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WASTE SOLIDIFICATION PROGRAM, VOLUME 5  

PHOSPHATE GLASS SOLIDIFICATION PERFORMANCE 

DURING FIRST 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 ,  K .  J .  Schneider (BNW) 

R.  F.  Drager (BNL) 

ABSTRACT 

S o l i d i f i c a t i o n  of  high l e v e l  r a d i o a c t i v e  waste by t h e  

Brookhaven Nat iona l  Laboratory phosphate g l a s s  p rocess  has  been 

s u c c e s s f u l l y  demonstrated by Bat te l le- Northwest .  More than  

7 m i l l i o n  c u r i e s  of  r ad ionuc l ides  were processed and c o l l e c t e d  

i n  8 and 12- inch diameter  con ta ine r s  dur ing s i x  engineer ing-  

s c a l e  demonstra t ion runs  i n  WSEP a t  t h e  P a c i f i c  Northwest 

Laboratory.  Rad ioac t iv i ty  processed was increased  from 

350,000 c u r i e s  i n  t h e  f i r s t  run t o  2 , 4 0 0 , 0 0 0  c u r i e s  i n  t h e  

s i x t h  run.  The s e l f - g e n e r a t i n g  h e a t  r a t e  w i th in  each r e c e i v e r  

p o t  f u l l  of s o l i d i f i e d  waste was inc reased  from 1.6 t o  9 .6  k i l o-  

w a t t s  (155 W / l i t e r  of s o l i d )  , r e s p e c t i v e l y .  The s o l i d i f i e d  

waste w i th in  a  f u l l  8- inch diameter  p o t  r ep re sen ted  1.3 tonnes 

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  2 0 , 0 0 0  MWd/tonne a t  a  power 

l e v e l  of 15 MW/tonne) f o r  s u l f a t e- c o n t a i n i n g  PW-2 waste and 

0 . 6 4  tonnes  f o r  s u l f a t e - f r e e  PW-1 waste .  High l e v e l  aqueous 

r a d i o a c t i v e  waste  was processed a t  o v e r a l l  r a t e s  of 9 . 4  t o  

18 l i t e r s / h r .  The e q u i v a l e n t  p rocess ing  r a t e s  ranged from 

0.20 t o  0.61 tonnes/day of o r i g i n a l  f u e l .  From 2 t o  1 0 %  of t h e  

t o t a l  ruthenium fed  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 the  s o l i d i f i e r ;  en t ra inment  of n o n v o l a t i l e s  

v a r i e d  from 0 . 2  t o  0 .3%. 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  

process  equipment, whi le  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  m e l t e r  was c o l l e c t e d  i n  a  s e p a r a t e  condensate r e c e i v e r .  
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The WSEP a u x i l i a r y  equipment c o n s i s t i n g  of an e v a p o r a t o r ,  an 

a c i d  f  r a c t i o n a t o r ,  f i l t e r s ,  and a  c a u s t i c  s d l i b b e r  reduced 

r a d i o n u c l i d e s  i n  t h e  s t a c k  ga s  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  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 l o 8  f o r  n o n v o l a t i l e s  and 10 6 

f o r  rad ioru then ium t o  c o n c e n t r a t i o n s  accep t ab l e  f o r  low- level  

t r e a tmen t  p roces se s .  The phosphate g l a s s  s o l i d  caused no  

s i g n i f i c a n t  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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This r e p o r t  i s  one of a  s e r i e s  of r e p o r t s  from t h e  Waste 

S o l i d i f i c a t i o n  Demonstration Program being performed by 

Bat te l le- Northwest .  Other c u r r e n t  r e p o r t s  i n  t h i s  s e r i e s  a r e :  

K .  J .  Schneider ,  e d i t o r ,  Waste S o l i d i f i c a t i o n  Program, 

Volume 1, Process  Technology f o r  t h e  Pot ,  Spray and Phosphate 

Glass Processes ,  U.S. AEC Report BNWL-1073, August 1 9 6 9 .  

K .  J. Schneider and V.  P. Kel ly ,  Waste S o l i d i f i c a t i o n  

Program, Volume 2 ,  Design Fea tu re s  of t h e  Waste S o l i d i f i c a t i o n  

Engineer ing Pro to type ,  U.S. AEC Report BNWL-968, February 1969. 

V.  P. Kel ly ,  Waste S o l i d i f i c a t i o n  Program, Volume 3 ,  

Design Fea tu re s  of t h e  F a c i l i t i e s  and Equipment f o r  t h e  WSEP 

Product  Eva lua t ion  Program, U.S. AEC Report BNWL-832, 

December 19 6  8. 

J. L.  McElroy, C .  R .  Cooley, J .  E .  Mendel, W.  V .  ~ e ~ i e r ,  

J. C.  Suddath (ORNL) , and J. 0 .  Blomeke (ORNL) , Waste 

S o l i d i f i c a t i o n  Program, Volume 4 ,  Po t  S o l i d i f i c a t i o n  Performance 

During t h e  F i r s t  Radioact ive  T e s t s  i n  WSEP, U.S. AEC Report 

BNWL-814, December 1968. 
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WASTE SOLIDIFICATION PROGRAM, VOLUME 5 

PHOSPHATE GLASS SOLIDIFICATION PERFORMANCE 

DURING FIRST 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 ,  K .  J. Schneider (BNW) 

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"  wastes  have been s t o r e d  

i n  l a r g e ,  underground t anks .  Since many of t h e  n u c l i d e s  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 red  on ly  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 n u c l i d e s  must 

be developed i f  f u l l  b e n e f i t s  of nuc l ea r  power are 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  wastes  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 to rage .  

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 a g e  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  

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

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

p a s t  1 4  yea r s  and it i s  s t i l l  p rog res s 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  wastes .  Four 

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

been developed i n  t h e  USA. These p roces ses  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 ad ionuc l ides ;  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 f o u r  p rocesses  a r e  p o t  c a l c i n a t i o n ,  sp ray  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 i n c l u d e  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 ider ing  t h e  chemical complexity of 

t h e  many t y p e s  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 o p e r a t i o n  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  se 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 op t imal  f o r  a l l  a p p l i c a t i o n s .  

F l u i d i z e d  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  

process  p l aced  i n  r o u t i n e  r a d i o a c t i v e  ope ra t ion .  In  t h i s  

a p p l i c a 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. 

Pot  c a l c i n a t i o n  (developed by Oak Ridge Nat iona l  Labora to ry ) ,  

spray  s o l i d i f i c a t i o n  (developed by Bat te l le- Nor thwes t ) ,  and 

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

L a b o r a t o r y ) ,  are 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  wi 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 a d  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 n u c l e a r  f u e l .  This  demonstra t ion program i s  being 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  by Oak Ridge 

Nat iona l  Laboratory and Brookhaven Nat ional  Laboratory.  . 



The WSEP i s  a  p i l o t  p l a n t  des igned t o  provide in format ion  

necessary  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 roces ses .  A d e t a i l e d  d e s c r i p-  

t i o n  of t h e  WSEP and t h e  Chemical and M a t e r i a l s  Engineer ing 

Laboratory f a c i l i t y  has  been r epo r t ed .  An up- to-date sum- 

mary of  t h e  technology of  t h e  p o t ,  sp ray ,  and phosphate g l a s s  

s o l i d i f i c a t i o n  processes  has  a l s o  been r epo r t ed  r e c e n t l y .  (2) 

This  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 ana lyses  of t h e  f i r s t  

s i x  r a d i o a c t i v e  demonstra t ion runs  wi th  t h e  phosphate g l a s s  

s o l i d i f i c a t i o n  system i n  WSEP. 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  demonstra t ions  wi th  t h e  p o t  c a l c i n a t i o n  system 

i n  WSEP w e r e  r epo r t ed  i n  Volume 4 of  t h i s  s e r i e s .  ( 3 )  Also 

inc 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  asso-  

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 rev ious  non- 

r a d i o a c t i v e  da t a .  Deta i led  d e s c r i p t i o n s  of each demonstra t ion 

run a r e  p resen ted  i n  t h e  Appendix (Sec t ion  9 . 0 ) .  



2 . 0  SUMMARY 

S o l i d i f i c a t i o n  of h igh- leve l ,  aqueous, r a d i o a c t i v e  wastes  

con ta in ing  more than 7 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  s i x  demonstra t ion runs  u s ing  t h e  phosphate g l a s s  s o l i d i f i c a -  

t i o n  p roces s  i n  t h e  Waste S o l i d i f i c a t i o n  Engineering Pro to types  

(WSEP). Major accomplishments i n  t h e  demonstra t ions  were a s  

fol lows:  

a 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  product  a t  nea r  t h e  maximum contemplated 

f o r  t h e  process  a s  p re sc r ibed  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  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 ive  

tempera tures .  

a Radioact ive  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  c o n t a i n e r s  wi thout  p r e s s u r i z a t i o n ,  

w i t h  minimal co r ros ion  and wi thout  d i s t o r t i o n  of t h e  

c o n t a i n e r .  

8 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 r ea tmen t  equipment 

and t h e  f a c i l i t y  e a s i l y  met government r e g u l a t i o n s  and 

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

The aqueous e f f l u e n t  d i r e c t l y  from s o l i d i f i c a t i o n  was low 

enough i n  r a d i o a c t i v i t y  t o  permit  r ecyc l ing  t o  a  f u e l  

r ep roces s ing  p l a n t .  The aqueous e f f l u e n t  a f t e r  a c i d  f r a c-  

t i o n a t i o n  was low enough i n  r a d i o a c t i v i t y  t o  permit  t r e a t -  

ment a s  low l e v e l  wastes  f o r  d i s p o s a l .  

2 . 1  PHOSPHATE GLASS S O L I D I F I E R  PERFORMANCE 

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 r s t  s i x  runs  

were h e a t  gene ra t ion  r a t e  i n  t h e  s o l i d i f i e d  waste ,  and two 

waste chemical composi t ions .  

R a d i o a c t i v i t y  l e v e l s  were i nc reased  from about 

350,000 c u r i e s  (which r e p r e s e n t s  1600 w a t t s  of decay h e a t )  i n  t h e  



r e c e i v e r  p o t  i n  t h e  f i r s t  run t o  2 , 4 0 0 , 0 0 0  c u r i e s  (9600 w a t t s )  

i n  t h e  s i x t h  run.  The e s c a l a t i o n  of r a d i o a c t i v i t y  i n  t h e  waste 

d i d  n o t  appear  t o  s i g n i f i c a n t l y  a f f e c t  t h e  p roces s  i n  any way. 

High l e v e l  aqueous r a d i o a c t i v e  wastes  s imu la t ing  s u l f a t e -  
( a )  f r e e  PW-L@~ and s u l f  a t e- con ta in ing  PW-2 -omposit_iqns were 

processed a t  o v e r a l l  r a t e s  of 9 . 4  t o  18 l i t e r s / h r .  The equiva-  

l e n t  p roces s ing  r a t e s  f o r  PW-1 waste ranged from 0 . 2 0  t o  

0.28 tonnes/day of power- reactor f u e l  exposed t o  2 0 , 0 0 0  MWd/ 

tonne (b )  a t  a power l e v e l  of  15  MW/tonne, whi le  f o r  PW-2 waste 

it ranged from 0.18 t o  0 . 2 1  tonnes/day. In  g e n e r a l ,  t h e  lower 

equ iva l en t  p rocess ing  r a t e s  f o r  PW-1 waste were caused by 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 equ i r ed  t o  p rocess  PW-1 waste.  

Fac to r s  i n f l u e n c i n g  t h e  o v e r a l l  r a t e s  were feed  composit ions 

and e r r a t i c  f eed ing  t o  t h e  me l t e r .  Sparging of t h e  me l t e r  w i th  

0.5 scfm of n i t r o g e n  t o  i n c r e a s e  mel t  c i r c u l a t i o n  and h e a t  

t r a n s f e r  t o  t h e  mel t  had no apparen t  e f f e c t  on me l t i ng  c a p a c i t y .  

The r a d i o a c t i v e  waste used f o r  t h e s e  demonstra t ion runs  

d i d  n o t  always permit  p repa ra t ion  of f eeds  having e x a c t  PW-1 

and PW-2 composit ions.  Because of  t h e  modest v a r i a t i o n s  i n  

chemical composi-tions of  t h e  f e e d s ,  t h e  o v e r a l l  volume reduc-  

t i o n  f a c t o r s  v a r i e d  from 3.5 t o  4 . 0  f o r  PW-1 and 6 . 4  t o  9.1 f o r  

PW-2 was tes ,  based on aqueous waste a t  378 l i t e r s / t o n n e .  

Expected volume r educ t ion  f a c t o r s  f o r  nominal PW-1 and PW-2 

wastes  a r e  c a l c u l a t e d  t o  be 4 . 4  and 8 .6 ,  r e s p e c t i v e l y .  The 

lower volume r educ t ion  of PW-1 waste i s  due t o  a  l a r g e r  q u a n t i t y  

of a d d i t i v e s  t h a t  a r e  r equ i r ed  t o  p rocess  t h e  waste.  

General  c o n d i t i o n s  f o r  each run a r e  summarized i n  

Table 2 .l. 

a .  For d e t a i l e d  chemical  composi t ion,  s ee  Appendix Table  9.1. 
b .  "Tonne" i s  used throughout t h i s  r e p o r t  t o  r e p r e s e n t  a  m e t r i c  

t on  ( 1 0 0 0  k i lograms)  of uranium p l u s  plutonium i n  t h e  
o r i g i n a l  f u e l .  



TABLE 2 . 1 .  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  i n  WSEP 

F e e d  Type  

P o t  D i a m e t e r ,  i n .  1 2  8  8  8  1 2  8  

P o t  M a t e r i a l  MS ( a )  304L SS MS MS MS 304L SS 

MCi i n  F e e d  t o  D e n i t r a t o r  0 . 4 3  0 . 6 7  1 . 5  1 . 2  2 . 8  2 . 6  

MCi i n  F e e d  t o  R e c e i v e r  P o t  0 . 3 5  0 . 4 0  0 . 6 0  1.1 2 . 2  2 . 4  

H e a t  G e n e r a t i o n  R a t e  i n  R e c e i v e r  
P o t ,  kW 1 . 6  1 . 7  3 . 3  4 .2  8 . 8  9 . 6  

H e a t  R a t e  D e n s i t y  i n  R e c e i v e r  
P o t ,  W / l i t e r  1 7  4  9  9  5  5  7  7  8  1 5 5  

E q u i v a l e n t  t o n n e s  i n  R e c e i v e r  
P o t ,  a c t u a l  2 . 1 6  0 . 8 9  0 . 6 9  1 . 2 4  1 . 0 6  0 . 6 4  

F o r  f u l l  p o t  ( 2 . 5 )  ( 1 . 5 )  ( 1 . 2 )  (1.1) ( 1 . 2 )  ( 0 . 6 4 )  

E q u i v a l e n t  Age t o  R e d u c e  Watts 
t o  Run V a l u e ,  y r  (b) 7 . 5  2 . 5  1 . 0  1 . 4 5  0 . 5 3  0 . 2 2  

( a )  N i l d  s t e e l  
(b) B a s e d  o n  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 

The den i t r a to r- evapora to r  s u c c e s s f u l l y  concent ra ted  and 

d e n i t r a t e d  t h e  incoming feed .  The b o i l i n g  temperature  was 

he ld  a t  132 and 137 "C f o r  PW-1 and PW-2, r e s p e c t i v e l y .  

Excess ive  foamover l o s s e s  of concent ra ted  waste from t h e  

den i t r a to r- evapora to r  occurred du r ing  t h e  f i r s t  t h r e e  demon- 

s t r a t i o n  runs  wi th  PW-2 waste .  The foaming was caused 

p r i m a r i l y  by smal l  amounts of d i b u t y l  phosphate (a  foaming 

agent )  i n  t h e  Purex waste used f o r  f eed  makeup. S a t i s f a c t o r y  

c o n t r o l  of foaming was achieved i n  subsequent runs  by t h e  

a d d i t i o n  of a s i l i c o n e  ant i foam agent  i n t o  t h e  d e n i t r a t o r .  

Plugging of t h e  a i r l i f t  a i r  l i n 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 ,  m e l t e r  feed  l i n e  and 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  t ubes  i n  t h e  d e n i t r a t o r  w i th  s o l i d s  were major problems 

dur ing  t h e  process ing  of  PW-1 waste.  The remotable  f e a t u r e s  of 

t h e  new a i r l i f t  p o t  used du r ing  PW-1 demonstra t ions  permi t ted  

on-stream removal of t h e  s o l i d s  bu i ldup  i n  t h e  a i r l i f t  

. 



p o t  and a l lowed  s u c c e s s f u l  comple t ion  of  t h e  r u n s .  S e v e r a l  

methods o f  keep ing  t h e  d i p  t u b e s  c l e a r  of  s o l i d s  were t e s t e d ;  

t h e  o n l y  s u c c e s s f u l  method was h o u r l y  blowdowns o f  t h e  d i p  

t u b e s  w i t h  s team. 

The s ix- zone ,  i n d u c t i o n- h e a t e d ,  r e c e i v e r- p o t  f u r n a c e  which 

h a s  a  t e m p e r a t u r e- c o n t r o l l e d  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  m e l t  r e c e i v e r  w a l l ,  performed w e l l .  P o t  w a l l  tempera-  

t u r e s  o f  600 O C  were s a t i s f a c t o r y  t o  slump t h e  c o n t i n u o u s  d i s -  

charge  o f  m e l t  i n  t h e  r e c e i v e r  t o  g i v e  uni form f i l l i n g .  

S t a l a g m i t e s  formed d u r i n g  run  PG-3 when t h e  p o t  w a l l  t e m p e r a t u r e  * 

was 300 O C .  Batch dumping o f  m e l t  th rough  t h e  d r a i n  f r e e z e-  

v a l v e  was done a t  t h e  end o f  e a c h  run  t o  comple te ly  empty t h e  . 
m e l t e r .  T h i s  a c t i o n  minimized t h e  p o s s i b i l i t y  o f  t h e  p l a t i n u m  

melter s t r e t c h i n g  due t o  t h e  d i f f e r e n t  the rmal  expans ion  c o e f-  

f i c i e n t s  o f  t h e  g l a s s  and t h e  p la t inum.  

The amount o f  ru thenium t h a t  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 c l u d i n g  t h a t  from t h e  melter v a r i e d  from 2 t o  1 0 %  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 ;  e n t r a i n m e n t  of non- 

v o l a t i l e ~  v a r i e d  from 0 . 2  t o  0 . 3 % .  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  p r o c e s s e d  i n  t h e  WSEP 

a u x i l i a r y  p r o c e 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  m e l t e r  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 .  

2 . 2  A U X I L I A R Y  PROCESS PERFORMANCE 

The a u x i l i a r y  equipment ( i . e . ,  condense r s ,  e v a p o r a t o r ,  

a c i d  f r a c t i o n a t o r ,  s c r u b b e r ,  and f i l t e r s )  decon tamina te  and 

s e p a r a t e  n i t r i c  a c i d ,  w a t e r ,  and noncondensable e f f l u e n t s  from 

t h e  p r o c e s s .  The WSEP a u x i l i a r y  e f f l u e n t  t r e a t m e n t  sys tem i s  

t y p i c a l  o f  many schemes used  i n  f u e l  r e p r o c e s s i n g  p l a n t s  f o r  

t r e a t i n g  e f f l u e n t s  from c o n c e n t r a t i o n  of  h i g h  l e v e l  aqueous 

w a s t e s .  



Ruthenium cumulative decontamination f a c t o r s  (DF ) a c r o s s  
C 

t h e  a u x i l i a r i e s  ( r a t i o  of ruthenium i n  t h e  o r i g i n a l  d e n i t r a t o r -  

evapora to r  feed  t o  t h a t  accumulated i n  t h e  condensate from t h e  

a c i d  f r a c t i o n a t o r )  were t y p i c a l l y  about l o 6 ,  whi le  comparable. 
8 DFcls f o r  n o n v o l a t i l e s  were about 1 0  . Off-gases t o  t h e  s t a c k  

were c o n s i s t e n t l y  w e l l  below t h e  d i scha rge  l i m i t s  f o r  bo th  

ruthenium and g r o s s  b e t a  a c t i v i t y .  Decontamination f a c t o r s  from 

feed  t o  s t a c k  gas  were c o n s i s t e n t l y  g r e a t e r  than 1 x l o l o  and 

1 x 1 0 1 2  f o r  ruthenium and g ros s  b e t a  ( l e s s  ruthenium) 

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

The DFc a c ros s  t h e  a u x i l i a r y  evapora tor  f o r  ruthenium 

i n  t h e  evapora tor  ( t h e  r a t i o  of ruthenium i n  t h e  evapora tor  

a t  end o f  a  run t o  ruthenium evolved from t h e  evapora tor  du r ing  

t h e  run)  were t y p i c a l l y  n e a r l y  c o n s t a n t  a t  2 0  t o  4 0 ,  and v a r i e d  

from 11 t o  4 2 0 .  In leakage of 5 t o  1 0  scfm of a i r  i n t o  t h e  

phosphate g l a s s  system i s  be l i eved  t o  have caused some of t h e  o f f -  

gas  l eav ing  the  process  condenser t o  bypass c o n t a c t  wi th  l i q u i d  

i n  t h e  evapora to r  bottoms and could e x p l a i n  t h e s e  somewhat low 

D F ' s .  Ins tan taneous  ruthenium decontamination f a c t o r s  ( D F i  i s  

t h e  r a t i o  of  t h e  concen t r a t i on  i n  t h e  b o i l i n g  l i q u i d  t o  t h e  

concen t r a t i on  i n  t h e  condensed vapor measured a t  t h e  same t ime)  

i nc reased  a s  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 was 

decreased.  When t h e  a c i d i t y  i n  t h e  overheads was l e s s  than 

approximately 0 . 4 M ,  - ruthenium DFi ' s exceeded 1000.  he D F  ' s 

were no t  apprec iab ly  a f f e c t e d  by t h e  a d d i t i o n  of sugar  t o  t h e  

bottoms a s  a  r educ tan t .  Evaporator D F ' s  wi th  high l e v e l  waste 

(versus  r econcen t r a t ed  condensate)  i n  t h e  evapora tor  bottoms were 

c o n s i s t e n t l y  a s  good a s  t h e  h i g h e r  va lues  ob ta ined  f o r  a l l  runs .  

The DFils f o r  n o n v o l a t i l e s  a c r o s s  t h e  evapora to r  and i t s  high 
6 e f f i c i e n c y  g l a s s  f i b e r  m i s t  e l i m i n a t o r  v a r i e d  from l o 4  t o  1 0  . 

Ruthenium DFc's i n  t h e  f r a c t i o n a t o r  ( r a t i o  of ruthenium 

i n  t h e  f r a c t i o n a t o r  a t  end of a  run t o  ruthenium evolved from 

t h e  f r a c t i o n a t o r  dur ing  t h e  run )  v a r i e d  from 55 t o  6000. Values 

of 2 0 0  t o  1 0 0 0  were t y p i c a l  of t h e  average d a t a .  



Handling of t h e  PW-1 and PW-2 phosphate g l a s s  f e e d s  i n  t h e  

feed  t a n k s  and a u x i l i a r y  evapora tor  caused no unexpected o p e r a t-  

i n g  d i f f i c u l t i e s .  The primary s o l i d  i n  t h e s e  wastes  i s  a 

zirconium phosphomolybdate compound which i s  a hydrous amorphous 

p r e c i p i t a t e  t h a t  has  never  been observed t o  cake i n  t h e  labora-  

t o r y  even a f t e r  s t and ing  s e v e r a l  months. 
6, 

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 r o s e .  The minor equipment 

problems which d i d  occur  can be e l imina t ed  by s u i t a b l e  des ign  

mod i f i ca t ions .  The malfunct ions  were: 

two types  of  f eed  pumps f a i l e d ,  

i n s u l a t i o n  on e l e c t r i c a l  and ins t rument  w i r ing  d e t e r i o r a t e d  . 
from r a d i o a c t i v e  exposure ,  and 

h igh  e f f i c i e n c y  f i l t e r s  i n  t h e  f eed  tank v e n t  system 

f a i l e d  r epea t ed ly  because t h e  f i l t e r  p r e h e a t e r  was t o o  

sma l l  t o  evapora te  mois ture  i n  t h e  gas  stream. 

The p roces s  f i l t e r  which s e r v e s  e f f l u e n t s  from t h e  phosphate 

g l a s s  p roces s  downstream of t h e  evapora tor  and a c i d  f r a c t i o n a t o r  

gave good performance. 

2.3 FILLED POT PERFORMANCE 

Although it i s  t o o  e a r l y  t o  e v a l u a t e  t h e  near- term (approxi-  

mately 5 y e a r s )  performance of p o t s  f i l l e d  wi th  phosphate g l a s s ,  

c u r r e n t  obse rva t ions  a r e  encouraging.  No p r e s s u r i z a t i o n  has  

occur red  du r ing  t h e  0 . 9  t o  1 .6  yea r s  of s t o r a g e  i n  any of t h e  

s i x  p o t s ,  and t h e  p re s su re  i n  a t  l e a s t  fou r  of  t h e  p o t s  i s  

remaining less than  atmospheric.  No gas  gene ra t ion  w i t h i n  t h e  

phosphate g l a s s  i s  i n d i c a t e d .  Leak checks made on t h r e e  

. - 
r e c e i v e r s  i n d i c a t e  good welds.  A l eak  check made on a f o u r t h  

- 

r e c e i v e r  r evea l ed  a l eak ing  mechanical  j o i n t .  (Leak checks w e r e  

n o t  made on t h e  remaining two r e c e i v e r s . )  No s i g n i f i c a n t  changes . 



were d e t e c t e d  i n  t h e  e x t e r n a l  r e c e i v e r  dimensions of any of t h e  

s i x  r e c e i v e r s  w i th in  t h e  accuracy ( + 1 / 4  i n c h )  of t h e  remote 

i n - c e l l  measurements. 

Heat genera t ion  r a t e s  i n  f i l l e d  r e c e i v e r  p o t s  were s a t i s -  

f a c t o r i l y  measured i n  a  ca lo r ime te r .  The maximum c e n t e r l i n e  

temperature  a t  t h e  end of a run measured 780 O C  f o r  t h e  p o t  of 
---- 

run PG-6. The maximum w a l l  temperature  measured was 4 0 0  OC 

f o r  t h e  PG-6 r e c e i v e r .  Thermal c o n d u c t i v i t i e s  of  t h e  phosphate 

g l a s s  p roduc ts  i n  t h e  s i x  r e c e i v e r s  ranged from 0 . 9 4  t o  1.13 W/ 
CI . ( m ) ( O C )  ( o r  0.54 t o  0 . 6 4  Btu/hr x  f t L  x  OF/f t ) .  The leach  

r a t e s  ob ta ined  on samples from f o u r  of t h e  runs  agreed with  

- t hose  ob ta ined  on s imulated nonrad ioac t ive  samples and a r e  
2 grouped around g/ (cm ) (day) . Leach r a t e s  f o r  1 3 7 ~ s  were 

3 t o  4 t imes h ighe r  than f o r  1 4 4 ~ e .  The m e l t s  wi th  PW-1 

wastes  leached a t  r a t e s  about 5  t imes and 4 t imes those  wi th  

PW-2 w a s t e s  f o r  1 3 7 ~ s  and 1 4 4 ~ e ,  r e s p e c t i v e l y .  

Gross 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  f i s s i o n  produc ts  -_-. 
L-- - 

a r e  probably uniformly d i s t r i b u t e d .  The measurements, however, 

cannot be i n t e r p r e t e d  q u a n t i t a t i v e l y .  Bulk d e n s i t i e s  of  t h e  

product  compared c l o s e l y  wi th  measured d e n s i t i e s  i n  runs  P G- 1  

and PG-5, thereby  i n d i c a t i n g  t h e  absence of vo ids .  The bulk _ ___-- - - * -.-.---- 

d e n s i t i e s  of t h e  produc ts  f o r  t h e  o t h e r  r e c e i v e r s  were n o t  

a v a i l a b l e  f o r  comparison. 

Although w a l l  t h i c k n e s s  measurements have n o t  y e t  been 

made on t h e  p o t s ,  no v i s i b l e  e x t e r n a l  co r ros ion  i s  i n d i c a t e d  

t o  s t a i n l e s s  s t e e l  r e c e i v e r s  s t o r e d  i n  a i r  o r  i n  wate r  o r  t o  

mild s t e e l  p o t s  s t o r e d  i n  wate r  con ta in ing  co r ros ion  i n h i b i t o r s  

o r  i n  a i r .  

Automatic tungs ten  i n e r t  ga s  ( T I G )  welding o f  t h e  r e c e i v e r  

po t  s e a l c a p  produced good fus ion  welds i n  a l l  s i x  p o t s .  The 

welding head was p o s i t i o n e d  remotely over  a s tep- type  weld 



j o i n t .  V i sua l  obse rva t ion  through a  s p o t t i n g  scope o u t s i d e  t h e  

c e l l  window was s a t i s f a c t o r y  t o  c o n t r o l  t h e  welding t o r c h .  

2 . 4  STATUS OF PHOSPHATE GLASS SOLIDIFICATION 

Although t h 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  a r e  n o t  a l l  complete,  t h e  s i x  runs  made t o  d a t e  permi t  a 

p r o j e c t i o n  of  expected performance of t h e  process .  Wastes from 

f u e l s  i r r a d i a t e d  t o  20,000 MWd/tonne a t  a  power l e v e l  of 

15 MW/tonne can be s o l i d i f i e d  wi th in  0 . 2  y e a r s  o u t  of  t h e  reac- 

t o r s .  A t  t h i s  l e v e l ,  a f i s s i o n  produc t  h e a t  gene ra t ion  r a t e  o f  
- .  

195 W/ l i t e r  (11,700 w a t t s )  i n  t h e  produc t  w i l l  be t h e  maximum 

capable  of  being handled i n  an 8- inch d iameter  r e c e i v e r  p o t  (wi th  

n a t u r a l  convect ion coo l ing  i n  a i r )  when t h e  WSEP r e s t r i c t i o n  of 

l i m i t i n g  t h e  molten core  r a d i u s  t o  n o t  more than  1 / 2  t h e  r e c e i v e r  

r a d i u s  i s  cons idered .  With t h i s  r e s t r i c t i o n  a p p l i e d  t o  t h e  

approximately 700 O C  product  remel t  temperature ,  r e c e i v e r  p o t  

c e n t e r l i n e  and w a l l  t empera tures  of 900 and 427 OC, 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  (assuming Ke does n o t  change cons iderab ly  a t  

h ighe r  t empera tures )  . 
Some i n d i v i d u a l  nuc l ides  ( e .g . ,  ruthenium) w e r e  n o t  a t  t h e  

l e v e l s  expec ted  f o r  a  2 0 , 0 0 0  MWd/tonne exposure a t  a 15 MW/tonne 

power l e v e l .  However, d a t a  from t h e s e  r a d i o a c t i v e  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  n u c l i d e s .  By 

apply ing  t h e  o v e r a l l  decontamination f a c t o r s  exper ienced t o  d a t e ,  

s e v e r a l  g e n e r a l  s ta tements  can be made about t h e  expected l e v e l s  

du r ing  o p e r a t i o n  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 to r ,  

and t h e  a c i d  f r a c t i o n a t o r  wi th  r a d i o a c t i v e  wastes .  

From 2 . 0  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  o u t  

of t h e  s o l i d i f i e r .  I n  t h e  process ing  of  PW-1 waste ,  most 

o f  t h i s  can be recyc led  t o  t h e  f u e l  r ep roces s ing  p l a n t  

h igh  l e v e l  waste system. I n  t h e  case  of PW-2 was te ,  

t h 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 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 

to pe rmi t  i t s  d i s p o s a l  a s  an in t e rmed ia t e  l e v e l  waste 



(e .g . ,  by inco rpo ra 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  h igh  l e v e l  waste system 

a s  prev ious ly  d i scussed .  Less t han  2 %  of t h e  t o t a l  

ruthenium fed  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 .  The ruthenium concen t r a t i on  i n  t h e  condensate  

from t h e  f r a c t i o n a t o r  when s o l i d i f y i n g  waste aged 0.5 y e a r s  

w i l l  have been decontaminated by a  f a c t o r  of  l o 6 ,  which i s  

37,000 t o  800,000 t imes h ighe r  t han  t h e  d i scharge  l i m i t s  

quoted i n  10CFR20.* Ruthenium-106 i s  t h e  nuc l ide  i n  t h e  

f i n a l  aqueous e f f l u e n t  wi th  t h e  h i g h e s t  concen t r a t i on  r a t i o  

t o  t h e  l i m i t s  i n  1 0 C F R 2 0 ,  followed by 9 0 ~ r  and 1 4 4 ~ e - ~ r .  

I n  gene ra l ,  an a d d i t i o n a l  decontamination of l o 3  t o  l o 4  i s  

needed t o  reduce a l l  n u c l i d e s ,  except  ruthenium, i n  t h e  

f r a c t i o n a t o r  condensate t o  below 1 0 C F R 2 0  va lues .  However, 

s i n c e  approximately 300 t o  4 0 0  l i te rs  o f  t o t a l  condensate 

i s  genera ted  p e r  tonne of f u e l  processed (from 378 l i ters/  

tonne w a s t e ) ,  t h e  f r a c t i o n a t o r  condensate could be used i n  

a  f u e l  reprocess ing  p l a n t  such a s  an a c i d  d i l u t a n t  and/or 

d i s s o l v e r  wash dur ing  d i s s o l u t i o n  s t e p s ,  f i r s t  cyc l e  s c r u b  

s t ream,  e t c .  A l t e r n a t i v e l y ,  t h e  r a d i o a c t i v i t y  l e v e l  i s  

accep tab le  f o r  a d d i t i o n a l  low l e v e l  t r ea tmen t  such a s  by 

d i s t i l l a t i o n  t o  10CFR20 concen t r a t i on  l i m i t s  f o r  d i s cha rge  

of  t h e  wate r  t o  t h e  environment. 

The concent ra ted  n i t r i c  a c i d  produced i n  t h e  a c i d  f r a c t i o n-  

a t o r  (approximately 2 0 0  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 uCi/mR of t o t a l  B r ad io-  

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.  

The a c i d  would be accep tab le  f o r  reuse  f o r  f u e l  d i s s o l u t i o n  

* Code of  Federa l  Regula t ions ,  T i t l e  1 0 ,  P a r t  2 0 ,  Appendix B ,  
Table 2 ,  Column 2 .  August 9 ,  1966. 



i n  f u e l  r ep roces s ing .  (Fuel  d i s s o l u t i o n  r e q u i r e s  a t  l e a s t  

1 0 0 0  l i t e r s  of 1 0 M  - n i t r i c  a c i d  p e r  e q u i v a l e n t  tonne ,  o r  

t h r e e  t o  f i v e  t imes t h a t  a v a i l a b l e  from s o l i d i f i c a t i o n  of  

t h e  wastes .  ) 

S o l i d i f i e r  product  from a c i d i c  wastes  w i l l  have a  volume 

of 4 2  t o  108 l i t e r s  pe r  tonne of spen t  f u e l  f o r  t h e  two 

types  of Purex wastes .  The sma 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 PW-2 wastes .  These volumes r e p r e s e n t  

6.4 t o  16.1  l i t e r s / 1 0 0 0  MWde.* 

Demonstration runs  i n  WSEP showed t h e  phosphate g l a s s  

s o l i d i f i c a t i o n  p roces s ,  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  p e r  day i s  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 i scussed  below a r e  reso lved .  

Redesign of t h e  den i t r a to r- evapora to r  l i q u i d  t r a n s f e r  u n i t  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 d e v i c e s ,  and pos- 

s i b l y ,  development of methods f o r  reducing t h e  r e l i a n c e  on v i s u a l  
acces s  f o r  moni tor ing m e l t e r  o p e r a t i o n ,  a r e  needed. I n  a d d i t i o n ,  

mod i f i ca t ions  t o  t h e  des ign  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 

melter may be b e n e f i c i a l .  Remaining i n v e s t i g a t i o n s  sugges ted  

i n  WSEP inc lude :  
Demonstration runs  a t  h ighe r  r a d i o a c t i v i t y  c o n t e n t  t o  

determine t h e  t r u e  maximum accep tab le  h e a t  gene ra t ion  rate 

( i . e . ,  t h e  maximum exposure l e v e l  of t h e  f u e l  and t h e  

minimum age of  t h e  w a s t e s ) .  

S o l i d i f i c a t i o n  of  two o t h e r  waste types  l i k e l y  t o  be 

encountered i n  t h e  f u t u r e  nuc l ea r  power economy. One 

waste should be t y p i c a l  of a  low s a l t ,  h igh  f i s s i o n  produc t  

waste from thermal  r e a c t o r  f u e l  (exposed t o  45,000 ~ ~ d / t o n n e  

a t  15 MW/tonne) produced by " c l ean"  Purex r ep roces s ing  

( i . e . ,  low i r o n ,  low sodium, and no s u l f a t e ) .  The o t h e r  

* Assuming 33.3% thermal e f f i c i e n c y .  



waste should be r e p r e s e n t a t i v e  of s p e n t  core  f u e l s  from 

Liquid Metal F a s t  Breeder Reactors .  Demonstration of t h e s e  

wastes  should reasonably w e l l  complete t h e  b racke t ing  of 

t h e  ma jo r i t y  of wastes  t h a t  can be p r e d i c t e d  a t  t h i s  t ime.  

Demonstration of  p o t e n t i a l  f o r  automat ic  c o n t r o l .  

A f t e r  t h e  above t e s t s  a r e  completed and r e p o r t e d ,  f u r t h e r  

r e p o r t s  w i l l  r e l a t e  phosphate g l a s s  s o l i d i f i e r  performance t o  

t h e  o t h e r  two s o l i d i f i c a t i o n  processes  under demonstrat ion i n  

WSEP from t e c h n i c a l ,  o p e r a t i o n a l ,  and economic viewpoints .  



3.0 BACKGROUND. PROCESS DESCRIPTION. AND PROCESS TECHNOLOGY 

3.1 BACKGROUND 

The phosphate g l a s s  p rocess  f o r  t h e  continuous conversion 

of high l e v e l  r a d i o a c t i v e  wastes  t o  phosphate g l a s s  was developed 

a t  t h e  Brookhaven Nat iona l  Laboratory on s imula ted  waste so lu-  

t i o n s  u s ing  l abo ra to ry  s c a l e ,  bench s c a l e ,  and engineer ing  s c a l e  

p i l o t  p l a n t  equipment. ( 4 1 2 9 )  Supplemental development work was 

performed by Bat te l le- Northwest  i nc lud ing  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 .  ( 6 )  

Nonradioactive l a b o r a t o r y  s t u d i e s  w e r e  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  composit 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  evapora tor  and m e l t e r .  ( 4 ' 7 )  Nonradio- 

a c t i v e  bench s c a l e  s t u d i e s  were made t o  ob ta in  process  informa- 

t i o n  f o r  des ign  of 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  were 

made t o  provide more comprehensive in format ion  on t h e  phosphate 

g l a s s  p roces s ,  t o  develop ope ra t ing  and c o n t r o l  parameters ,  t o  

permit  e x t e n s i v e  t e s t i n q  of a  pla t inum me l t e r  ( 7 )  and t o  confirm - - 

design f e a t u r e s  of  WSEP equipment, ( 8 1 9 )  both 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 nonrad ioac t ive  

design v e r i f i c a t i o n  t e s t s  (lo) was made by BNW wi th  t h e  WSEP 

equipment f o r  f i n a l  conf i rmat ion  of t h e  WSEP equipment 

des ign  and p roces s  ope ra t ing  parameters  be fo re  r a d i o a c t i v e  

ope ra t ion .  

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  process .  ( 9 )  

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 cont inu-  

ous s t e p s :  a  low temperature  (130 t o  1 4 0  OC) concen t r a t i on  s t e p  

i n  which aqueous waste ,  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  wi th  c e r t a i n  metal  s a l t s  (when r e q u i r e d )  

i s  cont inuous ly  concent ra ted  and p a r 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  h igh  temperature  ( 1 0 0 0  t o  1 2 0 0  OC) g l a s s  forming 

s t e p  where f i n a l  v o l a t i l i z a t i o n  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  d i scharged  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  den i t r a to r- evapora to r  may be combined wi th  t hose  from 

t h e  m e 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 h e  waste .  I f  s u l f a t e  i s  i n  t h e  waste ,  it 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 s e  e f f l u e n t s  must be t r e a t e d  s e p a r a t e l y .  The 

phosphate g l a s s  p rocess  i s  shown schema t i ca l ly  i n  F igure  3.1. 

In  t h e  d e n i t r a t o r- e v a p o r a t o r ,  volume r educ t ion  f a c t o r s  

ranging from two t o  seven a r e  r e a l i z e d  along wi th  removal of  

60% t o  90% o f  t h e  n i t r a t e .  Concen t r a t i on- den i t r a t i on  i s  con- 

t r o l l e d  a t  a  p o i n t  where t h e  i nc reased  v i s c o s i t y  of 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 no t  become s e r i o u s  

problems. 

Although foaming d i d  n o t  occur  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 , n o n r a d i o a c t i v e  s t u d i e s ,  (except  b r i e f l y  a t  s t a r t u p )  

s eve re  foaming d i d  occur  dur ing  t h e  f i r s t  three r a d i o a c t i v e  

demonstra t ion runs .  In  subsequent  runs ,  however, a f t e r  a d d i t i o n  
of an an t i foam agen t ,  s eve re  foaming d i d  no t  occur .  

T r a n s f e r  of t h e  concen t r a t ed  waste from t h e  d e n i t r a t o r -  

evapora to r  t o  t h e  m e l t e r  f eed  system i s  i n i t i a t e d  i n  WSEP by 

a i r  l i f t i n g  t h e  concen t r a t e  from t h e  bottom of  t h e  d e n i t r a t o r -  

evapora to r  t o  an a i r l i f t  p o t .  A sma l 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 e  p o t  f lows over  a  wei r  i n t o  t h e  m e l t e r ,  whi le  t h e  major 

p o r t i o n  f lows  back t o  t h e  evapora to r .  
I 
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FIGURE 3 . 1 .  Phosphate Glass  S o l i d i f i c a t i o n  Process  



The a i r - l i f t e d  concent ra ted  feed  i s  in t roduced  t o  t h e  

me l t e r  through a  s o l u t i o n  f eede r  which i s  cooled by means of a 

b o i l i n g  wate r  j acke t .  The s o l u t i o n  f e e d e r  i s  needed t o  conduct  

t h e  concen t r a t ed  s o l u t i o n  nea r  t h e  su r f ace  of t h e  molten g l a s s  

pool t o  minimize s p a t t e r i n g  and en t ra inment  whi le  main ta in ing  

t h e  s o l u t i o n  a t  a  warm temperature  wi thout  concen t r a t i on .  

Once i n  t h e  me l t e r  t h e  concen t r a t e  i s  cont inuous ly  d r i e d  

through a  c a l c i n e  s t a g e  and t o  a  molten g l a s s  a t  t empera tures  

up t o  1 2 0 0  OC. E s s e n t i a l l y  a l l  of  t h e  n i t r a t e ,  wa te r ,  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 a  smal l  amount of  

phosphate d i s t i l l  i n  t h i s  s t e p .  I n  WSEP, t h e  mel t  i s  d i scha rged  

cont inuous ly  through an overflow wei r  o r  may be ba tch  d i scharged  

through a  d r a i n  f r e e z e  va lve .  

When t h e  molten g l a s s  i s  discharged cont inuous ly  a t  low 

r a t e s  from t h e  m e l t e r ,  such a s  1 l i t e r / h r ,  t h e  r e c e i v e r  p o t  w a l l  

must be mainta ined a t  approximately 6 0 0  O C  t o  a s s u r e  uniform 

void- f ree  f i l l i n g  of t h e  r e c e i v e r  and t o  p revent  s t a l a g m i t e  

fo rmat ion .  Continuous d i scha rge  of molten g l a s s  a t  r a p i d  r a t e s  

i n t o  an i n s u l a t e d  r e c e i v e r  po t  was s a t i s f a c t o r i l y  accomplished 

a t  BNL w i thou t  h e a t i n g  t h e  r e c e i v e r .  Also,  ba tch  d i scha rg e  of  

mel t  through t h e  d r a i n  f r e e z e  va lve  a t  r a p i d  r a t e s  can be 

s a t i s f a c t o r i l y  accomplished wi thout  hea t ing  t h e  r e c e i v e r  p o t .  

The m e l t e r  o f f- gases  a r e  rou ted  through a  plat inum-  

i r i d i u m  p ipe  which must be maintained a t  temperatures  above t h e  

condensat ion p o i n t  of t h e  vapors  t o  avoid co r ros ion  i n  t h e  o f f -  

gas  l i n e .  Condensation and scrubbing of t h e  vapors  i s  done i n  

a  me l t e r  off- gas  condenser. D i l u t i o n  of t h e  c o r r o s i v e  s u l f a t e  

con ta in ing  me l t e r  condensate i s  accomplished by t h e  a d d i t i o n  

of a  steam spray  which a l s o  s e r v e s  t o  coo l  and wet t h e  lower 

w a l l  of t h e  condenser .  D i lu t ion  i s  n o t  necessary  f o r  s u l f a t e -  

f r e e  condensate .  

The e f f l u e n t s  from t h e  m e l t e r  and t h e  d e n i t r a t o r -  

evapora to r  con ta in  1 t o  1 0 %  of  t h e  r ad ionuc l ide  con ten t s  i n  t h e  

o r i g i n a l  waste .  Consequently they a r e  i n t e rmed ia t e  l e v e l  was tes  



which still contain toxic levels of radioactivity. These secon- 

dary effluent streams must be further treated or recycled to 

the fuel reprocessing plant and before ultimate discharge to 

the environs. In WSEP, the auxiliaries for treatment of these 

effluents consist of a condenser and an evaporator, a condenser 

and an acid fractionator and another condenser, and a scrubber 

and a high efficiency filtration system. (1) 

3.3 PROCESS TECHNOLOGY 

The addition of approximately one mole of phosphoric acid 

per equivalent of nonvolatile cation is required to make a good 

phosphate glass product for PW-l* and PW-2* wastes. A short 

digestion period (about 8 hours with simulated waste at room 

temperature) following the addition of phosphoric acid permits 

the bulk of the cations in the waste to be complexed. Precipi- 

tation of fission product zirconium phosphate, barium and stron- 

tium sulfates, and phosphomolybdate complexes occurs to the 

extent that the solution will contain approximately 10% settled 

solids. The solids content of the feed prepared for use in the 

six phosphate glass radioactive demonstration runs ranged from 

10 vol% in run PG-4 to 50 vol% in run PG-3, and averaged about 

21 ~ 0 1 % .  

Substitutions of some of the more costly chemical elements 

in PW-1 and PW-2 wastes with less expensive, chemically similar 

elements were made in development studies. Development studies 

indicated that the selected substitutions could be made with no 

noticeable effects on process or product characteristics. Iron, 

cobalt and nickel were substituted for ruthenium, rhodium, and 

palladium, respectively, and in WSEP copper was substituted 

for silver and cadmium. Other substitutions were made as 

indicated in Table 9.1 in the appendix. The use of manganese 

* See Table 9.1 in the appendix for nominal composition of 
these wastes. 



a s  a  s u b s t i t u t e  f o r  ruthenium was d i scont inued  du r ing  e a r l y  non- 

r a d i o a c t i v e  t e s t s  because manganese formed heavy s o l i d 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  a t  o p e r a t i n g  temperatures .  

S p e c i f i c  nonrad ioac t ive  exper iments  were conducted t o  

determine t h e  e f f e c t s  of aluminum, r a r e  e a r t h s ,  and uranium, 

which were p r e s e n t  i n  excess  amounts i n  some of t h e  ba tches  of  

r a d i o a c t i v e  waste s tocks  used i n  t h e  WSEP demonstra t ions .  The 

t e s t s  showed t h a t  s u b s t i t u t i o n  of aluminum f o r  i r o n  produced no 

marked e f f e c t s  o t h e r  than t o  change t h e  g l a s s  t o  a  somewhat 

l i g h t e r  c o l o r .  Aluminum can be s u b s t i t u t e d  f o r  any p a r t  o r  a l l  

of  t h e  i r o n  i n  PW-1 waste on a  mole-for-mole b a s i s  wi thout  chang- 

ing  t h e  me l t i ng  c h a r a c t e r i s t i c s  of t h e  phosphate g l a s s  p roces s  

product .  ( 1 0 )  

The tests a l s o  showed t h a t  s u b s t i t u t i o n  of aluminum f o r  

h a l f  t h e  i r o n  i n  PW-2 on a  mole-for-mole b a s i s  would n o t  s i g n i f i -  

c a n t l y  change t h e  c h a r a c t e r i s t i c s  of den i t r a to r- evapora to r  con- 

c e n t r a t e  o r  t h e  f i n a l  mel t .  No t e s t s  were made t o  determine t h e  

e f f e c t s  of s u b s t i t u t i n g  aluminum f o r  more than  h a l f  t h e  i r o n  

i n  PW-2 waste .  

S ince  4-year-old concent ra ted  radiocer ium s o l u t i o n  was 

used t o  provide most of t h e  r a d i o a c t i v e  decay h e a t  f o r  t h e  w a s t e  

used i n  run PG-4, t h e  r a r e  e a r t h  ( R E )  con ten t  i n  t h e  feed  w a s  

approximately  s i x  t i m e s  t h e  nominal 0.12M. - Nonradioact ive  

tes t  m e l t s  were prepared  from s imula ted  feed  s o l u t i o n s  con ta in-  

i n g  0.237, 0.335, and 0.67M - t o t a l  r a r e  e a r t h s .  The o t h e r  PW-2 

c o n s t i t u e n t s  were he ld  a t  t h e  nominal 378 l i t e r s / t o n n e  l e v e l s ,  

and phosphoric  a c i d  was added t o  mainta in  t h e  me ta l  e q u i v a l e n t s /  

phosphate r a t i o  (M/P) a t  1 . 0 .  The on ly  apparen t  e f f e c t  of  t h e  

i nc reased  r a r e  e a r t h  c o n t e n t  was an i n c r e a s e  i n  mel t  format ion 

p o i n t  of about 50 OC t o  975 O C  with  0.67M - r a r e  e a r t h s .  The 

a d d i t i o n  of 0.5 t o  1 . O M  - sodium completely coun te rac t ed  t h e  

i n c r e a s e  i n  t h e  me l t  formation po in t .  Resu l t s  a r e  shown i n  

Table 3.1.  (11) 



TABLE 3 . 1 .  E f f e c t  o f  Rare E a r t h  C o n t e n t  on M e l t  Forma t ion  
Y i n  PW-2 Waste  

C o n c e n t r a t i o n  i n  Waste a t  378.5 l i t e r s / t o n n e ,  M 

T o t a l  
RE 

A d d i t i v e  
Na 

Mel t ing  
P o i n t ,  O C  

The r a d i o a c t i v e  was te  used  f o r  demons t ra t ion  run  PG-5 con- 

t a i n e d  e x c e s s  uranium s o  t h a t  t h e  f i n a l  f e e d  had a b o u t  s i x  t i m e s  

t h e  nominal c o n c e n t r a t i o n  of  0.01M - i n  PW-1 w a s t e .  R e s u l t s  o f  a  

n o n r a d i o a c t i v e  i n v e s t i g a t i o n  (11) showed (Table  3 .2)  t h a t  when 

phosphate  was added t o  m a i n t a i n  an M/P r a t i o  of  1 . 0 ,  t h e  e f f e c t  

of  t h e  uranium i n  t h e  f e e d  was n e g l i g i b l e  (see Tab le  3 . 2 ) .  

The e f f e c t  o f  t h e  a d d i t i o n a l  amounts of uranium p l u s  t h e  added 

phosphor ic  a c i d  was t o  i n c r e a s e  t h e  v i s c o s i t y  and m e l t i n g  p o i n t  

of  t h e  m e l t ,  b u t  t h e  i n c r e a s e s  w e r e  v e r y  s l i g h t  a t  0 . 1 0 M  - uranium. 

A l l  t h r e e  melts formed p r o d u c t s  which were v i s u a l l y  less g l a s s y  

t h a n  t y p i c a l  PW-2 phosphate  g l a s s  p r o d u c t s .  

Although t h e  uranium c a t i o n  e q u i v a l e n c e  was s e l e c t e d  

a r b i t r a r i l y  a s  s i x  t i m e s  t h e  m o l a r i t y ,  t h e  t r u e  answer a p p e a r s  

t o  be c l o s e r  t o  f o u r  t i m e s  t h e  m o l a r i t y .  The p o i n t  can  be  

shown by assuming t h a t  t h e  we igh t  l o s s  shown i n  Tab le  3.2 was 



P 0 which v o l a t i l i z e d  because  i t  was i n  e x c e s s  o f  t h a t  r e q u i r e d  
2 5 

t o  c o o r d i n a t e  w i t h  uranium. From t h e  we igh t  l o s s e s ,  t h e  phos-  

phorus/uranium r a t i o s  i n  t h e  l a s t  2  m e l t s  i n  Table  3.2 w e r e  c a l -  

c u l a t e d  t o  be  4.28 and 4.34. ( 5  

T A B L E  3 . 2 .  E f f e c t  of Uranium on PW- 1 Waste  

C o n c e n t r a t i o n  i n  Waste a t  378 l i t e r s / t o n n e ,  (a) M_ 

Melt  Slump M e l t  Weight 
T o t a l  T o t a l  T o t a l  M/P ( c )  P o i n t ,  ~ o i n t ,  Measured, T h e o r e t i c a l ,  (d) . 
Na(b) P  U R a t i o  O C  -- OC A L 

a .  The PW-1 f l o w s h e e t  f o r  run  PG-5 was e x p e c t e d  t o  c o n t a i n  2.6M - 
t o t a l  sodium and 6.44M - phosphate  ( i n  378 l i t e r s / t o n n e  
s o l u t i o n ) .  

b. I n a d v e r t e n t l y  s l i g h t l y  h i g h e r  than  t h e  d e s i r e d  2,60M, - b u t  
c o n c l u s i o n s  a r e  n o t  a f f e c t e d .  

c. U m e t a l  i o n  e q u i v a l e n c e  = 6 X  uranium m o l a r i t y .  
d. Based on 1 l i t e r  o f  PW-1. 

L a b o r a t o r y  i n v e s t i g a t i o n s  (11) w i t h  n o n r a d i o a c t i v e  f e e d  and 

w i t h  a c t u a l  r a d i o a c t i v e  f e e d  f o r  run  PG-3 w e r e  made t o  d e t e r m i n e  

t h e  c a u s e  of  and methods f o r  p r e v e n t i o n  of foaming. Nonradio-  

a c t i v e  l a b o r a t o r y  s t u d i e s  e s t a b l i s h e d  d i b u t y l  phospha te  

(DBP) was t h e  foaming a g e n t  i n  t h e  e v a p o r a t o r  c o n c e n t r a t e  i n  

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

Antifoam B )  was found t o  c o u n t e r a c t  t h e  DBP-induced foaming i n  

t h e  l a b o r a t o r y  t e s t  a p p a r a t u s  ( s e e  F i g u r e  9.11)  d u r i n g  s h o r t -  

t e r m  tests,  b u t  was less s u c c e s s f u l  i n  tes ts  l a s t i n g  s e v e r a l  

hours .  R a d i o a c t i v e  tes ts  were conducted on t h e  f e e d  f o r  PG-3 

t o  i n v e s t i g a t e  foaming i n  a  g l a s s ,  scaled-down t e s t  a p p a r a t u s  

s i m i l a r  i n  g e o m e t r i c a l  shape t o  t h a t  of t h e  d e n i t r a t o r  (see 

F i g u r e  9.12 i n  Appendix) .  Foaming was found t o  be  t ime- dependent  



with some foam-making m a t e r i a l  accumulating i n  t h e  d e n i t r a t o r .  

Subsequently,  t h e  ant i foam agent  was again  found t o  success-  

f u l l y  subdue foam and prevent  i t s  recur rence  i f  t h e  ant i foam 

was added cont inuously  t o  t h e  system. I n  t h e  f u l l - s c a l e  

d e n i t r a t o r ,  a  cont inuous a d d i t i o n  of approximately 1 0 0  ppm/hr* 

was r equ i r ed  f o r  adequate c o n t r o l .  

Laboratory s c a l e  t e s t s  were made on each batch of a c t u a l  

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

t he se  tests determined t h e  s u i t a b i l i t y  of t h e  feed f o r  pro-  

ces s ing  i n  t h e  phosphate g l a s s  p rocess .  Boi l ing  p o i n t s ,  mel t ing  

p o i n t ,  co r ros iveness  of t h e  m e l t ,  foaming tendenc ies  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  were noted.  The 

r e s u l t s  of t h e s e  t e s t s  a r e  shown i n  Table 3 . 3 .  

* P a r t s  p e r  m i l l i o n  of t h e  normal holdup i n  t h e  d e n i t r a t o r  
of about  5 0  l i t e r s  of concen t r a t e .  



TABLE 3 . 3 .  R e s u l t s  o f  Pre l iminary  R a d i o a c t i v e  I n c e l l  Laboratory T e s t s  
w i t h  Ad jus ted  Phosphate Glass Feeds 

WSEP Run 

Feed Type 

Heat g e n e r a t i o n  
r a t e  i n  f e e d ,  
W / l i t e r  

Batch 1 Batch 2 

1 . 3  3.9 10 ( a )  7  12 8  16.8 

B o i l i n g  p o i n t  of  
Feed,  OC -100 A t  70 'C bubbles  110 

appeared .  A t  
a87 OC w h i t e  fumes 
appeared .  Loose 
foam a t  a103 "C .  

Not Avai lab le  100 

Suspended s o l i d s  
c o n t e n t  i n  
a d j u s t  d  f e e d ,  
~ 0 1 %  ('37 275 a50 Not Avai lab le  %20 Not Avai lab le  Not A v a i l a b l e  

Foaming tendency 
i n  d e n i t r a t o r -  
e v a p o r a t o r  

Foaming appeared No s e v e r e  foam- J e l l y - l i k e  a t  
a t  126 OC. Heavi- ing t o  146 OC. 140 "C .  S l i g h t  
e s t  a t  128 "C. foaming a t  
P e r s i s t e d  u n t i l  a167 OC. 
it b o i l e d  down t o  
t h i c k  s ludge  a t  
146 OC. 

S p a t t e r i n g  and Fuming a t  90 OC. 
l i g h t  foam d u r i n g  White fumes a t  
boildown. ~ 1 0 %  110 "C.  Some 
foam i n  h e a t i n g  foaming a t  140 "C 
t o  150 "C.  b u t  no fumes. 

Medium s i z e  v i s c o u s  
bubbles  a t  140 "C. 
Big v i s c o u s  bubbles  
between 170 and 200 'C. 
One l a r g e  bubble 
between 210-220 'C. 
Bubble subs ided  a t  
230 OC. 

P u t t y - l i k e  a t  500 "C. 
No fumes o r  foaming 
observed  up t o  900 OC. 

Foaming tendency 
i n  m e l t e r  

Melt climbed up No foaming 
s i d e s  of  c r u c i b l e  observed up t o  
between 600- 400 "C. 
800 'C. White 
fumes noted  i n  
t h i s  i n t e r v a l .  

Swel l ing  of c a l -  Some fumes a t  
c i n e  a t  450 O C .  300 "C.  Slump- 
S u l f a t e  e v o l u t i o n  i n g  of  c a l c i n e  
a t  550 O C .  a t  700 "C. 

V o l a t i l i z a t i o n  None v i s i b l e  No v i s i b l e  vo la-  
a f t e r  ho ld ing  a t  t i l i z a t i o n  noted  
1000 O C  f o r  a f t e r  30 min a t  
30 min. 900 O C .  

No v i s i b l e  v o l a t i -  
l i z a t i o n  a f t e r  
30 min a t  950 OC. 

No v i s i b l e  v o l a t i l i z a -  
t i o n  a t  900 "C.  

C o r r o s i v e n e s s  of  
mel t  t o  p o t  
m a t e r i a l  

Oxidized a f t e r  Oxidized a f t e r  No v i s i b l e  c o r r o-  
8 h r  a t  650 O C .  8 h r  a t 6 5 0  OC, s i o n  of mild 
Mild s t e e l  coupon b u t  no v i s u a l  s t e e l  coupon 
used.  p e n e t r a t i o n  a f t e r  8  h r  a t  

304L SS coupon 650 'C. 
used.  

Oxidized b u t  no Mild s t e e l  coupon No v i s i b l e  c o r r o s i o n  
v i s u a l  penetration o x i d i z e d  by a i r  of m i l d  s t e e l  coupon 
of mild s t e e l  a f t e r  8  h r  a t  a f t e r  24 h r  a t  
coupon a f t e r  750 OC b u t  no 650 "C. 
4  h r  a t  650 OC. a p p a r e n t  p e n e t r a-  

t i o n  by m e l t .  

Product  appear-  
ance  Glassy Gray and 

unmelted a t  
800 OC. I n i t i a l  

Mel t ing  p o i n t ,  
"C 

a.  By h e a t  r i s e  t e s t  assuming Cp = 0.9 k ~ a l / k g - ~ C  f o r  c o n c e n t r a t e d  was tes .  

b .  Es t imated  volume. 



4 . 0  PHOSPHATE GLASS S O L I D I F I C A T I O N  PERFORMANCE 

S i x  r a d i o a c t i v e  demonstrat ion runs  have been completed i n  

t h e  WSEP t o  demonstrate t h e  phosphate g l a s s  s o l i d i f i c a t i o n  pro-  

c e s s .  A major o b j e c t i v e  was t o  i n c r e a s e  t h e  concen t r a t i ons  of 

r ad ionuc l ides  i n  t h e  waste i n  each succes s ive  run t o  permi t  

p r e d i c t i o n  of t h e  maximum al lowable  h e a t  gene ra t ion  r a t e  i n  a  

r e c e i v e r  p o t .  Other o b j e c t i v e s  inc luded  de te rmina t ion  of t h e  

performance of t h e  phosphate g l a s s  p rocess  coupled wi th  t h e  

a u x i l i a r y  equipment. Co l l ec t ion  of s e v e r a l  2 0 0  l i t e r  p o r t i o n s  

of a c t u a l  PW-2 s u l f a t e  condensate f o r  h o t  l abo ra to ry  and h o t  

p i l o t  p l a n t  demonstra t ion t e s t s  was done a s  t h e  runs  progressed .  

Major v a r i a b l e s  of t h e  runs  a r e  shown i n  Table 4 . 1 .  

T A B L E  4 . 1 .  Major Run V a r i a b  Zes 

PG Po t  Waste C u r i e s  Tonnes ( a )  W/tonne i n  E q u i v a l e n t  
(b) 

Run Mode Diam, i n .  Type t o p o t  
- 7  

t o  Po t  waste  ( a )  Age, y r  

a .  Tonne i s  a  m e t r i c  t o n  of o r i g i n a l  f u e l  
b .  Rased on 20,000 ~ ~ d / t o n n e  a t  15 ~W/ tonne  

Engineer ing s c a l e  performance of t h e  phosphate g l a s s  

s o l i d i f i c a t i o n  process  wi th  h igh ly  r a d i o a c t i v e  f eed  g e n e r a l l y  

confirmed e a r l i e r  development work. (') The p r e d i c t e d  c a p a c i t i e s  

of t h e  process  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  were i n  t h e  range i n d i c a t e d  by nonrad ioac t ive  work 

a t  BNL and PNL except  f o r  exces s ive  l o s s e s  of f e e d  from t h e  

d e n i t r a t o r  due t o  foaming of t h e  d e n i t r a t o r  concen t r a t e .  The 

foaming i n  t h e  d e n i t r a t o r  was caused p r i m a r i l y  by smal l  amounts 

of foam-making m a t e r i a l  ( d i b u t y l  phosphate i n  t h e  Purex waste 



used f o r  f e e d  makeup) . S a t i s f a c t o r y  c o n t r o l  o f  foaming was 

a c h i e v e d  by t h e  a d d i t i o n  of a  s i l i c o n e  an t i foam a g e n t  i n t o  t h e  

d e n i t r a t o r .  Data p r e s e n t e d  i n  S e c t i o n  4 . 0  a r e  from Refe rences  

5 and 11 through  15.  

P lugg ing  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  d i p  

t u b e s ,  t h e  a i r l i f t  a i r  l i n e ,  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 t h e  m e l t e r  f e e d  l i n e  w i t h  g r a n u l a r  s o l i d s  was a  major  

problem d u r i n g  p r o c e s s i n g  of  PW-1 w a s t e .  The remotable  f e a t u r e s  

of t h e  new a i r l i f t  p o t  used  d u r i n g  t h e  PW-1 d e m o n s t r a t i o n s  d i d  

h e l p  i n  overcoming s o l i d s  b u i l d i n g  up i n  t h e  a i r l i f t  p o t .  
- 

S e v e r a l  methods w e r e  t r i e d  t o  keep t h e  d i p  t u b e s  c l e a r  of 

s o l i d s ;  t h e  on ly  s u c c e s s f u l  method was h o u r l y  s team blowdowns. 

R e l a t i v e l y  few p r o c e s s i n g  problems were encoun te red  w h i l e  

s o l i d i f y i n g  PW-2 w a s t e s .  However, a s  w i t h  t h e  PW-1 w a s t e s ,  t h e  

i n a b i l i t y  t o  m a i n t a i n  a  con t inuous  f e e d  f low t o  t h e  m e l t e r  

r e s u l t e d  w i t h  t h e  use  of t h e  a i r l i f t  p o t s .  S o l i d i f i c a t i o n  of 

w a s t e s  d u r i n g  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 o n s t r a t i o n s  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 i g h  a s  

9600 w a t t s  i n  an 8- inch d i a m e t e r  p o t .  Reasonable l e v e l s  of  

r a d i o a c t i v i t y  i n  t h e  a c i d  and w a t e r  e f f l u e n t  streams w e r e  

o b t a i n e d  s o  t h a t  t h e  s t r e a m s  were s u i t a b l e  f o r  r e u s e  o r  t r e a t -  

ment a s  low l e v e l  s t r e a m s .  The f i n a l  gaseous  e f f l u e n t  l e a v i n g  

t h e  s t a c k  was w e l l  below 10CFR20 relesse l i m i t s .  

4 . 1  OVERALL PROCESSING RATES 

O v e r a l l  p r o c e s s i n g  r a t e s  (based  on m e l t e r  f e e d  t i m e  b e f o r e  

d e n i t r a t o r  d i l u t i o n )  ranged from 0.20 t o  0 . 6 1  tonne/day f o r  PW-2 

w a s t e s  and from 0.20 t o  0.34 tonne/day f o r  PW-1 w a s t e s .  These 

r a t e s  r e p r e s e n t  p r o d u c t i o n  of g l a s s  p r o d u c t s  a t  20.6 t o  

28.8 l i t e r s / d a y  f o r  PW-1 and from 10.5  t o  29.1 l i t e r s / d a y  f o r  

PW-2. 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  phospha te  

g l a s s  m e l t  was a  h i g h  a s  1 k i l o w a t t .  The t o t a l  power r e q u i r e -  

ments a r e  2  t o  6  k i l o w a t t s  f o r  t h e  m e l t e r .  No a p p a r e n t  



i n c r e a s e  i n  p rocess ing  r a t e s  was observed a s  t h e  i n t e r n a l  h e a t  

r a t e  i nc reased .  Even wi th  t h e  i n t e r n a l  h e a t  and r e s u l t i n g  

decrease  i n  me l t e r  power requirement ,  t h e  me l t e r  s t i l l  l i m i t s  

t h e  capac i ty  of t h e  process .  

Table 4 . 2  summarizes t h e  d a t a  on p roces s ing  r a t e s .  R e s u l t s  

were f a i r l y  c o n s i s t e n t  except  dur ing  run PG-3. The uncon t ro l l ed  

foaming of concen t r a t e  i n  t h e  den i t r a to r- evapora to r  which 

occurred du r ing  most of run PG-3 r e s u l t e d  i n  only  about 16 hours  

of s teady  s t a t e  ope ra t ion .  Continuous f low of concen t r a t e  t o  

t h e  m e l t e r  was d i f f i c u l t  t o  main ta in  because of t h e  v a r i a t i o n s  

of o p e r a t i n g  cond i t i ons  t e s t e d  i n  a t t empt s  t o  c o n t r o l  t h e  exces-  

s i v e  foaming. These two cond i t i ons  r e s u l t e d  i n  an i n t e n t i o n a l l y  

low process ing  r a t e  f o r  PG-3. 

F igure  4 . 1  shows t h e  f eed  r a t e s  and feed  consumption curves  

f o r  t y p i c a l  demonstra t ion runs  wi th  PW-1 and PW-2 wastes .  The 

feed  r a t e s  were maximum dur ing  t h e  i n i t i a l  concen t r a t i on  pe r iod  

when t h e  concen t r a t e  i n  t h e  den i t r a to r- evapora to r  was being 

concent ra ted  t o  t h e  normal o p e r a t i n g  b o i l i n g  p o i n t  and s p e c i f i c  

g r a v i t y .  The o v e r a l l  f eed  r a t e  t o  t h e  d e n i t r a t o r  averaged 

1 2 . 1  l i t e r s / h r  dur ing  PW-1 runs  and ranged from 9.4 t o  

18 l i t e r s / h r  dur ing  PW-2 runs  based on a d j u s t e d  f eed  a t  

378 l i t e r s / t o n n e .  

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  p roces s ing  

r a t e  i s  t h e  t ransmiss ion  of power r equ i r ed  t o  form a  good mel t  

( 2  t o  4 k i l o w a t t s  of  power). Other  f a c t o r s  i n f l u e n c i n g  t h e  

r a t e s  a r e  feed  composition and e r r a t i c  feed r a t e s  t o  t h e  me l t e r .  

The p roces s ing  r a t e s  a r e  n o t  l i m i t e d  by t h e  d e n i t r a t o r -  

evapora tor  s i n c e  it can evapora te  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 .  Ni t rogen sparge  tests  of  t h e  me l t e r  were conducted 

a t  an average sparge r a t e  of about  0.5 s c f h  t o  determine i f  

sparging through t h e  m e l t  would i n c r e a s e  m e l t e r  p roces s ing  rates. 
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Although e r r a t i c  f e e d i n g  o f  t h e  melter o c c u r r e d  d u r i n g  t h e  

t e s t s  and 1 t o  2 of  t h e  4 a v a i l a b l e  s p a r g e  t u b e s  were p lugged ,  

s p a r g i n g  had no a p p a r e n t  e f f e c t  on p r o c e s s i n g  r a t e s .  

4 . 2  RADIONUCLIDE HEATING EFFECTS 

S i n c e  h igh  c o r l 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  s o l i d i f i e d  

was te  produce  h i g h  i n t e r n a l  t e m p e r a t u r e s  even when t h e  r e c e i v e r  

p o t  i s  c o o l e d ,  t h e  maximum a l l o w a b l e  t e m p e r a t u r e s  must be  

de te rmined .  The t e m p e r a t u r e s  a r e  dependent  on t h e  c o n c e n t r a t i o n  

o f  t h e  r a d i o n u c l i d e s  i n  t h e  s o l i d  p r o d u c t  ( t h e  age o f  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  t h e r m a l  c o n d u c t i v i t y  of  t h e  s o l i d  prod-  B 

u c t ,  and t h e  c o o l i n g  envi ronment  i n  which t h e  r e c e i v e r  i s  

p l a c e d .  
- 

The maximum a l l o w a b l e  t e m p e r a t u r e s  e s t a b l i s h e d  f o r  WSEP 

a r e  t o  l i m i t  t h e  p r o d u c t  t e m p e r a t u r e  t o  900 O C  and t o  l i m i t  

t h e  r e c e i v e r  p o t  w a l l  t e m p e r a t u r e  t o  427 OC. A l so ,  i f  a  mol ten  

c o r e  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  t h i c k n e s s  o f  t h e  f r o z e n  

w a l l  o f  t h e  s o l i d i f i e d  waste  i s  n o t  t o  be less t h a n  one- hal f  t h e  

p o t  r a d i u s .  The 900 O C  l i m i t  r educes  c o r r o s i o n  t o  t h e  s t a i n -  

less s t e e l  thermowel ls  used t o  house t h e  i n t e r n a l  thermocouples .  

(The w e l l s  w i l l  p r o b a b l y  n o t  be used  i n  p r o d u c t i o n  model r e c e i v e r  

p o t s . )  The 427 O C  w a l l  t e m p e r a t u r e  p r e v e n t s  e x c e s s i v e  a i r  ox ida-  

t i o n  o f  t h e  c o n t a i n e r  and a l l o w s  remote h a n d l i n g  o f  t h e  p o t  

w i t h o u t  e x c e s s i v e  s p e c i a l  p r e c a u t i o n s .  L i m i t i n g  t h e  mol ten  c o r e  

r a d i u s  p r e v e n t s  mol ten  was te  from c o n t a c t i n g  t h e  p o t  w a l l  and 

t h u s  r e d u c e s  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 changes  w i t h i n  t h e  p r o d u c t ,  such a s  f i s s i o n  

p r o d u c t  m i g r a t i o n  and g a s  f o r m a t i o n .  

The t e m p e r a t u r e s  caused by 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  6 p o t s  a r e  l i s t e d  i n  Table  4 . 3 .  During t h e  f i r s 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 s  o f  t h e  phosphate  g l a s s  p r o c e s s  i n  

WSEP, 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  was i n c r e a s e d  i n  e a c h  



succes s ive  p o t  t o  155 W/ l i t e r  wi th  an i n t e r n a l  c e n t e r l i n e  

temperature  of 780 OC i n  run PG-6. Because t h e  phosphate 

g l a s s  p roduc t  has a  700 OC remel t  t empera ture ,  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  f rozen  w a l l  t h i ckness  r e s t r i c t i o n  

and w i l l  be approximately 180 t o  2 0 0  W/liter f o r  an 8  i nch  diame- 

ter  r e c e i v e r  p o t  s t o r e d  i n  a i r .  

T A B L E  4 . 3 .  Pot  R e c e i v e r  Temperatures  Caused b y  I n t e r n a l  
Heat G e n e r a t i o n  

T o t a l  
Po t  T o t a l  Heat Rate C e n t e r l i n e  C e n t e r l i n e  t o  Wall 

P G  Diam, Pot  Heat Rate ,  Dens i ty ,  ~emp, (a )  Temp Di f f e r ence ,  ( a )  
Run i n .  M a t e r i a l  -- W F l / l i t e r  O C  O C  

1 12 Mild S t e e l  1600 17 316 ( b )  89 ( b )  

3  8  Mild S t e e l  3300 9 5  655 ( b )  255 

4 8  Mild S t e e l  4200 5 7 510 ( b )  175 (b)  

5 1 2  Mild S t e e l  8800 7  8  712 352 

a .  Receiver  p o t  i n  furnace  wi th  fo rced  a i r  coo l ing  o u t s i d e  t h e  
suscep to r  excep t  where o the rwi se  des igna t ed .  

b. Receiver  po t  i n  furnace  w i thou t  fo rced  a i r  coo l ing  of  t h e  
suscep to r .  

During runs  P G- 1  and PG-2 t he  r e c e i v e r  p o t  furnace was h e l d  

a t  590 and 580 OC, r e s p e c t i v e l y .  These furnace  temperatures  

were used t o  a s su re  t h a t  t h e  p o t  w a l l  temperature  remained 

s u f f i c i e n t l y  high s o  t h a t  t h e  s teady  d r i p  of mel 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  0.62 l i t e r s / h r  would cause no 

s t a l a g m i t e s .  During run PG-3, t h e  r e c e i v e r  p o t  fu rnace  tem- 

p e r a t u r e  was t e s t e d  a t  300 OC and g l a s s  s t a l a g m i t e s  formed 

i n  t h e  produc t  r e c e i v e r .  Po t  w a l l  t empera tures  of 300 OC allowed 

t h e  e n t e r i n g  m e l t  t o  coo l  t o o  r a p i d l y  t o  permit  t h e  m e l t  t o  

slump, thereby  caus ing  a  bu i ldup  of mel t  on t h e  p o t  thennowel ls .  

Batch dumping of t h e  me l t  a t  r a t e s  of 1 t o  2 l i t e r s / m i n  through 

t h e  d r a i n  f reeze- va lve  produced no s t a l a g m i t e s  a t  a  po t  tempera- 

t u r e  of 300 OC. Sta l agmi t e s  a l s o  formed du r ing  run PG-4 a f t e r  



t h e  f i l l  l e v e l  ex tended  i n t o  t h e  unheated  zone o f  t h e  r e c e i v e r  

p o t  where t h e  w a l l  t e m p e r a t u r e  was 300 O C .  P o t  w a l l  tempera-  

t u r e s  were m a i n t a i n e d  a t  575 O C  d u r i n g  r u n s  PG-5 and 6 w i t h o u t  

any s t a l a g m i t e  fo rmat ion .  P o t  w a l l  t e m p e r a t u r e s  o f  a b o u t  

600 "C a r e  recommended when m e l t  i s  t o  be  c o n t i n u o u s l y  d i s -  

charged  v i a  t h e  m e l t e r  w e i r .  

F i g u r e  4.2 i s  a  schemat ic  of a  r e c e i v e r  p o t  which shows t h e  

l o c a t i o n  of t h e  p o t  thermocouples .  Using one r e c e i v e r  p o t  coo l-  

i n g  a i r  b lower  r a t e d  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  . 
c e n t e r l i n e  t e m p e r a t u r e  of  t h e  p o t  c o n t e n t s  below 900 O C ,  and t h e  v 

p o t  w a l l  below 427 O C  d u r i n g  run  PG-6 which c o n t a i n e d  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  t e s t e d  t o  d a t e  of 155 W / l i t e r .  The c o o l i n g  a i r  . 
blows o n t o  t h e  o u t s i d e  of t h e  f u r n a c e  s u s c e p t o r . *  A t y p i c a l  

r e c e i v e r  p o t  t e m p e r a t u r e  p r o f i l e  u s i n g  d a t a  from run  PG-5 i s  

shown i n  F i g u r e  4.3. 

4.3 WASTE VOLUME REDUCTION 

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

was te  p r o c e s s e d  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 reduc-  

t i o n  f a c t o r s  v a r i e d  from 3.5 t o  9 . 1  ( b a s e d  on t h e  r a t i o  of  aque- 

ous  w a s t e  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  

obse rved  v a l u e s  a r e  e s t i m a t e s  of t h e  volume r e d u c t i o n  t o  be  

e x p e c t e d  i n  t h e  s o l i d i f i c a t i o n  of PW-1 and PW-2 f e e d s  used  i n  each  

run .  E s t i m a t e d  v a l u e s  of volume r e d u c t i o n  d i f f e r e d  from obse rved  

v a l u e s  by 4.3% i n  run  P G- 1  t o  14.3% i n  run  PG-5. 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 less t h a n  10%.  D i f f i c u l t i e s  i n  

a n a l y z i n g  t h e  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  Fe and A 1  i n  t h e  p r e s e n c e  of  phospha tes  were main ly  

r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e s  . During t h e  f i r s t  t h r e e  demon- 

s t r a t i o n  r u n s  w i t h  PW-2 w a s t e ,  t h e  volume r e d u c t i o n  averaged  8 . 5 ,  * 

* D i r e c t  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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while  du r ing  t h e  f o u r t h  run wi th  PW-2 was te ,  t h e  volume 

r educ t ion  was lower a t  6 . 4 .  Th is  lower va lue  was caused by 

t h e  0.45M - exces s  rare e a r t h s  i n  t h e  waste which r equ i r ed  e x t r a  

0.5M - NaN03 and 1.16M - H3P04 a d d i t i o n s .  During runs  PG-5 and 6 

where s u l f a t e - f r e e  PW-1 waste was processed ,  t h e  volume reduc-  

t i o n  f a c t o r s  were 3.5 and 4 . 0 ,  r e s p e c t i v e l y .  These were a  

f a c t o r  of  about 2 less than dur ing  t h e  PW-2 runs  because of  

t h e  a d d i t i o n a l  chemical  a d d i t i v e s  necessary  t o  p rocess  t h e  

waste.  See Table 9 .1  f o r  t y p i c a l  PW-1 and PW-2 waste 

. composit ions.  

T A B L E  4 . 4 .  VoZurne R e d u c t i o n s  

D e n i t r a t o r-  
Evaporator  O v e r a l l  Es t imate  ( e )  D e n i t r a t o r  Melter  Measured 

PG Feed ~ v g -  Liquid  Volume Volume Concent ra t ion  c o n c e n t r a t i o n  Densi ty 
Run Type Temp "C Reduction (a )  Reduction F a c t o r  ( b )  - F a c t o r  ( c )  of  Product  

a .  Ra t io  of i n i t i a l  aqueous waste  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  
f i n a l  phosphate g l a s s  p roduc t .  

b .  Volume r a t i o  of  i n i t i a l  aqueous waste  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 .  

c .  Volume r a t i o  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  t o  t h a t  
of t h e  f i n a l  phosphate g l a s s  p roduc t .  

d .  Due t o  0 . 4 5 p  excess  r a r e  e a r t h s ,  a d d i t i o n a l  0 . 5 E  Na and 1.168 PO4 
was added t o  t h e  feed .  

e .  Es t imate  i s  based on d e n s i t y  of p r o d u c t / t o t a l  ox ide  weight  i n  f e e d  
a t  378 l i t e r s / t o n n e .  

The u n i t  volume of phosphate g l a s s  from PW-1 waste i n  

a  r e c e i v e r  p o t  (Table  4.5) was 93 and 1 0 2  l i t e r s / t o n n e  of f u e l  

f o r  runs  PG-5 and 6,  r e s p e c t i v e l y .  For PW-2 was te ,  t h e  volume 

ranged from 37 t o  4 5  l i t e r s / t o n n e  of f u e l .  The measured den- 

s i t y  of p roduc t  averaged about  2 . 8  k g / l i t e r  and 2 . 9  k g / l i t e r  f o r  

PW-1 and PW-2 was t e s ,  r e s p e c t i v e l y .  A s  a  r e s u l t  of s t a l a g m i t e  

formation dur ing  run PG-3, t h e  volume of t h e  m e l t  could  n o t  be 



measured i n  t h e  r ece iv ing  po t  because of vo ids  i n  t h e  produc t .  

The volume of p roduc t  was c a l c u l a t e d  from t h e  l abo ra to ry-  

measured d e n s i t y  and t h e  n e t  weight i n  t h e  po t .  

T A B L E  4 . 5 .  C a p a c i t y  o f  a  R e c e i v e r  P o t  

Pot 
PG Diameter,  
Run - i n .  

1 1 2  

2  8  

3 8  

4 8  

5 1 2  

6  8  

To ta l  T o t a l  
I n t e r n a l  Product  

Heat Rate ,  Weight, 
W kg 

Equ iva l en t  
tonnes  of f u e l /  

Unit Volume Equiva len t  p o t ,  i f  p o t  were 
of S o l i d  tonnes of  f u e l /  f i l l e d  t o  

l i t e r / t o n n e  p o t  6- foot  depth  

a .  Does n o t  i nc lude  17 kg s t a r t u p  a d d i t i v e .  
b .  Does n o t  i nc lude  18 kg s t a r t u p  a d d i t i v e .  

During t h e  f i r s t  f o u r  demonstrat ion runs  wi th  s u l f a t e -  

con ta in ing  PW-2 waste ,  t h e  t y p i c a l  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 i o n  f a c t o r  (based on 378 l i t e r s / t o n n e )  was 3 . 6 ,  whi le  

t h e  m e l t e r  concen t r a t i on  f a c t o r  averaged 2 . 6 .  An excep t ion  

was du r ing  run PG-4 where t h e  d e n i t r a t o r- e v a p o r a t o r  concent ra-  

t i o n  f a c t o r  was 2 . 2  and t h e  m e l t e r  concen t r a t i on  f a c t o r  was 

2 . 9  f o r  t h e  reasons  p rev ious ly  d i scussed .  During runs  PG-5 

and PG-6 t h e  concen t r a t i on  f a c t o r s  f o r  t h e  d e n i t r a t o r  and 

m e l t e r  were both  about  1 .9 .  

4 . 4  PERFOIiMANCE O F  DENITRATOR-EVAPORATOR 

The d e n i t r a t o r  was s t a r t e d  wi th  an i n i t i a l  volume of 2 9  t o  

3 7  l i t e r s  of 6M - n i t r i c  a c i d .  During t h e  i n i t i a l  concen t r a t i on  

pe r iod  f eed  was cont inuous ly  added t o  t h e  b o i l i n g  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  whi le  t h e  d e n i t r a t o r- e v a p o r a t o r  

volume was k e p t  e s s e n t i a l l y  c o n s t a n t ,  and no m a t e r i a l  w a s  f e d  



t o  t h e  m e l t e r  . U n t i l  -a- t h e  - - - - d e s i r e d  -- . c o n c ~ t t r ~ i o n -  w3.s reached,-- 

and f eed ing  of concen t r a t e  t o  t h e  me l t e r  begun, t h e  feed  r a t e  
---- ---- - 

t o  t h e  d e n i t r a t o r  averaged 25 l i t e r s / h r  f o r  PW-1 waste and 

ranged frpm 11.0 t o  21.6 l i t e r s / h r  f o r  PW-2 waste .  The s t a r t u p  

per iod  r equ i r ed  about 6 hours  f o r  a l l  demonstra t ion runs .  The -- 
s t eady  s t a t e  feed  r a t e s  averaged 10.8 l i t e r s / h r  f o r  P W- 1  and 

v a r i e d  from 7.5 t o  16 l i t e r s / h r  f o r  PW-2 wastes .  Process ing 

r a t e s  a r e  summarized i n  Table 4.2. The shutdown p e r i o d  

invo lves  d i l u t i o n  of t h e  c o n t e n t s  of  t h e  den i t r a to r- evapora to r  . ---- - 

with  6 M  - n i t r i c  a c i d  a s  feed ing  t o  t h e  m e l t e r  i s  cont inued and 
----.. _ 

no waste i s  f ed  t o  t h e  d e n i t r a t o r .  During run PG-6, 1 0 0  l i t e r s  

of water  and 6M n i t r i c  a c i d  were used t o  d i l u t e  t h e  d e n i t r a t o r .  - 
The use of wate r  (versus  n i t r i c  a c i d )  caused no g e l l i n g  of t h e  

h o t  concen t r a t e .  

The d e n i t r a t o r  concen t r a t e  b o i l i n g  temperature  was h e l d  a t  

about 132 and 137 OC f o r  PW-1 and PW-2 was tes ,  r e s p e c t i v e l y .  

The tube  bundle steam t o  concen t r a t e  temperature  d i f f e r e n c e  

v a r i e d  from 1 2  t o  2 4  OC f o r  PW-1 waste and from 8 t o  2 1  OC f o r  

PW-2 waste.  See Table 4.6 f o r  gene ra l  ope ra t ing  parameters .  

T A B L E  4 .  6 .  D e n i t r a t o r - E v a p o r a t o r  Genera l  O p e r a t i n g  Parame te r s  

Average Average 
L iqu id  Vapor 

PG Feed Temp, Temp, 
Run 9 p e  O C  - C 

Average 
S t a r t u p  Concen t r a t e  
Volume, Volume , 
l i t e r s  l i t e r s  

3 7  45 

3 4 4 7 

35 4 7  

35 55 

3 5 4 8 

2 9 45 

Average 
Dens i ty ,  ( a )  

k g / l i t e r -  

1 . 8  

1 . 8  

1 . 8  

1 .9  

1 . 8  

1 .8  

Average 
Steam Average Average AT 

P r e s s u r e  t o  Steam Steam- 
A g i t a t o r ,  Tube Bundle,  Temp, L iqu id  

rpm p s i g  ( c )  OC O c  

a .  A t  o p e r a t i n g  t empera tu re  
b .  Average o f  two- par t  run  
c .  S a t u r a t e d  s team.  



S i g n i f i c a n t  d e n i t r a t i o n  and concen t r a t i on  of t h e  waste 

s o l u t i o n  occurs  a t  t h e  b o i l i n g  temperature of 132 t o  137 OC. 

N i t r i c  a c i d  i s  d i s t i l l e d  a s  w e l l  as  d i sp l aced  from t h e  s o l u t i o n  

by t h e  presence  of excess  phosphoric  a c i d  and s u l f u r i c  a c i d .  

During PW-1 demonstrat ion runs ,  6 0  t o  70% of t h e  n i t r o g e n  i n  

t h e  feed t o  t h e  d e n i t r a t o r  was d r iven  o f f  and condensed i n  t h e  

process  condenser .  About 90 t o  9 5 %  d e n i t r a t i o n  of t h e  f eed  i n  

t h e  den i t r a to r- evapora to r  occurred dur ing  t h e  demonstra t ions  

wi th  PW-2 waste.  Both d e n i t r a t i o n  ranges f o r  PW-1 and PW-2 

wastes  ag ree  wi th  those  from prev ious  Design V e r i f i c a t i o n  tests 0 

and BNL p i l o t  p l a n t  s t u d i e s  a t  t h e  same b o i l i n g  tempera tures .  

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 a  cont inuous problem dur ing  t h e  p roces s ing  

of PW-1 waste .  This  problem requ i r ed  hour ly  steam blow-downs 

t o  keep t h e  d i p  tubes  c l e a r  of g r a n u l a r  s o l i d s .  

Ope ra t iona l  parameters  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 empera tures ,  l i q u i d  volume, f eed  rates,  

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 demonstra t ion 

i n  t h e  Appendix a s  F igures  9 . 1  through 9.7. 

4 . 4 . 1  V o l a t i l i z a t i o n  and Entrainment 

An impor tan t  o b j e c t i v e  dur ing  t h e  s i x  phosphate g l a s s  runs  

was t o  c h a r a c t e r i z e  t h e  pa th  and behavior  of ruthenium. Most 

of t h e  ruthenium t h a t  i s  v o l a t i l i z e d  dur ing  t h e  d e n i t r a t i o n -  

concen t r a t i on  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  

evapora to r .  

The ruthenium 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 -  

evapora to r  ranged from 0 . 2  t o  3 %  dur ing  t h e  WSEP runs .  A 

non rad ioac t ive  t e s t  (Design v e r i f i c a t i o n  Tes t  CPG7) i n d i c a t e d  

t h a t  l e s s  t han  3% of t h e  ruthenium i n  PW-1 feed  t o  t h e  d e n i t r a -  

t o r  would v o l a t i l i z e  from t h e  d e n i t r a t o r .  Table 4.7 l i s ts  



T A B L E  4 .  7. V o Z a t i Z i z a t i o n  and Entra inment  from 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  D e n i t r a t o r  C o n c e n t r a t e  
C o n c e n t r a t e  C o m p o s i t i o n ,  !(a) A v e r a g e  B o i l o f f  

PG F e e d  Volume,  Foam F e e d  R a t e  R a t e ,  
-2 ~ 0 4  R U ( ~ )  A d d i t i v e s  P r e s e n t  l i k e r s / h r  l i t e r s / h r  Run Mode l i t e r s / t o n n e  ~ e + ~  Al- -- 

1 A  PW-2 1 0 7  1 . 1 2  0 . 3 5  3 . 1  3 . 1 5  1 0 . 2  0 . 0 1 2  6M HN03 Y e s  1 5 . 7  2.12.7 

B PW-2 9 6 . 6  0 .975  0 .94  2 . 7 6  3 . 6 8  1 3 . 2  0 . 0 1 4  6M HN03 Yes 1 3 . 9  2.11.9 

2 A  PW-2 1 1 7  0 .70  0 . 7 8  3 . 2  2 . 7 8  1 0 . 8  0 . 0 1 2  6bJ HNOi Yes 1 8 . 0  1.15.7 

3  A  PW-2 9 5 . 4  1 . 1 8  0 .70  3 . 5  3 . 3 2  1 3 . 4  0.024 6M HN03 Yes 1 1 . 0  1.9.5 

4 A  ~ w - 2 ' ~ )  1 5 4  0 .47  0 . 4 7  2 . 9  2 . 9  1 1 . 0  0 .007  6M HN03 N o ( e )  9 . 4  1.11.1 
A n t i f o a m  

5  A  PW-1 1 9 0  0 .96  0 . 8 4  5 . 5  -- 1 2 . 9  0 .008  6M_ HN03 No 11.1 1 2 . 4  
A n t i f o a m  

B  PW-1 208  0 .86  0 .76  5 . 0  -- 1 1 . 6  0 . 0 0 7 2  6bJ HN03 No 1 2 . 8  1 3 . 5  
A n t i f o a m  

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 .  B o i l o f f  r a t e  s o m e t i m e s  e x c e e d s  f e e d  r a t e  b e c a u s e  o f  a c i d  f l u s h e s  t o  t h e  d e n i t r a t o r .  
d .  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  was  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 .  T h e s e  v a l u e s  w e r e  c a l c u l a t e d  u s i n g  s t r e a m  s a m p l e s .  
e .  F o a m i n g  o c c u r r e d  d u r i n g  s t a r t u p  p r i o r  t o  a n t i f o a m  a d d i t i o n  
f .  E x c e s s  r a r e  e a r t h s  (0.45M) r e q u i r e d  a d d i t i o n a l  s o d i u m  (0.5M) a n d  p h o s p h o r i c  a c i d  ( 1 . 1 6 F )  b a s e d  

o n  3 7 8  l i t e r s / t o n n e .  

P e r c e n t  
P e r c e n t  l o 6 ~ u  1 4 4 ~ e - p r  
V o l a t i l i z e d  ~ n t r a i n m e n t ! ~ )  



ru thenium v o l a t i l i z a t i o n  and cerium-praseodymium e n t r a i n m e n t  

from t h e  d e n i t r a t o r  a long  w i t h  o t h e r  v a r i a b l e s  t h a t  c o u l d  a f f e c t  

v o l a t i l i z a t i o n .  

M u l t i p l e  s t a r t u p s  and shutdowns a p p a r e n t l y  d i d  n o t  a d v e r s e l y  

a f f e c t  t h e  v o l a t i l i z a t i o n  of ru thenium.  During t h e  f i r s t  

s t a r t u p  o f  run  PG-1, 3% o f  t h e  ru thenium d e l i v e r e d  t o  t h e  d e n i-  

t r a t o r  v o l a t i l i z e d .  A f t e r  t h e  second s t a r t u p ,  0.5% of  t h e  

ru thenium f e d  t o  t h e  d e n i t r a t o 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 .  - 
Ent ra inment  o f  n o n v o l a t i l e  r a d i o a c t i v i t y  from t h e  d e n i t r a -  

t o r  ranged from 0.001 t o  0.1% based  on 1 4 4 ~ e - ~ r  i n  c o n d e n s a t e  

s t r e a m  samples .  These v a l u e s  w e r e  somewhat less t h a n  t h e  0 . 0 6  

t o  0.14% e n t r a i n m e n t  which o c c u r r e d  d u r i n g  t h e  d e s i g n  v e r i f i c a -  

t i o n  tests u s i n g  sodium and i r o n  s a l t s  t o  r e p r e s e n t  nonvola-  

t i l e s .  ( lo) Feed composi t ion  had no  a p p a r e n t  a f f e c t  on e i t h e r  

v o l a t i l i z a t i o n  of ruthenium o r  e n t r a i n m e n t  of n o n v o l a t i l e s .  

F i g u r e  4 . 4  shows t y p i c a l  v o l a t i l i z a t i o n  of ru thenium and e n t r a i n -  

ment of 1 4 4 ~ e - ~ r  a s  a  f u n c t i o n  of  f r a c t i o n  of w a s t e  t h a t  was 

f e d  t o  d e n i t r a t o r - e v a p o r a t o r .  The b o i l o f f  r a t e s  d i d  n o t  a f f e c t  

t h e  e n t r a i n m e n t  markedly because  t h e  r a t e s  (less t h a n  13  l i ters  

p e r  h r )  w e r e  c o n s i d e r a b l y  below t h e  c a p a c i t y  of  t h e  d e n i t r a t o r  

( v i z  35  l i t e r s / h r )  . Foaming t h a t  o c c u r r e d  i n  t h e  deni-ator 

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  r u n s  c o n t r i b u t e d  s u b s t a n-  

t i a l l y  t o  l o s s e s  from t h e  d e n i t r a t o r ,  b u t  d i d  n o t  s e e m  t o  a f f e c t  

e n t r a i n m e n t  o r  v o l a t i l i z a t i o n  th rough  t h e  normal v e n t  sys tem.  

During PG-3, h i g h  foamover of c o n c e n t r a t e  th rough  t h e  d e n i t r a -  

t o r  s e a l  p o t  caused bypass ing  of t h e  d e n i t r a t o r  vapors  around 

t h e  p r o c e s s  o f f- g a s  condenser  and i n t o  t h e  melter condensa te  

r e c e i v e r .  
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4 . 4 . 2  Foamina 

During t h e  f i r s t  t h r e e  runs ,  foaming i n  t h e  d e n i t r a t o r -  

evapora to r  was t h e  most s eve re  problem encountered.  The primary 

i n d i c a t i o n  of foaming du r ing  t h e  runs  occurred when t h e  d e n i t r a -  

t o r  l i q u i d  and vapor temperature  became equa l  ( s e e  Appendix, 

F igures  9 . 1  through 9 .7 . )  Other i n d i c a t i o n s  of foaming were: 

Abnormal i n c r e a s e s  of s p e c i f i c  g r a v i t y  and l i q u i d  weight 

when 6 M  - n i t r i c  a c i d  was sprayed i n t o  t h e  vapor space o r  

when d e n i t r a t o r  j acke t  coo l ing  water  was tu rned  on caus ing  
* 

foam t o  c o l l a p s e .  

Inc reased  l i q u i d  l e v e l  (weight f a c t o r )  read ings  i n  t h e  deni-  

t r a t o r  overf low s e a l  po t  a s  foam e n t e r e d .  - 
Abnormal i n c r e a s e s  i n  t h e  l i q u i d  l e v e l  (weight  f a c t o r ) ,  

s p e c i f i c  g r a v i t y  and temperature  read ings  i n  t h e  m e l t e r  

condensate  r e c e i v e r  which r e c e i v e s  overflows from t h e  

d e n i t r a t o r  s e a l  p o t .  

During run PG-3, two methods w e r e  t r i e d  t o  suppres s  t h e  

foam i n  t h e  d e n i t r a t o r .  These were (1) t h e  use of coo l ing  

wate r  i n  t h e  d e n i t r a t o r  j acke t  t o  cool  and c o l l a p s e  t h e  foam 

a t  t h e  w a l l s  and ( 2 )  t h e  use  of i nc reased  a g i t a t i o n .  The use  

of j a c k e t  coo l ing  wate r  b e n e f i c i a l l y  suppressed foam l o s s e s .  

A s  soon a s  t h e  coo l ing  water  was tu rnzd  o f f ,  l a r g e  su rges  of  

foam overflowed through t h e  s e a l  p o t  t o  t h e  m e l t e r  condensate  

r e c e i v e r .  The a g i t a t o r  speed was inc reased  from 200 t o  600 rpm 

and from 600 t o  750 rpm; however, t h e r e  was no evidence t o  show 

t h a t  t h e  i nc reased  a g i t a t i o n  reduced foaming. Also,  du r ing  t h e  

f i r s t  t h r e e  runs  t h e  a g i t a t o r  was found t o  have been o p e r a t i n g  

backwards. This  a g i t a t e d  t h e  l i q u i d  i n  t h e  oppos i t e  d i r e c t i o n  

t o  t h a t  of b o i l i n g .  

A f t e r  run PG-3, l abo ra to ry  s t u d i e s  conducted wi th  nonradio-  

a c t i v e  and r a d i o a c t i v e  PW-2 feed ind i .ca ted  t h a t  d i b u t y l  phosphate 

(DBP)  i n  t h e  Purex waste used f o r  feed  p r e p a r a t i o n  was t h e  main 



foaming agent  and t h a t  commercial s i l i c o n e  ant i foam agents  would 

s u c c e s s f u l l y  coun te rac t  t h e  DBP-induced foaming. (11,13,15) 

I t  was concluded from t h e s e  t e s t s  t h a t  t h e  concen t r a t i ons  of  

ant i foam i n  t h e  den i t r a to r- evapora to r  bottoms must be kep t  a t  

about 1 0 0  ppm t o  adequately  suppress  foaming dur ing  t h e  

den i t r a t i on- concen t r a t i on  of t h e  phosphate g l a s s  feed .  

During run PG-4, foaming was encountered a s  i n  p rev ious  

runs ,  b u t  t h e  foam was s u c c e s s f u l l y  he ld  t o  nonde tec tab le  

l e v e l s  f o r  t h e  f i r s t  t ime by cont inuous a d d i t i o n  of Dow Corning 

Antifoam B a t  a  r a t e  of 8.6 g/hr  i n  3.9 l i t e r s / h r  of aqueous 

s l u r r y  t o  mainta in  t h e  d e n i t r a t o r  bottoms a t  1 0 0  ppm of a n t i -  

foam. Changing t h e  feed e n t r y  p o i n t  from below t o  above t h e  

l i q u i d  l e v e l  suppressed t h e  foam f o r  13 h r  dur ing  s t a r t u p ,  b u t  

d i d  no t  reduce foaming t o  accep tab le  l e v e l s  when t h e  amount of  

foam-inducing DBP had reached s teady  s t a t e  cond i t i ons  p r i o r  t o  

ant i foam a d d i t i o n .  In  run PG-5, ant i foam was f i r s t  added a t  

1 7  g/hr i n  2.6 l i t e r s / h r  of s o l u t i o n  t o  mainta in  t h e  d e n i t r a t o r  

bottoms a t  2 0 0  ppm ant i foam B then  reduced t o  8.2 g/hr i n  

1 . 2  l i t e r s / h r  t o  main ta in  t h e  bottoms a t  1 0 0  ppm ant i foam B. 

I t  i s  concluded t h a t  f o r  runs  i n  which t h e  phosphate g l a s s  

feed c o n t a i n s  d i b u t y l  phosphate,  a  s u i t a b l e  antifoam agent  

must be added t o  suppress  t h e  s eve re  foaming i n  t h e  WSEP 

den i t r a to r- evapora to r .  The concen t r a t i on  of ant i foam i n  t h e  

d e n i t r a t o r  bottoms must be kep t  a t  approximately 1 0 0  ppm t o  

s u c c e s s f u l l y  suppress  t h e  DBP induced foam, i f  Dow Corning 

Antifoam B i s  used.  

4.4.3 E f f e c t  of I n t e r n a l  Heat Generation 

The h e a t  requirement t o  d e n i t r a t e  and concen t r a t e  t h e  waste 

e n t e r i n g  t h e  d e n i t r a t o r  i s  about 1 2  k i l o w a t t s  a t  a  f eed  r a t e  of 

15 l i t e r s / h r  based on evapora t ion  of wate r .  Concent ra t ing  t h e  

feed which conta ined  from 13  t o  16.8 W/ l i t e r  f o r  PW-1 waste 



and from 1 . 3  t o  1 0 . 0  W/ l i t e r  f o r  PW-2 waste ,  i nc reased  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-6 t h e  h e a t  rate 

d e n s i t y  was 68.9 W/ l i t e r  i n  t h e  d e n i t r a t o r  concen t r a t e .  This  

h e a t- r a t e  d e n s i t y  accounted f o r  about  32% of t h e  n e t  h e a t  

requirement .  (See Table 4 . 8 . )  Also,  t h i s  c o n c e n t r a t e  

remained a t  about 126 OC without  h e a t i n g  o r  e x t e r n a l  coo l ing .  

T A B L E  4 . 8 ,  D e n i t r a t o r - E v a p o r a t o r  I n t e r n a l  Heat  
G e n e r a t i o n  E f f e c t s  

P G 
Run 

, ( a )  

Heat  
Rate D e n i t r a t o r  

Average D e n s i t y  Average 
Feed Feed R a t e ,  i n  Feed,Holdup Volume, 
TYEfl l i t e r s / h r  W/liter l i t e r s  

a .  Data from f i r s t  p a r t  of  a  two- par t  run .  
b.  Based on e v a p o r a t i o n  of w a t e r .  

4 . 4 . 4  Mel te r  Feed Svstem 

Average 
Heat Rate  
Dens i ty  i n  

(b) D e n i t r a t o r  I n t e r n a l  Heat  G e n e r a t i o n  * 

C o n c e n t r a t e ,  % of  D e n i t r a t o r  
W / l i t e r  Heat  Requirement 

The d e n i t r a t e d  and concent ra ted  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  an a i r l i f t  p o t  from which 

p a r t  of t h e  h o t  concen t r a t e  r e c i r c u l a t e s  back t o  the d e n i t r a t o r  

and p a r t  overflows i n t o  t h e  m e l t e r  f eed  l i n e .  

The a i r l i f t  t r a n s f e r  of concent ra ted  waste 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  i s  l i m i t e d  t o  about  

3 l i t e r s / h r  because of 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  f eed .  

During t h e  demonstra t ion runs  wi th  PW-2 wastes  ( runs  PG-1 

through PG-4), t h e  a i r l i f t  used was t h e  des ign  shown i n  

Figure  4 . 5 .  With t h e  a i r l i f t  ope ra t ing  smoothly, t h e  f e e d  

r a t e  t o  t h e  m e l t e r  cyc led  from about  3  t o  5 l i t e r s / h r  t o  ze ro ,  

and averaged about  2.5 l i t e r s / h r .  The feed  r a t e  t o  t h e  m e l t e r  

was never  c o n s t a n t .  Some su rges  of feed  t o  t h e  m e l t e r  caused . 
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i n c r e a s e d  foaming i n  t h e  melter. A t  one p e r i o d  i n  run  PG-4 

t h e  m e l t e r  was s u f f i c i e n t l y  o v e r f e d  t o  cause  a  h i g h  melt- foam 

l e v e l  i n  t h e  melter which r e s u l t e d  i n  r e s t r i c t i n g  t h e  melter 

v e n t  l i n e .  No p l u g g i n g  i n  t h e  a i r l i f t  p o t  was e n c o u n t e r e d  

d u r i n g  t h e  d e m o n s t r a t i o n  r u n s  w i t h  PW-2 waste .  

P r i o r  t o  run  PG-5 ( t h e  f i r s t  r u n  w i t h  PW-1 w a s t e  i n  t h e  

s e r i e s ) ,  a  new a i r l i f t  p o t  (shown i n  F i g u r e  4 .6 )  was i n s t a l l e d  

on t h e  d e n i t r a t o r - e v a p o r a t o r .  The new a i r l i f t  p o t  was neces -  

s a r y  because  of  t h e  i n c r e a s e d  s o l i d s  p lugg ing  d i f f i c u l t i e s  w i t h  

PW-1 c o n c e n t r a t e  which would n o t  p e r m i t  s a t i s f a c t o r y  o p e r a t i o n  . 
w i t h  t h e  o r i g i n a l  u n i t .  I n  t h e  new u n i t ,  a  movable p l u g  valve 

i s  used t o  v a r y  t h e  o r i f i c e  opening i n  t h e  r e c i r c u l a t i o n  l i n e  . 
from t h e  a i r l i f t  p o t .  I n  a d d i t i o n ,  v a r i a b l e  a i r l i f t  a i r  i s  

used t o  f u r t h e r  improve c o n t r o l  o f  t h e  r e c i r c u l a t i o n  r a t e  between 

t h e  a i r l i f t  p o t  and t h e  d e n i t r a t o r .  Movement o f  t h e  p l u g  v a l v e  

a l s o  h e l p s  t o  remove s o l i d s  b u i l d u p  from t h e  r e c i r c u l a t i o n  l i n e .  

A r o d  t h r o u g h  t h e  p l u g  v a l v e  i s  a v a i l a b l e  t o  c l e a n  t h e  r e c i r c u -  

l a t i o n  l i n e  i f  t h e  need a r i s e s .  P r o v i s i o n s  f o r  chemical  a d d i-  

t i o n s  th rough  t h e  p l u g  v a l v e  a l l o w s  a c i d  o r  s team a d d i t i o n  

th rough  t h e  r e c i r c u l a t i o n  l i n e .  Other  chemical  a d d i t i v e s  can  

be made t h r o u g h  t h e  a i r l i f t  p o t  chemical  a d d i t i o n  n o z z l e  i n t o  

t h e  m e l t e r  f e e d  l i n e .  The f e a t u r e s  of t h e  new a i r l i f t  p o t  

proved t o  be  v e r y  b e n e f i c i a l  d u r i n g  r u n s  PG- 5 and 6 .  Many 

p l u g g i n g  problems o c c u r r e d  d u r i n g  t h e s e  r u n s  which r e q u i r e d  t h e  

remotab le  f e a t u r e s  o f  t h e  new a i r l i f t  p o t .  

During r u n  PG-5 t h e  m e l t e r  f e e d  l i n e  became plugged a f t e r  

38 hours  o f  o p e r a t i o n  r e s u l t i n g  i n  no f e e d  t o  t h e  m e l t e r .  The 

a i r l i f t  p o t  i n t e r n a l  t e m p e r a t u r e  dropped from 125 t o  104 OC, 

i n d i c a t i n g  no  f low o f  h o t  c o n c e n t r a t e  th rough  t h e  a i r l i f t  p o t .  

The r e c i r c u l a t i o n  p l u g  v a l v e  was moved i n  and o u t  o f  t h e  recir-  

c u l a t i o n  l i n e ,  b u t  w i t h  no s u c c e s s .  A s i x  molar  s o l u t i o n  o f  

n i t r i c  a c i d  was added th rough  t h e  m e l t e r  f e e d  l i n e  w i t h o u t  any 



C h e m i c a l  

A i r l i f t  A i r  L i n e  A d d i t i o n  

T h e r m o c o u p l e  

D e n i t r a t o r  

R e c i  r c u l a t i o  

Submergence  

FIGURE 4 . 6 .  A i r l i f t  Pot w i t h  V a r i a b l e  O r i f i c e  Control  



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

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

t r a t o r  a i r l i f t  r e c i r c u l a t i o n  l i n e  and t h a t  t h e r e  was no  c i r c u l a -  

t i o n ,  i n d i c a t e d  a  r e s t r i c t i o n  i n  t h e  m e l t e r  f e e d  l i n e .  The 

a i r l i f t  i s  normal ly  o p e r a t e d  s o  t h a t  t h e  o n l y  way t h e  a i r l i f t  

p o t  can  r e c i r c u l a t e  t h e  h o t  c o n c e n t r a t e  i s  f o r  t h e  p o t  t o  v e n t  

t h e  incoming a i r  th rough  t h e  m e l t e r  f e e d  l i n e .  When t h e  a i r l i f t  

p o t  was f i n a l l y  ven ted  t o  t h e  c e l l ,  t h e  a i r l i f t  began t o  

c i r c u l a t e  v e r y  w e l l .  The r e s t r i c t i o n  of c o n c e n t r a t e  i n  t h e  

m e l t e r  f e e d  l i n e  was removed by f i r s t  rodd ing  t h e  s o l u t i o n  

f e e d e r  i n  t h e  m e l t e r  and t h e n  by g e n t l y  t a p p i n g  t h e  m e l t e r  f e e d  

l i n e  w h i l e  it was h e a t e d  w i t h  2 5  p s i g  s team i n  i t s  j a c k e t .  

T h i s  was fo l lowed  w i t h  6M - n i t r i c  a c i d  f l u s h e s  th rough  t h e  l i n e  

t o  i n s u r e  t h a t  t h e  l i n e  was c l e a n .  

During run  PG-6, a i r l i f t  p o t  p lugg ing  problems were more 

f r e q u e n t  and s e v e r e  t h a n  i n  run  PG-5. The a i r l i f t  a i r  s u p p l y  

l i n e  p lugged t w i c e  d u r i n g  s t a r t u p  and once d u r i n g  shutdown. 

Steam was blown th rough  t h e  l i n e  t o  unplug it. During one 

p e r i o d  when steam was added,  t h e  a i r l i f t  s t a r t e d  t o  r a p i d l y  

a i r l i f t  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  which t h e n  overf lowed 

t o  t h e  m e l t e r .  A i r  b lowing t h e  l i n e s  a f t e r  s t eaming  a l s o  

caused too  f a s t  an  airlift ra te  u n l e s s  t h e  r e c i r c u l a t i o n  v a l v e  

was backed o u t .  The a i r l i f t  p o t  l iqui -d  l e v e l  d i p  t u b e  p lugged 

s h c r t l y  a f t e r  s t a r t u p  of  run  PG- 6 and was n o t  unplugged u n t i l  

a f t e r  t h e  r u n .  The a i r l i f t  r e c i r c u l a t i o n  l i n e  r e q u i r e d  f r e q u e n t  

( approx imate ly  f i v e  t imes /day)  backing o u t  of t h e  p l u g  v a l v e  a s  

w e l l  as  a c i d  f l u s h e s  t o  remove s o l i d s  t h a t  were b u i l d i n g  up i n  

t h i s  a r e a .  

I n  summary, t h e  b i g g e s t  d i f f i c u l t y  i n h e r e n t  i n  t h e  WSEP 

equipment d e s i g n  i s  t h e  i n a b i l i t y  o f  t h e  a i r l i f t  p o t  t o  me te r  

s m a l l  f lows  ( less  t h a n  3 l i t e r s / h r )  of  c o n c e n t r a t e  t o  t h e  m e l t e r  

from t h e  d e n i t r a t o r .  Other  d i f f i c u l t i e s  w e r e  p lugg ing  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 m e l t e r  f eed  l i n e .  These 

plugs  occur  when s o l i d s  s e t t l e  ou t .  S e t t l i n g  of s o l i d s  i s  made 

worse by slow flow rates,  and by overconcent ra t ion  i f  t h e  t e m-  

p e r a t u r e  of t h e  s o l u t i o n  i s  t o o  h igh  ( g r e a t e r  t han  about 

1 4 0  O C ) .  Also,  exces s ive  coo l ing  of t h e  concen t r a t e  r a p i d l y  

i n c r e a s e s  t h e  c o n c e n t r a t e ' s  v i s c o s i t y  and r e s i s t a n c e  t o  f low. 

Therefore ,  t h e  concen t r a t e  should be  mainta ined between 1 0 0  O C  

and i t s  b o i l i n g  p o i n t  i n  t h e  a i r l i f t  p o t  and i n  t h e  s o l u t i o n  

f e e d e r  t o  t h e  melter. Some of t h e  main ope ra t ing  parameters  

f o r  t h e  a i r l i f t  p o t  are shown i n  Table 4.9. 

TABLE 4 . 9 .  A i r l i f t  Pot Opera t ing  Parameters  
A v e r a g e  

A v e r a g e  A i r l i f t  P o t  
A v e r a g e  A i r l i f t  J a c k e t  

A v e r a g e  D e n s i t y  A i r  S u p p l y  A i r  S u p p l y  S t e a m  
PG F e e d  D e n i t r a t o r  A v e r a g e  C o n c e n t r a t e  Temp, P r e s s u r e ,  R a t e ,  P r e s s u r e ,  
Run Mode B o t t o m s ,  k g / l i t e r  D e n i t r a t o r ,  OC A i r l i f t  P o t ,  O C  p s i g  -- s c f h  p s i 9  

1 A  PW-2 1 . 8 1  1 3 7  N A ' ~ )  7 . 4  1 . 6  1 2  

B PW-2 1 . 8 3  1 3 8  N A  8 . 8  3 . 5  1 5  

2  A PW-2 1 . 8 0  1 3 7  N A  1 3 . 0  1 . 7  1 0  

3  A PW-2 1 . 8 3  1 3 6  N A  6 . 0  2 . 3  11 

4 A  PW-2 1 . 9 0  1 3 7  N  A 8 . 3  2 . 3  1 4  

5  A  PW-1 1 . 7 9  1 3 4  1 2 6  9 . 6  2 . 4  1 0  

B PW-1 1 . 8 0  1 3 2  1 2 5  6 . 1  1 . 7  1 5  

6  A  PW-1 1 . 8 0  1 3 2  1 2 4  8 . 0  1 . 7  1 7  

a .  N o t  a v a i l a b l e .  

4.5 PERFORMANCE OF MELTER 

D e n i t r a t o r  concen t r a t e  a t  135 OC i s  conver ted t o  a  me l t  

a t  t empera tures  up t o  1 2 0 0  OC. When t h e  concen t r a t e  e n t e r s  t h e  

me l t e r  ( a t  t h e  nominal r a t e  of about 3 l i t e r s / h r ) ,  f i n a l  

evapora t ion  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  

melted.  During normal o p e r a t i o n ,  t h e  mel t  was cont inuous ly  

overflowed from t h e  m e l t e r  v i a  an i n t e r n a l  m e l t e r  w e i r  a t  an 
average r a t e  of 1 l i t e r / h r .  A t  t h e  end of each run  t h e  m e l t  

was ba tch  d i scharged  through t h e  d r a i n  f reeze- va lve .  Through- 

o u t  most of t h e  runs ,  feed  from t h e  d e n i t r a t o r  e n t e r e d  t h e  

me 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  s i x  r u n s  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  o f  foaming which sometimes fo l lowed  

e x c e s s i v e  s u r g e s  o f  f e e d  t o  t h e  m e l t e r .  Before s t a r t u p  of  

r u n s  PG--1 and 2 ,  n o n r a d i o a c t i v e  PW-2 phosphate  g l a s s  was added 

t o  t h e  m e l t e r  t o  p r o v i d e  a  s e a l  i n  t h e  i n t e r n a l  o v e r f l o w  w e i r .  

Th i s  was done a s  a  c o n s e r v a t i v e  p r e c a u t i o n  t o  p e r m i t  b e t t e r  

c o n t r o l  of  p r o c e s s  vacuum by s e a l i n g  t h e  2 m e l t e r  d i s c h a r g e  

t u b e s .  A modi f i ed  s t a r t u p  p rocedure  was used i n  run PG- 3 and 

i n  a l l  s u b s e q u e n t  run.s.  I n  t h e s e  c a s e s ,  no i n i t i a l  s e a l i n g  of t h e  

m e l t e r  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 r o v i d e d .  

I n s t e a d  t h e  melter vacuum was reduced from t h e  normal 6 t o  

2 i n c h e s  o f  w a t e r  t o  minimize suck ing  a i r  th rough  t h e  u n s e a l e d  

w e i r  t u b s  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  m e l t e r .  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 .  

The m e l t e r  f u r n a c e  was o p e r a t e d  a t  an a v e r a g e  t e m p e r a t u r e  of 

1220 'C d u r i n g  a l l  s i x  r u n s ,  and t h e  r e s u l t a n t  i n t e r n a l  m e l t  

t e m p e r a t u r e  ranged from 1050 t o  1 1 0 0  OC a s  measured n e a r  t h e  

bot tom of t h e  ~ n e l t e r .  F i g u r e  4 . 7  shows t y p i c a l  m e l t e r  tempera-  

t u r e  p r o r i l e s  f o r  FW-1 and PW-2 w a s t e s .  No a p p r e c i a b l e  tempera-  

t u r e  difference was d i s t i n g u i s h a b l e  between phosphate  g l a s s  

m e l t s  from P W - - 1  and FW-2 w a s t e s .  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  

e x p e c t e d  from t h e  d e s i g n  v e r i f i c a t i o n  t e s t s .  The a v e r a g e  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 e m p t e d  by c o n t r o i l i n g  t h e  a i r  supp ly  t o  t h e  a i r l i f t  a s  a  

f u n c t i o n  of t e m p e r a t u r e  r e a d i n g s  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  a b o u t  one 

i n c h  above t h e  c o l d  f e e d  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  

approx imate 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  melter 

f e e d  c o n t r o l  t e m p e r a t u r e  i n d i c a t e s  an i n c r e a s i n g  l e v e l  of m e l t  





i n  t h e  m e l t e r .  The m e l t  c o n t r o l  temperature  averaged between 

750 and 900 OC dur ing  t h e  s i x  runs .  An optimum would have been 

about  850 OC. The m e l t e r  was ope ra t ed  under an average vacuum 

of 6 i nches  of wate r .  The d ra 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  du r ing  most of t h e  runs due t o  t h e  a i r l i f t  n o t  f eed ing  

t h e  m e l t e r  a t  a s t eady  rate. The w e i r  h e a t e r  became inope rab le  

dur ing  PG-1 b u t  was n o t  r e q u i r e d  o r  used t h e r e a f t e r .  

Since t h e  l i m i t i n g  f a c t o r  i n  p rocess  c a p a c i t y  was h e a t  

t r a n s f e r  i n  t h e  m e l t e r ,  methods of i n c r e a s i n g  t h e  melter capa-  

c i t y  were i n v e s t i g a t e d .  Sparging n i t r o g e n  through t h e  m e l t  a t  

a  rate of 0.2 t o  0.8 s c f n  appa ren t ly  d i d  no t  i n c r e a s e  m e l t i n g  

capac i ty  ( s e e  Sec t ion  4 . 1 )  . 
4.5.1 V o l a t i l i z a t i o n ,  Entrainment and Foaminq 

An impor tan t  o b j e c t i v e  of t h e  s i x  r a d i o a c t i v e  demonstra- 

t i o n s  wi th  t h e  phosphate g l a s s  p roces s  was t o  c h a r a c t e r i z e  t h e  

pa th  and behavior  of ruthenium and o t h e r  f i s s i o n  produc ts .  

Ruthenium v o l a t i l i z e d  du r ing  t h e  g l a s s  forming s t e p  must even- 

t u a l l y  be t o t a l l y  recyc led  t o  t h e  den i t r a to r- evapora to r ,  w a s t e  

evapora to r  o r  i n  t h e  case  of s u l f a t e- c o n t a i n i n g  waste  must have 

f u r t h e r  p roces s ing .  

Design v e r i f i c a t i o n  tests i n d i c a t e d  t h a t  about  1 0 %  of  t h e  

ruthenium f e d  t o  t h e  m e l t e r  would v o l a t i l i z e  from t h e  m e l t e r  

and t h a t  en t ra inment  of n o n v o l a t i l e s  was l e s s  t han  0.1 %. (lo) These 

va lues  w e r e  co r robora t ed  dur ing  t h e  s i x  r a d i o a c t i v e  WSEP runs  

i n  which 1 . 3  t o  10.4% of  t h e  ruthenium v o l a t i l i z e d  o r  e n t r a i n e d  

and 0.19 t o  0.25% of  t h e  n o n v o l a t i l e s  were e n t r a i n e d  from t h e  

melter. (See Table 4 . 1 0 . )  

During t h e  f i r s t  t h r e e  runs  wi th  PW-2 waste ,  foaming 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  caused s i g n i f i c a n t  l o s s e s  of concen- 

t r a t e d  f e e d  v i a  a  s e a l  p o t  t o  t h e  melter condensate r e c e i v e r .  

These foamover l o s s e s  masked t h e  r a d i o a c t i v i t y  gained due t o  



v o l a t i l i z a t i o n  and en t ra inment  from t h e  m e l t e r .  Consequently 

run PG-4 w a s  t h e  on ly  demonstra t ion performed wi th  PW-2 waste 

where no such l o s s e s  of concent ra ted  f eed  occur red .  During t h i s  

run,  1 .3% of  t h e  ruthenium and 0.23% of  t h e  1 4 4 ~ e - ~ r  ( r ep re sen t-  

i n g  n o n v o l a t i l e s )  t h a t  was f e d  t o  me l t e r  accumulated i n  t h e  

m e l t e r  condensate.  F igure  4.8 shows t h e  f r a c t i o n  of ruthenium 

accumulated i n  t h e  melter condensate du r ing  runs  PG-4, 5 ,  and 

6. Ruthenium v o l a t i l i z a t i o n  du r ing  t h e  runs  w i th  PW-1 waste 

( runs  PG-5 and 6)  ranged from 4.6 t o  1 0 . 4 %  whi le  en t ra inment  

of 1 4 4 ~ e - ~ r  ranged from 0.19 t o  0.25%, a l l  o f  which aga in  

agreed wi th  t h e  nonrad ioac t ive  des ign  v e r i f i c a t i o n  tests.  

T A B L E  4 . 1 0 .  V o Z a t i Z i z a t i o n  and E n t r a i n m e n t  from Me Z t e r  

A v e r a g e  M e l t e r  
PG F e e d  I n t e r n a l  M e l t  S p a r g e  
Run T e m p e r a t u r e ,  OC F l o w , s c f h  - 
1 PW-2 1 0 7 5  0 . 2  

N i t r o g e n  T o t a l  C u r i e s  T o t a l  C u r i e s  T o t a l  
T e s t  t o  R u t h e n i u m  R u t h e n i u m  

T i m e ,  h r  M e l t e r  t o  M e l t e r  V o l a t i l i z e d ,  B ( a )  

0  3 4 9 , 0 0 0  1 5 , 0 0 0  N A ( ~ )  

8 4 1 9 , 0 0 0  2 0 , 3 0 0  % 8 ( ~ )  

8 6 0 4 , 0 0 0  1 1 , 0 0 0  N A 

8 1 , 1 0 0 , 0 0 0  3 0 , 9 0 0  1 . 3  

5 0  2 , 1 8 0 , 0 0 0  4 3 , 2 0 0  1 0 . 4 ' ~ )  

5 3 2 , 4 3 0 , 0 0 0  7 , 6 0 0  4 . 3  

T o t a l  1 4 4 ~ e - 1 4 4 ~ r  
E n t r a i n e d ,  % ( a )  

a .  P e r c e n t a g e  o f  t o t a l  f e d  t o  t h e  m e l t e r ,  a s  d e t e r m i n e d  by t h a t  f o u n d  i n  t h e  
t o t a l  c o n d e n s a t e  f r o m  t h e  m e l t e r .  

b .  NA: N o t  a v a i l a b l e  
c .  E s t i m a t e d  d u r i n g  t h e  n o n f o a m i n g  p e r i o d  o f  d e n i t r a t o r  o p e r a t i o n .  ( D u r i n g  

f o a m i n g ,  d e n i t r a t o r  c o n t e n t s  o v e r f l o w e d  v i a  t h e  s e a l  p o t  t o  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 e r . )  

d .  S e v e r e  f o a m i n g  o c c u r r e d  i n  t h e  m e l t e r  a t  o n e  p o l n t  a s  c a u s e d  by o v e r  
f e e d i n g  t h e  m e l t e r .  The  r u n  w a s  s e p a r a t e d  i n t o  t w o  p a r t s  by t h e  n e e d  
f o r  r e m o v a l  o f  a  s o l i d s  p l u g  i n  t h e  m e l t e r  f e e d  l i n e .  

Foaming i n  t h e  m e l t e r  occur red  dur ing  a l l  t h e  runs ,  b u t  

could be he ld  t o  i nconsequen t i a l  l i m i t s  by n o t  over feed ing  t h e  

rnelter (rnelter  f eed  r a t e  l e s s  t han  5  l i t e r s / h r ) .  I n  a l l  c a s e s ,  

t h e  foam l e v e l  l a r g e l y  depended on t h e  f eed  r a t e  t o  t h e  me l t e r .  

When a  prolonged surge  of  f eed  e n t e r e d  t h e  m e l t e r  a  surge  of 

foam followed. A t  one pe r iod  du r ing  run PG-4, an exces s ive  

foam l e v e l  p a r t i a l l y  plugged t h e  m e l t e r  o f f- gas  l i n e  a s  a 

r e s u l t  of  over feed ing  t h e  m e l t e r  f o r  about  0.5 hours .  Success- 

f u l  c o n t r o l  of  foaming and m e l t  l e v e l  was accomplished by 
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FIGURE 4 . 8 .  Ru then ium AccumuZat ion i n  Me Z t e r  Condensa t e  



manually m a i n t a i n i n g  a s  s t e a d y  a  f e e d  r a t e  t o  t h e  m e l t e r  

a s  p o s s i b l e  and by a lways  keep ing  some f e e d  e n t e r i n g  t h e  

m e l t e r .  Foaming w i t h  PW-1 was te  was g r e a t e r  t h a n  w i t h  PW-2 

was te .  

4 . 5 . 2  Dra in  Svstems 

During a l l  t h e  d e m o n s t r a t i o n s ,  m e l t  was d i s c h a r g e d  t o  t h e  

r e c e i v e r  p o t  v i a  t h e  unheated  i n t e r n a l  over f low w e i r .  A t  t h e  

end of e a c h  r u n ,  b a t c h  d i s c h a r g e  of  m e l t  was accomplished 

th rough  t h e  d r a i n  f  r eeze- va lve  t o  empty t h e  melter comple te ly .  

The c o n t e n t s  of t h e  m e l t e r  were dumped a t  t h e  end o f  each run  

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  m e l t e r  due t o  

d i f f e r e n t  c o e f f i c i e n t s  o f  the rmal  expans ion  of t h e  g l a s s  and 

t h e  p l a t i n u m  melter. 

I n  t h e  r o u t i n e  h e a t i n g  of  t h e  d r a i n  f r e e z e- v a l v e  t o  thaw 

t h e  m e l t  p l u g  d u r i n g  run  PG-5, t h e  e l e c t r i c a l  h e a t e r  burned 

o u t .  A p r o p a n e- a i r  t o r c h  was t h e n  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 e e z e- v a l v e  t o  d r a i n  t h e  melter a f t e r  r u n s  PG-5 and 

PG-6. 

4.5.3 Off-Gas L i n e ,  Melter Condenser ,  a.nd Steam Spray 

Of f- gases  g e n e r a t e d  i n  t h e  h igh- tempera tu re  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  of  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  l e s s e r  e x t e n t ,  

phospha.tes.  I n  a d d i t i o n ,  some v o l a t i l i z e d  ru thenium,  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 .  T h i s  s t r e a m  i s  r o u t e d  

through a  p l a t i n u m  and 5% i r i d i u m  o f f- g a s  l i n e  t o  t h e  m e l t e r -  

condenser .  The t e m p e r a t u r e s  of  t h e  g a s e s  p a s s i n g  th rough  t h i s  

l i n e  w e r e  ma in ta ined  i n  t h e  r a n g e  of 300 ' C  t o  460 O C  i n  t h e  

s i x  WSEP r u n s  t o  p r e v e n t  c o n d e n s a t i o n  and t h e r e b y  minimize 

c o r r o s i o n  i n  t h e  l i n e .  

I n  d e m o n s t r a t i o n  run  PG-4, p l u g g i n g  of  t h e  o f f - g a s  l i n e  

o c c u r r e d  due t o  an  e x c e s s i v e  f e e d  r a t e  t o  t h e  m e l t e r  f o r  an 

extended t i m e  p e r i o d  (abou t  0 . 5  hour )  . The e x c e s s i v e  f e e d  



r a t e  caused me l t  t o  foam i n t o  t h e  l i n e .  Following t h e  run ,  t h e  

p lug  was removed remotely by a l t e r n a t i n g  f l u s h e s  of b o i l i n g  

n i t r i c  a c i d  followed by a c a u s t i c  f l u s h .  (Ref luxing of a c i d  

was performed by b o i l i n g  it i n  t h e  m e l t e r  and r e t u r n i n g  t h e  

condensate  back through t h e  p i p e  from t h e  m e l t e r  condenser . )  

The gas  temperatures  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  of t h e  off- gas  l i n e ,  o r  

300 O C  t o  460 O C ,  a s  shown i n  Table 4 . 1 1 .  The gas  tempera tures  

a t  t h e  o u t l e t  of t h e  condenser ranged from 30 O C  t o  49 O C ,  and 

were g e n e r a l l y  lower t han  t h e  temperatures  of t h e  c o l l e c t e d  - 

condensate  which w e r e  30 O C  t o  6 5  O C .  Steam sp ray  a d d i t i o n s  t o  

t h e  bottom chamber of t h e  condenser and foamover of  concen- . 
t r a t e d  waste t o  t h e  m e l t e r  condensate tank were t h e  pr imary 

reasons  f o r  t h e  h ighe r  condensate  t empera tures .  Condensate f low 

r a t e s  ranged from 1.1 l i t e r s / h r  t o  3.7 l i t e r s / h r ,  and averaged 

about 2 . 8  and 1 .6  l i t e r s / h r  f o r  P W- 1  and PW-2 was tes ,  

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

T A B L E  4 . 1 1 .  Performance o f  MeZter Condenser  

Steam Average (b)  Ra te  Recovery 
I n l e t  O u t l e t  O u t l e t  Spray  Steam o f  M e l t e r  o f  M e l t e r  

PG Waste Gas Gas Cond. P r e s s u r e ,  Flow, Cond. Flow, V o l a t i l i z e d  
Run Mode 3 p e  Temp, OC Temp, OC Temp, OC p s i g  l i t e r s / h r  l i t e r s / h r  -- S u l f a t e ,  % 

a .  S u l f a t e  i s  n o t  p r e s e n t  i n  PW-1 w a s t e s .  
b .  During p e r i o d  o f  c o n t i n u o u s  f e e d i n g  t o  m e l t e r .  
c .  Foamover o f  d e n i t r a t o r - 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  was o c c u r r i n g  

t h r o u g h o u t  t h e  r u n .  Foamover r a t e s  a r e  i n c l u d e d  i n  t h i s  v a l u 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 90 t o  

92% i n  t h e  f i r s t  t h r e e  runs ,  b u t  decreased t o  7 2 %  i n  run PG-4. 

This low recovery i n  run PG- 4 was d i r e c t l y  a t t r i b u t a b l e  t o  t h e  

p lug  which developed i n  t h e  me l t e r  o f f- gas  l i n e .  Because of 

t h e  plug i n  t h e  m e l t e r  off- gas  l i n e ,  much of t h e  m e l t e r  o f f -  

gas  was vented d i r e c t l y  through t h e  m e l t e r  s e a l  p o t  and t h e  

m e l t e r  condensate t ank  t o  t h e  den i t r a to r- evapora to r  p rocess  

condenser.  A decreas ing  l i q u i d  l e v e l  i n  t h e  melter s e a l  p o t  

and an abnormally sharp  i n c r e a s e  i n  t h e  s u l f a t e  accumulation 

r a t e  i n  t h e  den i t r a to r- evapora to r  condensate r e c e i v e r  (WSEP 

a u x i l i a r y  evapora to r )  were noted dur ing  t h e  plugging of t h e  

of f- gas  l i n e .  

Steam spray  a d d i t i o n s  t o  t h e  bottom chamber of t h e  mel te r-  

condenser were made through a modified,  fu l l- cone ,  Nionel spray  

nozzle* t o  h e l p  recover  v o l a t i l i z e d  s u l f a t e  from t h e  m e l t e r  o f f -  

ga s  vapors  and t o  he lp  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 condensate temperatures .  Modif icat ion of t h e  nozz le  

was necessary  t o  avoid plugging of t h e  o r i f i c e  which occurred 

i n  t he  des ign  v e r i f i c a t i o n  t e s t s .  No plugging of t h e  modified 

nozzle  occurred dur ing  i t s  use  i n  t h e  s i x  r a d i o a c t i v e  runs .  

Because of t h e  low steam p r e s s u r e s  t h a t  p r e v a i l e d  dur ing  t h e  

demonstra t ions ,  t h e  amount o f  steam spray  t h a t  a c t u a l l y  e x i s t e d  

a s  steam (condensate)  o r  a spray  i s  i n  ques t ion .  No conc lus ive  

evidence i s  a v a i l a b l e  t o  determine t h e  e f f e c t i v e n e s s  of t h e  

spray  i n  a i d i n g  t h e  recovery of v o l a t i l i z e d  s u l f a t e  o r  

ruthenium, o r  t o  determine t h e  e x t e n t  t o  which co r ros ion  was 

i n h i b i t e d .  

* Spraying Systems Co. - Wide Spray Hydraulic Atomizing Nozzle 
Type 1 / 4  NW4W wi th  0 . 0 6 0  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  d iameter  o r i f i c e .  



4.6 GENERAL PERFORMANCE AND OPERATING HISTORY 

4 .6 .1  Waste C o m ~ o s i t i o n  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  o f  h i g h l y  r a d i o-  

a c t i v e  aqueous w a s t e s  t o  s o l i d s ,  r e l a t i v e l y  few p r o c e s s i n g  

problems o c c u r r e d .  Two r u n s  w i t h  PW-1 was te  and f o u r  r u n s  w i t h  

PW-2 w a s t e  demonst ra ted  performance w i t h  was te  r e p r e s e n t i n g  t h a t  

from r e p r o c e s s i n g  s p e n t  f u e l  i r r a d i a t e d  t o  20,000 MWd/tonne a t  

a power l e v e l  of  15 LYW/tonne. I n  t h e  two r u n s  w i t h  PW-1 w a s t e ,  

s e r i o u s  p l u g g i n g  of t u b e s  was encoun te red  due t o  g r a n u l a r  

s o l i d s  i n  t h e  was te .  The problems were p l u g g i n g  o f  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  d i p  t u b e s  i n  t h e  d e n i t r a t o r ,  of t h e  a i r -  

l i f t  a i r  l i n e ,  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 of t h e  v 

f e e d  l i n e  t o  t h e  melter. Fewer p lugg ing  problems w e r e  e x p e r i e n c e d  

when h o u r l y  s team blowdown o f  d i p  t u b e s  and a i r l i f t  a c i d  

f l u s h e s  w e r e  employed. R e l a t i v e l y  few p r o c e s s i n g  d i f f i c u l t i e s  

w e r e  e n c o u n t e r e d  w h i l e  c o n c e n t r a t i n g  and s o l i d i f y i n g  PW-2 

was te .  

One major  o v e r a l l  problem was foaming 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  which was caused  by t h e  d i b u t y l  phospha te  p r e s e n t  

i n  t h e  Purex  was te  used f o r  makeup o f  t h e  w a s t e s .  The s a m e  

problem d i d  n o t  o c c u r  i n  run  PG-5 w i t h  P W - 1  w a s t e  because  an a n t i -  

foam a g e n t  was t h e n  used.  A s i l i c o n e- b a s e d  a n t i f o a m  a g e n t  

s u c c e s s f u l l y  reduced foaming t o  a r e a s o n a b l e  l e v e l .  

The s u l f a t e  i n  t h e  PW-2 w a s t e  r educes  t h e  v i s c o s i t y  o f  and 

homogenizes t h e  e v a p o r a t o r  c o n c e n t r a t e .  Also ,  e v o l u t i o n  of 

s u l f u r  o x i d e  g a s e s  from t h e  m e 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  rates ( a l t h o u g h  s p a r g i n g  t h e  melter c o n t e n t s  

w i t h  n i t r o g e n  had no  e f f e c t )  . 
M e l t  foaming was n o t  a p p r e c i a b l y  a f f e c t e d  by t h e  chemica l  

f l o w s h e e t ,  a l t h o u g h  m e l t s  w i t h  PW-1 w a s t e  foamed somewhat more 



r e a d i l y  than  those  wi th  PW-2 waste.  Excessive r a t e s  of feed ing  

concen t r a t e  t o  t h e  me l t e r  normally caused t h e  foam t o  r i s e  

about 2 t o  6 inches .  

Waste composit ions f o r  t h e  s i x  runs ,  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 eeds ,  a r e  l i s t e d  i n  Table 9 .1  of t h e  

Appendix. General feed composition ranges  f o r  t h e  s i x  phos- 

phate  g l a s s  runs  a r e  shown i n  Table 4 . 1 2 .  Feeds t o  t h e  phos- 

pha te  g l a s s  s o l i d i f i c a t i o n  process  were prepared us ing  a c t u a l  

Purex high l e v e l  waste and concent ra ted  r a d i o r a r e- e a r t h s  

(mostly 1 4 4 ~ e - ~ r )  s o l u t i o n s  t o  provide t h e  d e s i r e d  s e l f - h e a t  

gene ra t ion  r a t e  i n  t h e  g l a s s  product .  However, because t h e  

s tock  s o l u t i o n s  sometimes conta ined  excess  aluminum, uranium, 

and r a r e  e a r t h s  compared t o  t h e  s tandard  PW-1 and PW-2 waste 

composit ions,  t h e  a c t u a l  composition of  t h e  wastes  processed 

v a r i e d  somewhat from t h e  d e s i r e d  composition. (See Sec t ion  3.3 

f o r  t h e  d e t a i l s  of e f f e c t s  of t h e s e  changes i n  composi t ion. )  

The two PW-1 wastes  contained from about 6 t o  11% more sodium 

than  t h e  nominal va lue  i n  t h e  f lowsheet .  This excess  sodium 

concen t r a t i on  probably caused t h e  den i t r a to r- evapora to r  s l u r r y  

t o  become somewhat more nonhomogeneous, ( e . g . ,  forming heav ie 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 excess  

aluminum i n  t h e  Purex waste w a s  used a s  a p a r t i a l  s u b s t i t u t e  

(17 t o  45%) f o r  t h e  0.93M - i r o n  dur ing  t h e  runs  wi th  PW-1 waste .  

An excess  of  0.06M - r a r e  e a r t h s  i n  run PG-6 r equ i r ed  a d d i t i o n a l  

H3P04 (0.183M) - be added t o  t h e  waste t o  mainta in  t h e  M/P equa l  

t o  1 . 0 .  

Feed composit ions f o r  PW-2 wastes  v a r i e d  i n  two ways: 

(1) t h e  excess  aluminum i n  t h e  Purex 1WW was used a s  a p a r t i a l  

s u b s t i t u t e  f o r  i r o n ,  ( 2 )  t h e  excess  r a r e  e a r t h s  i n  PG-4 (0.45M) - 
ve r sus  nominal ( 0 . 1 2 M )  - r equ i r ed  t h e  a d d i t i o n  of 0.5M - sodium 

and 1.16M - H3P04. 



T A B L E  4 . 1 2 .  

C o n s t i t u e n t s  

H+ (b) 

 fa 
Fe +3 

~ 1 ' ~  

Add i t i ves  

NZ 

Genera2 Waste Compos i t ion  Ranges ( a )  

PW-1 Waste, M PW-2 Waste, &J 
Nominal Actual  Nominal Actua l  

a .  All v a l u e s  a r e  quoted a t  378 l i t e r s / t o n n e .  
b. Excludes H+ from d i s a s s o c i a t i o n  of H3PO4 a d d i t i v e .  

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  feed.  

4.6.2 Re la ted  E a u i ~ m e n t  

Performance of t h e  primary p i e c e s  of phosphate g l a s s  equip-  

ment has  been d i scussed  i n  t h e  preceding s e c t i o n s .  The ope ra t-  

i n g  h i s t o r y  of  t h i s  equipment i s  summarized i n  Table 4.13. 

Discuss ion of o t h e r  r e l a t e d  equipment i s  p re sen ted  below. 

S e a l  Po t s  

Secondary v e n t  l i n e s  from t h e  den i t r a to r- evapora to r  and 

melter were provided f o r  r e l i e f  of p re s su re  i f  it inc reased  

t o  a tmospher ic  l e v e l  dur ing  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  ven 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 .  



T A B L E  4 . 1 3 .  Phosphate  G l a s s  Equipment  O p e r a t i n g  H i s t o r y  

C o n s t r u c t i o n  
P l a t e r i a l  

F e ,  SS, N i o n c l  

P r e s s u r e  
I n -  W a t e r  

-. o r  Flow 

- 2  t o  -10 

O p e r a t i n g  
C l i e m ~ c a l  I l o u r s  - -- 

L ~ q u i d  Ui t r a t e s ,  8 7 3  
S u l  r a t e s ,  a n d  
Phosphate 
S l u r r i e s  

I 'hosplrnte P l e l t s  783 

h q u i p m e n t  

SC-Rach 

M e l t e r  P l a t i n u m  Z f t c r  110 h r  of  CI'G operation, 
t h e  i n a d e q u a t c l y  I l e a t c d  r n e l t e r  
v e n t  n o z z l e  c o r r o d e d  a n d  p a r -  
t i a l l y  c o l l a p s e d  h 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 .  I t  was 
r e p l a c e d .  

Used o n l y  on t r l a l  b a h i s  d u r i n g  
CPG-7. 

Used o n l y  d u r l n f i  i n - c e l l  h o t  
o p c r a t l o n .  

Uscd o n l y  d u r l n g  ~ n - c e l l  l ro t  
o p e r a t i o n .  

NZ p u r g e  is t o  p r e v e n t  o x i d a -  
t i o n  o f  e l c c t r l c a l  h l r i t r g  i n  
f u r n a c e  j a c k e t .  

The i + 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  and i t  n e v e r  
worked d u r i n g  t h e  h o t  r u n s  
PG-1 t l i r o u g h  PG- 6 .  

Tile 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  FG-5 
i t  f a l l e d  a n d  was  n o t  
r e p l a c e d .  
. . . . . . . . . . . . . . .  

P l e l t e r  S p a r g e r  No. 1 

NO. 2  

M e l t e r  L e v e l  Dip  Tube 

M e l t e r  F u r n a c e  

I ' l a t i n u m  0  t o  1 . 2  
s c f h  

0  t o  0 . 8  
s c f h  

0  t o  0 . 5  
s c f h  

T r a c e  

P l a t i n u m  

I ' l a t i n u m  

f l e v i - D u t y  K a n t l i a l  
A - 1  E l e m e n t s  

NZ P u r g e  i n  861 
J a c l . e t  

h l e l t e r  Weir H e a t e r  R a n t h a l  A - l  
F l c m e n t s  

b l e l t e r  F r e e z e  V a l v e  
H e a t e r  

K a n t h a l  A - 1  
E l e m e n t s  

P l e l t e r  O f f  Gas L i n e  P l a t i n u m - 5 %  
I r i d i u m  

S u l f a t e  a n d  783 
h i t r a t e  V a p o r s  

... 511 b l e l t e r  Off  Gas L l n e  
H e a t e r  

Nichrome H e a t i n g  
W i r e  

A  Ihand w r a p p e d  h e a t e r  was u s c d  
f o r  CPG-7, ( a )  t h e  p r e s e n t  
h e a t e r  h a s  i n s t a l l e d  f o r  
radioactive o l i e r a t l o n .  

A f t e r  200 h r  s e r v i c e ,  t h e  SS 
l i n e  o n  t h e  5C r a c k  was  
c h a n g e d  t o  n i o n e l .  T 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 e l  
d r a i n  l i n e  j u m p e r  h a s  b e e n  
u s e d  473 h r .  
. . . . . . . . . . . . . . .  

Removed a n d  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 r s  
o f  17.5111 KzSOq t o  t h e  d e n i t r a -  
t o r  v i a - t h e  p o t .  

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 h l e  f e a t u r e s .  

I n s t a l l e d  p r i o r  t o  PC;-5 t o  
p r o v l d c  r e m o t a b l e  f e a t u r e .  

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 H2S04 w a s  a d d e d  
t o  t h e  a 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 .  
. . . . . . . . . . . . . . .  

P l e l t e r  C o n d e n s e r  ( E - 1 1 7 )  I n n e r  S h e l l ,  Tubes  
D r a i n - l i i o n e l  
O u t e r  S h e l l - S S  

S u l f a t e  a n d  783 
N i t r a t e  V a p o r s  

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  

304L SS 

P u r e x  Type W a s t e s  783 

P u r e x  Type W a s t e s  310 D e n i t r a t o r  A i r l l f t  P o t  
No. l a  

NO. l b  P u r e x  Type W a s t e s  319 

NO. 2 

D e n i t r a t o r  E v a p o r a t o r  
(TK-121) 

304L SS ( T i -  
A i r l i f t  A i r  F i n s )  

A-55 T i  

P u r e x  Type W a s t e s  1 5 4  

P u r e x  Type W a s t e s  8 7 3  

D e n i t r a t o r  Tube B u n d l e  

D e n i t r a t o r  A g i t a t o r  

0  t o  1 0 0  
p s i g  s t e a m  

P u r e x  Type W a s t e s  8 7 3  

P u r e x  Type W a s t e s  8 4 3  SS S h a f t ,  SS and 
T i  I m p e l l e r s  

A f t e r  330 h r  t h e  SS l 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  b a c k w a r d s  f o r  
PC-1 t o  3 .  
. . . . . . . . . . . . . . .  D e n i t r a t o r  Over  Flow P o t  

D e n i t r a t o r  S e a l  P o t  

D e n i t r a t o r  Vacuum B r e a k e r  

D i l u t e  HN03 8 7 3  

D i l u t e  HL03 8 7 3  

300 

. . . . . . . . . . . . . . .  

Removed f r o m  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 1 0 0 - 9 0 0  T r a c e  S o l i d i f i e d  M e l t  1 8 5  No v i s i b l e  w a r p l n g  o r  b i n d i n g .  
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 .  

M i l d  S t e e l  320 M i l d  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 s  w e r e  
n o t  a d d e d  t o  t h e  w a t e r .  

R e c e i v e r  F u r n a c e  Waste  P o t s  H a s t e l l o y  X 1 0 0 - 9 0 0  - - -  2096 A l s o  u s e d  a s  D O ~  c a l c i n e ~  
f u r n a c e .  ~ 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 l t h  C e r o f o r m  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 .  

a .  CPG = " Cold"  p h o s p h a t e  g l a s s  r u n s .  
b .  PG = "Hot" p h o s p h a t e  g l a s s  r u n s .  



The m e l t e r  s e a l  p o t  i s  an 8- inch d i a m e t e r  by 22- inch l o n g  

s e c t i o n  o f  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 n c h e s  of w a t e r  a r e  r e q u i r e d  t o  a l l o w  g a s  t o  

f low from t h e  m e l t e r  t o  t h e  condensa te  t a n k .  S e a l  w a t e r  canno t  

f low backwards t o  t h e  m e l t e r .  During run  PG-4, t h e  s e a l  p o t  

s u c c e s s f u l l y  s e r v e d  i t s  purpose  by a d e q u a t e l y  v e n t i n g  t h e  

m e l t e r  when t h e  main m e l t e r  o f f - g a s  l i n e  became plugged.  

The d e n i t r a t o r - e v a p o r a t o r  over f low s e a l  p o t  i s  a  6- inch 

d i a m e t e r  by 17- inch l o n g  s e c t i o n  o f  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  d e s i g n e d  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  12 i n c h e s  o f  w a t e r  a r e  . 
r e q u i r e d  t o  a l l o w  g a s  t o  f l o w  t o  t h e  condensa te  t a n k .  Although 

t h e  over f low s e a l  p o t  was n e v e r  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  s i x  r u n s ,  foam t h a t  o c c u r r e d  i n  

r u n s  P G- 1  th rough  3 overf lowed t o  t h e  m e l t e r  condensa te  t a n k  

by t h i s  r o u t e .  I f  t h e  o v e r f l o w  p o t  had n o t  been a v a i l a b l e  t h e  

foam would p r o b a b l y  have f o r c e d  i t s  way i n t o  t h e  t o p  of  t h e  

d e n i t r a t o r ,  t h e n  i n t o  t h e  normal d e n i t r a t o r  (and m e l t e r )  v e n t  

system, and c o n t i n u e d  o p e r a t i o n  may n o t  have been p o s s i b l e .  

Rece ive r  P o t  Furnace 

The s ix- zone  i n d u c t i o n- h e a t e d  r e c e i v e r  p o t  f u r n a c e  which 

has  a  t e m p e r a t u r e- c o n t r o l l e d  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  m e 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  O C  o f  t h e  se t  p o i n t  w i t h o u t  g r o s s  

i n f l u e n c e  from a d j a c e n t  zones w h i l e  h e a t i n g  a l l  zones t o  

a p p r o x i m a t e l y  6 0 0  O C  t o  p e r m i 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  were unheated  and w e r e  

u s u a l l y  c o o l e d .  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  a round t h e  

o u t s i d e  o f  t h e  s u s c e p t o r  was s u f f i c i e n t  f o r  t h e  s i x  phospha te  

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



t h e  furnace  should be adequate f o r  coo l ing  p o 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 SS 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  

dur ing  e a r l y  DVT runs .  Corrosion coupons were 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 were made of 

A- 5 5  t i t a n i u m ,  304L SS, 316L SS and Nionel.  The coupons were 

i n spec t ed  a t  t h e  end of  t h e  f i r s t  s e r i e s  of 6  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  6 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 nch  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  t h e  d e p o s i t s  

i n d i c a t e d  t h a t  t hey  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 .  



5.0 AUXILIARY EQUIPMENT PERFORMATJCE 

E s s e n t i a l  t o  any w a s t e  s o l i d i f i c a t i o n  f a c i l i t y  w i l l  b e  t h e  

a u x i l i a r y  sys tems i n  s u p p o r t  o f  t h e  s o l i d i f i c a t i o n  p r o c e s s e s .  

I n  t h e  f i n a l  d e s i g n  of a  s o l i d i f i c a t i o n  p l a n t ,  equipment must 

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

f o r  r e u s e  o r  f o r  low l e v e l  w a s t e  t r e a t m e n t  and r e l e a s e  t o  t h e  

envi ronment .  For  example, s l i g h t l y  contaminated  a c i d  can  b e  

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

d i s s o l u t i o n .  To o b t a i n  o v e r a l l  economy, i n t e g r a t i o n  of s i m i l a r  

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

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

P r o c e s s  a u x i l i a r i e s  c o n s i s t  of t h e  equipment n e c e s s a r y  t o :  

P r e p a r e  f e e d  from w a s t e  s o l u t i o n s  and f e e d  t h e  s o l i d i f i e r ,  

T r e a t  v a p o r s  o r  condensa te  e f f l u e n t s  from t h e  s o l i d i f i e r  
a  f o r  r e c y c l e ,  and 

Clean ing  t h e  o f f - g a s e s  and r e c o v e r  t h e  a c i d .  

E f f l u e n t s  d i r e c t l y  from t h e  phosphate  g l a s s  p r o c e s s  r e q u i r e  

r e c y c l i n g  th rough  a u x i l i a r i e s  s i n c e  g e n e r a l l y  0.08 t o  5% of  t h e  

ruthenium f e d  t o  t h e  s o l i d i f i e r  i s  v o l a t i l i z e d  and e n t r a i n e d  

from t h e  d e n i t r a t o r .  I n  a d d i t i o n ,  0.801 t o  0.03% of n o n v o l a t i l e  

c o n s t i t u e n t s  a r e  e n t r a i n e d .  An a d d i t i o n a l  1 .2  t o  7 . 9 %  of  t h e  

ru thenium i s  v o l a t i l i z e d  and e n t r a i n e d  from t h e  melter, and 

0.2% of 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  a r e  e n t r a i n e d  from t h e  

m e l t e r .  Although m e l t e r  condensa te  must b e  handled  s e p a r a t e l y  

when it c o n t a i n s  s u l f a t e ,  it can u s u a l l y  b e  combined w i t h  t h e  

d e n i t r a t o r  condensateb  f o r  t r e a t m e n t  by t h e  a u x i l i a r i e s .  

a .  S u l f a t e  c o n t a i n i n g  condensa te  from t h e  phosphate  g l a s s  
m e l t e r  c a n n o t  be  d i r e c t l y  r e c y c l e d  w i t h o u t  t r e a t m e n t  t o  
remove t h e  s u l f u r i c  a c i d  o r  w i t h o u t  v e r y  e x t e n s i v e  c leanup  
t o  remove t h e  r a d i o a c t i v i t y .  

b .  I f  t h e  d e n i t r a t o r  decon tamina t ion  f a c t o r s  were s u b s t a n t i a l l y  
g r e a t e r  t h a n  t h o s e  f o r  t h e  melter ( g r e a t e r  t h a n  abou t  1 0 )  
t h e n  it may be  b e n e f i c i a l  t o  r e c y c l e  t h e  m e l t e r  condensa te  
back i n t o  t h e  d e n i t r a t o r  f o r  a d d i t i o n a l  decon tamina t ion .  



The need t o  demons t ra te  how t h e  condensa te  and a c i d  can  b e  

r e c y c l e d  o r  o t h e r w i s e  d i s p o s e d  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. 

5 . 1  OPERATING MODES 
7 

A u x i l i a r y  equipment  would l i k e l y  b e  a  p a r t  of t h e  f u e l  

r e p r o c e s s i n g  p l a n t  ( e . g . ,  a  p l a n t  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  it c o u l d  b e  o p e r a t e d  as a s e p a r a t e  sys tem 

independen t  of t h e  r e p r o c e s s i n g  p l a n t .  I n  e i t h e r  c a s e ,  t h e  

a u x i l i a r y  equipment  c a n  be  coup led  t o  t h e  phospha te  g l a s s  

p r o c e s s  t o  produce  t h r e e  b a s i c  modes of o p e r a t i o n :  Mode A ,  

Mode B ,  and Mode C ( s e e  F i g u r e  5 .1)  . So f a r ,  t h e  f i r s t  two of 

t h e s e  modes were t e s t e d  w i t h  t h e  phosphate  g l a s s  p r o c e s s ,  

Mode C was n o t .  

I n  Mode A ,  w a s t e  i s  f e d  d i r e c t l y  t o  t h e  s o l i d i f i e r  w i t h o u t  

immediate p r e c o n c e n t r a t i o n .  The vapors  from t h e  s o l i d i f i e r  

a r e  condensed and c o n c e n t r a t e d  b u t  a r e  n o t  r e c y c l e d  t o  t h e  

s o l i d i f i e r  f e e d .  

I n  Mode B ,  one b a t c h  of raw waste i s  p r e 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  s i m u l t a n e o u s l y  w i t h  t h e  d e n i t r a t o r  c o n d e n s a t e  

w h i l e  a  p r e v i o u s l y  p r e p a r e d  b a t c h  of w a s t e  i s  f e d  t o  t h e  

s o l i d i f i e r  from a h o l d  t a n k .  ( I n  a  commercial p l a n t  which 

would n o t  need t h e  a d d i t i o n a l  decon tamina t ion  a f f o r d e d  by t h e  

a u x i l i a r y  e v a p o r a t o r ,  t h e  s i z e  of  t h e  d e n i t r a t o r  c o u l d  b e  

d e s i g n e d  t o  perform t h i s  r e q u i r e d  p r e c o n c e n t r a t i o n . )  Dur ing 

t h e  phospha te  g l a s s  Mode B d e m o n s t r a t i o n s ,  t h e  b a t c h  of  wastes 

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

u n t i l  t h e  r u n  was a t  l e a s t  50% comple ted .  

I n  Mode C ,  t h e  s o l i d i f i e r  and e v a p o r a t o r  c a n  b e  o p e r a t e d  

a s  a  c lose- coup led  u n i t .  Feed e n t e r s  the e v a p o r a t o r  where it 

i s  c o n t i n u o u s l y  mixed and c o n c e n t r a t e d  w i t h  condensed v a p o r s  

r e t u r n i n g  from t h e  s o l i d i f i e r .  T h i s  m i x t u r e  of e v a p o r a t o r  

bot toms i s  c o n t i n u o u s l y  f e d  t o  t h e  s o l i d i f i e r .  Thus,  t h e  
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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  condensed vapors  from t h e  

s o l i d i f i e r  a r e  cont inuous ly  recyc led .  (This mode has  n o t  been 

t e s t e d  t o  d a t e  wi th  t h e  phosphate g l a s s  p roces s . )  

F i n a l  a p p l i c a t i o n s  of t h e  modes a r e  v i s u a l i z e d  a s  shown 

i n  F igu re  5.2. 

I n  WSEP, a u x i l i a r y  t r ea tmen t  downstream of t h e  a u x i l i a r y  

waste  evapora tor  c o n s i s t s  of condensing t h e  overhead vapors  

from t h e  evapora tor  and r o u t i n g  them t o  a f r a c t i o n a t o r  which 

i s  used t o  f u r t h e r  decontaminate t h e  process  noncondensible 

gases  and t o  s e p a r a t e  t h e  vapors i n t o  a b e t t e r  decontaminated 

waste s t ream and a n i t r i c  a c i d  s t ream ( f o r  p o t e n t i a l  r e u s e  i n  

a f u e l  r ep roces s ing  p l a n t ) .  I n  t h e s e  t e s t s  t h e  s l i g h t l y  

a c i d i c  f r a c t i o n a t o r  condensate was a low l e v e l  w a s t e .  I n  a l l  

demonstra t ions ,  about  75% of t h i s  s t ream was r ecyc l ed  t o  t h e  

a u x i l i a r y  evapora tor  t o  s t r i p  n i t r i c  a c i d  from t h e  evapora to r  

whi le  main ta in ing  t h e  evapora tor  bottoms a t  low a c i d i t y .  The 

low a c i d i t y  i n  t h e  a u x i l i a r y  evapora tor  bottoms and overhead 

s t reams h e l p  t o  minimize t h e  v o l a t i l i z a t i o n  of ruthenium from 

t h e  evapora to r .  Noncondensible gases  i n  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 ,  scrubbed,  and f i l t e r e d  twice  a g a i n  

p r i o r  t o  r e l e a s e  t o  t h e  atmosphere. 

Performance of t h e  a u x i l i a r y  system was a s se s sed  by d e t e r-  

mining t h e  decontamination f a c t o r s  a t  each s t a g e  i n  t h e  system 

whi le  us ing one of t h e  t h r e e  modes. Data on o p e r a t i n g  modes 

a r e  p re sen ted  i n  Table 5 . 1  a s  t y p i c a l  of t h e  observed d a t a .  

The f r a c t i o n a t o r  bottoms du r ing  Mode A were n e a r l y  equa l  i n  

r a d i o a c t i v i t y  t o  t h a t  f o r  Mode B f o r  n o n v o l a t i l e  r a d i o a c t i v i t y  

and were l e s s  by a f a c t o r  of 3 f o r  ruthenium. The f r a c t i o n a t o r  

condensate  dur ing  Mode A was lower i n  n o n v o l a t i l e  r a d i o a c t i v i t y  

by a f a c t o r  of g r e a t e r  than 1 0  over Mode B ope ra t ion .  Ruthenium a 

i n  t h e  f r a c t i o n a t o r  condensate dur ing  Mode A ,  however, exceeded 

t h a t  du r ing  Plode B by a f a c t o r  of approximately 2 .  I t  would 

g e n e r a l l y  be  expected t h a t  t h e  r a d i o a c t i v i t y  c o n t e n t  i n  a l l  L 
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streams would be  lower i n  a c t i v i t y  dur ing Mode A than f o r  

o t h e r  ope ra t ing  modes s i n c e  t h e  waste i s  one tank c l o s e r  t o  t h e  

e f f l u e n t s  when waste  i s  i n  t h e  a u x i l i a r y  evapora tor .  The 

r e s u l t s  f o r  ruthenium, however, a r e  more dependent on o t h e r  

f a c t o r s  i nc lud ing  a c i d  concen t r a t i on  i n  t h e  a u x i l i a r i e s  and 

t h e  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 s  i n  ruthenium i n  t h e  e f f l u e n t  s t reams of 

t h e  d i f f e r e n t  ope ra t ing  modes can be minor. During Mode A 

o p e r a t i o n ,  t h e  evapora tor  bottoms i s  a s i d e  stream which must 

be  recyc led  t o  t h e  f u e l  reprocess ing  p l a n t .  In  Mode B and 

Mode C ope ra t ion ,  t h e  evapora tor  bottoms a r e  mixed w i t h  incoming 

waste.  

Although t h e r e  were d i f f e r e n c e s  i n  t h e  r a d i o a c t i v i t y  

l e v e l s  i n  t h e  f r a c t i o n a t o r  a c i d  and f r a c t i o n a t o r  condensate 

f o r  t h e  two modes t e s t e d ,  t h e  r a d i o a c t i v i t y  was s i m i l a r l y  h igh  

enough t h a t  f u r t h e r  t r ea tmen t  o r  d i s p o s a l  w i l l  be t h e  same 

r e g a r d l e s s  of t h e  o p e r a t i n g  mode. The f r a c t i o n a t o r  condensate 

r e q u i r e s  c leanup of ruthenium by f a c t o r s  of up t o  100,000 i f  

it cannot  be used a s  makeup water  (See Sec t ion  7 ,  Table 7.4) 

i n  t h e  r ep roces s ing  p l a n t .  The f r a c t i o n a t o r  bottoms (about  

1 0 M  - FINO3) can be  used i n  t h e  reprocess ing  p l a n t  f o r  f u e l  

element d i s 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  cleanup.  

Mode C was n o t  t e s t e d  because it would have requi red  

continuous b o i l i n g  of t h e  phosphate g l a s s  feed.  The degree  of 

feed  pre- evaporat ion which would be gained i n  t h e  t e s t  i s  n o t  

needed because t h e  den i t r a to r- evapora to r  i s  a v a i l a b l e .  Data 

from Mode C ope ra t ion  i n  a  previous  s e r i e s  of p o t  c a l c i n a t i o n  

runs i n d i c a t e s  t h a t  Mode B and Mode C should produce s i m i l a r  

e f f l u e n t s .  

5 .2  RUTHENIUM CONTROL 

Data from e x t e n s i v e  observa t ions  on ruthenium v o l a t i l i z a -  

t i o n  and i t s  suppress ion  i n  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  has 



been p l o t t e d  a g a i n s t  n i t r i c  a c i d  con ten t  i n  Reference 2 .  

Although some c o r r e l a t i o n s  e x i s t  f o r  very s p e c i f i c  s o l u t i o n s ,  

t h e  range i n  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  d i s t i l l a t e  a c i d i t y  

ranges  a s  much a s  f i v e  o r d e r s  of magnitude. Such a  range of 

va lues  demonstra tes  t h e  complex behavior  of ruthenium chemist ry  

i n  waste  r ep roces s ing .  However, c e r t a i n  f a c t s  a r e  known about 

ruthenium and i t s  behavior .  Ruthenium t e t r o x i d e  (RuO, ) has 
'k 

been e s t a b l i s h e d  ( I7)  a s  t h e  p r i n c i p l e  v o l a t i l e  form of 

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  t h e  v o l a t i l i z a t i o n  of RuO ( 2  ,I8 ) 
4 ' * 

Decreasing t h e  concen t r a t i on  of n i t r a t e  i n  t h e  bottoms 

and t h e  corresponding overheads decreases  t h e  v o l a t i l i z a -  (( 

t i o n  of ruthenium. 

In t roduc ing  o t h e r  ox idan t s  i n t o  t h e  n i t r i c  a c i d  s o l u t i o n  

i n c r e a s e s  ruthenium v o l a t i l i z a t i o n .  S i m i l a r l y ,  in t roduc-  

i n g  r e d u c t a n t s  ( e . g . ,  suga r )  i n t o  t h e  s o l u t i o n  suppres ses  

v o l a t i l i z a t i o n .  

I n c r e a s i n g  t h e  temperature  of a c i d i c  s o l u t i o n s  up t o  t h e  

b o i l i n g  p o i n t  i n c r e a s e s  t h e  vapor p re s su re  of RuO and,  4 
cor respondingly ,  t h e  v o l a t i l i z a t i o n  of Ru04. 

By  c o n t r o l l i n g  t h e  overheads concen t r a t i on  of n i t r i c  a c i d  

from t h e  WSEP evapora tor  a t  l e s s  than 1. OM - dur ing  t h e  f i r s t  

s i x  p o t  c a l c i n a t i o n  runs v o l a t i l i z a t i o n  of ruthenium was 

reduced. ( 3  ) 

During t h e  s i x  phosphate g l a s s  runs ,  t h e  a u x i l i a r y  

evapora to r  was opera ted  a t  a  bottoms concen t r a t i on  of 4 t o  7 M  - 

t o t a l  n i t r a t e  t o  s e r v e  a s  a  decontamination s t a g e  between t h e  

phosphate g l a s s  p rocess  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 .  

Table  9 . 2  i n  t h e  Appendix l i s t s  most of t h e  average 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  evapora tor  a s  w e l l  a s  f o r  t h e  o t h e r  

a u x i l i a r i e s .  P a r t  of t h e  d a t a  f o r  t h e  evapora tor  i s  r epea t ed  

i n  Table 5.2 t o  show t h e  e f f e c t s  of evapora tor  c o n t e n t s ,  
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overheads a c i d  concen t r a t i on ,  and chemical r e d u c t a n t  ( suga r )  
a  a d d i t i o n  on t h e  ruthenium D F .  The ruthenium D F  a c r o s s  t h e  

C 
evapora to r  v a r i e d  from a  low of 11 t o  a  high of 4 2 0  under a  

v a r i e t y  of o p e r a t i n g  cond i t i ons .  The lowest  DFc  occur red  i n  

run PG-3 where sugar  was added t o  improve t h e  DF, and excep t  

f o r  t h e  two extreme va lues  ( D F  of  11 and 4 2 0 )  t h e  DFc was 
C 

n e a r l y  c o n s t a n t  a t  2 0  t o  40 .  O v e r a l l ,  t h e  ruthenium v o l a t i l i z e d  

from t h e  evapora tor  was about 3% of t h e  ruthenium p r e s e n t  i n  

t h e  evapora tor .  These d a t a  r e p r e s e n t  a  f a c t o r  of 30 dec rease  

i n  performance over s i m i l a r  d a t a  ob ta ined  dur ing  t h e  f i r s t  s i x  - 
(3 )  po t  c a l c i n a t i o n  runs .  

b  Genera l ly ,  i n s t an t aneous  ruthenium D F  I s  a c r o s s  t h e  i . 
evapora to r  a r e  d i r e c t l y  r e l a t e d  t o  t h e  overheads a c i d  concen- 

t r a t i o n .  When t h e  evapora tor  overheads a c i d i t y  was below 0.4M, - 
t h e  i n s t an t aneous  ruthenium DFi  was equa l  t o  o r  g r e a t e r  than  

approximately 1 0 0 0 .  Actual  ruthenium D F i l s  i n  t h e  evapora to r  

a r e  shown by t h e  d a t a  i n  F igure  5.3. Although t h e  d a t a  show 

cons ide rab le  s c a t t e r ,  t h e  t r e n d  f o r  each i n d i v i d u a l  run (except  

f o r  Runs P G- 1  and PG-6) i s  a  d e f i n i t e  i n c r e a s e  i n  DFi w i th  a  

dec rease  i n  overhead a c i d i t y .  During PG-6 t h e  samples d i d  n o t  

have a s u f f i c i e n t  spread  i n  overheads and bottoms a c i d i t y  

(bottoms were 5.0,  5 . 2 ,  and 5 . 1 M  - HN03)  t o  produce a meaningful  

t r e n d .  A s  w i th  t h e  e a r l i e r  p o t  c a l c i n a t i o n  runs  ( 3 )  ruthenium 

D F i l s  wi th  feed i n  t h e  evapora tor  were as  h igh  a s  any of t h e  

s e t s  of i n d i v i d u a l  run d a t a .  This  i s  due t o  t h e  d e f i n i t i o n  

used f o r  DFi** and t o  t h e  f a c t  t h a t  some of t h e  e n t e r i n g  a c t i -  

v i t y  i n  t h e  gas  s t ream from t h e  s o l i d i f i e r  i s  bypassing t h e  

evapora to r  bottoms.  Reasons f o r  t h i s  a r e  d i scus sed  below. 

a .  T o t a l  ruthenium c u r i e s  i n  t h e  evapora to r  a t  end of run  from 
any s o u r c e / t o t a l  c u r i e s  gained i n  t h e  f r a c t i o n a t o r  
condensate.  

b. Ins tan taneous  ruthenium concen t r a t i on  i n  t h e  evapora tor /  
i n s t an t aneous  concen t r a t i on  i n  t h e  evapora tor  overheads.  

* 
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The b e s t  f i t  o f  t h e  d a t a  from F i g u r e  5.3 g i v e s  t h e  fo l low-  

i n g  e q u a t i o n  f o r  bottoms t o  overheads  DF f o r  ruthenium. 
i 

I n s t a n t a n e o u s  DFi (Ru) = 1 0  (HNOJ M ) - 4  

where 

M = n i t r i c  a c i d  m o l a r i t y  i n  t h e  over-  - 
head over  an a p p l i c a b l e  r ange  o f  

0 . 1  t o  0.5M - 

I n  g e n e r a l ,  t h e  DFi f o r  ruthenium was e q u a l  t o  o r  b e t t e r  t h a n  

d a t a  i n  Reference  2 f o r  was tes  w i t h o u t  r e d u c t a n t s ,  b u t  was 

somewhat less t h a n  t h a t  o b t a i n e d  d u r i n g  t h e  f i r s t  series of  

p o t  c a l c i n a t i o n  runs .  ' 3 )  The reason  f o r  t h i s  l a t t e r  e f f e c t  i s  

due i n  p a r t  t o  a  h i g h e r  a i r  f low (most ly  due t o  i n l e a k a g e )  

through t h e  phospha te  g l a s s  system. The 5  t o  10 scfm a i r  f low 

i s  c o n s i d e r a b l y  more t h a n  t h e  1 t o  2 scfm encounte red  w i t h  t h e  

p o t  c a l c i n a t i o n  system. Fur thermore ,  i n  r e c e n t  WSEP s p r a y  

s o l i d i f i c a t i o n  demons t r a t i ons ,  it  has  been found t h a t  approx i-  

mate ly  1% of  t h e  ru thenium v o l a t i l i z e d  i n  t h e  s o l i d i f i e r  

bypasses  t h e  e v a p o r a t o r  bottoms v i a  t h e  15 scfm of f- gas  stream 

p r e s e n t  i n  t h a t  system. ( I6) Th i s  same e f f e c t  i n  t h e  phosphate  

g l a s s  sys tem would n o t  be expec t ed  t o  be  a s  s i g n i f i c a n t ,  s i n c e  

t h e  noncondens ib le  gas  f low and t h e  p e r c e n t  of  ru thenium 

v o l a t i l i z e d  from t h e  phosphate  g l a s s  system a r e  less t h a n  f o r  

t h e  s p r a y  s o l i d i f i e r .  

Most o f  t h e  ruthenium t h a t  e s capes  t h e  e v a p o r a t o r  t o  t h e  

overhead condensa te  i s  caugh t  i n  t h e  f r a c t i o n a t o r  where addi-  

t i o n a l  decon tamina t ion  occu r s .  F i g u r e  5.4 i s  t y p i c a l  of  t h e  

t ype  o f  d a t a  ob t a ined  du r ing  t h e  phosphate  g l a s s  r u n s ,  and 

shows t h e  accumulat ion  of  r a d i o a c t i v i t y  i n  t h e  e v a p o r a t o r  

condensa te  f o r  a  Mode B r un  where a c i d i c  was t e  i s  i n t r o d u c e d  t o  

t h e  e v a p o r a t o r  a f t e r  n e a r l y  80 hours  o f  Mode A o p e r a t i o n .  The 

a d d i t i o n  o f  t h e  a c i d i c  r a d i o a c t i v e  was t e  i n  t h e  e v a p o r a t o r  

r e q u i r e s  an i n c r e a s e  i n  bo th  b o i l o f f  r a t e  and a c i d  c o n c e n t r a t i o n  



b- Mode 4 Mode B 

P G- 5  Run T i m e ,  h r  

FIGURE 5 .  4 .  Rad ionucZ ide  A c c u m u l a t i o n  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  Condensa t e  ( F r a c t i o n a t o r  b o t t o m s )  



i n  o r d e r  t o  s t r i p  n i t r i c  a c i d  from both t h e  waste  and t h e  

incoming phosphate g l a s s  condensate.  These two e f f e c t s  combined 

wi th  t h e  i n c r e a s e  i n  r a d i o a c t i v i t y  i n  t h e  evapora tor  bottoms 

(from t h e  e n t e r i n g  r a d i o a c t i v e  waste)  r e s u l t  i n  t h e  i n c r e a s e  

i n  r ad ionuc l ide  accumulation i n  t h e  evapora tor  condensate .  

Average s t r i p  wate r  and b o i l o f f  r a t e s  f o r  t h e  evapora to r  f o r  

a l l  runs  a r e  l i s t e d  i n  t h e  Appendix, Table 9 . 2 .  

In leakage  of a i r  i n t o  t h e  system ( a t  1 0  scfm) inc reased  

vapor v e l o c i t i e s  i n  t h e  evapora tor  and f r a c t i o n a t o r  towers 

by approximately 2 0 %  a t  an evapora tor  b o i l o f f  r a t e  of 50 l i t e r s  . 
per  hour. 

For t h e  s i x  runs ,  t h e  ruthenium DF ac ros s  t h e  f r a c t i o n a t o r  . 
C 

(Table 5 .2)  v a r i e d  from a  low of 55 t o  a  high of 6000. How- 

e v e r ,  DFc1s of  200  t o  1 0 0 0  were more t y p i c a l  of t h e  average 

d a t a .  Except f o r  demonstra t ion runs  P G- 1  and 3, t h e  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  approximately 

9  t o  1 1 M ,  - 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  

was 0.02M - us ing  a  f r a c t i o n a t o r  tower i n t e r n a l  r e f l u x  r a t i o  of 

0 . 1  t o  0 . 2 .  

Ruthenium t h a t  escapes  t h e  WSEP f r a c t i o n a t o r  t o  t h e  over-  

head condensate  i s  caught  i n  t h e  f r a c t i o n a t o r  condensate t ank .  

F igu re  5.5 shows t h e  accumulation 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  condensate tank f o r  t h e  same t y p i c a l  Mode B run  

t h a t  was used f o r  F igu re  5 . 4 .  The f r a c t i o n a t o r  D F  f o r  
C 

ruthenium f o r  t h i s  demonstrat ion run was equa l  t o  o r  b e t t e r  

than t h e  ruthenium d a t a  from any o t h e r  run (Table  5 . 2 ) .  

5.3 CONTROL OF OTHER RADIONUCLIDES 

Cumulative decontamination f a c t o r s  ( D F c )  f o r  n o n v o l a t i l e s  
6 a c r o s s  t h e  WSEP evapora tor  ranged from 2.7 x  l o 3  t o  3.3 x  1 0  , 

5 b u t  were t y p i c a l l y  about  1 0  . Ins tan taneous  D F ' s  (DFi) f o r  

n o n v o l a t i l e s  a c r o s s  t h e  evapora tor  were c a l c u l a t e d  from rad io -  

cerium concen t r a t i ons  and ranged from g r e a t e r  than  l o 4  t o  
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FIGURE 5 . 5 .  Radionuc  Z ide  Accumu Z a t i o n  i n  Ac id  F r a c t i o n a t o r  
Condensa t e  



g r e a t e r  than l o 6  (Table 5.2. ) The d a t a  on n o n v o l a t i l e s  showed 

s a t i s f a c t o r y  ope ra t ion  and agree  q u i t e  we l l  wi th  d a t a  from t h e  

f i r s t  s e r i e s  of p o t  c a l c i n a t i o n  runs .  ( 3 )  There was e s s e n t i a l l y  

no d i f f e r e n c e  i n  decontamination f a c t o r s  between runs ,  except  

t h a t  t h e r e  were no low DF va lues  when f eed  was i n  t h e  evapora-  

t o r .  This  e f f e c t  was a l s o  noted i n  ~ e f e r e n c e " 3 .  F i g u r e s  5.4 

and 5.5 i n  Sec t ion  5 .3  show t h e  r a t e  of accumulation of  non- 

v o l a t i l e ~  ( r ep re sen ted  by 1 4 4 ~ e - ~ r )  i n  t h e  evapora to r  and 

f r a c t i o n a t o r  condensates .  

The phosphate g l a s s  p rocess  produces a  r e l a t i v e l y  smal l  

q u a n t i t y  of  noncondensable o f f- gas  t h a t  must be decontaminated 

be fo re  it i s  r e l e a s e d  t o  t h e  envi rons .  The 5  t o  10 scfm of 

in leakage  a t  t h e  process  i s  s i g n i f i c a n t ,  however, and should 

be  reduced i n  commercial a p p l i c a t i o n s ,  i f  p o s s i b l e .  The 

in leakage  is p r i m a r i l y  around t h e  phosphate g l a s s  m e l t e r  (view- 

i n g  window, m e l t e r  o f f- gas  l i n e  f l a n g e s ,  e t c . ) .  I n  t h i s  f i r s t  

series of runs ,  no a t t empt  was made t o  s e a l  t h e  system l eaks  

because t h e  system r e q u i r e d  ope ra t ion  a t  a  very low vacuum 

( 2  t o  6 i nches  of w a t e r )  t o  minimize sucking a i r  backwards 

through t h e  mel t  v i a  t h e  we i r  tubes .  Also,  some in l eakage  

improved vacuum c o n t r o l .  A s  d i s cus sed  i n  Sec t ion  5.2, t h e  

h igh  a i r f l o w  through t h e  system may be caus ing  some ruthenium 

carry- over  i n  t h e  a u x i l i a r i e s .  The a i r f l o w  apparen t ly  i s  n o t  

caus ing  s i g n i f i c a n t  decontamination problems wi th  n o n v o l a t i l e  

c o n s t i t u e n t s ,  s i n c e  t h e  d a t a  compare w i th  Reference 3 .  

The a i r f l o w  may have a  s l i g h t  adverse  e f f e c t  on t h e  n i t r i c  

a c i d  s t r i p p i n g  e f f i c i e n c y  i n  t h e  f r a c t i o n a t o r .  Overheads concen- 

t r a t i o n s  of 0.02M - a r e  c o n s i s t e n t l y  produced when t h e  bottoms 

i s  c o n t r o l l e d  a t  l e s s  than 1 1 M  - HNO ( s e e  Table 5.2 and Table  9.2 3 
i n  Appendix). This i s  t h e  same concen t r a t i on  produced wi th  

approximately 2 0 %  of t h e  noncondensible gas flow as  ob ta ined  

du r ing  p o t  c a l c i n a t i o n  t e s t s .  ( Noncondensible of f- gases  

from t h e  process  were approximately 1 0 0 0  l i t e r s  (STP)  f o r  each 



l i t e r  of aqueous feed.  They were due a lmost  e n t i r e l y  t o  a i r  

in leakage  and ins t rument  purge a i r .  A f t e r  off- gases  l e f t  t h e  

f r a c t i o n a t o r ,  they  were f i l t e r e d ,  scrubbed,  f i l t e r e d  twice  

aga in ,  and then d i scharged  t o  t h e  atmosphere. The i r  rad io-  

a c t i v i t y  concen t r a t i on ,  a f t e r  d i l u t i o n  by o t h e r  C-MEL b u i l d i n g  

and process  a i r ,  (a' was w e l l  below d e t e c t i o n  l i m i t s  and 

10CFR2O r e l e a s e  l i m i t s .  The l i m i t  of d e t e c t i o n  f o r  ruthenium 

i s  l e s s  than 2 . 4  x  Ci/week ( c a l c u l a t e d  a s  l o 6 ~ u )  and f o r  

g ros s  b e t a  i s  l e s s  than 8.6 x  Ci/week ( c a l c u l a t e d  a s  ' O S ~  

and Typica l  f r a c t i o n a l  l o s s e s  of g r o s s  b e t a  and ruthenium 

t o  t h e  s t a c k  were 1 0  -12 and r e s p e c t i v e l y .  The of f- gas 

stream wi th in  t h e  WSEP complex was n o t  sampled dur ing  t h e  

phosphate g l a s s  runs ,  b u t  samples a r e  planned dur ing  t h e  remain- 

ing  phosphate g l a s s  t e s t s .  More r e c e n t l y ,  samples have been 

ob ta ined  of t h e  WSEP of f- gas  a s  it l eaves  t h e  sc rubber .  

I n i t i a l  d a t a  from t h e s e  und i lu t ed  samples i n d i c a t e  t h a t  t h e  

off- gas  a t  t h i s  p o i n t  i s  approximately 50 t imes t h e  10CFR20 

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

General ly ,  decontamination of t h e  process  o f f- gas  i n  t h e  

WSEP runs  was a t  l e a s t  a s  good a s  t h a t  achieved i n  t h e  PNL 

h o t  c e l l  phosphate g l a s s  t e s t s  where o v e r a l l  decontamination 

f a c t o r s  from feed  t o  o f f- gas  a t  t h e  p o i n t  of r e l e a s e  t o  t h e  

atmosphere were 10' f o r  both ruthenium and p a r t i c u l a t e s .  ( 2 0  

AUXILIARY HANDLING OF ACID PUREX WASTE 

F i s s i o n  product  waste 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  wi th  l i q u i d  t r a n s f e r  o r  evapora t ion .  While 

amorphous, noncaking p r e c i p i t a t e s  can be  reasonably handled 

a t  concen t r a t i ons  up t o  a t  l e a s t  30 volume p e r c e n t ,  very smal l  

a. The 2 0  t o  30 scfm of a i r  e x i t i n g  t h e  WSEP scrubber  
( i nc ludes  in leakage  and motive a i r  supply t o  t h e  vacuum j e t )  
i s  combined wi th  o t h e r  C-MEL b u i l d i n g  a i r  t o  g i v e  a  t o t a l  
flow of 120,000 scfm where it i s  monitored a t  t h e  s t a c k .  



q u a n t i t i e s  of heavy, caking p r e c i p i t a t e  can p lug  p ipes .  Thus, 

proper  des ign  and ope ra t ion  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  p r e s e n t  i n  a  

given waste  s o l u t i o n  depends on t h e  chemical f lowshee t  used i n  

t h e  s e p a r a t i o n s  p l a n t  and t h e  subsequent t r ea tmen t  of t h e  

waste.  I n  g e n e r a l ,  t h e  PW-1 and PW-2 s o l u t i o n s  used i n  demon- 

s t r a t i o n  t e s t s  P G- 1  through PG-6 were r e p r e s e n t a t i v e  of Purex 

p l a n t  wastes .  That  i s ,  they contained t h e  f u l l  gamut of 

expected p r e c i p i t a t e  types  a l though t h e  comparative amounts of 

p r e c i p i t a t e  v a r i e d  wi th  each waste.  The volume of s o l i d s  

observed i n  a c t u a l  samples of t h e  feed  s o l u t i o n s  used i n  t h e  

s i x  phosphate g l a s s  s o l i d i f i c a t i o n  runs  v a r i e d  from 108 i n  

run PG-4 t o  5 0 %  i n  run PG-3. 

The main type  of s o l i d s  encountered i n  t h e  phosphate g l a s s  

feeds  c o n t a i n s  molybdenum, phosphorous, and zirconium and i s  

probably a  zirconium phosphomolybdate compound. The s o l i d  i s  a 

hydrous,  amorphous p r e c i p i t a t e  which has  never been observed t o  

caked i n  t h e  l abo ra to ry  even a f t e r  s t and ing  s e v e r a l  months. I n  

PW-1, the 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 n o n c r y s t a l l i n e .  I n  t h e  s u l f a t e- b e a r i n g  PW-2 

waste ,  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 spec t ion  smal l  needle- shaped c r y s t a l s  (probably sodium r a r e  

e a r t h  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 W - 1  waste  i s  

cont inuous ly  b o i l e d  i n  t h e  WSEP evapora to r ,  t h e  p r e c i p i t a t e  

l o s e s  i t s  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 becomes a  very  l o o s e ,  

eas i ly- suspended (even a f t e r  prolonged s e t t l i n g )  p r e c i p i t a t e .  

Continuous b o i l i n g  of t h e  PW-2 waste has  no t  been a t tempted ,  

and wi th  t h i s  p o s s i b l e  except ion ,  t h e  handl ing of phosphate 

g l a s s  f eeds  i n  f eed  t anks ,  evapora tors  and t r a n s f e r  l i n e s  i s  

n o t  cons idered  a s  a  major problem. 

5.5 GENERAL PERFORMANCE OF AUXILIARIES 

Aux i l i a ry  equipment performance was very s a t i s f a c t o r y  

dur ing  t h e  s i x  phosphate g l a s s  demonstra t ion runs  excep t  f o r  



some pump problems and a g r a d u a l  d e t e r i o r a t i o n  of t h e  e lec t r i-  

c a l  and i n s t rumen t  w i r i n g  w i t h i n  t h e  c e l l .  A l l  s i x  r uns  w e r e  

s u c c e s s f u l l y  completed;  on ly  t h e  f i r s t  was i n t e r r u p t e d  du r ing  

t h e  o p e r a t i n g  p e r i o d  a s  t h e  r e s u l t  of  an  a u x i l i a r y  problem 

when a feed  pump f a i l e d .  Table  5 . 3  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  performance o f  t h e  a u x i l i a r y  equipment.  

The f e e d  pump used a t  t h e  s t a r t  of  t h e  phosphate  g l a s s  

demons t ra t ion  runs  was t h e  same pump used d u r i n g  t h e  f i n a l  

p o t  c a l c i n a t i o n  run.  ( 3 )  The pump was a canned- ro to r  i n - l i n e  

Pump w i t h  boron c a r b i d e  s e a l s  and boron c a r b i d e  b e a r i n g s  

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

was r e c i r c u l a t e d  through a s m a l l  r e s e r v o i r  and a j a cke t ed  

c o o l e r ,  b u t  was s e p a r a t e d  from t h e  p roce s s  f l u i d  by a mechanical  

s e a l .  A f t e r  t h i s  t ype  pump f a i l e d  d u r i n g  t h e  f i r s t  phosphate  

g l a s s  demons t ra t ion  ( t h e  s h a f t  became bound), a  modi f i ed  i n - l i n e  

pump assembly u s i n g  a conven t i ona l  c e n t r i f u g a l  pump was 

i n s t a l l e d .  The pump con t a ined  double  mechanical ,  wa te r -  

l u b r i c a t e d  seals 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  a r e  r e q u i r e d  on t h e  new t y p e  pump t o  p r even t  l o s s  of  

f e e d  i f  t h e  s e a l s  f a i l .  These v a l v e s  a l s o  a l low t h e  pump t o  

be  changed o u t  remote ly  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  of  t h e  f e e d  t ank .  Some pump f a i l u r e s  

have r e s u l t e d  w i t h  t h i s  new pump (see Appendix, Tab le  9 . 5 )  

because  o f  s e a l  and b e a r i n g  f a i l u r e s ;  however, t h e  pumps have 

a l onge r  l i f e  expectancy t han  t h e  canned- ro to r  pumps i f  t hey  

a r e  thoroughly  f l u s h e d  a f t e r  each run .  I t  appears  t h a t  some 

of  t h e  d i f f i c u l t y  w i t h  pump s e a l  f a i l u r e s  was caused by t h e  

s e a l s  d r y i n g  o u t  when t h e  pumps w e r e  n o t  b e i n g  ope ra t ed .  An 

extended pump o p e r a t i n g  t e s t  ha s  n o t  been performed. 



T A B L E  5 . 3 .  WSEP A u x i l i a r y  O p e r a t i n g  Summary 
( T h r o u g h  p h o s p h a t e  g l a s s  r u n  P G - 6 )  

construction Normal Pressure, 
Equipment Material Temp, "C in. ~20(a) Chemical 

Feed Tanks 304L SS 60 - 5 Darex, Purex 
and TBP-25 
type wastes 

Condensate Tanks 304L SS 2 5 -15 to -20 H20, Dilute 
HNO, 

2 

Caustic Tank 304L SS 25-40 - 2 t o - 2 0  DiluteNaOH 

Evaporator A-55 Ti 110 -10 to -20 Boiling Waste 

Fractionator A-55 Ti 

Solidifier Condenser A-55 Ti 

115 -10 to -20 8 to 12M_ HN03 

110 -5 to -20 HN03 Vapors 

Feed Pumps 304L SS 60 Adjusted Waste 

Evaporator-Condenser A-55 Ti 105 -10 to -20 HNO Vapors 
3 

Fractionator Condenser 304L SS 100 -10 to -20 HN03 Vapors 

Flowmeters 
a) Feed Vitreous enamel 30-80 

liner, platinum 
seal and electrodes, 
Inconel flow tube 

b) Condensate, Magnetic Vitreous enamel 25-40 
liner, platinum 
seal and electrodes, 
Inconel flow tube 

Waste Stream 

Acid Stream 

C) Condensate, Elec- 
tronic rotometer 

30-80 Acid Stream 

Filters Absolute Glass Asbestos 50-70 -12 to -20 Predominately 
with A1 separators Air 
in 304L SS 

Process Vent housing 
-12 to -20 

Feed Tank Vent -10 

Operating 
Hours Remarks 

2398 Agitators used 1700 hours 

2328 Submerged pump used 
820 hours 

2328 Circulating pump used 
1480 hours 

2198 Minor titanium corrosion 
caused by fluoride ion 
during early DVT runs 

2178 

2328 Local vapor entry corrosion 
(up to 1/16 in.) during early 
DVT runs 3 and 4. 

1255 During PG-1, changed from 
428 in-line pump to conventional 

pump. Prior to run PG-3 
changed from a single pump 
set up to a dual pump jumper. 
See Appendix, Table 9.5. 

1620 Occasionally intermittent due 
to lead wire failure. The 
meter also shows frequent 
shifts in calibration and 
loss of sensitivity. 

2302 Two units (1151 hr/unit) did 
not operate properly primarily 
due to lead wire failures. 

2178 Reliable meter for the clean 
final condensate. 

The aluminum separators become 
seriously deteriorated after 
several weeks use. 

13,800 Filter has not been changed 
since radioactive operation 
began. 

13,800 Changed five times; 1800 hours 
was the shortest duration of 
any one filter. 

a. First number is for phosphate glass operation, second number is for the other solidification processes. 



5.5.2 Feed Cont ro l  System and Flow Measurement 

Operation of t h e  feed  c o n t r o l  system over  t h e  range of 

5 t o  30 l i t e r s / h r  w a s  good. 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 f o r  c o n t r o l  of t h e  feed 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 .  S o l i d s  i n  t h e  feed  r e a d i l y  passed through 

t h e  c o n t r o l  va lve .  S p e c i a l  f l u s h i n g  procedures were used p r i o r  

t o  and a f t e r  f eed ing  t o  keep t h e  feed l i n e s  f r e e  of s o l i d s  

and t o  p revent  p o s s i b l e  c a l c i n a t i o n  i n  t h e  l i n e s  i n  t h e  h o t  

den i t r a to r- evapora to r .  

Measurement of feed  flow t o  t h e  p roces s  wi th  a magnetic 

flowmeter was o f t e n  inadequate .  D i f f i c u l t i e s  experienced wi th  

magnetic flowmeters i n  WSEP have inc luded  l o s s  of s i g n a l ,  

f r equen t  s h i f t s  i n  c a l i b r a t i o n  and w i r e  i n s u l a t i o n  f a i l u r e .  

The wi re  i n s u l a t i o n  f a i l u r e s  are desc r ibed  below. Another 

obvious d i f f i c u l t y  wi th  magnetic flowmeters f o r  meter ing 

wastes i s  t h e  s m a l l  h o l e  s i z e  r equ i r ed  f o r  meter ing of t h e  

smal l  flow r a t e s  i n  WSEP (5  t o  30 l i t e r s / h r ) .  

5.5.3 Evaporator and Acid F r a c t i o n a t o r  

The evapora tor  and a c i d  f r a c t i o n a t o r  performed s a t i s f a c - -  

t o r i l y .  S p e c i f i c  g r a v i t y  was used as t h e  primary c o n t r o l  f o r  

main ta in ing  t h e  d e s i r e d  bottoms concen t r a t i on .  Temperature 

was used on some occas ions .  Conduct ivi ty  of t h e  condensed 

evapora tor  overheads was used t o  c o n t r o l  t h e  s t r i p  wate r  r e c y c l e  

flow t o  t h e  evapora tor  t o  main ta in  a  low n i t r i c  a c i d  concen- 

t r a t i o n  i n  t h e  overheads. The evapora tor  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  would occas iona l ly  plug a s  they d i d  

dur ing  t h e  f i r s t  p o t  c a l c i n a t i o n  runs .  ( 3 )  ~ l t h o u g h  most of 

t h e  plugging was e l imina t ed  by a l t e r n a t e l y  f l u s h i n g  t h e  d i p  

tubes  wi th  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 ,  

t h e  d i p  tubes  w i l l  have t o  be made more r e l i a b l e  f o r  con- 

t inuous  ope ra t ion  poss ib ly  by cont inuous o r  semicontinuous 

w e t  purging.  More r e c e n t l y ,  promising r e s u l t s  have been 
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ob ta ined  by ven t ing  t h e  d i p  tubes  f o r  approximately 10 o u t  of 

every 15 minutes t o  a l low t h e  waste  s o l u t i o n  t o  rise i n t o  t h e  

d i p  tubes  and i n  e f f e c t  wash o u t  t h e  tubes .  

To minimize f luor ide- induced co r ros ion  of t h e  t i t a n i u m  

evapora tor  and f r a c t i o n a t o r  vesse l s ,chemica l  complexants a r e  

added t o  t h e  v e s s e l s  be fo re  each run .  Aluminum a s  A1(N03)3 

i s  added t o  t h e  f r a c t i o n a t o r  and t o  t h e  evapora tor  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 waste i s  b o i l e d  i n  t h e  

evapora to r ,  enough i r o n  and zirconium and complexants a r e  

p r e s e n t  i n  t h e  waste t o  i n h i b i t  co r ros ion ,  - - 

5.5.4 F i l t e r s  

Performance of t h e  h igh- e f f i c i ency  f i l t e r s  w a s  n e a r l y  t h e  

same a s  t h a t  exper ienced du r ing  t h e  f i r s t  p o t  c a l c i n a t i o n  

runs ;  t h e  h igh- e f f i c i ency  f i l t e r s  i n  t h e  process  v e n t i l a t i o n  

system performed w e l l ,  whi le  t hose  i n  t h e  secondary f eed  tank  

v e n t  system requ i r ed  s e v e r a l  changeouts because of exces s ive  

p re s su re  drops  ( g r e a t e r  than  10 inches  of w a t e r ) .  F a i l u r e s  

w i t h  t h e s e  secondary system f i l t e r s  have cont inued t o  be  

caused by t h e i r  becoming wet wi th  a c i d i c  vapors .  Inadequate  

p rehea t ing  upstream of t h e  f i l t e r  has  n o t  s u f f i c i e n t l y  " d r i e d "  

t h e  gases .  The aluminum space r s  between t h e  f i l t e r  material 

has a l s o  s e r i o u s l y  d e t e r i o r a t e d  i n  a l l  f a i l e d  f i l t e r s .  

Recent ly ,  t h e  secondary feed  tank v e n t  system has  been 

r e rou ted  t o  v e n t i l a t e  through t h e  WSEP waste v a u l t  v e n t  system, 

and t h e  o r i g i n a l  f i l t e r  l o c a t i o n  has n o t  been used. 

5.5.5 E l e c t r i c a l  and Ins t rument  Wiring 

The phosphate g l a s s  demonstra t ion runs  began a t  about 

t h e  t ime t h a t  much of t h e  ho t  c e l l  w i r ing  began f a i l i n g  

( a f t e r  1 yea r  of s e r v i c e ) .  Most of t h e  o r i g i n a l  w i r ing  w a s  

i n s u l a t e d  w i t h  l i n e a r  po lye thy lene ,  a  moderately r a d i a t i o n-  

r e s i s t a n t  m a t e r i a l .  The l i n e a r  po lye thy lene  became b r i t t l e  

and caused wi re  breakage when t h e  wi res  were ben t .  L e s s  



expensive Neoprene rubber  has  been more s a t i s f a c t o r y  f o r  wi re  

cover ing i n  WSEP. Neoprene remains more p l i a b l e  than t h e  l i n e a r  

polyethylene and has  a u s e f u l  l i f e  of a t  l e a s t  two yea r s .  

Contamination of t h e  low- level  r a d i o a c t i v e  aqueous Sam- 

p l e s ,  ( f r a c t i o n a t o r  condensates  and sc rubber  s o l u t i o n s )  w i t h i n  

t h e  h o t  c e l l  ( 3 )  was e l imina t ed  by r o u t i n g  t h e  sample l i n e s  f o r  

sampling o u t s i d e  of t h e  c e l l .  S ince  r e p r e s e n t a t i v e  samples 

of t h e  WSEP evapora tor  and a c i d  f r a c t i o n a t o r  could n o t  be  

ob ta ined  un le s s  t h e  two tanks  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 tanks  were ob ta ined  when t h e  tanks  

were b o i l i n g .  Inco rpo ra t ion  of t h e  above improvements l e d  t o  

an improved sampling system by t h e  end of t h e  phosphate g l a s s  

runs .  

5 .5 .7  M a t e r i a l  Balances 

  ate rial ba lances  f o r  t h e  s i x  phosphate g l a s s  demonstra- 

t i o n  runs  a r e  shown i n  t h e  Appendix, Table 9.3.  Except f o r  

ruthenium, t h e  recovery of i n d i v i d u a l  elements was good. 

Analysis  f o r  ruthenium i n  t h e  g l a s s y  product  w a s ,  and 

s t i l l  i s ,  very  u n r e l i a b l e ,  by e i t h e r  chemical o r  radiochemical  

a n a l y s i s .  Consequently,  a  t o t a l  m a t e r i a l  balance f o r  ruthenium 

i s  d i f f i c u l t  t o  make. Analyses f o r  ruthenium i n  t h e  l i q u i d  

s t reams i n  WSEP i s  e a s i l y  ob ta ined  from radiochemical  gamma 

energy ana lyses  (GEA) .  No unusual  m a t e r i a l  balance d i sc rep-  

anc ie s  have been found wi th  t h e  WSEP a u x i l i a r i e s  when it i s  

opera ted  wi th  t h e  phosphate g l a s s  s o l i d i f i e r .  

The o v e r a l l  m a t e r i a l  ba lances  ( p e r c e n t  recovery)  f o r  t h e  

s i x  phosphate g l a s s  demonstra t ions  a r e  shown i n  Table 5 . 4 .  



T A B L E  5 . 4 .  O v e r a l l  M a t e r i a l  B a l a n c e s  f o r  Phosphate  G l a s s  Runs 

P e r c e n t  Recoverv 

Run 

1 ( P a r t  1) 

1 ( P a r t  2 )  

2 

3 

4 

5 ( P a r t  1) 

5 ( P a r t  2 )  

6 



6.0 FILLED RECEIVER POT PERFORMANCE 

Evaluation of the receiving pot and glass product for 

interim and long-term storage constitutes an important part 

of the waste solidification program. The basic criterion 

for storage is that radionuclides do not enter the human 

environment beyond safe limits. A solids storage engineering 

test facility (SSETF) (21) was constructed for storing, moni- 

toring, observing, and evaluating the products in several 

types of controlled environments as part of the WSEP Program. 

The initial and near-term behavior of the solidified wastes 

in their containers are being observed and evaluated in the 

product evaluation program and in the SSETF. Inasmuch as 

filled pots may be held in an interim storage facility until 

conditions (e.g., heat generation rate) are suitable for 

transferring them to a final storage site, it is very important 

to know what behavior to expect during the interim period. 

The characteristics of the solidified waste which are of 

primary importance are good thermal conductivity, low leach- 

ability by water or air, good chemical stability and radiation 

resistance, and low corrosivity to product receiver pot. 

6.1 EVALUATIONS 

Most of the receiver pot performance characteristics of 

interest in the waste solidification program are concerned 

with changes which are expected to occur slowly, if at all. 

In fact, the extent of improved safety resulting from waste 

solidification hinges to a large extent on the absence of 

notable effects. In order to detect changes, the original 

conditions of the solidified waste must be determined. (22 

Most of this section deals with the current progress and 

problems in determining the original conditions of the phos- 

phate glass product from the 6 radioactive runs to date. 



6.1.1 Maximum Temperatures 

The temperatures produced in the receiver pot by the heat 

generating nuclides in the solidified waste are theoretically 

predictable from knowledge of the waste, its source and age. 

A major objective of WSEP demonstration runs was to determine 

the predictability of temperatures and the quantity of radio- 

nuclides required to produce the maximum allowable tempera- 

tures in a pot. The accuracy of predicting temperatures 

produced by radionuclide decay depends largely on the accuracy 

of properties such as thermal conductivity. If these proper- 

ties are known, the general capability to process a waste by 

the phosphate glass process can be judged. 

The temperature at the centerline of a heat generating 

cylinder is given by: 

where : 

Q = heat generation rate (watts) in the cylinder 

(radionuclides are assumed to be uniformly 

distributed) 

L = length of heat generating cylinder, meters 
2 K = thermal conductivity, W/ (m ) (OC/m) 

Tw = temperature at the cylinder wall, OC 

Tc = temperature at the centerline of a solid cylinder of 

heat generating material, OC. 

Equation (1) applies where the heat flow is perpendicular to 

the cylinder axis, as would be the case in cylinders with 

insulated ends or in sections of infinitely long cylinders. 

Thermal conductivity is assumed to be constant. The equation 

can be used to estimate maximum internal temperature in pots 

of solidified waste, if an "effective thermal conductivity" is 

used as explained below, even though the conditions required 

by the equation are not exactly met. 



Equation (1) may be arranged to give: 

where : 

AT = T - Tw (Tc is the maximum internal temperature 
C 

and Tw is the wall temperature in the same zone.) 

Ke = effective thermal conductivity. 

Equation (2) shows that the temperature drop from the center- 

line of a pot to the outside wall is a function of the total 

internal heat generation rate from radionuclide decay. For a 

given internal heat generation rate, thermal conductivity and 

fill height, the temperature difference (AT) is the same for 

an 8-inch as well as for a 12-inch diameter pot. However, the 

allowable heat rate density for the solidified waste in an 

8-inch diameter pot is a factor of 2 greater than that for a 

'd2L q where d 12-inch pot. In Equation (2), Q is equal to - 4 
is diameter and q is the heat generation rate density in the 

solid. For a given heat generation rate density in the solid, 

the temperature difference AT is a function of the square of 

the diameter. However, for this study, temperature as a 

function of the total heat generation rate is the major interest. 

Graphical solutions to Equation ( 2 )  for several different 

values of Kc are presented in Figure 6.1, Centerline tempera- 

ture estimates can be obtained by adding the from Figure 6.1 

to the pot wall temperature, Tw, from Figure 6.2. Pot wall 

t.emperatures are shown in Figure 6.2 for 8- and 12-inch diameter 

pots cooled by natural convection and radiation in 38 OC 

(100 O F )  air. The curves are derived from standard methods for 

convective and radiative heat transfer as given by McAdams. (23) 

An emissivity of 0.8 is used for the pot wall at all 

temperatures. 
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i s  shu t  o f f  when t h e  c o n t e n t s  of t h e  me l t e r  have been emptied. 

The me l t e r  o f f- gas  l i n e  h e a t e r  i s  tu rned  o f f  when d i l u t i o n  of 

t h e  den i t r a to r- evapora to r  i s  completed. The steam spray  

a d d i t i o n  t o  t h e  me l t e r  condenser i s  tu rned  o f f .  When t h e  

mel te r  fu rnace  temperature  decreases  t o  below 50 O C ,  t h e  mel te r  

r e f l u x  condenser coo l ing  wate r  i s  s h u t  o f f .  

9 . 4 . 3  Melt Receiver 

A t  t h e  end of a  run ,  a f t e r  t h e  con ten t s  of t h e  m e l t e r  have 

been emptied i n t o  t h e  r e c e i v e r ,  a l l  h e a t  t o  t h e  r e c e i v e r  i s  

d i scont inued .  Cooling a i r  i s  tu rned  on t o  b r ing  r e c e i v e r  

temperatures t o  s teady  s t a t e .  The r e c e i v e r  i s  then removed 

from t h e  furnace  and s t o r e d  i n  a i r .  Water s t o r a g e  i s  a v a i l a b l e  

t o  conf ine  w a l l  o r  c e n t e r l i n e  temperatures  w i th in  p re sc r ibed  

l i m i t s .  For s t o r a g e ,  maximum pe rmis s ib l e  w a l l  temperatures  

a r e  lowered t o  4 2 7  O C  b u t  maximum c e n t e r l i n e  temperatures  a r e  

s t i l l  l i m i t e d  t o  less than 850 O C .  





F e e d  
T a n k  
1 1 4  

Rrfl-fl-- S t a c k  

F i l t e r  i l l t e r  

L S c r u b b e r  
T K - 1 1 8  

- P r o c e s s  L l q u ~ d s  

--- P r o c e s s  O f f - G a s e s  

M O D E  B  A r r a n g e m e n t  f o r  R u n s  PG-1B a n d  5 B .  

R e c e i v i n q  
P o t  

F I G U R E  9 .1b .  Equipment Arrangement f o r  Mode B Phosphate  Glass  Runs 



T K - 1 2 1  S p e c i f i c  G r a v i t y  
d A - A A ..d N 

N W P Ul 01 U CO l0 0 

I I I I I I I I I 
..d 

T K - 1 2 1  V o l u m e ,  L i t e r s  
w w e 
0 m 

P m m U 
m 

m 
0 0 U1 0 m 0 

I I I I I I I I I N 

T K - 1 2 1  V a p o r  T e m p e r a t u r e ,  " C  
4 ..d 4 d 4 - A - 

A 0 0 
0 Cn m 

N N W 
0 0 m 0 0 

W '" P 

I I I I I I I I 1 W 



'u 'Y 
Q F3 
Y X  
a .5. 
9 vi- 
m 
rt- R 
'n vi- 
Y O  
b-a '3 

% vi- 
Cf 0 
X  Y 

b 
O  
pl 

X 
vi- 
e. 

T K- 1 2 1  S p e c i f i c  G r a v i t y  

T K - 1 2 1  V o l u m e ,  1  i t e r s  

N N W W P P Cn Cn m OI U 
0 Ln 0 Cn 0 Cn 0 Cn 0 Cn 0 

I I I I I I I I I 
N 

T K - 1 2 1  V a p o r  T e m p e r a t u r e ,  " C  

rn 

T K- 1 2 1  L i q u i d  T e m p e r a t u r e ,  " C  z 
0 

F e e d  R a t e ,  l i t e r s  p e r  h o u r  

M e l t e r  Vacuum,  i n c h e s  o f  w a t e r  

I , + 
d 2 



T K - 1 2 1  S p e c i f i c  G r a v i t y  

T K - 1 2 1  V a p o r  T e m p e r a t u r e ,  " C  0 
C 
7 

T K - 1 2 1  V o l u m e ,  l i t e r s  

N N W W P P Cn Cn m OI U 
0 Cn 0 Cn 0 Cn 0 Cn 0 Cn 0 

T K - 1 2 1  L i q u i d  T e m p e r a t u r e ,  " C  VI 

I 

M e l t e r  Vacuum,  i n c h e s  o f  w a t e r  
+ 

d N 4 

0 0 0 0 

N 

I I I I I I I 



T K - 1 2 1  S p e c i f i c  G r a v i t y  

T K - 1 2 1  V o l u m e ,  1  i t e r s  o 

w w P P m m m m u 7 
c 

0 m 0 Cn 0 Cn 0 Cn 0 < N m 

T K - 1 2 1  V a p o r  T e m p e r a t u r e ,  " C  

T K - 1 2 1  L i q u i d  T e m p e r a t u r e ,  " C  

Q 'a 
X n  
Y X  
e. P. 
X  Ti- 
(4 Y  

R 
% Ti- 
R 0 
Y Y  
Ti- I 

ki 
0 6 

Ti- 
% cro 
Q Y  
I 

C A I ?  
h3 
k 
I 
hr 
C\3 
hl 
L 

b 
0 
T-J 
X  
Ti- 
e. 

% 
R 
Y  
R 
3 
(D 
Ti- 
(D 

Y  
0, 





C u r v e  l V o . ' s  

L m 
+ 

o m -  P G - 5  Run  T i m e ,  h o u r  r - ,  0 

FIGURE 9 . 6 ~ .  D e n i t r a t o r - E v a p o r a t o r  (TK-121) So Z u t i o n  P a r a m e t e r s  During Run PG- 5 ,  
P a r t  1 



L 
3 N 1 I I I I I 
0 

I 
0 L C  0 LO 0 LO 
I-. iD 

0 m 
w LC L C  

0 ul 0 
d d m m N N 

7 1 I I I I 
0 m m I-. a LC d m N 7 0 

N 7 - r 7 7 7 - 7 - 7 

L ~ ! A ~ J C I  3 ~ 4 ~ 3 a d s  111-11 



S p e c i f i c  G r a v i t y  

V o l u m e ,  1  i t e r s  

P Cn m 
m 0 Cn 

L i q u i d  T e m p e r a t u r e ,  " C  

6 6 F e e d  O f f z  
1 k 1 2 2 0  ' 5 / 1 5 / 6 8  ~n 

trl cn 
m 

0 
N 
X 

cn 
a, 

rt- 
e. m 
O 0 

J e t t e d  T@ 
T K - 1 1 2  

V a p o r  T e m p e r a t u r e ,  " C  

P 

- 0 
0 
2 

- M V / I  C h a n q e d ,  P r e v i o u s  n - 

- 
R e a d i n g  6 " C  H i q h  . 
1  . 5  n HN03 F l u s h  

- F e e d i n g  k l e l  t e r  
=? P 41 P S p r a y  

Cn 
rt -  
w 
-5 * 
U 
K- 

-- - 

- 

- 
I \ I I - 4 . 5  V. HNC3 A d d  
I \ 

- 
I I 

- 

- - 

- 

- 
- 

- 

- 

- 

- 

- 1 . 5  f t iNC3 A d d  

-2 & ALP S p r a y  

- 1 . 5  R HN03  A d d  

1 . 5  R HN03 A d d  

-1 . 5  R t i? iC3 A d d  

1 . 5  e ~ 1 4 0 3  A d d  

- 

- 

- 

- 

- 

- 

- 

- 

- 

2  2. ALP S p r a y  
Cn 
rt 

-1 . 5  R t iN03  F l u s h  a m  

- 2  R ALP S p r a y  i~ Q 
-5 '-z 
w ill 

1 . 5  e t lN03  F l u s h  

-1 .5 9 t iN03  F l u s h  
-5  P, ALP S p r a y  
- 1 . 5  e H N O ~   lush 

- 1  . 5  R Hi103 F l u s h  

- 2 . 5  V. ALP S p r a y  
w - 1 . 5  R HN03 F l u s h  

-2 1 ALP S p r a y  
- 1  . 5  2, HNa3  F l u s h  

- 1 . 5  R HN03  F l u s h  

- 

- 
- 1 . 5  R HN03 F l u s h  

- 3 . 5  R HN03  F l u s h  - 
- 1 . 5  R HN03 F l u s h  - - 
- 3 . 5  9, HN03 F l u s h  

- 
- 8  R HN03  F l u s h  

- - 2 e HN03 t o  ALP 
u Cn 

- -. 7 

-c- 
c rt - 2 e HN03 t o  ALP * Q - -. 0 

4 . 5  R t o  ALP 
0 s -  

C 
2 s - 2 R t o  T .  B. S p r a y  - - 

- , 1 HN03 t o  ALP 

- 2  a. HN03 t o  P l u g  V a l v e  

J e t t e d  t o  T K - 1 1 2  

L I 1 





:,
:r

o
d

 

sf
"
 

t 









TABLE 9 . 1 .  Nominal and A c t u a l  Feed C o m p o s i t i o n s  Used i n  Phospha t e  G l a s s  
Runs PG-  1 Through  PG-  6 

C o m p o s i t i o n ,  m o l e s / l i t e r  ( a )  

PW-2 A c t u a l  PW-1 A c t u a l  

PW-2 PG-1 PW-1 
Cornponen t  PG- 3 PG-4 N o m l n a l  PG- 5  PG- 6  N o m l n a l  B a t c h  1 B a t c h  2  PG-2 

H +  3 . 3 3  8 3 ( h )  6 . 5 ( h )  6 . 4 ( h )  3 . 7  8 . 6 ( h )  1 2  ( h )  
~ e + ~  0 . 4 4 5  0 : 3 2 0 ( ~ )  0 . 2 4 9 ( d )  0 . 2 2 ( d )  0 . 2 9 4 ( d )  0 . 1 9 1 ' ~ )  0 . 9 3  0 . 4 8 ' ~ )  1 . 0 5  
~ r + ~  0 . 0 2 4  0 . 0 1 2  
N I + >  0 . 0 1 0  0 . 0 0 5  
~ 1 ' ~  0 . 0 0 1  O . l O 1 ( d )  0 . 2 4 0 ( d '  0 . 2 4 3 ' ~ )  0 . 1 7 6 ' ~ )  0 . 1 9 1 ' ~ )  0 . 0 0 1  0 . 4 1 6 ' ~ )  0 . 1 6 ' ~ )  
N a + l  0 . 9 3 0  0 . 8 9 5  0 . 7 0 5  0 . 9 9  0 . 8 8  1 . 2  0 . 1 3 8  0 . 2 9  0 . 4 3  
u t 6  0 . 0 1 0  0 . 0 1 7  0 . 0 1 0  0 . 0 5 ( ~ )  
NO2, NO3-' 5 . 3 7  4 . 6 8  4 . 3 7  4 . 8 5  4 . 5  4 . 3 3  7 . 5  7 . 1  7 . 5  
SO*-> 0 . 8 7  0 . 9  0 . 9 4  0 . 8 7  0 . 8 3  1 . 2  -- 
P O ~ - 3  
s i o 3 - 2  
cs+ ( a d d e d  K) 
~ r + 2  
~ a + ~  

Rut 4 
R U + ~  (Added  a s  ~ e + ~ )  
~ h + 2  (Added  a s  C O + ~ )  
Pd+2 (Added  a s  ~ i + ~ )  
~ g + ~  + ~ d + ~  

(Added  a s  c u f 2  
~ e 0 ~ ~  (Added  a s   SO^-^) 
A d d i t i v e  T o  F e e d  

Na+ 
 PO^-^ 
LM+T 

C o n c e n t r a t i o n ,  li t e r s / T e  

R a d i o a c t ~ v i t y  

T o t a l  C i / l i t e r  
Ru C i / l i t e r  
l i e a t  W / l i t e r  

P a r t  I P a r t  11 -- 
2 . 4 7  2 . 4 6  
6 . 4 7  7 . 9 7  
6 . 5 9  8 . 0 1  

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 s / t o n n e  b a s i s .  
V a l u e s  r e p o r t e d  f o r  s a m p l e s  a s  t a k e n .  
V a l u e s  o b t a i n e d  f r o m  p o t  c a l o r i m e t r y  d a t a .  
A luminum s u b s t i t u t e d  f o r  p a r t  o f  t h e  i r o n .  
By h e a t  r i s e  t e s t  a s s u m i n g  Cp = 0 . 9  k c a l / k g  -'C f o r  c o n c e n t r a t e d  w a s t e s  o n l y .  
~ + 6  i s  f a c t o r  o f  5 g r e a t e r  t h a n  n o m l n a l  O.OLM: 0.24M H3PO4 a d d e d  b e c a u s e  of e x c e s s  u+6 
T h e  r a r e  e a r t h s  w e r e  % 6  t i m e s  t h e  n o m i n a l  0.12M R . E .  
I n c l u d e s  11' f r o m  H ~ P O ~ .  
E x c e s s  o f  r a r e  e a r t h s  o v e r  n o m i n a l  0.12M c a u s e d  n e e d  f o r  0.183M H3P04 a d d i t i o n  t o  t h e  
n o m i n a l  6.38M H ~ P O ~ .  



T A B L E  9 . 2 .  O p e r a t i n g  Parame te r s  and R e s u l t s  o f  Phosphate  G l a s s  S o Z i d i f i c a t i o n  
D e m o n s t r a t i o n  i n  Runs PG-1 Through  P G- 6  i n  WSEP 

P h o s p h a t e  G l a s s  Run Number PG- 1 PG-2 PG- 3  PG-4 PG-5 PG-6 
P a r t  1 P a r t  2  12/12/67- 1/24/68- 2/27/68- P a r t  1 P a r t  2  5/13/68- 

Date  1 1 / 1 6 / 6 7 - 1 1 / 2 1 / 6 7  12/14/67 1 /26/68  3/1/68 4/16/68-4/25/68 5/15/68 
O p e r a t i n g  Mode A  B  A  A  A  A  A,B A  

Feed Type PW-2 PW-2 PW-2 PW-2 PIi-2 PW-1 PW-1 PW-1 

D e n i t r a t o r - E v a p o r a t o r  
A d j u s t e d  Feed Conc,  l i t e r / t o n n e  
T o t a l  Run P e e d  Time, h r  
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 b d ) ,  h r  
S t e a d y  S t a t e  Operation, h r  
Shutdown Time ( d i l u t i o n  p e r l o d )  , h r  
Avg. Feed  R a t e ,  l i t e r / h r  
Avg. Feed  R a t e  D u r i n g  S t a r t u p ,  i / h r  
Avg. F e e d  R a t e  Dur ing  S t e a d y  S 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  F e e d ,  Tonne E q u i v a l e n t s  
T o t a l  F e e d  t o  M e l t e r ,  l i t e r s  
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  
D e n i t r a t o r - E v a p o r a t o r  Conc. F a c t o r  
d en it rat or-Evaporator E q u i v a l e n t  

Conc.  F a c t o r  
Av4. L i a u i d  T e m o e r a t u r e .  'C - 
Avg. Vapor  T e m p e r a t u r e ,  OC 
Avg. S p e c i f i c  G r a v i t y  
Holdup Volume, l l t e r  
A g i t a t o r  RPM 
Tuoe Bundle  S team P r e s s u r e ,  p s i g  
N i t r i c  Acid  S p r a y  (6M),  l i t e r / h r  
T o t a l  N i t r i c  Acid  S p r a y  (6M) Added, 

l i t e r  
T o t a l  Grams Ant i foam B  Added 
A n t i f o a m  B  S o l u t i o n  A d d i t i o n ,  

li t e r / h r  
T o t a l  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  C u r i e s  Ru i n  Feed  
Steam P r e s s u r e  on  J a c k e t ,  p s i g  

A i r l i f t  
~ v g .  A i r  Supply  R a t e ,  s c f h  1 . 6  3 . 5  1 . 7  
Avg. A i r  S u p p l y  P r e s s u r e ,  p s i g  7.4 8.8 1 3  
Avg. J a c k e t  Steam P r e s s u r e ,  p s i g  12  1 5  1 0  

S o l u t i o n  F e e d e r  ( M e l t e r )  
R e f l u x  S o l u t i o n  ( C o o l a n t )  Water  I i a t e r  Water  Water  Water Water  Water  
R e f l u x  T e m p e r a t u r e ,  OC 1 0 1  102 105  9  7  95 103  1 0 3  100 
volume,  mi %200 -200 200 200 200 200 200 200 

Melter 
F u r n a c e  T e m p e r a t u r e ,  OC 1230 1220 1230 1230 1220 1220 1220 1220 
I n t e r n a l  M e l t  C o n t r o l  T e m p e r a t u r e  

(Weir  O v e r f l o w ) ,  OC 940 930 750-900 850 800-900 825 825 880 
I n t e r n a l  Melt Ternwerature.  

(Bot tom o f  ~ e l t e r ) ,  'C 

M e l t  D i s c h a r g e  Method 
Weir T e m p e r a t u r e ,  'C(L) 
F r e e z e  V a l v e  T e m p e r a t u r e  

Whi le  F r o z e n ,  'C 
F r e e z e  V a l v e  C o o l i n g  A i r ,  p s i g  
M e l t e r - R e c e i v e r  AP, i n c h e s  w a t e r  
S t a r t u p  A d d i t i v e  ( F r e e z e  V a l v e  

S e a l ) ,  k g  G l a s s  
Average  L i q u i d  L e v e l ,  i n c h e s  
S p a r g e r  N i t r o g e n  F low,  s c f h  
Length  o f  S p a r g e r  T e s t ,  h r  
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 ,  

t o n n e s / d a y  
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 ,  

l i t e r s  o f  m e l t / d a y  

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 f m  

P r o d u c t  R e c e i v e r  
R e c e i v e r  M a t e r i a l  
R e c e i v e r  D i a m e t e r ,  i n c h e s  
F u r n a c e  T e m p e r a t u r e ,  'C 
R e c e i v e r  Wal l  T e m p e r a t u r e ,  OC 
Depth  o f  G l a s s  i n  R e c e i v e r ,  i n c h e s  
L e a k a g e ,  a t m - c c / s e c  

1075  1075 1080 1100 1100 1050 1050 1090 

Unhea ted  Weir Unhea ted  Welr Unhea ted  Weir Unhea ted  Weir Unhea ted  Weir ~n~~~~~~ :ziEe 
750 750 740 760 750 N A  N A  

M l l d  S t e e l  304-L Mi ld  S t e e l  Mi ld  S t e e l  M i l d  S t e e l  304-L 
12 8  8  8  12 8  

P r o d u c t  
W e i g h t ,  kg 274 ") 
Volume, l i t e r s  

118 ( d )  

Bulk D e n s i t y ,  k g / l i t e r s  
98 41 ( d )  

2 . 7  NA 
Measured  D e n s i t y ,  k g / l i t e r s  2 .8  2 .9  
E q u i v a l e n t  W a s t e ,  t o n n e s  2.16 0 .89  
E q u i v a l e n t  Decay Time, y e a r s  7 . 5  2 . 5  
F i s s i o n  P r o d u c t  H e a t ,  w a t t s  1600 1700 
T o t a l  R a d i o a c t i v i t y ,  c u r i e s  349,000 419 ,000  
T o t a l  R a d i o r u t h e n i u m ,  c u r i e s  1 3 , 0 0 0  20 ,300  
C e n t e r l i n e  T e m p e r a t u r e ,  'C 316 ( e l  1 4 0 ( ~ )  3 5 5 ( f )  

c e n t e r l i n e - ~ o - ~ a l l  AT, O C  8 9  ( e )  ( i )  1 3 5 ( f )  

E f f e c t i v e  Thermal  C o n d u c t i v i t y ,  

k e ,  I W /  (m2) ( o c / ~ )  I 1 . 0 3 ' ~ )  0 . 6 9 ' ~ )  0 . 9 4 ' ~ )  

R a d i a t i o n  Reading  a t  6  i n c h e s ,  R/hr  9 . 5  x  l o 3  4 .8  x l o 4  
M e l t l n g  P o i n t ,  OC 825 800 
E x p e c t e d  Slump P o i n t ,  'C 

5:,0(j) 650 I n t e r n a l  Hea t  D e n s i t y ,  W / l i t e r  4 9 ( 1 )  
r n l t  vo lume,  l i t e r s / t o n n e  42 ( I )  4 0 ' ~ )  

M e l t e r  Condenser  TK-117 
I n l e t  Gas T e m p e r a t u r e ,  'C 390 370 300-420 
C o n d e n s e r  Off-Gas T e m p e r a t u r e ,  

OC ( o u t l e t )  4  8  49 3  0  
S team S p r a y  P r e s s u r e ,  p s i g  2 .5  2 . 5  4 . 5  
Steam S p r a y  R a t e ,  l i t e r s / h r  6 .5  6.4 8 .4  

A u x i l i a r y  P r o c e s s  Equipment  Average  Operating C o n d i t i o n s  

E v a p o r a t o r  (TK-113) 
Bottoms N i t r a t e ,  M 
Overheads  A c i d l t y ,  M 
B o l l u ~  R a t e .  l i t e r s / h r  ~ ~ 

~ t r i ~ ' W a t i r ' ~ d d i t i o h ,  l i t e r s / h r  60 12 5  41 
Waste A d d l t i o n  R a t e ,  l i t e r s / h r ,  

Mode B  0  50 ( k )  0  
T o t a l  C u r l e s  Waste C o n c e n t r a t e d ,  

Mode B  0  590,000 0  
T o t a l  L i t e r s  Waste C o n c e n t r a t e d ,  

Mode B  0  1 , 1 4 0  0  
S u u a r  (0.128M) A d d i t i o n  R a t e .  

F r a c t l o n a t o r  (TK-115) 
Bottoms A c i d i t y ,  1 1 . 0  14 10 
Overheads  A c i d i t y ,  M 0.02  0 .09  0 . 0 2  
R e f l u x  R a t i o .  Uower S e c t l o n  0 . 1  0 . 1  0 . 1- 0 . 2  
B o i l u p  R a t e ,  ' l i t & r s / h r  70 150 4  7  
F r a c t i o n a t o r  C o n d e n s a t e  (TK-116) 

A c i d l t y ,  2 0.02  0.09 0 . 0 2  

S c r u b b e r  (TK-118) 
C l r c u l a t l o n ,  l l t e r s / n l n  
Bot toms iJaOH, 

C o n t a l n s  0 .22% by w e l g h t  o f  A n t l f o a n  B. 
C o n t a l n s  0 . 6 7 %  by  w e l g h t  of A n t l f o a m  B. 
I n c l u d e s  1 7 . 2  kg (6 l i t e r s )  o f  s t a r t u p  a d d l t l v e  n o n r a d l o a c t i v e  g l a s s .  
I n c l u d e s  1 6 . 3  kg ( 5 . 8  l i t e r s )  o f  s t a r t u p  a d d i t l v e  n o n r a d l o a c t i v e  g l a s s .  
R e c e l v e r  s i t t i n g  i n  a n  u n h e a t e c  f u r n a c e  w l t h  n o  c o o l i n g  a i r  o n .  
R e c e i v e r  s l t t l n g  I n  a n  u n h e a t e d  f u r n a c e  w i t h  c o o l l n g  a i r  o n .  
R e c e l v e r  s u s p e n d e d  l n  a p p r o x l m a t e l y  40 'C a i r .  
R e c e l v e r  s l t t l n g  l n  30 'C w a t e r .  
Based  on  d a t a  r e c o r d e d  3  months  a f t e r  f i l l l n g  o f  receiver. 

F l s s l o n  p r o d u c t  h e a t  h a d  decayed  t o  1300 Lq. 
Does n o t  I n c l u d e  a d d i t i v e  s t a r t u p  g l a s s .  
B a t c h w i s e  a d e l t l o n .  
T e m p e r a t u r e  be tween  w e i r  t u b e  s h l e l d  a n d  w e l r  h e a t e r .  



TABLE 9 . 3 .  M a t e r i a l  B a l a n c e s  f o r  P h o s p h a t e  G l a s s  Runs PG-1 Through  P G- 6  in WSEP 

PG-1 

P a r t  1 P a r t  2  

I n i t i a l  1454 /1 .36  603/1.26 
F i n a l  492 1 7 1  

PG- 3 PG- 4 PG-5 

P a r t  1 P a r t  2  

978/1 .46  958 /1 .33  
558 116 

PG-6 

666/1 .37  
5  0  

- 616 
- 806 

-- 
- - 
-- 
-- 
-- 
-- 
-- 

2 9  
4  2  

1 3  
2  4  

-- 
- - 
-- 
-- 
-- 
-- 
- - 

119 
795 

674 
6 9 1  

- - 
- - 
-- 
- - 
-- 
-- 
- - 
-- 
-- 
- - 
- - 
- - 
- - 
-- 
-- 
-- 
-- 
-- 
-- 

-- 

1 0 0  
- 100 
- 100 

320 
290 

-40 
- 19 

- - 
- - 
-- 
- - 
- - 
- - 
-- 

420 
500 

80 
118 

-- 
-- 
-- 

19 5  
800 

605 
605 

-- 
-- 

533  ( I )  
483 

-50 
-50 

-- 
-- 
-- 
- - 
- - 

450 

-450 
- 450 

102 

-102 

- 112 
- - 
-- 
- - 
- - 

6 2  

174  

- - 
-- 
- - 
-- 
-- 
-- 
-- 
-- 

1 2 6  

7  5  
- - 
-- 
-- 
-- 
- - 
- - 
- - 

10 1 
1 0 5  

-- 
-- 
- - 

F e e d  To D e n i t r a t o r -  
E v a p o r a t o r  (TK-114) 

N e t  c h a n g e ,  
k g  

Volume 
Weigh t  
N a  
F e  
A 1 
P 
S 
N 
Ru 

l i t e r s  I n i t i a l  42 34 
F i n a l  34 4  3  

N e t  c h a n g e ,  
k g  

Volume 
Weigh t  
N a  
F e  
A1 
P 
S  
N 
Ru 

Melter C o n d e n s a t e  
(TK-117) 

l i t e r s  I n i t i a l  119  89 0  
F i n a l  890 1115  

N e t  c h a n g e ,  
k g  

Volume 
Weigh t  
N a  
Fe  
A 1 
P 
S  
N 
Ru 

A u x i l i a r y  E v a p o r a t o r  
F e e d  (TK-112) 

l i t e r s  I n i t i a l  - - 1035  
F i n a l  12  5  

N e t  c h a n g e ,  
k g  

Volume 
Weigh t  
N a  
Fe  
A 1 
P 
S  
N 
Ru 

F l u s h  Water t o  TK-113 A d d i t i o n ,  
l i t e r  

A d d i t i o n ,  
l i t e r  

A d d i t i o n ,  li 
N e t  c h a n g e  

W a t e r  A d d i t i o n  t o  TK-113 

D i l u t i o n  Wa te r  t o  t e r  
Volume - - -- 
Weigh t  - - - - 

D e n i t r a t o r  E v a p o r a t o r  
(TK-121) 

-70 
-70 

1 3 3  
326 

193  
240 

-- 
-- 
-- 
- - 
-- 
- - 
-- 

493 
893 

400 
5 6 1  

- - 
-- 
-- 

636 
2038 

1392  
1392  

-- 
-- 

453 ( I )  
325 

- 129 
- 129 

-- 
-- 

- - 
- - 
-- 

5 10 

- 510 
- 510 

3  2  

I n i t i a l  662 2  C 4 
F i n a l  244 428 

E v a p o r a t o r  (TK-113) l i t e r s  

N e t  c h a n g e ,  
kg  

Volume 
Weigh t  
N a  
Fe  
A1 
P 
S  
rJ 
Ru 

l i t e r s  I n i t i a l  438 460 
F i n a l  460 826 

Volume 22 366 
We igh t  27 .7  456 
PJ 4 1 . 1  4:) . 6  
Ru -- 40 
S  - - - - 

N e t  c h a n g e ,  
kg  

l i t e r s  I n i t i a l  210 3G5 
F i n a l  1247  1276 

F r a c t i o n a t o r - C o n d e n s a t e  
(TK-116) 

Volume 1036 9  11 
W e i g h t  1036 9 1 1  
N 0 . 3  0 . 7  
Ru 1 0  9  1 

N e t  c h a n g e ,  
kg  

I n i t i a l  495 3 8  
F i n a l  338 280 

S c r u b b e r  l i t e r s  

N e t  c h a n g e ,  
kg  

Volume - 157 - 58 
We igh t  - 157 - 58 
S  - - 0 . 5  
N 4 . 1  0 . 3  

E v a p o r a t o r  R e d u c t a n t  
A d d i t i o n  

A d d i t i o n  

N e t  c h a n g e  

Volume -- - - 

Volume - - - - 
Weigh t  - - - - 

Melter C o n d e n s e r  S t eam 
(E-117)  

A d d i t i o n  

:Jet Change  Volume - 500 - 283 
W e ~ q h t  -500 - 283 

I n i t i a l  72 4  3  
F i n a l  

-- 
0 

Volume ,L  - 72 - 43  
W e i g h t ,  

kg  -86 - 5 1  
N - - -- 

Head Tank A d d i t i o n s  l i t e r s  

N e t  c h a n g e ,  
k g  

A d d i t i o n  

N e t  c h a n g e  

P r o c e s s  C o n d e n s e r  S t eam 
(E-111)  Volume -- -- 

Weigh t  - - --- 

P r o d u c t  l i t e r s  I n i t i a l  6 . 2  76 
F i n a l  76 111 

Volume,L 70 
W e i g h t ,  

k g  19  4  
E q u i v ,  

t e  1 . 5  
N a , k g  1 1 . 8  
F  e  1 0 . 2  
A1 2 .0  
P 55 .2  
S -- 
N -- 
Ru, g  180  

N e t  c h a n g e ,  
k 9 

N e t  Change  Volume ,L  
We igh t ,  

k g  
Na, kg  
Fe  
A 1 
P 
S  
N 

Ru, g  

Volume 
We igh t  
Na 
F  e  
A 1 

P e r c e n t  Recove ry  



A u x i l i a r y  E v a p o r a t o r  l i t e r s  I n i t i a l  - - 1C35  - - 
F e e d  (TK-112)  F i n a l  1 2 5  - - 

N e t  c h a n g e ,  Volume 
k g  W e i g h t  

Na 
F e  
A1  
P  
S  
N  
Ru 

F l u s h  W a t e r  t o  TK-113 A d d i t i o n ,  
l i t e r  

W a t e r  A d d i t i o n  t o  TK-113 A d d i t i o n ,  
l i t e r  

D i l u t i o n  W a t e r  t o  A d d i t i o n ,  l i t e r  1 0 0  
D e n i t r a t o r  E v a p o r a t o r  N e t  c h a n g e  Volume -- - - -- - - -- -- - 70  - 1 0 0  
(TK- 121) W e i g h t  -- -- -- -- - - - - - 70  - 1 0 0  

E v a p o r a t o r  (TK-113)  l i t e r s  I n i t i a l  662  2  4 4 340  3 6 1  1 6 6  
F i n a l  244  4  2 8  1 7  7  217  3  4  0  

N e t  c h a n g e ,  
k g  

Volume - 4 1 8  
W e i g h t  - 4 2 7  
N  a  -- 
F e  - - 
A1 - - 
P 0 . 4  
S  1 . 3  
?I 6 . 6  
Ru - - 

- 1 6 3  
- 1 6  3  
0 . 2  
- 0 . 0 4  

- 0 . 2  
- 0 . 7  - - 

-- 

440  
779 

3 3 9  
3 9 4  

-- 
-- 
- - 

2 1 2  
5 9 0  

3 7 8  
3 7 8  

- - 
-- 

3 6 1  ( I )  
2  7  6  

- 8 5  
- 8  5  

- - 
- - 
- - 
- - 
- - 

5 3 3  

- 5 3 3  
- 5 3 3  

3  1 

- 3 1  

- 36  - - 
9 0  

- 9 0  
- 90 

4  1 

1 1 8  

-- 
6 . 4  
3 . 8  

-- 
2  6  
0 . 0 4  - - 

-- 

- 1 5 1  

- 2 2 6  

1 7 4  
1 7 4  
0 . 7  
0 . 1  

-- 
0 . 3  
4 . 5  
- 6 . 2  

- - 

3  4  3  
6 9 6  

3 5 3  
4  4  5  
5 0 . 3  

-- 
-- 

2 1 4  
7  6  4  

5  5  0  
550  -- 

-- 

5 4 4  ( I )  
2 2 6  

- 2 2 6  
- 2 2 6  

-- 
- - 
-- 
-- 
- - 

6 0 0  

- 6 0 0  
- 6 0 0  

5  7  

- 5 7  

- 6 8  
- 4 . 8  

3  6  

- 36 
- 36  

7  3  

2 1 3  

- - 
1 1 . 8  
5 . 3  -- 
5 9 . 6  
0 . 0 3  -- 

-- 

1 9  9  

- 8  8 

F r a c t i o n a t o r  (TK-115)  l i t e r s  I n i t i a l  4 3 8  
F i n a l  460  

? J e t  c h a n g e ,  
k g  

Volume 22  
W e i g h t  2 7 . 7  
1J 4 1 . 1  
Ru -- 
S  - - 

F r a c t i o n a t o r - C o n d e n s a t e  
(TK-116)  

I n i t i a l  210 
F i n a l  1 2 4 7  

l i t e r s  

N e t  c h a n g e ,  
k g  

Volume 1 0 3 6  
W e i g h t  1 0 3 6  
N  0 . 3  
Ru 1 0  

S c r u b b e r  l i t e r s  I n i t i a l  495  
F i n a l  3 3 8  

Volume - 1 5 7  
W e i g h t  - 1 5 7  
S  - - 
N  4 . 1  

N e t  c h a n g e ,  
k g  

E v a p o r a t o r  R e d u c t a n t  
A d d i t i o n  

A d d i t i o n  

N e t  c h a n g e  

Volume -- 
Volume - - 
W e i g h t  - - 

M e l t e r  C o n d e n s e r  S t e a m  
( E - 1 1 7 )  

Head  T a n k  A d d i t i o n s  

A d d i t i o n  

:Jet C h a n g e  Volume - 5 0 0  
i i e i g h t  - 5 0 0  

l i t e r s  I n l t i a l  72 
F l n a l  

Volume , L  - 7 2  
i i e l g h t ,  

k g  - 8  6  
N  - - 

N e t  c h a n g e ,  
k g  

A d d i t i o n  

N e t  c h a n g e  

P r o c e s s  C o n d e n s e r  S t e a m  
( E - 1 1 1 )  Volume - - 

W e i g h t  - - 

P r o d u c t  l i t e r s  I n i t i a l  6 . 2  
F i n a l  76 

N e t  c h a n g e ,  
k g  

V o l u m e , L  70 
W e i g h t ,  

k g  1 9  4  
E q u i v ,  

t e  1 . 5  
N a , k g  1 1 . 8  
F e  1 0 . 2  
A  1 2 . 0  
P  5 5 . 2  
S -- 
N -- 
R u ,  g  1 8 0  

N e t  C h a n g e  V o l u m e , L  - 2 1 8  
W e i g h t ,  

k g  - - 
Na,  k g  
F  e  
A  1 
P  
S  
N  
Rur g  

Volume 
W e i g h t  
tJa 
F  e  
A  1 
P 
S  
1J 
Ru 

A d d i t i o n  Volume 

N e t  c h a n g e  Volume 
W e i g h t  

P e r c e n t  R e c o v e r y  

A n t i f o a m  A d d i t i o n  ( 2 )  
t o  TK-332 

1. N o t  i n c l u d e d  i n  m a t e r i a l  b a l a n c e .  
2 .  I n c l u d e d  i n  m a t e r i a l  b a l a n c e .  



D e f i n i t i o n s  f o r  Table  9.2 

Opera t ing  Mode - WSEP equipment arrangement ,  s e e  S e c t i o n  3 and 

F i g u r e  9 . 1  

Feed Type - PW-1, 2  = Purex Waste - 1 o r  2 ,  See Appendix 

Table  9 .1 ,  and Tables  7 .1  and 7 . 2  

Den i t r a to r- Evapora to r  

Feed Concen t r a t i on ,  l i t e r s / T o n n e  - L i t e r s  o f  b a s i c  f e e d  p e r  

m e t r i c  tonne  (2205 l b )  o f  uranium p roces sed  

T o t a l  Run Feed Time, h r  - T o t a l  hou r s  t h a t  f e e d  was a c t u a l l y  

on. Does n o t  i n c l u d e  shutdown t ime  b u t  does i n c l u d e  

s t a r t u p  t ime.  

S t a r t u p  Time, h r  - Hours r e q u i r e d  t o  f i l l  d e n i t r a t o r - e v a p o r a t o r  

t o  o p e r a t i n g  l e v e l  w i th  c o n c e n t r a t e d ,  a d j u s t e d  f e e d  p r i o r  

t o  i t s  t r a n s f e r  t o  t h e  m e l t e r .  

S t eady- S ta t e  Ope ra t i on ,  h r  - T o t a l  run  f e e d  t i m e  less s t a r t u p  

t ime . 
Shutdown Time, h r  - Hours r e q u i r e d  ( a f t e r  t h e  f e e d  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  

c o n t e n t s  o f  t h e  d e n i t r a t o r  and t r a n s f e r  approximate ly  50% 

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  c o n c e n t r a t e  t o  t h e  m e l t e r .  

Average Feed Ra te ,  l i t e r / h r  - Average r a t e  du r ing  run  f e e d  t ime .  

Does n o t  i n c l u d e  a d d i t i v e  s t reams  

T o t a l  Feed,  tonne  e q u i v a l e n t s  - Equ iva l en t  tonnes  o f  

20,000 MWd/tonne a t  15 MW/tonne power r e a c t o r  f u e l  from 

which t h e  was t e  p rocessed  would be  d e r i v e d  

T o t a l  Feed t o  Melter, l i t e r s  - That  p o r t i o n  of t h e  t o t a l  f e e d  

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  

Adjus ted  Feed: S o l i d  Volume R a t i o  - Concen t r a t i on  f a c t o r  from 

l i q u i d  f e e d  t o  volume of  s o l i d  i n  r e c e i v e r  

Waste: S o l i d  Volume R a t i o  - Concen t r a t i on  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  volume of  s o l i d  i n  r e c e i v e r  

Den i t r a to r- Evapora to r  Concen t r a t i on  F a c t o r  - Concen t r a t i on  

f a c t o r  from l i q u i d  f e e d  t o  volume of 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  

Den i t r a to r- Evapora to r  Equ iva l en t  Concentral 

t r a t i o n  f a c t o r  from was te  a t  378  l i t e :  

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  

Holdup Volume, l i t e r  - Volume of concent ra l  

e v a p o r a t o r  

Me l t e r  

I n t e r n a l  Mel t  Con t ro l  Temperature a t  Weir ( 

p e r a t u r e  of  t h e  i n t e r f a c e  of  t h e  me l t  

f eed .  I t  i s  i n d i c a t e d  by a  thermocou] 

above t h e  l e v e l  o f  t h e  w e i r  overf low.  

I n t e r n a l  Mel t  Temperature a t  Bottom of  Mel, 

o f  t h e  m e l t  a t  t h e  bottom of  t h e  mel t ,  

Weir Temperature,  O C  - Temperature of t h e  . 

f low w e i r  l o c a t e d  e x t e r n a l  t o  t h e  me1 

Freeze  Valve - A d r a i n  t u b e  which i s  s e a l e  

and opened by r e m e l t i n g  s o l i d i f i e d  m e  

S t a r t u p  Add i t i ve  ( f r e e z e  v a l v e  s e a l ) ,  kg y 

g l a s s  added t o  m e l t e r  t o  s e a l  w e i r  an 

avoid  back- sparging o f  m e l t e r  w i t h  a i  

Produc t  Rece iver  

Depth of  G la s s  i n  Rece ive r ,  i nches  - Dept 

produced from p roces sed  was tes  a s  me 

r e c e i v e r  wi th  a  rod  a t  t h e  end of  t h  

Leakage, atm-cc/sec - Volume of a i r  l e a k i  

r e c e i v e r  a s  de te rmined  by a  hel ium 1 

spec t rome te r  type  l e a k  tes ter .  

Produc t  

Bulk Dens i ty ,  k g / l i t e r  - N e t  we igh t  of g l ;  

by vol-e o f  g l a s s .  

Measured Dens i ty ,  k g / l i t e r  - Dens i ty  of a  



l e n t ,  see S e c t i o n  3 and 

c 2 ,  See Appendix 

.. 

Deni t r a to r- Evapora to r  Equ iva l en t  Concen t r a t i on  F a c t o r  - Concen- 

t r a t i o n  f a c t o r  from was te  a t  3 7 8  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  c o n c e n t r a t e  

Holdup Volume, l i t e r  - Volume of 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 -  

e v a p o r a t o r  

Me l t e r  

r s  o f  b a s i c  f e e d  p e r  

)recessed 

l a t  f e e d  was a c t u a l l y  

b u t  does i n c l u d e  

L 1  d e n i t r a t o r- e v a p o r a t o r  

:d, a d j u s t e d  f e e d  p r i o r  

feed t i m e  less s t a r t u p  

zr t h e  f e e d  t o  t h e  

)f a run )  t o  d i l u t e  t h e  

l s f e r  approximate ly  50% 

l t r a t e  t o  t h e  m e l t e r .  

ste du r ing  run  f e e d  t i m e .  

s n t  tonnes  o f  

der r e a c t o r  f u e l  from 

de r ived  

t i o n  of t h e  t o t a l  f e e d  

t e r  

e e n t r a t i o n  f a c t o r  from 

r e c e i v e r  

3n f a c t o r  from was te  a t  

3 i n  r e c e i v e r  

t o r  - Concen t r a t i on  

~f d e n i t r a t o r - e v a p o r a t o r  

I n t e r n a l  M e l t  Con t ro l  Temperature a t  Weir Overflow, O C  - Tem- 

p e r a t u r e  of  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 

f 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 .  

above t h e  l e v e l  o f  t h e  w e i r  overf low.  

I n t e r n a l  M e l t  Temperature a t  Bottom of  M e l t e r ,  OC - Temperature 

of  t h e  m e l t  a t  t h e  bottom of  t h e  m e l t e r .  

W e i r  Temperature,  O C  - Temperature of t h e  p o r t i o n  of t h e  over-  

flow w e 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 .  

Freeze  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  m e l t  

and opened by r eme l t i ng  s o l i d i f i e d  m e l t  i n  t h e  t ube .  

S t a r t u p  A d d i t i v e  ( f r e e z e  v a l v e  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  w e i r  and f r e e z e  v a l v e  t o  

avoid  back- sparging o f  m e l t e r  w i t h  a i r .  

P roduc t  Rece iver  

Depth o f  G l a s s  i n  Rece ive r ,  i nches  - Depth of  g l a s s  i n  r e c e i v e r  

produced from p roces sed  was tes  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 o f  t h e  run .  

Leakage, atm-cc/sec - 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  de te rmined  by a he l ium l e a k  check us ing  a mass- 

s p e c t r s m e t e r  type  l e a k  t e s t e r .  

Produc t  

Bulk 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 i v i d e d  

by volume o f  g l a s s .  

Measured Dens i ty ,  k g / l i t e r  - Dens i ty  of  a sample of  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  P roduc t  Heat ,  w a t t s  - Rate of 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  c a l o r i m e t r y  

a f t e r  f i l l i n g .  

Equ iva l en t  Waste, t onnes  - Equ iva l en t  tonnes  of  20,000 MWd/tonne 

a t  15 MW/tonne power r e a c t o r  f u e l  from which t h e  g l a s s  

produced would be d e r i v e d .  

Equ iva l en t  Decay T i m e ,  y e a r  - Age of  was t e  from 20,000 MWd p e r  

tonne  a t  15 MW/tonne power r e a c t o r  f u e l  t o  produce t h e  same 

amount of 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 of  c u r i e s )  

C e n t e r l i n e  Temperature ( g ) ,  OC - 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 th  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  approximately  40 O C  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 OC wa te r .  

C e n t e r l i n e  t o  Wall AT, O C  - 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  of  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 re s  a t  s t e a d y  s t a t e  i n  a f u r n a c e  o r  

i n  a i r  o r  i n  wa te r .  Measurements a r e  i n  t h e  same zone. 

Rad ia t i on  Reading a t  6 i n c h e s ,  R/hr - Maximum r a d i a t i o n  dose 

from p o t .  Detec ted  w i t h  unsh i e 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 ,  O C  - The tempera ture  a t  which t h e  g l a s s  f i r s t  

b e g i n s  t o  f low. 

Slump P o i n t ,  O C  - The tempera ture  a t  which t h e  g l a s s  b e g i n s  

t o  s o f t e n .  

Un i t  Volume, l i t e r / t o n n e  - The volume of g l a s s  produced from 

t h e  p r o c e s s i n g  of  one tonne  of  e q u i v a l e n t  was t e .  



T A B L E  9 . 4 .  D i s t r i b u t i o n  o f  R a d i o a c t i v i t y  for  Phosphate Glass  
P G - 1  Through P G- 6  

Process Vessel - - 

Melter 
Condensate 
TK-117. 

Process 
Condensate 
TK-113, 10-5 

Fractionator 
TK-115, 

Radio- 
nuclldes -- 

Ru 
Ce-Pr 
C s 
Sr 
Zr-Nb 
T-Ru 

R" 
Ce-Pr 
C s 
Zr-Nb 
T-Ru 

-. - Fraction of Total Activity Fed to System in Run No.: - 

-- PG-1 PG-2 PG-3 PG-4 PG-5 

Part 1 -- Part 2 

200 200 410 410 12 79 
3 0 30 270 46 490 2 2. 5 

100 200 280 48 
- - 

690 - - 2.8 -- -- 12 
620 - - -- 

50 100 300 68 590 - - - - 
100 200 270 46 500 2 2. 5 

Ru 100,000 16.000 10,000 
Ce-Pr -- -- <1.2 
C s 500 -- -- 
Sr - - - - - - 
Zr-Nb - - - - - - 
T-RU 10 -- 1.2 

Fractronator Ru 16.000 7,800 1,300 14,000 2,000 
Condensate 

670 
Ce-Pr 1,800 4,600 . 11 

TK-116, - - 9.6 2 25 
Cs 480 340 - - - - - - 
T-Ru 1,800 6,500 11 9.6 2 25 

Scrubber 
Bottoms 
TK-118, 10-lo 

Ru - - - - 90,000 
Ce-Pr -- - - 400 
C s 2.000 52.000 - - 

Stack Off-Gas Ce-Pr - - - - - - -- - - 5.8 

10-l2 T-Ru 4.1 3.1 5.8 0.54 2 1 

Ratio of Radioactivity Ru 1,450 760 1,000 
in Fractionator Ce-Pr 1,647 4,570 77 
Condensate to That in C s 10.3 8 -- 
~OCFRZO(~), 101 T- Ru 1,725 6,850 - - 

Ratio of Activity in Total a 
Process Off-gas After 8,000 1,500 <970 <490 850 
Dllution by Building 8.5 8.9 8.1 23 2 1 
Air(9) to That in Ru ~ 6 8  < 6 8  <68 ~ 6 8  <68 

a. Values obtained from stream samples; initial tank samples were contaminated (nonrepresentative). 
b. Sample taken at 40 hr Into run during period before severe foaming occurred. 
c. Based on Part 1 (Mode A). 
d. Code of Federal Regulations, Tltle 10, Part 20, Appendix B, Table 2, Column 2. 
e. Particle filter. 
f. Gas Scrubber 
g. The 20-30 scfm of off-gas exiting the WSEP scrubber (includes inleakage and vacuum control jet air) combines 

with other C-MEL building air to give a total flow of 120,000 scfm where it is monitored at the stack. 
h. (T-Ru) Based on 9 0 ~ r ,  (Ru) Based on 1 0 6 ~ ~ .  Radioactivity monitored in 1.2 x lo5 scfm. Stack gas flow 

including the %15 scfm gas flow from WSEP solidifier. 

Runs 



T A B L E  9 . 5 .  F e e d  Pump Exper ience  During WSEP Phosphate Glass  Runs 

Service 
Pump No. (Runs) Feed Type Hours Run Date 

P-4 PG-1 PW-2 (Previous Run 11-16-67 
(Part 1) time 20 hr) 

6 4 - 
84 Total 

P-7 PG-1 PW-2 
(Part 2) 

@ Dean Brothers Pumps, Inc. 

64 - 12-12-67 
98 Total 

90 2-27-68 
83 - 
252 Total 4-16-68 

33 Total 4-23-68 

64 Total 5-13-68 

Remarks 

Pump installed during PC-6 
Pump failed 2/3 through 
Run PG-1 

P-7 is the first of the 
Deanline (R;! pumps to be used. - 
After Run PG-2, P-7 pump was 
removed. 

A new design dual pump jumper 
was installed with one 
Deanline Pump as primary and 
the second as secondary - P-8 
is primary. P-9 is secondary. 

P-8 started leaking feed 
during PG-5, switched over 
to pump P-9. P-8 was 
changed out after the run. 
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