1500 

f o r  1 4 4 ~ e ~ r .  

The r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  t h e  p roces s  o f f -ga s  

a t  v a r i o u s  p o i n t s  i n  t h e  a u x i l i a r y  sys tem were t y p i c a l  o f  p re -  

v ious  runs .  The d e n i t r a t o r  condenser off-gas con ta ined  an 

average of 2.2 x p c i / c m 3  of  lo6Ru which can account  f o r  

a l l  of t h e  rad ioru then ium t h a t  accumulated i n  t h e  f r a c t i o n a t o r  

bottoms and 3.7 x  uci/cm3 of 1 4 4 ~ e P r .  The evapo ra to r  con- 

denser  o f f -ga s  averaged about  2.1 x pCi/cm3 of lo6Ru and 

1.6 x  uci/cm3 of 1 4 4 ~ e ~ r .  The f r a c t i o n a t o r  condenser o f f  - 
-7 

gas  (average of  9.6 x 10 p C i / c m  l o 6 ~ u  and 1.7 x lo - '  uCi/cm 
3 

1 4 4 ~ e ~ r )  was f i l t e r e d  through a h igh  e f f i c i e n c y  f i l t e r  where a 

f i l t e r i n g  e f f i c i e n c y  of 99.98% f o r  1 4 4 ~ e ~ r  r e p r e s e n t i n g  p a r t i c u -  

l a t e  was o b t a i n e d .  There w a s  no d e t e c t a b l e  g a i n  of  n o n v o l a t i l e  

r a d i o a c t i v i t y  i n  t h e  o f f -gas  s c rubbe r ;  however, t h e  f r a c t i o n  

of e q u i v a l e n t  f e e d  l o 6 ~ u  t h a t  accumulated i n  t h e  o f f -ga s  s c rubbe r  

was 3.9 x  LO-'. A t o t a l  of 6.6% of t h e  n i t r o g e n  f e d  t o  t h e  den i -  

t r a t o r  a l s o  accumulated i n  t h e  s c rubbe r .  



e f i n a l  p roces s  o f f -gas  l eav ing  t h e  sc rubber  was above 

r e l e a s e  l i m i t s  by f a c t o r s  of 150 and 10 f o r  l o 6 ~ u  and 

., r e s p e c t i v e l y .  D i l u t i o n  by t h e  b u i l d i n g  v e n t i l a t i o n  

system t o g e t h e r  w i th  f i l t e r i n g  two more t i m e s ,  reduced t h e  

r ad ionuc l ide  concen t r a t i on  t o  w e l l  below r e l e a s e  l i m i t s  b e fo re  

t h e  off -gas  was r e l e a s e d  t o  t h e  atmosphere. 



TABLE 9.1. Nominal and Ac tua l  Feed Composit ions Used i n  Phos- 
p h a t e  G la s s  S o l i d i f i c a t i o n  Runs PG-7 Through P G - 1 1  ( a )  

PW-2 PW-2 PW-4m, LMFBR LMFBR 
WSEP ~ o m i n ~ l ,  A c t u a l ,  A(b '  Nomina.  PW-4m A c t u a l ,  M _ ( ~ )  N o m i n a l ,  A c t u a l ,  M 

w a s t e  c o m p o n e n t  S u b s t i t u t e  M PG-7 !! PG-8 PG-9 PG-10 M ----- PG-11 

H+ 3 . 9 3  1 0 . 2  4 .5  1 1 . 3  1 0 . 7  9 . 6 5  0 . 5  26 .6  

~ e +  (c) 0 . 4 4 5  0 . 3 2  0 . 0 5  0 . 2 0 4  0 . 0 7  0 . 0 7 3  0 . 1 6  0 . 5 5  

~ r + ~  0 . 0 2 4  0 . 0 1 2  0 . 0 4 6  

~ i + ~  0.010 0 . 0 0 8  0 . 0 2 3  

A1+ ( c )  0 . 0 0 1  0 . 1 3  0 . 0 0 1  0 .4  0 . 0  0 . 7 0  0 . 4 2  0 . 5  

N a + l  0 .930 ~ . 3 9 ( ~ )  0 . 1 0  1 . 6  1 . 3 4  1 . 4 6  0 . 1 0  3 . 3 4  

u+ 0 . 0 1  
-1 5 . 3 7  6 . 1  6 . 5  7 .0  7 .4  7 . 7  4 .75  1 7 . 5  

N 0 2 ~ 2 N 0 3  0 .870 
S04-3 
PO4 

0 .006 0 . 0 6  

s ~ o ~ - ~  0 . 7 1  0 . 0 1  0 . 0 1  

C S + ~  + K+ 0 . 0 4 2  0.0924 0 . 2 2 9  

~ r + ~  0 . 0 1 5 5  0 .0356 0 . 0 4  

~ a + ~  0 . 0 1 9 5  0 . 0 4 1  0 .068 

( L a  + Y +  RE)+^ 0 . 1 1 8 5  0 . 2 1  0 .274 0 . 5 g C e )  0 .12  0 .29  0 .528 0 . 9 1  

~ r + ~  + ~ b  z , + ~  0 .065 0 . 1 4 3  0 . 2 2 2  
-2 

~ o 0 4 - ~  + T c 0 4  Moo4 - 2  0 . 0 7 9  0 . 1 6 1  0 . 3 0  

RU+ 0 .0032 0 . 0 0 3 4  0 .0032 0 . 0 0 3 6  0 . 0 1  0 . 0 2 2  0.009 

RU+ ~ e + ~  0 .0288 0 . 7 8 4  0 . 1 9 8  

~ h +  C O + ~  0 . 0 0 7 4  0 . 0 1 3 3  0 . 0 6  

~ d + ~  ~ i + ~  0.0172 0 . 0 4 2 5  0 . 1 6  

Ag+l  + ~ d + ~  C U + ~  0 .0016 0 . 0 0 4 1  0 .029 

~ e 0 ~ - ~  0 . 0 0 6 4  0 . 0 1 4 4  0 . 0 3 4  

s e + 4  0 . 0 0 5  

Sn + I n  ~ n + ~  0 . 0 1 1  

A d d i t i v e  t o  W a s t e  

N a + l  2 . 9  

~ e + ~  0 . 8 4  
- 3  

4  4.2 5 . 8  4 .53  5 . 3  1 0 . 2 7  1 0 . 0  

F i n a l  F e e d  

T o t a l  Volume, l i t e r s  

C o n c e n t r a t i o n ,  l i t e r s / t o n n e  6 4 4  722 1 0 2 3  1 1 9 8  1 9  1 6  

S p e c i f i c  G r a v i t y  a t  2 5  "C 1 . 2 9  1 . 3 8  1 . 1 9  1 . 2 5  1 . 3 2  

S o l i d s ,  v o l %  1.20 1.55 1.8 1.24 1.6 0  

z M; 4.0 6 . 1  4 .17  5 . 1  1 0 . 2 7  1 1 . 9  
EW+,/P 0 . 9 5  1.1 0.92 0.96 1 .0  1 . 2  
T o t a l  R a d i o a c t i v i t y ,  

C i / l i t e r  4200 3800 2850 6 1 0 0  4600 

R a d i o r u t h e n i u m ,  C i / l i t e r  1 9  16 2  1 4  1 
T o t a l  H e a t  R a t e  D e n s i t y ,  

W / l i t e r  1 7  1 4  11 2 4  1 4 . 5  

a .  V a l u e s  a r e  r e p o r t e d  o n  a  3 7 8  l i t e r / t o n n e  b a s i s .  
b .  V a l u e s  r e p o r t e d  a r e  t o t a l  c o n c e n t r a t i o n s  i n c l u d i n g  a d d i t i v e  ( i f  a n y )  a s  d e t e r m i n e d  b y  c h e m i c a l  

a n a l y s i s  o f  t h e  w a s t e .  A l l  o t h e r  c h e m i c a l  c o m p o s i t i o n s  a r e  a d d e d  q u a n t i t a t i v e l y  a s  g i v e n  
b y  n o m i n a l  v a l u e s .  

c .  E x c e s s  a l u m i n u m  i n  P u r e x  1WW w a s t e  w a s  s u b s t i t u t e d  f o r  p a r t  o f  t h e  t o t a l  n o m i n a l  i r o n  
( i n c l u d i n g  i r o n  s u b s t i t u t e d  f o r  t h e  r u t h e n i u m )  i n  t h e  w a s t e .  

d .  E x c e s s  s o d i u m  d u e  t o  EDTA a n d  s o d i u m  m o l y b d a t e  a d d i t i o n s .  
e. Z x c e s s  r a r e  e a r t h s  a d d e d  d u e  t o  l o w  i n i t i a l  a n a l y s i s  o f  r a r e  e a r t h s .  



TABLE 9 . 2 .  Opera t ing  Parameters  and Resu l t s  of Phosphate Glass  
S o l i d i f i c a t i o n  Demonstration Runs PG-7 Through PG-11 

SOLIDIFIER DATA ( D e f i n i t i o n s  a r e  on 
f o l l o w i n g  page )  
Phosphate  G l a s s  S o l i d i f i c a t i o n  Run Number PG- 7  PG- 8  

Date 7/7/69 8/11/69 
7/10/69 8/14/69 

PG-9 PG-10 PG-11 
9/22/69 9/24/69 12/1/69 
9/23/69 9/25/69 12/4/69 
A  A  A  
PW- 4m PW- 4m LMFBR Ope ra t i ng  Mode ( a )  

Feed Type 

, - ,  
A 
PW- 2  

. . 

A,B 
PW- 4m 

Denitrator-d vapor at or- (TK-121) 

Ad jus t ed  Feed C o n c e n t r a t i o n ,  l i t e r / t o n n e  644 
T o t a l  Feed Time, h r  44.2 
S t a r t u p  Time ( c o n c e n t r a t i o n  p e r i o d ) ,  h r  7 .3  
S t e a d y - S t a t e  O p e r a t i o n ,  h r  36.9 
Shutdown Time ( d i l u t i o n  p e r i o d )  , h r  13 .5  
Avg Feed R a t e ,  l i t e r / h r  18 .2  
Ava Feed Rate  Durinq S t a r t u p ,  l i t e r / h r  2  5  
A V ~  Feed Rate  ~ u r i n g  ~ t e a d ~ l ~ t a t e  O p e r a t i o n ,  

l i t e r / h r  
T o t a l  Feed t o  D e n i t r a t o r - E v a p o r a t o r ,  l i t e r  
T o t a l  Feed ,  t onne  e q u i v a l e n t s  
T o t a l  E q u i v a l e n t  Feed t o  M e l t e r ,  l i t e r s  
D e n i t r a t o r - E v a p o r a t o r  C o n c e n t r a t i o n  F a c t o r  
D e n i t r a t o r - E v a p o r a t o r  E q u i v a l e n t  

C o n c e n t r a t i o n  F a c t o r  
Avg L i q u i d  Temp, "C 
Avg Vapor Temp, "C 
Avg S p e c i f i c  G r a v i t y  
Holdup Volume, l i t e r  
A g i t a t o r ,  rpm 
Tube Bundle Steam P r e s s u r e ,  p s i g  
N i t r i c  Aci? Spray (6M), l i t e r / h r  
T o t a l  N i t r i c  Acid Spray  (6M) Added, l i t e r  
T o t a l  Grams Antifoam B  Added 
Antifoam B  S o l u t i o n  Added, l i t e r / h r  
Total. C u r i e s  t o  D e n i t r a t o r - E v a p o r a t o r  
T o t a l  Cu r i e s  Ru i n  Feed 
E q u i v a l e n t  Peed L e f t  i n  D e n i t r a t o r ,  l i t e r  

18  
9 0 7 ( ~ )  
0.42 
726 
3.6 

0 . 7 ( ~ )  
12 1 
10 8  
1 .7  
47 
Not Used 
46 
0 .5  
2  3  
990 
3.2 
3,720,000 
33.000 
87 

1 . 5  
123 
112 
1 .7  
4  8 
Not Used 
4  3  
1 . 5  
30 
None Added 
None Added 
3 ,600,000 .. - 
. y ,  ~ n e  Added 
166 

4  0  
Not Used 
5  6  
1 . 5  
29 
462 
2.7 
1 ,300 ,000  
11 ,000 
10 9  

A i r l i f t  
-- 

Avg A i r  Supply Ra t e ,  s c f h  
Avg A i r  Supply P r e s s u r e ,  p s i g  
Avg J a c k e t  Steam P r e s s u r e ,  p s i g  

S o l u t i o n  Feede r  

Ref l u x  s o l u t i o n  Coolant  
Re f lux  Temp, "C 
Volume, m i l l i l i t e r s  

Water Water 
9  8  100 
100 200 

Water Water Water 
9  8  100 10 0  
150 200-250 200-250 

M e l t e r  

Furnace  Temp, "C 
I n t e r n a l  ~ e i t  C o n t r o l  Temp (1 /2  i n .  Above 

Weir Ove r f l ow) ,  OC 
I n t e r n a l  Mel t  C o n t r o l  Temp (1/2 i n .  Below 

Weir Overflow) . "C 10 35 
1135 
Unheated Weir 

1075 
1200 
Unheated Weir 

10 10 
Not A v a i l a b l e  
Unheated Weir 
F r eeze  Dra in  
Valve 
80 5  
525 

1150 
Unheated Weir 

~ n t e r n a l  Mel t  ~ k m ~  ( ~ o t t o m  of  M e l t e r ) ,  "C 
Mel t  D i scha rge  Method 

1150 
Unheated Weir 

Weir Temp, OC 
F r e e z e  Valve Temp While F rozen ,  OC 
F r e e z e  Valve Coo l ing  A i r ,  p s i g  
Me l t e r -Rece ive r  AP, i n c h e s  w a t e r  
Avg L i q u i d  Leve l  
S p a r g e r  N i t rogen  Flow, s c f h  
S t e a d y - S t a t e  P r o c e s s i n g  Ra t e ,  tonnes /day  
S t e a d y - S t a t e  P r o c e s s i n g  Ra t e ,  l i t e r s  of  

mel t /day  

M e l t e r  Condensa te  (TK-117) 

475 
50 
Not Used 
Not Used 

I n l e t  Gas Temp, OC 
Condenser Of £-Gas Temp, OC ( o u t l e t )  
Steam Spray  P r e s s u r e ,  p s i g  
Steam Spray R a t e ,  l i t e r s / h r  

P r o c e s s  

Vacuum, i n c h e s  w a t e r  
Off-Gas Flow ( I n l e a k a g e ) ,  s c fm/a t  i n c h e s  

of  w a t e r  

PRODUCT DATA 

P r o d u c t  Rece ive r  

R e c e i v e r  M a t e r i a l  
~ e c e i v e r  Diameter ,  i n .  
Furnace  Tempera tu r e ,  OC 
~ e c e i v e r  Wa l l  Temp, OC 
Depth o f  G l a s s  i n  Rece ive r ,  i n .  
Leakage,  atm-cm3/sec 

P roduc t  

Weight,  kg 
Volume, l i t e r s  
Bulk Dens i t y ,  k g / l i t e r  
Measured D e n s i t y ,  k g / l i t e r  
Me l t i ng  P o i n t ,  OC 
Ad jus t ed  Feed: S o l i d  Volume R a t i o  
Waste: S o l i d  Volume R a t i o  
E q u i v a l e n t  Waste ,  t o n n e s  
Un i t  Volume, l i t e r s / t o n n e  
E q u i v a l e n t  Decay Time, y e a r s  
F i s s i o n  P roduc t  Hea t ,  w a t t s  
I n t e r n a l  Heat  D e n s i t y ,  w / l i t e r  
T o t a l  R a d i o a c t i v i t y ,  c u r i e s  
T o t a l  Radioru thenium,  c u r i e s  
C e n t e r l i n e  Tempera ture ,  "C - 

I n  Warm Furnace  
I n  Air-Cooled Furnace  
I n  A i r  
I n  Water 

Cen t e r l i ne - t o -Wa l l  AT, "C - 
I n  Warm Furnace  
I n  Air-Cooled Furnace  
I n  A i r  
I n  Water 

400 
5  3  
Not Used 
Not Used 

Not Used 
Not Used 

Not Used 
Not Used 

Mild  S t e e l  
8  
620 
600 
80 
5.4 x 10-8 

304L SS 304L SS 
6  8  
6  15 600 
6  15 625-675 ( f )  
6  0  7  5  
Not A v a i l a b l e  1 . 7  x 

317 
2,600,000 
None Added 

E f f e c t i v e  Thermal C o n d u c t i v i t y ,  k e ,  
[W/ (m2 (OC/m) I - 
I n  Warm Furnace  
I n  Air-Cooled Furnace  
I n  A i r  
I n  Water 

Rad i a t i on  Reading a t  6  i n c h e s ,  R/hr 

WSEP AUXILIARY DATA 

E v a p o r a t o r  (TK-113) Average O p e r a t i n g  
C o n d i t i o n s  

Bottoms,  M_ HNO3 
Overheads ,  M HN03 
B o i l o f f  b ate, l i t e r s / h r  
S t r i p  Water  A d d i t i o n  Rate ,  l i t e r s / h r  
Volume, l i t e r s  - S t a r t  

- End 
T o t a l  C u r i e s  t o  Evapo ra to r  (Mode B) 

F r a c t i o n a t o r  (TK-115) Average Ope ra t i ng  
Cond i t i ons  

Bottoms,  HNO3 
Overheads ,  M HNOj 
B o i l o f f  b ate, l i t e r s / h r  
Re f lux  R a t i o  
Volume, l i t e r s  - S t a r t  

- End 

~ r a c t i o n a t o r - D i s t i l l a t e  Rece ive r  (TK-116) 

Bottoms,  M HNO3 - S t a r t  
- End 

Volume, l i t e r s  - S t a r t  
- End 



R e c e ~ v e r  Material 310 SS M l l d  S t e e l  304L SS 3041, SS 304L SS 

R e c e ~ v e r  D ~ a m e t e r ,  ~ n .  8  8  6  6  8  
F u r n a c e  T e m p e r a t u r e ,  OC 600 620 600 615 600 
R e c e l v e r  Wal l  Temp, OC 600 6  00 600 6  15 625-675 ( f )  
Depth o f  G l a s s  l n  Receiver, I n .  8 1  80 6  5  6  0  75 
Leakage ,  atm-cm3/sec 4 . 1  x 10-7 5.4 x 10-8 2.6 x 10-7 Not A v a i l a b l e  1 . 7  x 10-8 

P r o d u c t  

Weight ,  kg 
Volume, l i t e r s  
Bulk D e n s i t y ,  k g / l i t e r  
Measured D e n s i t y ,  k g / l i t e r  
M e l t i n g  P o i n t ,  "C 
A d j u s t e d  Feed: S o l i d  Volume R a t i o  
Waste: S o l i d  Volume R a t i o  
E q u i v a l e n t  Was te ,  t o n n e s  
U n i t  Volume, l i t e r s / t o n n e  
E q u i v a l e n t  Decay Time, y e a r s  
F i s s i o n  P r o d u c t  H e a t ,  w a t t s  
I n t e r n a l  H e a t  D e n s i t y ,  W / l i t e r  
T o t a l  R a d i o a c t i v i t y ,  c u r i e s  
T o t a l  Radioru thenium,  c u r i e s  

9300 
317 
2 ,600 ,000  
None Added 

C e n t e r l i n e  T e m p e r a t u r e ,  OC - 
I n  Warm F u r n a c e  
I n  Ai r -Cooled  F u r n a c e  
I n  A i r  
I n  Water  

C e n t e r l i n e - t o - W a l l  AT, "C - 
I n  Warm F u r n a c e  
I n  Ai r -Cooled  Furnace  
I n  A i r  
I n  Water  

E f f e c t i v e  Thermal C o n d u c t i v i t y ,  k e ,  
[W/(m2 ("C/m) I - 
I n  Warm F u r n a c e  
I n  Ai r -Cooled  Furnace  
I n  A i r  
I n  Water  

R a d i a t i o n  Reading a t  6  i n c h e s ,  R/hr 

WSEP AUXILIARY DATA 

E v a p o r a t o r  (TK-113) A v e r a g e A e r a t i n g  
C o n d i t i o n s  

Bot toms,  M HNO3 
O v e r h e a d s ,  M_ HNO3 
B o i l o f  f  R a t e ,  l i t e r s / h r  
S t r i p  Water  A d d i t i o n  R a t e ,  l i t e r s / h r  
Volume, l i t e r s  - S t a r t  - End 
T o t a l  C u r i e s  t o  E v a p o r a t o r  (Mode B) 

F r a c t i o n a t ~ o r  (TK- 115)  Average O p e r a L i x  
C o n d i t i o n s  

Bot toms,  M HN03 
Overheads ,  M HNO3 
B o i l o f  f  R a t e ,  l i t e r s / h r  
R e f l u x  R a t i o  
Volume, l i t e r s  - S t a r t  - End 

F r a c t i o n a t o r - D i s t i  l k t e  R e c e i v e r  (TK- 1x 

Bottoms,  M HNO3 - S t a r t  
- End 

Volume, l i t e r s  - S t a r t  
- End 

Off-Gas S c r u b b e r  (TK-118) 

C i r c u l a t i o n  R a t e ,  L i t e r s / m i n  
Bot toms,  M NaOH - S t a r t  

- End 
Volume, l i t e r s  - S t a r t  

- End 

a .  Equipment a r r a n g e m e n t s  f o r  Mode A  and  Mode B  a r e  shown i n  F i g u r e s  9 . 1  and 9 . 2 .  
b .  c o n s i s t s  o f  481 l i t e r s  a t  1023 l i t e r s / t o n n e  and 98  l i t e r s  a t  1970 l i t e r s / t o n n e .  
c .  C o n s i s t s  o f  708 l i t e r s  a t  1916 l i t e r s / t o n n e  and  199 l i t e r s  a t  3832 l i t e r s / t o n n e .  
d.  T h i s  number i s  f o r  c o m p a r a t i v e  p u r p o s e s  o n l y  and i s  b a s e d  on t h e  f e e d  b e i n g  a t  378 l i t e r s / t o n n e .  I t  does  n o t  i n d i c a t e  

t h a t  more m a t e r i a l  i s  b e i n g  formed t h a n  was o r i g i n a l l y  p r e s e n t .  
e .  D i s c o n t i n u e d  u s e  a f t e r  1 3  h o u r s  of  e l a p s e d  r u n  t i m e .  
f .  Wal l  t e m p e r a t u r e s  were  h i g h e r  t h a n  f u r n a c e  t e m p e r a t u r e s  i n  t h i s  r u n  b e c a u s e  t h e  m e l t  was b a t c h  d r a i n e d .  
g .  ~ a s e d  on t h e r m a l  r e a c t o r  f u e l  i r r a d i a t e d  t o  20 ,000  MWd/tonne a t  15 MW/tonne. 
h .  Based on t h e r m a l  r e a c t o r  f u e l  i r r a d i a t e d  t o  45,000 MWd/tonne a t  30 MW/tonne. 
i .  Based on LMFBR Core f u e l  i r r a d i a t e d  t o  100 ,000  MWd/tonne a t  200 MW/tonne. 



DEFINITIONS FOR TABLE 9 . 2  

Operat ing Mode - WSEP equipment arrangement, s e e  Sec t ion  3  

and F igures  9 . 1  and 9 . 2 .  

Feed Type - PW-2, 4m = Purex Waste - 2 o r  4m, See Appendix 

Table 9 . 1 ,  and Tables 7 .1  and 7.2 

LMFBR = Liquid metal  f a s t  b r eede r  r e a c t o r .  

Deni t ra to r -Evapora tor  

Feed Concent ra t ion ,  l i t e r s / t o n n e  - L i t e r s  of  b a s i c  feed  

p e r  m e t r i c  tonne (2205 l b )  of  uranium processed 

Tota l  Run Feed Time, h r  - Tota l  hours  t h a t  feed  was 

a c t u a l l y  on.  Does n o t  i nc lude  shutdown t ime b u t  does 

i nc lude  s t a r t u p  time. 

S t a r t u p  Time, h r  - Hours r equ i r ed  t o  f i l l  d e n i t r a t o r -  

evapora tor  t o  o p e r a t i n g  l e v e l  w i th  concent ra ted ,  

a d j u s t e d  f eed  p r i o r  t o  i t s  t r a n s f e r  t o  t h e  me l t e r .  

Steady-State  Opera t ion ,  h r  - Tota l  run feed  t ime l e s s  

s t a r t u p  t ime.  

Shutdown Time, h r  - Hours r equ i r ed  ( a f t e r  t h e  feed  t o  t h e  

d e n i t r a t o r  i s  s h u t  o f f  a t  t h e  end of  a  run)  t o  d i l u t e  

t h e  con ten t s  of  t h e  d e n i t r a t o r  and t r a n s f e r  approxi-  

mately 50% o f  t h e  den i t r a to r - evapora to r  concen t r a t e  

t o  the  me l t e r .  

Average Feed Rate,  l i t e r / h r  - Average r a t e  dur ing  run feed 

t ime.  Does n o t  i nc lude  a d d i t i v e  s t reams .  

Tota l  Feed, tonne e q u i v a l e n t s  - Equiva len t  tonnes of  

2 0 , 0 0 0  MWd/tonne a t  15 MW/tonne, 45,000 MWd/tonne 

a t  30 MW/tonne power r e a c t o r  f u e l  o r  1 0 0 , 0 0 0  MWd/tonne 

a t  2 0 0  MW/tonne LMFBR core  f u e l  from which t h e  waste  

processed would be  de r ived .  

To ta l  Equiva len t  Feed t o  Mel te r ,  L i t e r s  - That p o r t i o n  of t h e  

t o t a l  feed  t h a t  a c t u a l l y  was d e l i v e r e d  t o  m e l t e r .  

Adjusted Feed: S o l i d  Volume Rat io  - Concentra t ion f a c t o r  from 

l i q u i d  f eed  t o  volume of s o l i d  i n  r e c e i v e r  p o t  

Waste: S o l i d  Volume Ra t io  - Concentra t ion f a c t o r  from waste  a t  

378 l i t e r s / t o n n e  t o  volume o f  s o l i d  i n  r e c e i v e r  p o t  

Deni t ra tor-Evaporator  Concentra t ion Fac to r  - Concentra t ion 

f a c t o r  from l i q u i d  feed  a t  378 l i t e r s / t o n n e  t o  volume of  

d e n i t r a t o r - e v a p o r a t o r  concen t r a t e .  

Deni t ra tor-Evaporator  Equiva len t  Cencent ra t ion  Fac to r  - Con- 

c e n t r a t i o n  f a c t o r  from waste  a t  378 l i t e r s / t o n n e  t o  

volume o f  d e n i t r a t o r - e v a p o r a t o r  concen t r a t e .  

Holdup Volume, l i t e r  - Volume o f  concen t r a t e  i n  t h e  d e n i t r a t o r -  

evapora tor .  

Mel ter  

I n t e r n a l  Melt Control  Temperature a t  Weir Overflow, OC - Tem- 

p e r a t u r e  o f  t h e  i n t e r f a c e  of  t h e  m e l t  and t h e  incoming 

feed .  I t  i s  i n d i c a t e d  by a  thermocouple l o c a t e d  1 / 2  i n .  

above t h e  l e v e l  of  t h e  we i r  overflow. 

I n t e r n a l  Melt Temperature a t  Bottom o f  Mel te r ,  O C  - Temperature 

o f  t h e  mel t  a t  t h e  bottom o f  t h e  me l t e r .  

Weir Temperature, OC - Temperature of  t h e  p o r t i o n  o f  t h e  over- 

flow wei r  l o c a t e d  e x t e r n a l  t o  t h e  m e l t e r .  

Freeze Valve - A d r a i n  tube  which i s  s e a l e d  by f r e e z i n g  mel t  

and opened by remel t ing  s o l i d i f i e d  mel t  i n  t h e  tube .  

S t a r t u p  Addi t ive  ( f r e e z e  va lve  s e a l ) ,  kg g l a s s  - Weight o f  

g l a s s  added t o  m e l t e r  t o  s e a l  we i r  and f r e e z e  va lve  t o  

avoid back-sparging of  me l t e r  w i t h  a i r .  

Product  Receiver 

Depth o f  Glass i n  Receiver ,  inches  - Depth o f  g l a s s  i n  r e c e i v e r  

produced from processed wastes  a s  measured by probing t h e  

r e c e i v e r  w i th  a  rod a t  t h e  end of  t h e  run.  
3  Leakage, atm-cm / s e c  - Volume of a i r  l e ak ing  i n t o  a  s e a l e d  

r e c e i v e r  a s  determined by a  helium l eak  check us ing  a  mass- 

spectrometer  type  l eak  t e s t e r  . 
Product  

Bulk Densi ty ,  k g / l i t e r  - N e t  weight  of  g l a s s  i n  r e c e i v e r  

d iv ided  by volume o f  g l a s s .  

Measured Densi ty ,  k g / l i t e r  - Densi ty  o f  a  sample o f  r a d i o a c t i v e  

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

F i s s i o n  Product  Heat,  wal 

i n  r e c e i v e r  from rac 

t r y  a f t e r  f i l l i n g .  

Equivalent  Waste , tonnes 

a t  15 MW/tonne, 45,( 

t o r  f u e l  o r  1 0 0 , 0 0 0  

f u e l  from which t h e  

Equivalent  Decay Time, yc 

tonne a t  15 MW/tonnc 

r e a c t o r  f u e l  o r  1 0 0 ,  

core  f u e l  t o  pro'ducc 

r e c e i v e r  ( b u t  n o t  nc 

Cen te r l i ne  Temperature ( C  

temperature  ( u s u a l l )  

an unheated furnace 

the  r d c e i v e r  suspenc 

o r  w i t h  t h e  r ece ive ]  

Cen te r l i ne  t o  Wall C 

c e n t e r l i n e  and 

t h e  r e c e i v e r  t e  

i n  a i r  o r  i n  wz 

Radiat ion Reading at 

r e c e i v e r  po t .  

i n  c e l l .  

Melt ing P o i n t ,  O C  - 
begins  t o  flow. 

Slump P o i n t ,  OC - TI- 

s o f t e n .  

Unit  Volume, l i t e r / t  

p rocess ing  of  c 



~ c t o r  from l i q u i d  f eed  a t  378 l i t e r s / t o n n e  t o  volume o f  

p i t r a t o r - e v a p o r a t o r  c o n c e n t r a t e .  

btor- vapora at or Equ iva l en t  Cencen t ra t ion  F a c t o r  - Con- 

p n t r a t i o n  f a c t o r  from was te  a t  378 l i t e r s / t o n n e  t o  I 
I" lume o f  d e n i t r a t o r - e v a p o r a t o r  c o n c e n t r a t e .  

Volume, l i t e r  - Volume o f  c o n c e n t r a t e  i n  t h e  d e n i t r a t o r -  

I," a p o r a t o r .  

a 1  M e l t  Con t ro l  Temperature a t  Weir Overflow, O C  - Tem- 

r a t u r e  o f  t h e  i n t e r f a c e  o f  t h e  m e l t  and t h e  incoming 

eed.  I t  i s  i n d i c a t e d  by a  thermocouple l o c a t e d  1 /2  i n .  

ove t h e  l e v e l  o f  t h e  w e i r  over f low.  

a1 Melt Temperature a t  Bottom o f  Melter, O C  - Temperature 

f t h e  me l t  a t  t h e  bottom o f  t h e  m e l t e r .  

mpera tu re ,  O C  - Temperature o f  t h e  p o r t i o n  o f  t h e  over-  

low we i r  l o c a t e d  e x t e r n a l  t o  t h e  m e l t e r .  

Valve - A d r a i n  t ube  which i s  s e a l e d  by f r e e z i n g  mel t  

d  opened by r eme l t i ng  s o l i d i f i e d  me l t  i n  t h e  tube .  

Addi t ive  ( f r e e z e  va lve  s e a l ) ,  kg g l a s s  - Weight o f  

a s s  added t o  m e l t e r  t o  s e a l  w e i r  and f r e e z e  v a l v e  t o  

o i d  back-sparging o f  melter w i t h  a i r .  

o f  Glass  i n  Rece iver ,  i nches  - Depth of  g l a s s  i n  r e c e i v e r  

(produced from processed  was t e s  a s  measured by p rob ing  t h e  

l l receiver  w i t h  a  rod a t  t h e  end o f  t h e  run .  
3 g e l  atm-cm / s e c  - Volume of  a i r  l e a k i n g  i n t o  a  s e a l e d  

r e c e i v e r  a s  determined by a  hel ium l eak  check u s ing  a  mass- 

( spec t romete r  type  l e a k  t e s t e r .  

F i s s i o n  Produc t  Heat ,  w a t t s  - Rate o f  s e l f - h e a t  g e n e r a t i o n  

i n  r e c e i v e r  from r a d i o a c t i v e  decay,  based on p o t  ca lor ime-  

t r y  a f t e r  f i l l i n g .  

Equiva len t  Waste, tonnes  - Equ iva l en t  tonnes  o f  20,000 MWD/tonne 

a t  1 5  MW/tonne, 45,000 mVd/tonne a t  30 MW/tonne power reac-  

t o r  f u e l  o r  100,000 MWd/tonne a t  200 MW/tonne LMFBR c o r e  

f u e l  from which t h e  g l a s s  produced would be  d e r i v e d .  

Equiva len t  Decay Time, y e a r  - Age o f  was te  from 20,000 MiVd p e r  

tonne a t  1 5  MW/tonne, 45,000 MWd/tonne a t  30 MW/tonne power 

r e a c t o r  f u e l  o r  100,000 MWd/tonne a t  200 MW/tonne LMFBR 

core  f u e l  t o  pro'duce t h e  same amount o f  power a s  i n  WSEP 

r e c e i v e r  ( b u t  n o t  n e c e s s a r i l y  t h e  same number o f  c u r i e s ) .  

C e n t e r l i n e  Temperature ( % I ,  O C  - Maximum r e c e i v e r  c e n t e r l i n e  

t empera tu re  ( u s u a l l y  Zone 4 )  w i t h  t h e  r e c e i v e r  s i t t i n g  i n  

an unheated fu rnace  w i t h  o r  w i t h o u t  c o o l i n g  a i r  on o r  w i t h  

t h e  r e c e i v e r  suspended i n  approximate ly  4 0  OC a i r ,  

o r  w i t h  t h e  r e c e i v e r  s i t t i n g  i n  30 O C  wa te r .  

I 

C e n t e r l i n e  t o  Wall AT, OC - Temperature d i f f e r e n c e  between t h e  

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

t h e  r e c e i v e r  t empera tu res  a t  s t e ady  s t a t e  i n  a  f u rnace  o r  

i n  a i r  o r  i n  wa t e r .  Measurements a r e  i n  t h e  same zone. 

Rad ia t ion  Reading a t  6 i n c h e s ,  R/hr - Maximum r a d i a t i o n  dose from 

r e c e i v e r  p o t .  De tec ted  wi th  unsh ie lded  i o n i z a t i o n  chamber 

i n  c e l l .  

Mel t ing P o i n t ,  OC - The tempera tu re  a t  which t h e  g l a s s  f i r s t  

beg ins  t o  flow. 

Slump P o i n t ,  O C  - The tempera tu re  a t  which t h e  g l a s s  beg ins  t o  

s o f t e n .  

Uni t  Volume, l i t e r / t o n n e  - The volume o f  g l a s s  produced from tLe 

p roces s ing  o f  one tonne o f  e q u i v a l e n t  waste .  

Dens i ty ,  k g / l i t e r  - N e t  we igh t  o f  g l a s s  i n  r e c e i v e r  

d iv ided  by volume o f  g l a s s .  

(bred Dens i ty ,  k g / l i t e r  - Dens i ty  o f  a  sample o f  r a d i o a c t i v e  

I/ g l a s s  a s  measured i n  t h e  l a b o r a t o r y .  



TABLE 9 . 4 .  O v e r a l l  M a t e r i a l  Balances f o r  Phosphate Glass S o l i d i f i c a t i o n  
Runs PG-8 Through PG-11 

PG- 8  PG- 9 PG- 10 PG-11 

Feed  t o  D e n i t r a t o r - E v a p o r a t o r  I n i t i a l ,  l i t e r s  
(TK-114) F i n a l ,  l i t e r s  

N e t  Change, l i ters  
Weight ,  kg  
N, k g  

Feed t o  ~ n x i  l i a r y  E v a p o r a t o r  I n i t i a l ,  l i t e r s  
(TK-112) (Mode B O p e r a t i o n )  F i n a l ,  l i t e r s  

N e t  Change, l i t e r s  
Weight ,  k g  
N ,  k g  

D e n i t r a t o r - E v a p o r a t o r  
(TK- 12 1) 

I n i t i a l ,  l i t e r s  
F i n a l ,  l i t e r s  

N e t  Change, l i t e r s  
Weight ,  kg 
N ,  k g  

Melter Condens a t e  R e c e i v e r  I n i t i a l ,  l i t e r s  
(TX-117) F i n a l ,  l i t e r s  

N e t  Change, l i t e r s  
Weight ,  kg  
N ,  kg 

A u x i l i a r y  E v a p o r a t o r  
(TK-113) 

I n i t i a l ,  l i t e r s  
F i n a l ,  l i ters  

N e t  Change, l i t e r s  
Weight ,  kg  
N ,  k g  

I n i t i a l ,  l i t e r s  
F i n a l ,  l i t e r s  

N e t  Change, l i t e r s  
Weight ,  kg  
N, k g  

F r a c t i o n a t o r  Condensa te  I n i t i a l ,  l i t e r s  
R e c e i v e r  (TK-116) F i n a l ,  l i ters  

N e t  Change, l i ters  
Weight ,  kg 
N I k,g 

3ff-Gas S c r u b b e r  (TK-118) I n i t i a l ,  l i t e r s  
F i n a l ,  l i ters  

N e t  Change, l i t e r s  
Weight ,  kg  
N ,  kg  

Head Tank A d d i t i o n s  I n i t i a l ,  l i ters  
(TK-332 and TK-333) F i n a l ,  l i t e r s  

N e t  Change, l i t e r s  
Weight ,  k g  
N ,  k g  

Antifoam A d d i t i o n  t o  TK-332 ~ d d i t i o n s  , l i ters  
N e t  Change, l i t e r s  
Weight ,  kg  

Feed D i l u t i o n  Water  I n i t i a l ,  l i t e r s  
F i n a l ,  l i t e r s  

N e t  Change, l i ters  
Weight ,  k g  

F r a c t i o n a t o r  Condenser  (E- 115 )  I n i t i a l ,  l i t e r s  
F i n a l ,  l i t e r s  

N e t  Change, l i t e r s  
Weight ,  k g  

I n i t i a l ,  l i t e r s  
F i n a l ,  l i t e r s  

Product  

N e t  Change, l i t e r s  
Weight ,  kg  
E q u i v a l e n t ,  t e  

I\le t Change 

I?e r c e n  t R e  cove r y  

Volume, l i t e r s  
Weight ,  kg  
N ,  kg  

Volume, l i t e r s  
Weight ,  k g  
N ,  kg  



TABLE 9 . 5 .  Feed Pump E x p e r i e n c e  D u r i n g  WSEP P h o s p h a t e  G l a s s  R u n s  

Pump S e r v i c e ,  Feed Run 
N o .  Run s 93% H o u r s  D a t e  R e m a r k s  

P-14 PG-7 PW-2 P r e v i o u s  Run 6 /9 /69  Pump f a i l e d  p r i o r  t o  
T i m e  1 2 6  h r  s t a r t  of PG-7. New 

pump P-15 i n s t a l l e d .  

P-15 PG- 7  PW-2 5 3  
PG-8 PW-4m 76  
PG- 9  PW-4m 2 8  

6 /9 /69  Pump P-15 f a i l e d  p r i o r  
8 /6 /69  t o  PG-10. Pump P-16 
9 / 2 2 / 6 9  i n s t a l l e d .  

1 5 7  T o t a l  

PG-10 PW-4m 2 6  9 /24 /69  Pump P-16 f a i l e d  on 
PG-11 LMFBR 1 1 2 / 1 / 6 9  1 1 / 2 5 / 6 9 .  New pump 

P-17 i n s t a l l e d  1 1 / 2 6 / 6 9 .  
2 7  T o t a l  

PG-11 LMFBR 6 8  T o t a l  12 /1 /6  9  
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FIGURE 9.1. Equipment Arrangement for Mode A Phosphate Glass 
Solidification Runs 
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