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ABSTRACT 

Bat te l le- Northwest  has  s u c c e s s f u l l y  demonstrated s o l i d i f i -  

c a t i o n  of h igh- leve l  r a d i o a c t i v e  waste by t h e  Spray S o l i d i f i c a-  

t i o n  process .  Approximately 7.8 m i l l i o n  c u r i e s  of r a d i o n u c l i d e s  

were processed and c o l l e c t e d  i n  8 and 12- inch diameter  con- 

t a i n e r s  du r ing  s i x  engineer ing- sca le  demonstra t ion runs  i n  

Waste S o l i d i f i c a t i o n  Engineering Pro to types  (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 83,000 c u r i e s  i n  t h e  f i r s t  r un  t o  3,000,000 

c u r i e s  i n  t h e  s i x t h  run.  The se l f- gene ra t ing  h e a t  r a t e  w i t h i n  

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 increased  from 

0.3 t o  11 k i l o w a t t s  (168 W/liter 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 t h i n  a  f u l l  8- inch diameter  po t  r ep re sen ted  

1.8 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  20,000 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- f r e e  PW-1 waste 

and 0.95 tonnes  f o r  su l f a t e- con ta in ing  PW-2 waste.  High l e v e l  

aqueous r a d i o a c t i v e  waste w a s  processed a t  o v e r a l l  r a t e s  of 

11 t o  18 l i tershr.  The equ iva l en t  p rocess ing  r a t e s  ranged 

from 0.46 t o  0.9 tonnes/day of o r i g i n a l  f u e l .  From 11 t o  75% 

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  

from t h e  s o l i d i f i e r ;  entra inment  of n o n v o l a t i l e s  w a s  g e n e r a l l y  

less than  0 .1%.  The WSEP a u x i l i a r y  equipment c o n s i s t i n g  of an  

evapora tor ,  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  

scrubber  reduced r a d i o n u c l i d e s  i n  t h e  s t a c k  g a s  t o  w e l l  below 

lOCFR2O r e l e a s e  limits. The r a d i o n u c l i d e  con ten t  i n  t h e  f i n a l  
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7 l i q u i d  e f f l u e n t  w a s  decontaminated by a f a c t o r  of 10 f o r  non- - - 

v o l a t i l e s  and l o 4  t o  l o 5  f o r  radioruthenium t o  concen t r a t i ons  

accep tab le  f o r  r .ecycle t o  a f u e l  r ep roces s ing  p l a n t  o r  low- 

l e v e l  t r ea tmen t  p rocesses .  The spray  s o l i d i f i e r  product  

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  they  were capped and welded. 
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SPRAY SOLIDIFICATION PERFORMANCE 
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W. R. Bond, J. N. Hartley, J. E. Mendel, 

J. L. McElroy, K. J. Schneider and M. R. Schwab 

1.0 INTRODUCTION 

During chemical reprocessing of spent nuclear fuels, 

essentially all of the fission products are accumulated as 

aqueous wastes. Traditionally, these "high-level" wastes have 

been stored in large, underground tanks. Since many of the 

nuclides will constitute a potential hazard for centuries,* 

storage in tanks is considered a temporary or interim approach. 

More permanent disposal methods which improve isolation of 

these hazardous nuclides are being developed to help realize 

the full benefits of nuclear power. 

Responsible authorities in the United States and abroad 

generally agree that the best management approach involves con- 

verting the wastes to inert, refractory solids before storage. 

Such solids can then be isolated from human environment by 

storage in man-made vaults of high integrity or in geologically 

remote formations such as rock salt. 

A considerable amount of development on techniques for 

solidification of high level wastes has taken place in the 

past 14 years and is still progressing. Four processes for 

solidification of high level liquid wastes have been developed 

in the USA to the point of radioactive demonstrations on an 

* This is true for many fission product radionuclides; for 
some of the transuranic radionuclides, the potential hazard 
exists for thousands of centuries. 



engineering scale. The four processes are pot calcination, 

spray solidification, phosphate glass solidification, and 

fluidized bed calcination. Two waste solidification methods 

under development abroad include the FINGAL process in the 

United Kingdom and a pot vitrification process in France. 

Such a diversity of effort reflects differences in needs 

for solidification when considering the chemical complexity of 

the many types of wastes to be processed, the different scales 

of operation required, and the different criteria set for the 

final solidified waste products. In view of these factors, no 

single process is expected to be optimal for all applications. 

Fluidized bed calcination was the first solidification 

process placed in routine radioactive operation. In this 

application, aluminum-bearing wastes from enriched uranium 

fuels have been processed at the Idaho Chemical Processing 

Plant (ICPP.) by the Idaho Nuclear Corporation since 1963. 

Pot calcination (developed by Oak Ridge National Labora- 

tory), spray solidification (developed by Battelle-Northwest) , 
and phosphate glass solidification (developed by Brookhaven 

National Laboratory), are being demonstrated at the Pacific 

Northwest Laboratory on an engineering scale with full radio- 

activity levels for the Atomic Energy Commission. The purpose 

of this waste solidification demonstration program is to pro- 

vide the technological bases which will lead industry to adopt 

and implement at the earliest possible time the practice of 

solidifying the high-level liquid waste which results from the 

reprocessing of nuclear fuel. Battelle-Northwest in coopera- 

tion with Oak Ridge National Laboratory and Brookhaven National 

Laboratory is carrying out this demonstration program in the 

Waste Solidification Engineering Prototype (WSEP). 

The WSEP is a pilot plant that was designed to provide 

information necessary for technical, economic, and safety 



e v a l u a t i o n s  of t h e  p o t ,  sp ray ,  and phosphate g l a s s  p rocesses .  

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 Mate- 

r i a l  Engineering Laboratory f a c i l i t y  has  been prev ious ly  

r epo r t ed .  An up- to-date summary of t h e  technology of t h e  

p o t  spray  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  r e s u l t s  and ana lyses  of t h e  f i r s t  6 

r a d i o a c t i v e  demonstra t ion runs  wi th  t h e  spray  s o l i d i f i c a t i o n  

system i n  WSEP. (S imi l a r  r e s u l t s  f o r  t h e  f i r s t  6 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 were 

r epo r t ed  i n  r e f e r e n c e  3 ,  and f o r  t h e  phosphate g l a s s  system 

were r epo r t ed  i n  r e f e r e n c e  4 . )  Also included a r e  r e s u l t s  of 

t h e  performance of t h e  a s s o c i a t e d  aux i . l i a ry  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  

are compared t o  p rev ious  nonrad ioac t ive  d a t a .  De ta i l ed  desc r ip-  

t i o n s  of each demonstra t ion run  a r e  p resen ted  i n  t h e  Appendix. 
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2.0 SUMMARY 

Solidification of high level aqueous radioactive wastes 

containing approximately 7.8 million curies was successfully 

completed in six demonstration runs using the spray solidifi- 

cation process in the WSEP. Major accomplishments in the 

demonstrations were as follows: 

Heat generation from fission products produced tempera- 

tures in the solidified waste near the maximum contem- 

plated for the process as prescribed in WSEP. Adequate 

heating and cooling control of the pots was demonstrated 

during filling to promote uniform filling and prevent 

excessive temperatures. 

Aqueous radioactive wastes were solidified and encapsu- 

lated in $he mild steel and stainless steel containers 

without pressurization or distortion of the container. 

Gases passing off from the auxiliary effluent treatment 

equipment and the facility to the atmosphere contained 

sufficiently low quantities of radionuclides to easily 

meet government regulations. 

a Aqueous effluents (the fractionator distillate and 

bottoms) from the auxiliary effluent treatment equipment 

contained sufficiently low quantities of radionuclides 

to permit recycle to a fuel reprocessing plant; however, 

improved cleanup of these streams is desirable to impr~ve 

the efficiency of their reuse. 

2.1 SPRAY SOLIDIFIER PERFORMANCE 

The principal variables investigated in the first six 

runs were the heat generation rate in the solidified waste and 

two waste types. 

Radioactivity levels were increased from about 83,000 

curies (which represents a heat generation rate of 330 watts) 

in the receiver pot in the first run to 3,000,000 curies 



(11,000 wat ts!  i n  t h e  s i x t h  run.  The e s c a l a t i o n  of r ad io-  

a c t i v i t y  i n  t h e  waste  d i d  no 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  process  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 -  

f r e e  PW-l* and su l f a t e- con ta in ing  PW-2* composit ions were 

processed a t  o v e r a l l  r a t e s  of 11 t o  18 l i t e r s / h r .  The equiva-  

l e n t  p rocess ing  r a t e s  f o r  PW-1 waste  ranged from 0.72 t o  

0.9 tonnes/day of power- reactor f u e l  exposed t o  20,000 

MWd/tonne** a t  a power l e v e l  of 15 MW/tonne, whi le  f o r  PW-2 

w a s t e ,  t h e  p roces s ing  r a t e  ranged from 0.46 t o  0.53 tonnes/day. 

I n  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-2 

waste w e r e  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 roces s  t h e  PW-2 waste.  

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 r e p a r a t i o n  of f e e d s  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 composit ions of t h e  f eeds ,  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 11.1 t o  13.5 f o r  PW-1, and were about  

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

Expected volume r e d u c t i o n  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 11.3 and 6.0,  r e s p e c t i v e l y .  The 

lower volume r educ t ion  of PW-2 waste  i s  caused by 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  r equ i r ed  t o  p rocess  t h e  waste.  

Although t h e  des ign  of t h e  spray  s o l i d i f i c a t i o n  system i n  

WSEP i s  c e r t a i n l y  no t  opt imized,  i t s  performance was q u i t e  

s a t i s f a c t o r y  a f t e r  s e v e r a l  p rocess  and equipment problems w e r e  

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

Table 2.1. 

* For d e t a i l e d  chemical  composit ions s e e  Appendix Table 9.1. 

** 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 metric 
t o n  (1000 ki 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. Spray Solidification Runs in WSEP 

Radioactivity Heat Generation Rate Equivalent Age (b) Equivalent Tonnes to 

Processed, in Receiver Pot Receiver Pot Waste Receiver Pot of Waste, 
Run Type Diam, in. Material MC i Total, kW Density, W/liter A- years 

SS-3 PW-2 8 and 12 304L SS 0.42 1.0(~) 34 0.45'~) 0.93") 2.1 

SS-4 PW-2 8 Mild Steel 1.4 5.1 9 1 0.9 0.95 0.8 
td . SS-5 PW-1 8 304L SS 2.5 8.2 127 2.0 1.8 
W 

1.2 

SS-6 PW-1 8 304L SS 3.0 11.0 168 1.9 1.8 0.8 

a. The equivalent tonnes of waste actually collected normalized to a fill height of 6 feet in the 
receiver pot. 

b. Out-of-reactor time for fuel (irradiated to 20,000 MWd/tonne at a power level of 15 MW/tonne) 
with the same heat generation rate. 

c. For the 8-in. diameter pot only. 



I n i t i a l l y ,  t h e  d e p o s i t i o n  of p a r t i a l l y  d r i e d  c a l c i n e  on 

t h e  w a l l s  and a t  t h e  bottom of t h e  spray  c a l c i n e r  d ry ing  cham- . 
be r  w a s  s i g n i f i c a n t .  The use  of an  in ternal- mix atomizing 

feed nozz le  i n  p l a c e  of t h e  o r i g i n a l  e x t e r n a l  mix-nozzle 

s i g n i f i c a n t l y  improved t h e  a tomiza t ion  of t h e  feed  t o  t h e  

p o i n t  where s o l i d s  d e p o s i t i o n  was reduced t o  an accep tab le  

l e v e l .  D i f f i c u l t i e s  were a l s o  experienced i n i t i a l l y  because 

(1) v e n t  c a p a c i t y  was i n s u f f i c i e n t  t o  main ta in  proper  vacuum 

i n  t h e  s o l i d i f i e r  du r ing  blow-back of t h e  off- gas  f i l t e r s  and 

( 2 )  t h e  p r e s s u r e  drop  a c r o s s  t h e  s o l i d i f i e r  o f f- gas  f i l t e r s  

was t o o  high.  However, a f t e r  a  r educ t ion  i n  t h e  f low r e s i s -  

t ance  of t h e  of f- gas  system and a  r educ t ion  i n  t h e  number of 

f i l t e r s  blown back a t  a t ime ,  t h e  s o l i d i f i e r  vacuum and t h e  

f i l t e r  p re s su re  drop  were mainta ined a t  an  accep tab le  l e v e l .  

The b a t c h  d i s c h a r g e  of m e l t  from t h e  me l t e r  made p o s s i b l e  

t h e  f i l l i n g  of unheated r e c e i v e r  p o t s  wi th  e i t h e r  PW-1 o r  PW-2 

s o l i d i f i e d  waste  wi thout  s t a l a g m i t e  format ion.  Th i s  t echnique  

a l s o  pe rmi t s  t h e  u s e  of mild steel r e c e i v e r  p o t s  f o r  e i t h e r  

waste.  

The amount of ruthenium 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  ranged from 11 t o  75% of t h e  t o t a l  amount f ed  t o  t h e  

s o l i d i f i e r .  Cont ro l  of ruthenium v o l a t i l i z a t i o n  t o  cons i s-  

t e n t l y  low v a l u e s  remains t o  be demonstrated.  Cesium was t h e  

on ly  o t h e r  v o l a t i l e  f i s s i o n  product  noted,  and it only  vola-  . 

t i l i z e d  0.1 t o  0.3%. Normally t h e  off- gas  f i l t e r s  decontami- 

na ted  t h e  s o l i d i f i e r  o f f- gas  of p a r t i c u l a t e s  t o  less t h a n  0 .1% 

of t h e  n o n v o l a t i l e  r a d i o a c t i v i t y  i n  t h e  feed.  However, f a i l u r e  

of t h e  of f- gas  f i l t e r s  on one occasion d i d  r e s u l t  i n  10% of 

t h e  c a l c i n e d  waste  accumulating wi th  t h e  s o l i d i f i e r  condensate .  

During process ing  of s u l f a t e  con ta in ing  PW-2 was tes ,  less than  

7 %  of t h e  s u l f a t e  was 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 .  



2 . 2  AUXILIARY PROCESS SYSTEMS PERFORMANCE 

The WSEP a u x i l i a r y  system ( t h e  decontamination equipment 

which i s  loca t ed  downstream of t h e  s o l i d i f i c a t i o n  system t o  

decontaminate t h e  e f f l u e n t  stream from t h e  s o l i d i f i e r )  c o n s i s t s  

of a s o l i d i f i e r  condenser ,  evapora to r ,  m i s t  e l i m i n a t o r ,  evapo- 

r a t o r  condenser,  a c i d  f r a c t i o n a t o r ,  f r a c t i o n a t o r  condenser,  

h igh  e f f i c i e n c y  f i l t e r  and scrubber .  This  system decontami- 

n a t e s  t h e  e f f l u e n t  from t h e  WSEP s o l i d i f i c a t i o n  processes  and 

s e p a r a t e s  t h e  e f f l u e n t  i n t o  streams of c l e a n e r  n i t r i c  a c i d ,  

wa te r ,  and noncondensable gases .  The WSEP a u x i l i a r y  system i s  

s i m i l a r  t o  h igh  l e v e l  waste  evapora t ion  and a c i d  recovery 

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

The o v e r a l l  cumulat ive  decontamination f a c t o r s  f o r  r ad io -  

ruthenium from t h e  o r i g i n a l  aqueous waste  through t h e  a u x i l i a r y  

system t o  t h e  recovered n i t r i c  a c i d  i n  t h e  f r a c t i o n a t o r  were 

t y p i c a l l y  l o 2  t o  l o 3 .  Comparable ruthenium decontamination 

f a c t o r s  t o  t h e  recovered water  ( f r a c t i o n a t o r  d i s t i l l a t e )  w e r e  

t y p i c a l l y  l o 4  t o  l o 5 .  Comparable decontamination f a c t o r s  (DF) 

f o r  n o n v o l a t i l e  r a d i o n u c l i d e s  were about  l o 5  f o r  t h e  recovered 

n i t r i c  a c i d  and about  l o 7  f o r  t h e  recovered water .  DF's from 

o r i g i n a l  h igh  l e v e l  waste  t o  t h e  s t a c k  g a s  were g r e a t e r  t han  

l o l o  and 1012 f o r  ruthenium and g r o s s  b e t a  ( l e s s  ru then ium) ,  

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

The cumulat ive  decontaminat ion f a c t o r  (DFc)  a c r o s s  t h e  ' 

a u x i l i a r y  evapora tor  ( t h e  r a t i o  of ruthenium i n  t h e  evaporator  

a t  t h e  end of t h e  run  t o  ruthenium evolved from t h e  evapora tor  

dur ing  t h e  e n t i r e  run )  v a r i e d  from 73 t o  890 under a v a r i e t y  

of o p e r a t i n g  cond i t i ons .  Sugar added t o  t h e  evapora tor  dur ing  

Runs SS-1, 2 and 6 a t  0.17 t o  0.77 rnoles/hr appa ren t ly  d i d  no t  

he lp  dec rease  ruthenium v o l a t i l i z a t i o n  from t h e  evapora to r ,  

s i n c e  t h e  r a t e  of accumulation of radioruthenium i n  t h e  a c i d  

f r a c t i o n a t o r  remained t h e  same w i t h  o r  wi thout  t h e  sugar .  



Ins tan taneous  ruthenium D F ' s  (DFi, r a t i o  of t h e  ruthenium 

concen t r a t i on  i n  evapora tor  bottoms t o  t h e  ruthenium concen- 

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

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

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

dur ing  t h e  s i x  demonstra t ion runs  t h e r e  was no apparen t  c o r r e-  

l a t i o n  wi th  overhead a c i d i t y .  The DFils were t y p i c a l l y  about 

l o 3  (dur ing process ing  wi th  aqueous feed  on t o  t h e  s o l i d i f i e r )  

and jumped t o  g r e a t e r  t han  l o 4  wi th  a l l  a u x i l i a r i e s  ope ra t ing  

bu t  wi th  no feed  on t o  t h e  s o l i d i f i e r .  The g e n e r a l l y  low 

DF . ' s  f o r  ruthenium a r e  a t t r i b u t e d  t o  vapor phase f low of 
1 

ruthenium which is  i n e f f i c i e n t l y  scrubbed i n  t h e  s o l i d i f i e r  

condenser and t h e  a u x i l i a r y  evapora to r ,  and aga in  i n e f f i c i e n t l y  

scrubbed by t h e  evapora tor  condenser.  The 10 t o  20 scfm of 

noncondensible g a s  f low from t h e  s o l i d i f i e r  i s  be l ieved  t o  

have adve r se ly  a f f e c t e d  t h e  scrubbing e f f i c i e n c y  and inc reased  

t h e  entra inment .  The D F i t s  f o r  n o n v o l a t i l e  r ad ionuc l ides  

a c r o s s  t h e  evapora tor  and i t s  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 3  t o  l o 4 .  The f i n a l  p roces s  o f f- gases  t o  t h e  

s t a c k  w e r e  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  r a d i o a c t i v i t y .  

Ruthenium DFcls a c r o s s  t h e  a c i d  f r a c t i o n a t o r  ( r a t i o  of 

ruthenium f e d  t o  t h e  f r a c t i o n a t o r  dur ing  a run t o  t h e  ruthenium 

gained i n  t h e  f r a c t i o n a t o r  d i s t i l l a t e  r e c e i v e r  du r ing  t h e  run )  , 

v a r i e d  £ram 47 t o  2000 b u t  were t y p i c a l l y  100 t o  300. Com- 

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

from 110 t o  3200 b u t  w e r e  t y p i c a l l y  less than  1000. 

The f i n a l  aqueous process  e f f l u e n t  ( f r a c t i o n a t o r  d i s t i l -  

l a t e )  and t h e  sc rubber  bottoms contained ruthenium concentra-  

t i o n s  which were above t h e  10CFR20 r e l e a s e  l i m i t  by f a c t o r s  

a s  h igh  a s  100,000. However, t h e s e  e f f l u e n t  s t reams  could 

probably be reused o r  r ecyc l ed  i n  a f u e l  reprocess ing  p l a n t .  



The mathematical  model of t h e  WSEP a u x i l i a r y  off- gas  

system us ing  a d i f f u s i o n  model f o r  t h e  s o l i d i f i e r  condenser 

suggested t h a t  t h e  inadequa te ly  scrubbed ruthenium leav ing  i n  

t h e  s o l i d i f i e r  condenser o f f- gas  has  a g r e a t e r  i n f l u e n c e  on 

DF's  a c r o s s  t h e  evapora tor  and f r a c t i o n a t o r  t h a n  does t h e  

smaller q u a n t i t y  of v o l a t i l i z e d  o r  e n t r a i n e d  ruthenium from 

t h e  evapora tor  and f r a c t i o n a t o r .  The model sugges t s  t h a t  t h e  

sc rubber  i n  t h e  a u x i l i a r y  system upstream of t h e  high e f f i -  

c iency  f i l t e r  may n o t  be i d e a l l y  s u i t e d  f o r  removal of ru the-  

nium. The use  of improved gas- l iqu id  c o n t a c t  equipment such 

a s  a condenser f i l l e d  wi th  e f f i c i e n t  packing f o r  gas  removal 

and a h igh  e f f i c i e n c y  f i l t e r  f o r  p a r t i c u l a t e  removal should 

s u b s t a n t i a l l y  improve t h e  ruthenium DF's for t h e  a u x i l i a r y  

equipment. Such equipment changes are planned f o r  t h e  nex t  

series of spray  s o l i d i f i c a t i o n  runs .  

Handling of PW-1 and PW-2 sp ray  s o l i d i f i e r  f eeds  caused 

no unexpected ope ra t ing  problems i n  t h e  feed  t anks  and t h e  

a u x i l i a r y  evapora tor .  The primary s o l i d  i n  t h e s e  wastes i s  a 

zirconium phosphomolybdate compound. This  material i s  a 

hydrous, amorphous p r e c i p i t a t e  which h a s  never been observed 

t o  cake i n  l a b o r a t o r y  tests, even a f t e r  s e v e r a l  months of 

s tand ing .  

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

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

which can be e l imina ted  by s u i t a b l e  des ign  mod i f i ca t ions ,  

included:  

Feed pump f a i l u r e s  

P l a s t i c  i n s u l a t i o n  on e l e c t r i c a l  and ins t rument  wi r ing  

which had d e t e r i o r a t e d  from r a d i a t i o n  exposure 

High e f f i c i e n c y  f i l t e r s  i n  t h e  feed  tank  v e n t  system 

which had f a i l e d  r e p e a t e d l y  i n  t h e s e  e a r l y  runs  because 

t h e  f i l t e r  p r e h e a t e r  d i d  n o t  adequa te ly  d r y  t h e  gases  

upstream of  t h e  f i l t e r .  



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 

(approximately 5  y e a r s )  performance of p o t s  f i l l e d  wi th  spray  

s o l i d i f i e d  waste p roduc t ,  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  occurred dur ing  t h e  0.5 t o  2 . 0  y e a 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 no gas  gene ra t ion  wi th in  

t h e  spray  s o l i d i f i e d  waste product  i s  i n d i c a t e d .  l eak  checks 

made on two r e c e i v e r s  i n d i c a t e  good welds.  (Leak checks have 

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

changes w e r e  d e t e c t e d  i n  t h e  e x t e r n a l  dimensions of any of t h e  

s i x  r e c e i v e r s  w i t h i n  t h e  accuracy of t h e  remote i n - c e l l  measure- 

ments which was w i t h i n  k0.25 inch  f o r  t h e  p o t s  of Runs SS-1 

and SS-2 and w i t h i n  k0.025 inch  f o r  t h e  p o t s  of Runs SS-3 

through SS-6. 

H e a t  g ene ra t ion  r a t e s  i n  f i l l e d  r e c e i v e r  po t s  were sa t is-  

f a c t o r i l y  measured i n  a  c a l o r i m e t e r .  The maximum c e n t e r l i n e  

temperature  a t  t h e  end of  a  run measured 770 OC f o r  t h e  

r e c e i v e r  p o t  of  Run SS-6. The maximum w a l l  t h i ckness  measured 

was 460 OC f o r  t h e  SS-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  spray  s o l i d i f i e d  waste p roduc ts  i n  t h e  s i x  r e c e i v e r s  ranged 
2 2 from 1.1 t o  1 . 4  W/(m ) (OC/m) [0.54 t o  0 . 8 1  B t u / ( h r )  ( f t  ) ( O F / f t ) ] .  

Leach r a t e s  based on 1 3 7 ~ s  and 1 4 4 ~ e  were measured f o r  

g rab  samples from Runs SS-2, 4 ,  5 ,  and 6. A f t e r  8 weeks, t h e  

l each  r a t e s  f o r  PW-2 spray  s o l i d i f i e d  waste based on 1 3 7 ~ s  and 
2 1 4 4 ~ e  were about g/(cm ) (day) and about g/ ( rm2)  ( d a y ) ,  

r e s p e c t i v e l y ,  and t h e  l e a c h  r a t e s  remained n e a r l y  cons t an t .  

The l e a c h  rates f o r  PW-1 spray  s o l i d i f i e d  waste based on 1 3 7 ~ s  
- - 

and 2  1 4 4 ~ e  were about  g/ (cm ) (day) and about 
2  g/(cm ) ( d a y ) ,  r e s p e c t i v e l y ,  and t h e  l each  r a t e s  cont inued 

t o  dec rease  w i th  a  t en- fo ld  decrease  i n  t h e  l each  r a t e s  a f t e r  

32 weeks. The leach  r a t e s  f o r  t h e  r a d i o a c t i v e  waste samples 

agreed ,  i n  g e n e r a l ,  w i th  t h e  l each  r a t e s  based on sodium f o r  

s imu la t ed ,  non rad ioac t ive  waste samples. A l l  waste samples 



were leached in distilled water at room temperature. The high 

leachability of the PW-2 spray solidified waste is attributed 

to the presence of sulfate in this waste product. 

Gross radiation profiles indicate that the fission prod- 

ucts are probably uniformly distributed. The measurements, 

however, cannot be interpreted quantitatively. Bulk densities 

of the product compared closely with measured densities in 

Runs SS-4, SS-5, and SS-6, thereby indicating the absence of 

voids. The bulk densities of the products for the other 

receivers were not available for comparison. 

Although wall thickness measurements have not yet been 

made on the pots, no visible external corrosion is evident on 

stainless steel receivers stored in air or in water or an mild 

steel pots stored in water containing corrosion inhibitors or 

stored in air, 

Automatic tungsten inert gas (TIG) welding of the receiver 

pot sealcap produced good fusion welds in all 6 pots. The 

welding head was positioned remotely over a step-type weld 

joint. Visual observation through a spotting scope outside 

the cell window was satisfactory enough to control the welding 

torch. 

2.4 STATUS OF SPRAY SOLIDIFICATION 

Although the spray solidification demonstration runs are 
not all complete, the six runs made to date permit a projec- 

tion of expected performance of the process. A fission product 

heat generation rate of 220 to 250 W/liter is the maximum for 

a solidified PW-1 waste in an 8-inch diameter receiver pot 

(when stored in 38 OC air) when the WSEP restriction of limit- 

ing the product temperature to 900 OC is considered. The maxi- 

mum heat generation rate for solidified PW-2 waste in an 8-inch 

diameter receiver pot is 200 to 220 W/liter (when stored in 

38 OC air). This rate takes into consideration the 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 co re  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 .  Therefore ,  PW-1 and PW-2 wastes  

from l i g h t  wate r  r e a c t o r  f u e l s  i r r a d i a t e d  t o  2 0 , 0 0 0  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  w i t h i n  0.5 

t o  0 . 6  and 0.25 t o  0.3 yea r s  o u t  of t h e  r e a c t o r ,  r e s p e c t i v e l y .  

Some i n d i v i d u a l  nuc l ides  ( e .g . ,  ruthenium) were n o t  a t  

t h e  l e v e l s  expected f o r  a  20,000 MWd/tonne a t  15 MW/tonne 

exposure. 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  nuc l ides .  By 

applying 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  conc lus ions  can be made about t h e  

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

and t h e  f r a c t i o n a t o r  dur ing  process ing  of f u l l  l e v e l  r a d i o a c t i v e  

wastes  : 

a From 11 t o  75% of  t h e  ruthenium w i l l  be v o l a t i l i z e d  from 

t h e  s o l i d i f i e r  t o  t h e  evapora tor  dur ing  process ing  of 

PW-1 and PW-2 wastes  conta in ing  phosphoric a c i d  a s  a m e l t  

forming f l u x .  Most of 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. L e s s  than  1% 

of t h e  t o t a l  ruthenium w i l l  reach t h e  f r a c t i o n a t o r .  

During s o l i d i f i c a t i o n  of waste aged 0.5 y e a r s ,  t h e  

ruthenium concen t r a t i on  i n  t h e  undi lu ted  d i s t i l l a t e  

e f f l u e n t  from t h e  a c i d  f r a c t i o n a t o r  w i l l  be a  f a c t o r  o f  

20,000 t o  5,000,000 t imes h igher  t han  t h e  d i scha rge  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  w i 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 ,  fol lowed by and 1 4 4 ~ e - ~ r .  

I n  g e n e r a l ,  an a d d i t i o n a l  decontamination f a c t o r  of 1 0  
4  

t o  l o 6  i s  needed t o  reduce a l l  nuc l ides  i n  t h e  f r a c t i o n -  

a t o r  condensate t o  below 10CFR20 va lues .  However, s i n c e  

approximately  2 0 0  t o  300 l i t e r s  of t o t a l  condensate i s  

gene ra t ed  p e r  tonne of f u e l  processed (from 450 l i t e r s  p e r  

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  as makeup water. A l t e r n a t e l y ,  

t h e  condensate could be given a d d i t i o n a l  low l e v e l  t r e a t -  

ment such as d i s t i l l a t i o n  t o  reduce t h e  r a d i o a c t i v i t y  

l e v e l  t o  10CFR20 concen t r a t i on  l i m i t s  f o r  d i scharge  of  

t h e  water 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 150 t o  2 0 0  l i t e r s  of 8 t o  10M - 
a c i d )  w i l l  con ta in  900 t o  9000 pCi/mR of  t o t a l  radioac-  

t i v i t y  f o r  each tonne of f u e l  processed.  Radioruthenium 

w i l l  be t h e  p r i n c i p a l  contaminant. The ac id  would be 

accep tab le  f o r  r euse  f o r  f u e l  d i s s o l u t i o n  i n  f u e l  repro-  

ces s ing .  (Fuel  d i s s o l u t i o n  r e q u i r e s  a t  least 1000 l i t e r s  

of 1 0 M  - n i t r i c  a c i d  p e r  equ iva l en t  tonne,  o r  5 t o  6 t i m e s  

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.) 

The 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 3 3  t o  6 3  l i ters  p e 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  

r e p r e s e n t  PW-1 wastes .  These volumes r e p r e s e n t  5 t o  

9.5 l i t e r s / 1 0 0 0  MWde.* 

Demonstration runs  i n  WSEP showed t h a t  t h e  spray  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 0.5 t o  0.9 tonnes  

of f u e l  p e r  day,  i s  n e a r l y  ready f o r  a p p l i c a t i o n  as an indus-  

t r i a l  method of s o l i d i f y i n g  wastes. Remaining i n v e s t i g a t i o n s  

suggested 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  con ten 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  wastes). 

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

encountered i n  t h e  f u t u r e  n u c l e a r  power economy. One 

, * Assuming 3 3 . 3 %  thermal  e f f i c i e n c y .  
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waste should be typical of a low salt, high fission 

product waste from thermal reactor fuel (exposed to 

45,000 MWd/tonne at 30 MW/tonne) produced by "clean" 

Purex reprocessing (i.e., low iron, low sodium, and no 

sulfate). The other waste should represent spent care 

fuels from Liquid Metal Fast Breeder Reactors. Demon- 

stration of these wastes should reasonably well complete 

the bracketing of the majority of wastes that can be 

predicted at this time. 

Demonstrate control of volatilization of ruthenium from 

the solidifier to more consistent and lower values. 

Demonstrate the in-pot melting concept (wherein the spray 

calcined waste is melted directly in the final storage 

container) with one of the waste types. 

After the above tests are completed and reported, further 

reports will relate spray solidifier performance to the other 

two solidification processes under demonstration in WSEP from 

technical, operational, and economic viewpoints. 



3.0 BACKGROUND, PROCESS DESCRIPTION AND PROCESS TECHNOLOGY 

3.1 BACKGROUND 

The WSEP spray  s o l i d i f i c a t i o n  process  evolved d i r e c t l y  

from t h e  i n i t i a l  t e s t s  of  r ad i an t- hea t  spray  c a l c i n a t i o n  f o r  

r a d i o a c t i v e  waste s o l i d i f i c a t i o n  which s t a r t e d  a t  Hanford i n  

1958. The tests were p a r t  of a comprehensive program 

sponsored by t h e  U.  S. Atomic Energy Commission t o  develop' 

s a f e r  methods f o r  p e r p e t u a l  s t o r a g e  of  h igh ly  r a d i o a c t i v e  

wastes. Other s o l i d i f i c a t i o n  processes  i n v e s t i g a t e d  i n  t h e  

United S t a t e s  a s  p a r t  of t h i s  program included t h e  a g i t a t e d  

t rough c a l c i n e r ,  ( 2 )  t h e  ceramic sponge process ,  (3)  t h e  r o t a r y  

b a l l  k i l n  c a l c i n e r ,  ( 4 )  t h e  f l u i d i z e d  bed c a l c i n e r ,  (5 )  t h e  

p o t  c a l c i n e r  , (6) and t h e  phosphate g l a s s  p rocess .  ('I The 

l a t t e r  t h r e e  processes  have been developed u n t i l  they  are 

e s s e n t i a l l y  ready f o r  some commercial a p p l i c a t i o n s .  (8 tgr lO)  

With t h e  s u c c e s s f u l  completion of t h e  series o f  WSEP demonstra- 

t i o n  runs  desc r ibed  i n  t h i s  r e p o r t ,  t h e  spray  s o l i d i f i c a t i o n  

process  i s  a l s o  n e a r l y  ready f o r  commercial a p p l i c a t i o n .  

I n  t h e  e a r l y  developmental pe r iod ,  a  m e l t e r  w a s  c lose-  

coupled t o  t h e  r a d i a n t  h e a t  spray  c a l c i n e r .  ('') The - r e s u l t i n g  

spray  ca l c ine r- me l t e r ,  o r  spray  s o l i d i f i e r  as it i s  now c a l l e d ,  

produced me l t s  which s o l i d i f i e d  t o  m i c r o c r y s t a l l i n e  monol i ths  

r a t h e r  t han  t h e  g r a n u l a r  p a r t i c l e s  o r  f r i a b l e  c a l c i n e s  produced 

i n  t h e  r o t a r y  ba l l  k i l n ,  a g i t a t e d  t rough ,  f l u i d i z e d  bed and ' ~ o t  

c a l c i n a t i o n  processes .  Thus t h e  spray  s o l i d i f i e r  p rocess  j o i n s  
o t h e r  melt- forming h igh- leve l  waste s o l i d i f i c a t i o n  processes ,  

such a s  t h e  phosphate g l a s s  p rocess  of  Brookhaven Nat iona l  

Laboratory,  t h e  Engl ish  F inga l  p rocess ,  (I2) and t h e  French p o t  

v i t r i f i c a t i o n  process .  (13 

The spray  s o l i d i f i e r  was t e s t e d  exhaus t ive ly  i n  small h o t  

c e l l s ,  (I4) i n  a c o l d  p i l o t  p l a n t ,  (I5) and i n  des ign  v e r i f i c a -  - - 

t i o n  tests (I6) be fo re  t h e  WSEP runs  were s t a r t e d .  
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Spray solidification of radioactive wastes is also being 

investigated in other countries. A 10-inch diameter unit has 

been constructed in India. (I7) A 24-inch diameter unit will 

be used for the first pilot-plant studies of waste solidifica- 

tion in Germany. (18) Spray solidification of radioactive 

wastes has also been described by Russian workers. (19) 

3.2 PROCESS DESCRIPTION 

In the spray solidification process, liquid waste is con- 

tinuously converted to a dried powder by spray calcination. 

The powder is melted in a continuous melter, and the molten 

waste is discharged into a receiver which is also the final 

storage container. Additions of melt-forming chemicals are 

required. The additions are made either to the liquid waste 

prior to calcination, to the melter directly, or sometimes at 

both locations. The most common and usually the simplest 

procedure is to add the melt-forming chemicals to the liquid 

waste prior to calcination. The other procedures are modifica- 

tions of the basic spray solidification process used to achieve 

special results. For instance, when the melt-forming chemicals 

are added after calcination for certain melt formulations it is 

sometimes possible to add them directly to the receiver. This 

is the in-pot melting modification of the spray solidification 

process in which the melter is removed from the system and the 

melt is formed directly in the receiving pot. 

The principal equipment items used in spray solidification 

are : 

A spray calciner. 

Filters for removing fines from the off-gas. 

A melter. 

A pot for receiving the molten waste. 

Furnaces for heating the calciner and melter, and heating 

and cooling the solidified waste. 



The liquid waste (plus chemical additives) is fed through a 

pneumatic atomizing nozzle into the top of the spray calciner. 

(Figure 3.1) The atomized waste is sequentially evaporated, 

dried, and calcined to a powder as it falls through the 

cylindrical calciner barrel. Type 310 stainless steel is a 

satisfactory construction material for the calciner because 

of its generally superior resistance to process corrosion and 

to high temperature air oxidation. The maximum operating 

temperature for the walls of the calciner barrel is limited 

by the tendency of the calcine to sinter and stick to the 

walls at higher temperatures. Typically, the wall temperature 

is held at or near 700 OC during operation. 

Effective operation of the spray calciner depends upon 

good atomization. (20) The atomizing nozzle must break up the 

feed solution into small enough droplets (on the order of 50 

to 100 micrometers diameter) to permit drying and calcining 

of the feed during its short time (about 10 seconds) in the 

calciner barrel. Commercial internal-mixing nozzles, wherein 

the atomizing gas and the feed solution are mixed inside the 

nozzle before being discharged, have proven superior to 

external-mixing nozzles. Air has generally been used as the 

atomizing gas. Superheated steam has also been used but has 

not consistently provided adequate atomization. 

The product from the spray calciner is a fine powder 

(particles range from less than one micrometer to 100 microm- 

eters in diameter). About half of the calcine powder tends to 

be entrained with the off-gases. Separation from the off- 

gases is effected by porous stainless steel filters with an 

average pore size of 65 micrometers. A total filter area of 
2 about 1 ft /(liter)(hr) of feed to the calciner is required 

to keep the filter pressure drop at the reasonable maximum 

level of 10 inches of water. Periodic pulsed blowbacks (every 

1 to 5 minutes) with air at 30 to 60 psig pressure in the 
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FIGURE 3.1. Spray Solidification ~4uip';nent 



reverse direction through venturis into the filters removes 

the powder collected on the filters. 

The continuous melter is positioned below the calciner 

to collect the powder as it falls from the calciner. Here 

the powder from the calciner and filter blow-back is combined 

and melted. The small amount of'residual nitrate and water 

remaining in the calcine are driven off during melting and 

combined with the calciner off-gases in the calciner. Platinum 

is presently the only known reliable construction material for . processing phosphate type melts. (When processing borosilicate 

type melts, as is done in the spray-in-pot melting scheme, both 

304-L and 310 stainless steels are satisfactory for the in-pot 

melting step.) A chromium-alumina cermet appears promising at 

temperatures up to 1100 O C .  A special alloy of 50% chromium- 

50% nickel is generally satisfactory at temperatures up to 

1000 O C .  High chromium/nickel stainless steel and some high- 

nickel alloys are satisfactory up to 900 O C .  (21) platinum 

has been used extensively at temperatures up to 1250 O C .  

Platinum has a low radiant emissivity which requires increased 

melter surface area or increased furnace temperature to obtain 

a given melting capacity. 

The molten waste in the melter can be discharged contin- 
I 

uously via an overflow wier, or batchwise using straight-tube 

freeze valves wherein a plug of melt about 2 inches long is 

melted or frozen to provide on-off control. Both techniques 

have been demonstrated in WSEP. The latter technique has the 

advantage of permitting encapsulation of more radioactive 

waste with decreased corrosion of the receiving vessel, 

although it causes minor upsets in process vacuum during the 

drain period. 

In WSEP, the pot into which the molten waste is cast is a 

steel cylinder, 6 to 12 inches in diameter and 8 feet long. 

The diameter of the pot is usually determined by the radioactive 



h e a t  g e n e r a t i o n  r a t e  i n  t h e  s o l i d i f i e d  was te .  The p o t s  may 

be c o n s t r u c t e d  o f  m i l d  o r  s t a i n l e s s  s t e e l ,  t h e  c h o i c e  depend- 

i n g  upon t h e  method used t o  f i l l  t h e  p o t  o r  t h e  m e l t i n g  charac-  

t e r i s t i c s  of  t h e  w a s t e .  P o t s  o f  m i l d  s t ee l  may be  used i f  t h e  

p o t  i s  f i l l e d  w i t h  m e l t  by l a r g e ,  r a p i d ,  ba tchwise  dumps from 

t h e  melter,  o r  i f  t h e  m e l t  has  a  m e l t i n g  p o i n t  l e s s  t h a n  a b o u t  

700 O C .  S o l i d i f i e d  was te  p r o d u c t s  w i t h  m e l t i n g  p o i n t s  up t o  

abou t  950  OC can  be  c o l l e c t e d  i n  s t a i n l e s s  s t e e l  r e c e i v i n g  p o t s  

w i t h  e i t h e r  f i l l i n g  t e c h n i q u e .  Level  measurements a r e  r e q u i r e d  

i n  t h e  p o t  and may be  accomplished by d i r e c t  v iewing o r  a p p r o x i-  

mated by t e m p e r a t u r e  measurement. The p o t  i s  l o c a t e d  i n  a  

6-zone h e a t i n g  and c o o l i n g  f u r n a c e  s o  t h a t  t h e  t o p  of  t h e  m e l t  

may be h e a t e d  t o  a s s u r e  comple te  f i l l i n g  w i t h o u t  fo rmat ion  of 

s t a l a g m i t e s  o r  v o i d s .  Because of  t h e  s i g n i f i c a n t  amount of  

h e a t  g e n e r a t i o n  from r a d i o a c t i v e  decay ,  it i s  f r e q u e n t l y  neces-  

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

w h i l e  t h e  upper  r e g i o n s  a r e  b e i n g  h e a t e d  f o r  t h e i r  f i l l i n g .  

I n  WSEP, t h e  p o t s  a r e  f i l l e d  u n t i l  abou t  2 f e e t  o f  f r e e b o a r d  

remains ,  a t  which t i m e  t h e  f i l l e d  p o t  i s  removed f o r  f i n a l  

s e a l i n g  by a  welded c l o s u r e  and f o r  p o s t - f i l l  t e s t s .  

Most of  t h e  s o l i d i f i e d  was te  f o r m u l a t i o n s  from t h e  s p r a y  

s o l i d i f i c a t i o n  p r o c e s s ,  a s  developed by B a t t e l l e- N o r t h w e s t ,  

a r e  phospha te  m e l t s .  They a r e  tough ,  m o n o l i t h i c  m i c r o c r y s t a l -  

l i n e  s o l i d s  which can c o n t a i n  over  25 w t %  mixed f i s s i o n  p r o d u c t  

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

p r o d u c t s  a r e  u s u a l l y  20 t o  30 p e r c e n t  g r e a t e r  t h a n  t r u e  g l a s s e s  

w i t h  t h e  same f i s s i o n  p r o d u c t  c o n t e n t .  

Up t o  75% of  t h e  ru thenium can be v o l a t i l i z e d  d u r i n g  s p r a y  

s o l i d i f i c a t i o n  w i t h  t h e  phosphate  f l o w s h e e t .  Most of t h e  

v o l a t i l i z a t i o n  o c c u r s  d u r i n g  c a l c i n a t i o n ,  a  much s m a l l e r  amount 

from t h e  m e l t .  The ru thenium can be r e c y c l e d  e x c e p t  f o r  a 

ve ry  s m a l l  f r a c t i o n  which i s  a p p a r e n t l y  noncondensib le  and 

must be f i l t e r e d .  V o l a t i l i t y  o f  f i s s i o n  p r o d u c t  cesium and 

rubidium has  n o t  been s i g n i f i c a n t  d u r i n g  s p r a y  s o l i d i f i e r  r u n s .  



3 . 3  PROCESS TECHNOLOGY 

High l e v e l  r a d i o a c t i v e  wastes  from aqueous reprocess ing  

p l a n t s  are p r i m a r i l y  n i t r a t e  s o l u t i o n s  of f i s s i o n  produc ts  

and va r ious  nonrad ioac t ive  c o n s t i t u e n t s .  I n  o rde r  t o  form a 

s t a b l e  s o l i d  f o r  long- term s t o r a g e ,  t h e  r e l a t i v e l y  v o l a t i l e  

n i t r a t e  i o n s  must be completely removed and a melt- forming 

ma t r ix  s u b s t i t u t e d  which i s  s t a b l e  a t  h igh  temperatures .  I n  

t h e  spray  s o l i d i f i c a t i o n  process  developed by Bat te l le- Northwest ,  

phosphate i s  g e n e r a l l y  used a s  t h e  mel t  former. Although o t h e r  

mel t  formers have been cons idered ,  p a r t i c u l a r l y  b o r i c  oxide and 

s i l i c a ,  t hey  have been used l e s s  f r e q u e n t l y  t han  phosphates.  

When phosphate i s  added t o  t h e  r a d i o a c t i v e  waste s o l u t i o n ,  a 

s o f t ,  f l o c c u l e n t ,  eas i ly- suspended p r e c i p i t a t e  i s  formed which 

can be e a s i l y  pumped. The p r e c i p i t a t e s  formed by b o r a t e  and 

s i l i c a  a r e  more d i f f i c u l t  t o  keep homogeneously suspended i n  

t h e  feed  s o l u t i o n  and, i n  t h e  ca se  of s i l ica ,  cause s eve re  

wear of pumps, me te r s ,  and va lves .  I n  g e n e r a l ,  phosphate 

me l t s  have a l a r g e r  l a t i t u d e  of chemical  composition than  

b o r a t e  o r  s i l icate  mel t s .  For i n s t a n c e ,  s u l f a t e  can be inco r-  

pora ted  i n  homogeneous phosphate m e l t s ;  i n  b o r a t e  o r  s i l i c a t e  

melts, s u l f a t e  s e p a r a t e s  as a l i g h t e r  phase. The primary d i s -  

advantages of  phosphate m e l t s  i s  t h a t  t hey  a r e  more c o r r o s i v e  

than  b o r a t e  o r  s i l i c a t e  m e l t s .  

The spray  s o l i d i f i e r  concept r e q u i r e s  t h a t  t h e  s i n t e r i n g  

p o i n t  of t h e  c a l c i n e d  feed  be h ighe r  t han  t h e  temperature  of 

t h e  c a l c i n e r  w a l l s .  Otherwise, t h e  c a l c i n e  can s t i c k  on t h e  

c a l c i n e r  w a l l s  and reduce h e a t  t r a n s f e r  e f f i c i e n c y .  I n  prac-  

t ice ,  t h e  s i n t e r i n g  tempera ture ,  o r  " s t i c k  p o i n t , "  of t h e  cal- 

c i n e  should be above about  700  OC t o  permi t  reasonable  

ope ra t ing  r a t e s .  I n  a d d i t i o n ,  it i s  d e s i r a b l e  t h a t  t h e  mel t ing  

p o i n t  of t h e  f i n a l  product  be below about 950  O C  t o  permi t  

f l e x i b i l i t y  i n  t echniques  of f i l l i n g  t h e  s teel  r e c e i v i n g  

v e s s e l  wi thout  exces s ive  cor ros ion .  



The temperature  l i m i t s  f o r  t h e  spray  s o l i d i f i e r  product  

can be r e a d i l y  ob ta ined  us ing  phosphate f l u x  wi th  an o v e r a l l  

ca t ion- to- phosphate  r a t i o  corresponding t o  t h e  composi t ional  

range between pyro and o r t h o  phosphate,  i . e . ,  wi th  an M+/P 

r a t i o  of 2 t o  3 ,  when t h e  proper  c a t i o n  mixture  i s  p r e s e n t .  
+ The M /P r a t i o  i s  t h e  method adopted i n  t h e  WSEP program by 

Bat te l le- Northwest  t o  express  t h e  r e l a t i o n s h i p  of t o t a l  meta l  

i on  e q u i v a l e n t s  t o  phosphorus i n  a  g iven  s o l u t i o n  o r  product .  

I n  t h i s  r e l a t i o n s h i p ,  M+ i s  t h e  t o t a l  meta l  i o n  e q u i v a l e n t  

p r e s e n t ,  and i s  ob ta ined  by mul t i p ly ing  t h e  t o t a l  moles of  

each m e t a l l i c  element by i t s  assumed va lence  i n  t h e  system. 

Molybdenum and s i l i c o n  a r e  a r b i t r a r i l y  assumed t o  e x i s t  a s  t h e  
-2 -2 anions  Moo4 and S i03  . The i r  equ iva l en t  va lue  i s  t h e r e f o r e  

s u b t r a c t e d  from t h e  t o t a l  meta l  i o n  equ iva l en t s .  The va lue  

f o r  P i s  t h e  t o t a l  m o l a r i t y  of phosphorus p re sen t .  

+ 
A s  t h e  M /P r a t i o  i s  lowered, t h e  product  become more 

g l a s s- l i k e .  (The phosphate g l a s s  p rocess  developed by 
+ Brookhaven Nat iona l  Laboratory o p e r a t e s  a t  an M /P r a t i o  of 

one and produces a  t r u e  g l a s s  a s  p roduc t . )  Ear ly  o p e r a t i n g  

exper ience  i n d i c a t e d  t h a t  t h e  more g l a s s - l i k e  me l t s  were 

d i f f i c u l t  t o  handle  i n  t h e  spray  c a l c i n e r  due t o  a  tendency 

t o  form s t i c k y  d e p o s i t s  on t h e  c a l c i n e r  w a l l s  and g l a z e s  on 

t h e  s t a i n l e s s  s teel  of f- gas  f i l t e r s .  Equipment improvements 

have helped a l l e v i a t e  t h e s e  problems. Feed s o l u t i o n s  wi th  
+ 

M /P r a t i o s  as low a s  1.8 have been processed s u c c e s s f u l l y ,  

and it may be p o s s i b l e  t o  p rocess  s o l u t i o n s  w i th  even lower 
+ 

M+/P r a t i o s .  I n  t h e  oppos i t e  d i r e c t i o n ,  an M /P r a t i o  of  

about  3.0 may be cons idered  t h e  upper l i m i t .  Melts w i th  M+/P 

r a t i o s  much above 3.0 a r e  u s u a l l y  undes i rab ly  nonhomogeneous. 

I n  a d d i t i o n  t o  adding phosphoric  a c i d  t o  o b t a i n  t h e  
+ d e s i r e d  M /P r a t i o ,  feed  adjustment  u s u a l l y  involves  c a t i o n i c  

a d d i t i o n s  t o  o b t a i n  optimum mel t  p r o p e r t i e s .  (Of course  it 
+ 

i s  t h e  f i n a l  M /P r a t i o  t h a t  i s  impor tan t  and a d d i t i o n a l  



phosphoric a c i d  i s  r equ i r ed  f o r  any c a t i o n i c  a d d i t i o n s  made.) 

Genera l ly ,  c a t i o n i c  a d d i t i v e s  a r e  needed t o  lower t h e  mel t ing  

p o i n t .  Sodium and l i t h i u m  added a s  t h e  n i t r a t e  o r  hydroxide 

a r e  most e f f e c t i v e  f o r  t h i s  purpose,  and an equimolar mixture  

of sodium and l i t h i u m  has  been found t o  be more e f f e c t i v e  t han  

e i t h e r  e lement  by i t s e l f .  Ca t ion ic  a d d i t i o n s  may a l s o  be made 

t o  enhance o t h e r  m e l t  p r o p e r t i e s ,  such a s  homogeneity, dur-  

a b i l i t y ,  o r  s u l f a t e  r e t e n t i o n .  

I n  t h e  f i r s t  s i x  spray  s o l i d i f i e r  runs  made i n  WSEP, two 

t y p i c a l  b u t  very d i f f e r e n t  waste composit ions were used which 

r equ i r ed  very d i f f e r e n t  a d d i t i v e  formula t ions .  I n  Runs SS-1, 

2 ,  5  and 6 ,  Purex Waste No. 1 (PW-1) w a s  processed,  and i n  

Runs 3 and 4 ,  Purex Waste No. 2  (PW-2) w a s  processed.  Both 

wastes are t y p i c a l o f  t h o s e  which w i l l  r e s u l t  from t h e  repro-  

ces s ing  of  thermal  power r e a c t o r  f u e l s  i r r a d i a t e d  t o  

20,000 MWd/MT a t  15  MW/MT. Nominal composit ions f o r  PW-1 and 

PW-2 a r e  shown i n  Table 3.1. PW-1 r e p r e s e n t s  a  Purex waste 

s o l u t i o n  con ta in ing  a  l a r g e  amount of i r o n  which r e s u l t s  when 

an i r o n  c a n i s t e r  i s  used t o  t r a n s f e r  chopped f u e l  elements 

from t h e  mechanical head-end t o  t h e  d i s s o l v e r ,  and t h e  c a n i s t e r  

i s  codisso lved  w i t h  t h e  f u e l .  PW-2 r e p r e s e n t s  a Purex s u l f a t e -  

con ta in ing  waste s o l u t i o n  h igh  i n  sodium con ten t  and r e l a t i v e l y  

low i n  o t h e r  i n e r t  sa l t s .  The s u l f a t e  conteri t  of PW-2 comes 

from decomposition of  f e r r o u s  su l famate  and su l famic  a c i d ,  

used as reducing agents  f o r  plutonium i n  t h e  only  commercial 

s e p a r a t i o n s  p l a n t  c u r r e n t l y  ope ra t ing  i n  t h e  United S t a t e s .  

The waste s o l u t i o n s  used f o r  t h e  WSEP runs  were prepared 

by b lending  high l e v e l  waste (IWW) from t h e  Hanford Purex 

p l a n t ,  concent ra ted  f i s s i o n  product  s o l u t i o n s  (mainly r a r e  

e a r t h s  wi th  C e r i u m- 1 4 4 )  from t h e  Hanford F i s s i o n  Products  

Process ing  P l a n t ,  and i n e r t  chemicals ,  t o  approximate t h e  

nominal PW-1 and PW-2 composit ions a s  c l o s e l y  a s  poss ib l e .  

Except f o r  a s i g n i f i c a n t  amount of aluminum t h a t  w a s  unavoidably 



TABLE 3.1. Chemical Compositions of High-Level Liquid Wastes 
for WSEP Demonstration 

C o n c e n t r a t i o n ,  M o l a r i t  
a t  378 l i t e r s / t o n n e  (a 

C o n s t i t u e n t  PW-1 
7 

PW-2 

G e n e r a l  Chemica l  C o m p o s i t i o n  o f  I n e r t  Materials 

Na 1 ow h i g h  
Fe h i g h  med 

S04 0  h i g h  
A c t u a l  Chemica l  C o m p o s i t i o n  o f  I n e r t  M a t e r i a l s  

H 3.7 3 .9  
Fe 0 .93 0.44 
Cr  0.012 0 .024 
N i  0 .005 0.010 
A1 0 .001  0 .001  
N a  0.14 0 .93  
u 0.010 0 .010 
Hg < o .  0 0 1  < o .  0 0 1  
NO3 7.5  5 .4  
s o 4  --- 0.87 
P04 0.003 0.006 
SiO3 0.010 0 , 0 1 0  
F  < o  .001  <o.  0 0 1  - 

Chemica l  C o m p o s i t i o n  o f  M a j o r  M a t e r i a l s  f rom N u c l e a r  F i s s i o n  

C o n s t i t u e n t  

Mo 
Tc 
S  r 
B a 
Cs 
Rb 
Y + Edd) 
Z r 
Ru 
R h  
Pd 
Ag 
Cd 
Te 
S  n  
S b  

( b )  
I M +  

f P 

F u e l  E x p o s u r e  i n  Thermal  R e a c t o r s  
20 ,000  MWd/tonne a t  1 5  MW/tonne 

a. Tonne i s  a metr ic  t o n n e ,  1000 k g  o r  2205 l b .  
b .  M+ i s  m e t a l  e q u i v a l e n t s ,  o r  n o r m a l i t y  o f  m e t a l  i o n s  ( d o e s  

n o t  i n c l u d e  a c i d ) .  
c. Does n o t  i n c l u d e  t h e  s u l f a t e .  I f  s u l f a t e  i s  n o t  v o l a t i l i z e d ,  

a p p r o x i m a t e l y  27 k g / t o n n e  o f  a d d i t i o n a l  o x i d e s  are formed.  
d. RE i s  rare e a r t h  e l e m e n t s .  



in t roduced  a t  t h e  Purex p l a n t ,  t h e  a c t u a l  waste composit ions 

used i n  t h e  WSEP runs  w e r e  q u i t e  c l o s e  t o  t h e  composit ions 

d e s i r e d  ( s e e  Table 4 . 1 0 ) .  The aluminum contaminant,  which 

i s  n o t  expected t o  be p r e s e n t  i n  s i g n i f i c a n t  amounts i n  corn- 

merc i a l  r ep roces s ing  wastes, w a s  t r e a t e d  as i f  it were i r o n ,  

t h a t  i s ,  Feactual - - 
+ A1contaminant Fenominal . I t  w a s  found 

t h a t  i f  t h e  aluminum concen t r a t i on  w a s  over  about 25% t h a t  of 

t h e  i r o n ,  t h e  temperature  a t  which t h e  m e l t  fused was 

inc reased .  (22) 

Chemical s u b s t i t u t i o n s  were used f o r  s e v e r a l  of  t h e  f i s -  

s i o n  produc ts  which w e r e  t o o  expensive,  o r  impossible  t o  

ob ta in  i n  t h e  amounts r equ i r ed .  Molybdenum was s u b s t i t u t e d  

f o r  technet ium,  n i c k e l  f o r  palladium, c o b a l t  f o r  rhodium, and 

copper f o r  s i l v e r  and cadmium. Although t h e  process  behavior  

of ruthenium i s  o f  extreme importance,  it was i m p r a c t i c a l  t o  

use t h e  f u l l  amount p r e s e n t  i n  t h e  nominal waste composit ions.  

Approximately 10% of t h e  nominal concen t r a t i on  was added 

as i n e r t  R U ( N O ~ ) ~ ;  i r o n  o r  manganese was s u b s t i t u t e d  f o r  t h e  

remainder of t h e  ruthenium. 

Mel ts  f o r  p rocess ing  PW-1 and PW-2 i n  t h e  spray  s o l i d i f i e r  

were made by t h e  a d d i t i o n  of phosphate and o t h e r  a d d i t i v e s .  

For PW-1, sodium and l i t h i u m  were added t o  lower t h e  mel t ing  

p o i n t .  For PW-2, t h e  maximum temperature  w a s  kep t  below 

900 OC a t  a l l  t i m e s  du r ing  process ing ,  and calcium and aluminum 

w e r e  added f o r  a d d i t i o n a l  s u l f a t e  complexing t o  minimize v o l a t i l -  

i z a t i o n  of s u l f a t e  from the m e l t .  To achieve t h e  low m e l t  t e m-  

p e r a t u r e  and y e t  keep t h e  wa l l s  of t h e  spray  c a l c i n e r  c l ean ,  a 

p o r t i o n  of t h e  f l u x  was added d i r e c t l y  t o  t h e  m e l t e r  (as s o l i d  

NaP03) r a t h e r  t han  t o  t h e  aqueous f eed  s o l u t i o n .  The a d d i t i v e s  

used i n  t h e  PW-1 and 2 f lowshee ts  a r e  shown i n  Table 3.2. The 

f a c t o r s  involved i n  t h e  development of t h e s e  f lowsheets  a r e  

descr ibed  i n  d e t a i l  i n  Reference 22. 



TABLE 3.2. Chemical Additives Used in the Spray 
Solidifier Process 

Waste T v ~ e  .. 
Moles per Liter of Waste at 100 gal/tonne 

Additives PW-1 PW-2 

NaOH 0.5 --- 

NaP03 --- 1.27 (in melter) 

Product Composition 

Oxide wt % 

Fission Products 18 10 

Waste Inerts 30 28 

Melt Forming 
Additives 52 

In addition to extensive nonradioactive development tests, 

in-cell verification tests were made on each batch of actual 

feed prior to each WSEP demonstration run. The results of 

these tests determined the suitability of the feed for process- 

ing in the spray solidification process. Stick-point,* melting 

point, corrosiveness of the melt, and visual product character- 

istics were noted in laboratory scale tests. The results of 

these tests are shown in Table 3.3. 

* Defined as the temperature at which the calcined feed had a 
tendency to sinter and stick to a metal surface. 



TABLE 3 . 3 .  Results  of Prel iminary Radioactive I n- C e l l  Laboratory Tes ts  
with Adjusted Spray S o l i d i f i e r  Feeds 

WSEP R u n  

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  

Suspended s o l i d s ,  
v o l 8  

Not a v a i l a b l e  

No v i s i b l e  
cor ros ion  of 
304-L SS 
coupon a f t e r  
25 h r  a t  
925 OC 

No s i g n i f i c a n t  
cor ros ion  of  
304-L SS 
coupon a f t e r  
25 h r  a t  
950 O C  

No v i s i b l e  
c o r r o s i o n  of  
304-L SS 
coupon a f t e r  
24 h r  a t  
750 OC 

Not determined No v i s i b l e  
c o r r o s i o n  of 
304-L SS 
coupon a f t e r  
30 h r  a t  
850 OC 

No v i s i b l e  
cor ros ion  of 
304-LL SS 
coupon a f t e r  
24 h r  a t  
850 OC 

Corrosiveness  of mel t  
t o  p o t  m a t e r i a l  

Dul l  b lack ,  
homogenous, 
c r y s t a l l i n e  
s o l i d  

Shiny b lack ,  
homogenous, 
s o l i d  

Product  Appearance Not a v a i l a b l e  Gray, homoge- 
nous,  c r y s t a l -  
l i n e  s o l i d  

Grayish cry-  
s t a l l i n e  
s o l i d ,  poss i-  
b l y  a  l i t t l e  
porous 

800 

Dul l  grey-  
green,  homoge- 
nous,  c r y s t a l -  
l i n e  s o l i d  

S t i c k  P o i n t ,  OC Not determined Not determined 

900 ( c a l c i n e  
on ly )  
700 ( c a l c i n e  
+ NaP03) (a )  

750-775 
( c a l c i n e  
+ NaP03) (a )  

I n i t i a l  me l t ing  850 
p o i n t ,  OC 

a .  1.27M NaP03 f o r  feed a t  378 l i t e r s / t o n n e  
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4.0 SPRAY SOLIDIFICATION PERFORMANCE 

Six radioactive test runs have been completed in WSEP to 

demonstrate the spray solidification process. A major objec- 

tive was to increase the concentrations of radionuclides in 

the waste in each successive run to permit prediction of the 

maximum allowable heat generation rate in a receiver pot. 

Other objectives included determination of the performance of 

the spray solidification process coupled with the auxiliary 

equipment. Major variables of the demonstration runs are 

shown in Table 4.1. 

Engineering-scale performance of the spray solidification 

process with highly radioactive waste generally confirmed 

earlier development work. (1t2r3t4t5) The capacities of the 

equipment and the distribution of radionuclides in the solidi- 

fier condensate were in the range indicated by nonradioactive 

and radioactive work at PNL; however, a higher average per- 

centage of the ruthenium in the feed was volatilized (11 to 75% 

versus 5 to 20%) from the solidifier than in the earlier labora- 

tory-scale radioactive tests. (2) 

Initially the deposition of partially dried calcine on 

the walls and at the bottom of the drying chamber was signifi- 

cant. The use of an internal-mix atomizing nozzle in place of 

the original external-mix nozzle significantly improved the 

atomization of the feed to such a point that solids deposition 

was reduced to an acceptable level. Difficulties were also 

experienced initially with excessive pressure drop across the 

solidifier off-gas filters and insufficient vent capacity to 

maintain proper vacuum in the solidifier during blow-back of 

the off-gas filters. However, after a reduction in the number 

of filters undergoing simultaneous blow-back and a reduction 

in the flow resistance of the off-gas system, it was possible 

to maintain the filter pressure drop and the solidifier vacuum 



Run Mode (a 

TABLE 4.1. Major Demonstration Run Variables 

Pot Waste 
Dim, in. Type 

Radioactivity 
Processed, 

Ci 

Equivalent 
Tonnes 

Processed 

Heat Rate 
Density, Equivalent (b 
W/tonne Age, Y 

a. See Figure 5.2 for WSEP Operating Modes. 

b. Out-of-reactor time for fuel with the same heat generation rate. 
Based on fuel exposed to 20,000 MWd/tonne at 15 MW/tonne. 

c. A modified Mode B (see Section 5). 



a t  acceptable  l e v e l s .  Normally, t h e  off- gas f i l t e r s  decon- 

taminated t h e  s o l i d i f i e r  off-gas of p a r t i c u l a t e s  t o  l e s s  than 

0.1% of t h e  nonvo la t i l e  r a d i o a c t i v i t y  i n  t h e  feed. However, 

t h e  f a i l u r e  of t h e  off- gas f i l t e r s  on one occasion d i d  r e s u l t  

i n  1 0 %  of t h e  calcined waste accumulating with t h e  s o l i d i f i e r  

condensate. 

The discharge of melt batchwise from t h e  melter  made 

poss ib le  t h e  f i l l i n g  of unheated rece ive r  po t s  w i t h  e i t h e r  

PW-1 o r  PW-2 s o l i d i f i e d  waste. The s o l i d i f i c a t i o n  of PW-1 

and PW-2 wastes during t h e  f i r s t  s i x  r ad ioac t ive  demonstra- 

t i o n s  produced products with hea t  generat ion r a t e s  a s  high a s  

168 W/l i ter  i n  an 8-inch-diameter pot .  

4 . 1  OVERALL PROCESSING RATES 

Overal l  processing r a t e s  (based on feeding time t o  t h e  

s o l i d i f i e r )  ranged from 0.72 t o  0.9 tonne/day f o r  PW-1 wastes 

and from 0.46 t o  0.53 tonne/day f o r  PW-2 wastes. These r a t e s  

represent  t h e  production of s o l i d i f i e d  waste products of 20  

t o  30 l i t e r s / d a y  f o r  PW-1 and from 30 t o  33 l i t e r s / d a y  f o r  

PW-2. Table 4 .2  summarizes t h e  da ta  on processing r a t e s .  

The genera l  f a c t o r s  a f f e c t i n g  processing r a t e s  were only 

q u a l i t a t i v e l y  inves t iga ted .  I n  genera l ,  t h e  l imi t ing  f a c t o r s  

a f f e c t i n g  t h e  processing r a t e  a r e  t h e  t ransmission of hea t  

i n t o  t h e  c a l c i n e r  t o  produce a dry free- flowing c a l c i n e  a n d .  

t h e  t ransmission of hea t  i n t o  t h e  mel ter  t o  produce a f l u i d  

melt .  These i n  t u r n  a r e  inf luenced by t h e  feed composition, 

feed atomizat ion,  and furnace temperatures.  The processing 

r a t e  f o r  PW-2 waste was l imi ted  by t h e  mel ter  a t  about 

35 l i t e r s / d a y  of melt  (equivalent  t o  13 l i t e r s / h r  of feed 

t o  t h e  c a l c i n e r  with waste a t  570 l i t e r s / t o n n e ) .  The process- 

ing r a t e  f o r  PW-1 waste i s  probably l imi ted  by both t h e  c a l c i n e r  

and mel t e r  a t  about 20  t o  25 l i t e r s / h r  of feed t o  t h e  c a l c i n e r .  

This i s  equiva lent  t o  approximately 4 0  l i t e r s / d a y  of melt  with 

waste a t  450 l i t e r s / t o n n e .  



TABLE 4.2. WSEP Spray Solidifier Processing Rates 

Aqueous Feed 

Heat Rate 
Density, Volume, Feeding 

Run Type W/liter liters/tonne liters Time, hr -- 

Solidified Product 

Volume, 
Fue 1 Heat Rate 

Equivalents, Density, 
liters/tonne liters tonne W/liter 

Overall Processing Rate (a) 

Feed, Solidified Waste 

liters/hr liters/day tonne/day 

a. Based on actual feeding time to solidifier. 



RADIONUCLIDE HEATING EFFECTS 

Since the high concentrations of radionuclides in high- 

level solidified wastes will produce high internal tempera- 

tures even when the receiver pot is cooled, the maximum allow- 

able temperatures must be determined. The temperatures depend 

on the concentration of radionuclides in the solid product 

(the irradiation history of the fuel and the age of the waste), 

the receiver size, the thermal conductivity of the solid prod- 

uct, and the cooling environment in which the receiver is 

placed. 

The maximum allowable temperatures established for WSEP 

are a product temperature of 900 OC and/or a receiver pot wall 

temperature of 427 OC; if a molten core exists in the receiver 

pot, the radius of the molten core must not exceed one-half 

the receiver pot radius. The 900 OC temperature limits possi- 

ble corrosion to the stainless steel thermowells used to house 

the thermocouples at the centerline of the pots. (The wells 

will probably not be used in production model receiver pots.) 

The 427 OC wall temperature prevents excessive air oxidation of 

the container and allows remote handling of the pot without 

excessive special precautions. Limiting the molten core 

radius prevents molten waste from contacting the pot wall and 

thus reduces the corrosion potential. 

The temperatures caused by the internal heat generation 

rate in the 6 pots are listed in Table 4.3. During the first 

radioactive demonstrations of the spray solidification process 

in WSEP, the internal heat-rate density was increased in each 

successive pot to 168 W/liter in Run SS-6. Because the PW-2 

product has a relatively low remelt temperature of 700 OC, 

the maximum heat-rate density is limited by the molten core 

restriction to 200 to 220 W/liter for an 8-inch diameter 

receiver pot when stored in 38 OC air, while the maximum heat- 

rate density limit for the PW-1 waste product is 220 to 

250 W/liter due to the 900 OC maximum product temperature. 
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While processing PW-1 waste during Runs SS-1, SS-2, and 

t h e  f i r s t  h a l f  of Run SS-5, t h e  r e c e i v e r  pot  furnace w a s  held 

a t  800 t o  850 OC ( i . e . ,  t h e  furnace zones a t  and above t h e  

zone being f i l l e d ;  t h e  furnace zones below these  were turned 
# 

o f f ) .  These furnace temperatures were used t o  avoid s t a l ag-  

mite formation i n  t h e  r ece ive r  pot  from rap id  cooling of t h e  

en te r ing  melt  which can occur with t h e  low m e l t  flow r a t e s  

(approximately 1 . 2  l i t e r s / h r )  encountered during continuous 

weir overflow discharge of t h e  melter .  Per iodic  batch d i s-  

charge of t h e  melt  from t h e  melter  i n t o  t h e  r ece ive r  po t  was 

otherwise genera l ly  used because of t h e  l e s s e r  p o t e n t i a l  f o r  

s t a l agmi te  formation a t  t h e  h igher  e n t e r i n g  melt  r a t e s  

(approximately 50 l i t e r s / h r ) ;  however, c e r t a i n  precaut ions 

a r e  requi red  t o  avoid a temperature excursion i n  t h e  pot. For 

example, on occasion during Run SS-2, when t h e  receiver- pot  

furnace was n o t  turned o f f  ( i .e. ,  t h e  zone i n  which t h e  m e l t  

was being discharged) a t  least s e v e r a l  hours p r i o r  t o  t h e  

batch dump, t h e  i n t e r n a l  temperature i n  t h i s  zone temporarily 

surged t o  a s  high a s  1025 OC. During t h e  l a s t  ha l f  of 

Run SS-5 and a l l  of SS-6, t h e  r ece ive r  pots  were no t  heated 

and they w e r e  f i l l e d  success fu l ly  with PW-1 waste without 

s t a l agmi te  formation using batch f i l l i n g .  This technique a l s o  

permits use of mild s t e e l  conta iners  and t h e  c o l l e c t i o n  of 

s o l i d i f i e d  waste with a high hea t- ra te  dens i ty  such a s  t h a t  

i n  Run SS-6. 

Although a number of temporary surges of t h e  i n t e r n a l  pot  

temperatures occurred ( inc reases  i n  temperatures by approxi- 

mately 700 OC f o r  Run SS-6) when using t h i s  technique f o r  

f i l l i n g  t h e  p o t s ,  t h e  temperatures d i d  no t  become excessive 

s ince  t h e  pot  was r e l a t i v e l y  cool  p r i o r  t o  t h e  dump. Typical 

r ece ive r  pot  temperatures during batch dumping of melt  ( i n  

Run SS-6) a r e  presented i n  Figure 4.1.  Batch f i l l i n g  of an 

unheated rece ive r  with PW-2 s o l i d i f i e d  waste was a l s o  demon- 

s t r a t e d  during Run SS-4. 
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Figure  4 . 2  i s  a  schemat ic  diagram which shows t h e  loca-  

t i o n  of t h e  thermocouples i n  a  r e c e i v e r  po t .  Using one a i r  

blower r a t e d  a t  275 scfm t o  coo l  t h e  r e c e i v e r  p o t  was s u f f i -  

c i e n t  t o  main ta in  t h e  s teady  s t a t e  c e n t e r l i n e  temperature  of 

t h e  r e c e i v e r  p o t  c o n t e n t s  below 780 OC and t h e  s teady  s t a t e  

p o t  w a l l  temperatures  below 4 6 0  OC dur ing  Run SS-6 (which con- 

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  of 168 W/liter t e s t e d  t o  

d a t e ) .  The coo l ing  a i r  blows on to  t h e  o u t s i d e  of and c o o l s  

t h e  furnace  suscep to r .  The p o t  i s  cooled by r a d i a t i o n  t o  t h e  

suscep to r .  D i r e c t  coo l ing  of t h e  p o t  w a l l  ( i n s i d e  t h e  suscep- 

t o r )  w i t h  50 scfm of a i r  was a v a i l a b l e  b u t  no t  used except  i n  

a tes t  du r ing  Run SS-6. This  added coo l ing  decreased t h e  

average p o t  w a l l  temperature  35 O C  below t h a t  a t t a i n e d  wi th  

e x t e r n a l  suscep to r  cool ing  only.  

4 . 3  WASTE VOLUME REDUCTION 

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

waste processed dur ing  s o l i d i f i c a t i o n ,  t h e  o v e r a l l  volume 

r educ t ion  f a c t o r s  ( t h e  volume of aqueous waste a t  378 l i ters/  

tonne t o  t h e  volume of s o l i d i f i e d  waste p roduc t )  v a r i e d  from 

6.0 t o  13.5. Volume r educ t ion  f a c t o r s  are summarized i n  

Table 4 . 4 .  Estimated va lues  of volume r educ t ion  d i f f e r e d  from 

observed va lues  by 2% i n  Run SS-6 t o  a  maximum of 15% i n  

Run SS-1, w i t h  an average' d i f f e r e n c e  of less than  9 % .  For t h e  

l a s t  two demonstra t ion runs  (Runs SS-5 and SS-6) w i th  PW-1 . 

waste, t h e  volume r educ t ion  averaged 11.3 and agreed w i t h  t h e  

average of t h e  e s t ima ted  va lues .  During t h e  f i r s t  two runs  

(Runs SS-1 and SS-2), however, t h e  volume r educ t ion  w a s  h igher  

a t  13.0 t o  13.5. These h ighe r  va lues  were probably due t o  t h e  

a d d i t i o n  of  i n s u f f i c i e n t  q u a n t i t i e s  of nonrad ioac t ive  makeup 

and f l u x i n g  chemicals ,  and due t o  some holdup of  p roduc t  i n  

t h e  s o l i d i f i e r  p a r t i c u l a r l y  i n  Run SS-1. During Run SS-4 

where s u l f a t e- c o n t a i n i n g  PW-2 waste was processed,  t h e  volume 

r educ t ion  f a c t o r  w a s  6.0. A s  a  r e s u l t  of t h e  e a r l y  t e rmina t ion  
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TABLE 4 . 4 .  Volume Reductions 

Waste 
Run Type 

Measured 
Overall (a) Estimated (b) Density 
Volume Volume of 

Reduction Reduction Product, 
Factor Factor a /mR 

Volume of 
Product, 

liters/tonne 

a. Volume ratio of initial aqueous waste at 3 7 8  liters/tonne 
to the measured volume of the final solidified waste. 

b- Based on laboratory-measured density of the product and 
the estimated total weight of the adjusted-waste oxides. 

of Run SS-3, the volume of the melt was not measured in the 

receiver pot, and the volume of product was calculated from 

the laboratory-measured density and the estimated net weight 

in the pot. See Table 9.1 in the appendix for typical PW-1 

and PW-2 waste compositions. 

4 . 4  VOLATILIZATION OF FISSION PRODUCTS 

An important objective during the six spray solidifica- 

tion runs was to characterize the path and behavior of volatile 

fission products which are present in the waste. During the 

six demonstration runs, ruthenium and cesium were the only 

fission products volatilized. Appreciable quantities of 

ruthenium were volatilized (11 to 76%) while cesium was only 

slightly volatilized (0.1 to 0.3%) . 
Most of the ruthenium that was volatilized during spray 

solidification was collected with the solidifier condensate in 



t h e  WSEP a u x i l i a r y  evapora tor  o r  i n  t h e  condensate r e c e i v e r  

tank.  The accumulation of  ruthenium i n  t h e  condensate is  

shown i n  Figure  4.3 a s  a func t ion  of t h e  f r a c t i o n  of  feed  

processed f o r  t h e  s i x  demonstrat ion runs .  

While p rocess ing  PW-1 waste du r ing  Runs SS-1, SS-2, SS-5, 

and SS-6, t h e  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  ranged 

from 50 t o  75%, which was i n  good agreement wi th  nonrad ioc t ive  

tests.  ( 6 )  However, when process ing  PW-2 waste ,  73% of t h e  

ruthenium w a s  v o l a t i l i z e d  dur ing  Run SS-3 whi le  only  11% of 

t h e  ruthenium w a s  v o l a t i l i z e d  dur ing  Run SS-4. Nonradioactive 

t e s t s  (7 ) had i n d i c a t e d  t h a t  t h e  percen tage  of ruthenium vola-  

t i l i z e d  whi le  p rocess ing  PW-2 waste should be i n  t h e  same range 

a s  t h a t  f o r  PW-1 waste.  Analysis  of t h e  s o l i d i f i e d  waste prod- 

u c t  from Run SS-4 could only  account f o r  30% of  t h e  ruthenium, 

thereby  l e a v i n g  approximately 60% o f  t h e  ruthenium unaccounted 

f o r ;  however, t h e  a n a l y s i s  of t h e  s o l i d i f i e d  waste produc t  f o r  

ruthenium i s  known t o  be  u n r e l i a b l e .  The d i sc repancy  i n  t h e  

ruthenium v o l a t i l i t y  f o r  Runs SS-3 and SS-4 w a s  n o t  reso lved .  

It w a s  determined du r ing  nonrad ioac t ive  tests (617) w i t h  

PW-1 and PW-2 wastes, t h a t  most of  t h e  ruthenium w a s  v o l a t i l i z e d  

dur ing  t h e  spray  c a l c i n a t i o n  s t e p  r a t h e r  than dur ing  mel t ing .  

Applying t h i s  b a s i s  t o  t h e  r e s u l t s  of  Run SS-3, only  3% of t h e  

76% ruthenium accusnulated i n  t h e  s o l i d i f i e r  condensate w a s  

a s s o c i a t e d  w i t h  t h e  1 0 %  e n t r a i n e d  c a l c i n e ;  t h e r e f o r e ,  73% of 

t h e  ruthenium processed du r ing  SS-3 w a s  e s t ima ted  t o  have been 

v o l a t i l i z e d .  Due t o  t h e  r e l a t i v e l y  low entra inment  from t h e  

s o l i d i f i e r  du r ing  t h e  o t h e r  f i v e  runs ,  e s s e n t i a l l y  a l l  t h e  

ruthenium accumulated i n  t h e  s o l i d i f i e r  condensate w a s  t h e  

r e s u l t  of v o l a t i l i z a t i o n .  A s  shown i n  Figure  4.3, t h e  v o l a t i l i -  

z a t i o n  r a t e  of ruthenium was r e l a t i v e l y  c o n s t a n t  du r ing  t h e  

course  of  a run ,  and was appa ren t ly  una f f ec t ed  by t h e  m u l t i p l e  

s t a r t u p s  and shutdowns t h a t  occur red  dur ing  s e v e r a l  of t h e  

runs  (SS-3, SS-4, and SS-6). Table 4 . 5  l i s t s  t h e  ruthenium 
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SS-1 

SS-2 

SS-3 

ss-4 

SS-5 

SS-6 

TABLE 4.5. Ruthenium v o l a t i l i z a t i o n  from t h e  Spray S o l i d i f i e r  

", 
S p e c i f i c  Radioruthenium Ca lc ine r  Temps., O C  

Feed 
(a)  

in Feed Feed Rate 
Volume, Waste Composition Inc lud ing  Addi t ives  t o  I n t e r n a l  (b) Drying Pe rcen t  S o l i d i f i e r  (dl 

Waste l i t e r s /  + T o t a l ,  Conc. C i /  S o l i d i f i e r ,  Drying Chamber ( C )  Ruthenium 
Mode Type tonne Na ~ 1 ' ~  Fe CM' -2 -2 

H'  NO^  SO^ ~ 0 4  -- Ru C i  l i t e r  R/hr Furnace Chamber E x i t  Gas V o l a t i l i z e d  

a .  Actual  concen t r a t i ons  a t  time of  p rocess ing .  

b.  Temperatures a r e  measured nea r  t h e  d ry ing  chamber w a l l  and range from t o p  t o  hottom. 

C. Temperature measured i n  c o n i c a l  bottom s e c t i o n  of d ry ing  chamber. 

d. Percen t  of t o t a l  ruthenium fed  t o  t h e  s o l i d i f i e r .  



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  along wi th  o t h e r  v a r i a b l e s  

t h a t  could a f f e c t  ruthenium v o l a t i l i z a t i o n .  

The ruthenium v o l a t i l i z e d  from t h e  spray  s o l i d i f i e r  

(11 t o  75%) whi le  p rocess ing  PW-1 and PW-2 wastes dur ing  

t h e  r a d i o a c t i v e  demonstra t ion runs  w a s  app rec i ab ly  h igher  

t han  t h e  5 t o  2 0 %  r epo r t ed  i n  e a r l i e r  l abo ra to ry- sca l e  rad io-  

a c t i v e  t e s t s  ( 2 )  whi le  p rocess ing  similar Purex type  waste. 

Aside from some d i f f e r e n c e s  i n  feed composit ion,  t h e  reduced 

ruthenium v o l a t i l i z a t i o n  i n  t h e  l a b o r a t o r y  tests may have been 

p a r t l y  caused by t h e  h igher  c a l c i n e r  t empera tures .  The approxi-  

mately 100 OC h ighe r  w a l l  temperature  and t h e  h igher  r a t i o  of 

h e a t  t r a n s f e r  a r e a  r e l a t i v e  t o  feed r a t e  ( f a c t o r  of  3 t o  4 )  

used du r ing  t h e s e  e a r l i e r  tests probably r e s u l t e d  i n  i n t e r n a l  

c a l c i n e r  temperatures  100 t o  200 OC h ighe r  than t h o s e  shown 

i n  Table 4 . 5  f o r  t h e  spray  s o l i d i f i c a t i o n  runs .  A s i g n i f i c a n t  

r educ t ion  i n  ruthenium v o l a t i l i z a t i o n  from a f l u i d  bed cal- 

c i n e r  was noted (8) a s  t h e  ope ra t ing  temperature  was inc reased  

(from 400 t o  500 OC) and w a s  a t t r i b u t e d  t o  t h e  i n s t a b i l i t y  o f  

ruthenium t e t r o x i d e  a t  h igh  temperatures .  

Nonradioactive spray  s o l i d i f i e r  t e s t s  ''I lo) wi th  PW-1 

and PW-2 wastes  have i n d i c a t e d  a decrease  i n  ruthenium 

v o l a t i l i t y  as t h e  feed  a c i d i t y  was decreased and when t h e  

phosphoric  a c i d  f l u x  w a s  n o t  inc luded  i n  t h e  feed .  The 

decrease  i n  ruthenium v o l a t i l i z a t i o n  w i t h  a r educ t ion  i n  f eed  

a c i d i t y  has  a l s o  been noted (11) f o r  b o i l i n g  waste s o l u t i o n s .  

The apparen t  e f f e c t  on ruthenium v o l a t i l i z a t i o n  due t o  t h e  

presence  of phosphoric a c i d  i n  t h e  waste i s  n o t  r e a d i l y  

exp la ined ,  s i n c e  dur ing  t h e  e a r l i e r  l abo ra to ry- sca l e  rad io-  

a c t i v e  t e s t s  ( 2 )  i t s  presence o r  nonpresence d i d  n o t  appear t o  

have an e f f e c t .  (Also,  t h e  presence of phosphate i n  t h e  b o i l -  

i n g  concen t r a t e  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  

i s  thought  t o  decrease  ruthenium v o l a t i l i z a t i o n  below t h a t  

which would occur  from a s i m i l a r l y  b o i l i n g  concen t r a t e  wi thout  



phosphate . )  (12) The unc lea r  e f f e c t  of phosphate on ruthenium 

v o l a t i l i z a t i o n  i s  n o t  s u r p r i s i n g  i n  view of  t h e  complexity of 

ruthenium chemist ry .  

A s i g n i f i c a n t  r educ t ion  of t h e  ruthenium v o l a t i l i z e d  from 

t h e  spray  s o l i d i f i e r  would probably be accomplished by n e u t r a l -  

i z a t i o n  of t h e  feed  o r  t h e  a d d i t i o n  of a  chemical  r e d u c t a n t  

( e .g . ,  s u g a r )  t o  t h e  feed as done i n  t h e  e a r l i e r  l abo ra to ry-  

s c a l e  r a d i o a c t i v e  tests .  ( 2 )  For example, sugar  a t  50 g / l i t e r  

of feed was i n j e c t e d  i n t o  t h e  feed l i n e  dur ing  a  nonrad ioac t ive  

developmental  t e s t  wi th  PW-1 was te ,  and t h e  ruthenium v o l a t i l i -  

z a t i o n  was reduced from t h e  normal 6 0  t o  2 0 % .  ( 7 )  

An a l t e r n a t e  approach t o  maximum suppress ion  of  v o l a t i l i z a -  

t i o n  would be t o  adapt  a  c lose- coupled scheme i n  which t h e  

v o l a t i l i z e d  ruthenium i s  scrubbed from t h e  s o l i d i f i e r  o f f- gas  

and r ecyc l ed  back t o  t h e  s o l i d i f i e r  feed .  With t h i s  k ind  of 

scheme, ruthenium v o l a t i l i z a t i o n  a s  h igh  a s  t h a t  encountered 

i n  t h e s e  demonstra t ion t e s t s  could be  t o l e r a t e d  i f  no opera-  

t i o n a l  d i f f i c u l t i e s  (such a s  o f f- gas  l i n e  p lugs )  were 

encountered,  and i f  t h e  gas  scrubbing s t e p  was e f f i c i e n t  

enough t o  a s s u r e  t h a t  i n t o l e r a b l e  l e v e l s  of  ruthenium d i d  n o t  

r e s u l t  downstream of  t h e  sc rubber .  

During t h e  demonstra t ion r u n s ,  t h e  q u a n t i t i e s  of cesium 

l eav ing  t h e  s o l i d i f i e r  w i th  t h e  of f- gas  were g e n e r a l l y  h ighe r  

than  could be a t t r i b u t e d  t o  en t ra inment  and i n d i c a t e d  t h a t  

cesium was v o l a t i l i z e d  i n  t h e  range of 0 . 1  t o  0.3%. The 

cesium v o l a t i l i z a t i o n  was probably e n t i r e l y  from t h e  m e l t e r  

s i n c e  l a b o r a t o r y  d a t a  on cesium v o l a t i l i t y  from phosphate 

me l t s  (I8) can more than  account f o r  t h e  q u a n t i t i e s  of cesium 

r e l e a s e d .  



4.5  SPRAY CALCINER PERFORMANCE 

Although some process  and equipment d i f f i c u l t i e s  were 

encountered,  t hey  w e r e  r e so lved  s o  t h a t  t h e  r e s u l t a n t  spray  

c a l c i n e r  performance was q u i t e  s a t i s f a c t o r y .  Those i t ems  

which in f luenced  t h e  performance of t h e  process  and equipment 

a r e  d i scus sed  below. P e r t i n e n t  o v e r a l l  spray  c a l c i n e r  run 

parameters  are presen ted  i n  Table  4 .6 .  

4.5.1 Ca lc ine r  Feed System 

The a d j u s t e d  waste i s  pumped through a two- fluid  pneumatic 

a tomizing nozz le  and sprayed i n t o  t h e  t o p  of  t h e  c a l c i n e r .  (13) 

A i r  w a s  used as t h e  atomizing gas  du r ing  a l l  s i x  demonstra t ion 

r u n s ,  s i n c e  it had proved t o  be more r e l i a b l e  than  steam dur-  

i n g  d e s i g n  v e r i f i c a t i o n  and nonrad ioac t ive  tests.  (6 

With t h e  c a l c i n e r  a t  ope ra t ing  temperature  and t h e  atomiz- 

i n g  a i r  on a t  4 0  t o  45 p s i g ,  t h e  spray  c a l c i n e r  was s t a r t e d  by 

feed ing  water a t  approximately 15 l i t e r s / h r .  Water was f e d  t o  

t h e  c a l c i n e r  f o r  10 t o  20 minutes t o  permi t  t h e  c a l c i n e r  t e m -  

p e r a t u r e s  t o  l e v e l  o u t .  Feed w a s  t hen  slowly blended wi th  t h e  

water over  a 1- t o  2-minute pe r iod  u n t i l  on ly  waste w a s  being 

f ed  and t h e  water w a s  o f f .  The aqueous f eed  r a t e  t o  t h e  

s o l i d i f i e r  ranged from 11 t o  12 l i t e r s / h r  whi le  p rocess ing  

PW-2 waste and 13  t o  18 l i t e r s / h r  whi le  p rocess ing  PW-1 waste. 

Process ing  rates are summarized i n  Table 4.2. Shutdown 

involved an immediate switch t o  feed ing  wate r  f o r  20 t o  30 

minutes. The use  of w a t e r  du r ing  s t a r t u p  and shutdown avoided 

nozz le  plugging problems which would r e s u l t  i f  feed w a s  t u rned  

on d i r e c t l y  t o  t h e  h o t  nozz le  o r  i f  t h e  nozz le  w a s  n o t  ade- 

q u a t e l y  f l u shed  a t  t h e  end of  t h e  run.  

Excess ive  depos i t i on  of  p a r t i a l l y  d r i e d  c a l c i n e  i n  t h e  

c o n i c a l  o u t l e t  and on t h e  w a l l s  of t h e  c a l c i n e r  r e s u l t e d  i n  

t h e  premature t e rmina t ion  o f  Run SS-1. The exces s ive  deposi-  

t i o n  was a t t r i b u t e d  t o  inadequate  a tomiza t ion  of t h e  feed.  



TABLE 4 . 6 .  Spray C a l c i n e r  Operat ing Parameters  

F e e d  ( a )  
Average A v e r a g e  C a l c i n e r  P r e s s u r e ,  C a l c i n a t i o n  

R a t e ,  l i t e r s / h r  Rate,  i n c h e s  o f  w a t e r  A v e r a g e  
Temp, T i m e ,  C a l c i n e r  F u r n a c e  

Run T y p e  OC h r  A v e r a g e  Range  k g / h r  N o r m a l  D u r i n g  B l o w b a c k  Temp,  OC 

SS- 2 PW-1 2 9  5  7  1 3  12- 22 3 . 0  -8 +2  (+4  max)  7 0 0  

SS- 3 PW-2 40 3  2  11 8- 13 2 . 6  - 12  0  ( + 5  m a x )  6 7 0  

O f f- G a s  F i l t e r s  

A t o m i z i n v  A i r  ( b )  P r e s s u r e  D r o p ,  
i n .  o f  Water ( c )  B l o w b a c k  G a s  ( d )  

A v e r a g e  A v e r a g e  N o n c o n d e n s a b l e  F i l t e r  F a c e  
& P r e s s . ,  Temp, F l o w ,  S t a r t  E n d o f  O f f- G a s  V e l o c i t y ,  C h a m b e r  Temp, P r e s s .  , 
P 

Run p s i g  OC s c f m  o f  Run Maximum Run F l o w ,  s c f m  f  t / m i n  Temp,  OC T y p e  OC p s i g  
00 

S S- 1  5 5  3 5 0  - -- 7 .0  1 1 . 0  1 1 . 0  11 3 . 0  3 0 0  steam 3 4 5  2 6  

SS-2 4 0  30- 320  6 . 0  9 . 0  1 8 . 0  1 8 . 0  11 2 . 8  3 2 0  s t e a m  3 5 0  2 0- 3 3  

SS- 3 4 3  3  0  6 . 0  3 .0  1 1 . 0  1 1 . 0  1 3  3 . 1  3 5 0  s t e a m  3 5 0  2 7  

SS-4 4 5  3  0  6 . 8  5 . 8  7 . 5  7.5 1 3  2 . 9  3 0 0  a i r  3 1 5  4  0  

SS-5 40  %3 0  8.6 4 .0  6 . 5  5 . 4  1 7  4 . 2  3 4 0  a i r  3 5 0  4 0  

SS-6 4 5  s 3  0  8 .5  5 . 7  7 .0  6 . 0  ~ 2  0  4 . 4  3  0  0  a i r  3 5 0  4 5  

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

b. An e x t e r n a l - m i x  f e e d  n o z z l e  w a s  u s e d  d u r i n g  S S- 1  w h i l e  a n  i n t e r n a l - m i x  n o z z l e  w a s  u s e d  d u r i n g  t h e  
r e m a i n i n g  r u n s .  

c. G a s  t e m p e r a t u r e  a s s u m e d  t h e  s a m e  a s  f i l t e r  c h a m b e r  t e m p e r a t u r e .  
Y 

d. T h e  f i l t e r s  w e r e  b l o w n  b a c k  t h r e e  a t  a t i m e  d u r i n g  t h e  f i r s t  t h r e e  r u n s  a n d  t w o  a t  a t i m e  d u r i n g  l a s t  % 
t h r e e  r u n s .  q 

7 
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Coarse spray droplets were produced which were not adequately 

dried prior to striking the hot walls or exiting the drying 

chamber. 

Nozzle screening tests (14r15) were conducted to find a 

nozzle which performed better than the external-mix pneumatic 

atomizing nozzle (Spraying Systems Company Setup No. 5) used 

during Run SS-1. The tests resulted in the selection of an 

internal-mix nozzle (Spray Systems Company Setup No. 42) since 

it produced a spray with a significantly smaller median drop 

size and more uniform pattern. It was also the most compatible 

of the nozzles tested with existing WSEP equipment. 

An internal-mix feed nozzle was used during the last five 

runs as shown in Table 4.7. The first internal-mix feed nozzle 

used during Run SS-2 performed satisfactorily but it was 

necessary to replace it prior to Run SS-3 because the cleanout 

needle became jammed and would not operate. The performance 

of the second internal-mix nozzle was satisfactory during 

Runs SS-3, SS-4, SS-5, and SS-6. The nozzle was replaced 

after SS-6 due to the presence of deposition in the calciner 

and increased nozzle air consumption which may have indicated 

erosion of the nozzle orifice. Erosion of the internal-mix 

nozzle orifice had been noted during nonradioactive tests, (7 

and was particularly pronounced with PW-2 wastes and when using 

a preheated atomizing gas. The PW-2 waste was apparently more 

abrasive than PW-1 because the solids in PW-2 feed are more 

crystalline in nature while the PW-1 solids are essentially 

amorphorous. The feed nozzle was visually inspected after 

Run SS-6 and no extensive erosion was noted; however, it could 

not be concluded that erosion had not occurred, since the 

inspection was done remotely and the nozzle could not be 

examined internally, as done during nonradioactive tests. 



TABLE 4.7. Feed Nozzle Operating His tory  

Nozzle Runs Feed on 
No . Type Used Time, h r  Comments 

1 e x t e r n a l -  SS-1 4 1  
mix 

2  i n t e r n a l -  SS-2 106 
mix 

3 i n t e r n a l -  SS-3, 180 
mix SS-4, 

SS-5 f 
SS-6 

Was used 4 h r  du r ing  a  nonradio-  
a c t i v e  run p r i o r  t o  SS-1. The 
nozz le  w a s  r ep l aced  a f t e r  SS-1 
because of  exces s ive  d e p o s i t i o n  
i n  c a l c i n e r  dur ing  SS-1 

Was used 49 h r  dur ing  nonradio-  
a c t i v e  r u n s  p r i o r  t o  SS-2. The 
nozz le  w a s  r ep l aced  p r i o r  t o  
SS-3 because of a  mal func t ion ing  
c l eanou t  assembly 

Was rep l aced  a f t e r  SS-6 because 
of d e p o s i t i o n  i n  c a l c i n e r  and 
i n d i c a t i o n  of  p o s s i b l e  e r o s i o n  
of nozz le  o r i f i c e .  

A f t e r  Run SS-6, 1 0  t o  1 2  ki lograms of  depos i t ed  c a l c i n e  

were removed from t h e  c o n i c a l  bottom s e c t i o n  of t h e  c a l c i n e r  

below t h e  d ry ing  chamber. The d e p o s i t i o n  was be l i eved  t o  have 

accumhlated over  t h e  l a s t  f i v e  runs  ( t h e  s o l i d i f i e r  was f l u s h e d  

p r i o r  t o  Run SS-2) a s  a r e s u l t  o f  inadequa te  feed a tomiza t ion  

caused by widely- varying,  i n t e r m i t t e n t  o f f- s t anda rd  c o n d i t i o n s  

of f eed  flow. The absence of  d e p o s i t i o n  on t h e  d ry ing  chamber 

w a l l s  i n d i c a t e d  t h a t  a tomiza t ion  a t  t h e  edge o f  t h e  spray  pa t-  

t e r n  was s a t i s f a c t o r y .  However, t h e  c e n t e r  of t h e  spray  was 
appa ren t ly  n o t  adequa te ly  atomized t o  permit  d ry ing  of  t h e  

l a r g e r  p a r t i c l e s  i n  t h e  c a l c i n e r .  The r e s u l t  was a slow 

build- up of  d e p o s i t s  on t h e  bottom c o n i c a l  s e c t i o n  of  t h e  

c a l c i n e r .  This  d e p o s i t i o n  probably occur red  each t i m e  a s i g-  

n i f i c a n t  i n c r e a s e  i n  feed flow occurred ( t h e  median drop size 
from a  pneumatic atomizing nozz le  i n c r e a s e s  d i r e c t l y  wi th  

i n c r e a s i n g  l i q u i d - t o - a i r  volume r a t i o )  . (15) This exper ience  

p o i n t s  o u t  t h e  importance of r e l a t i v e l y  smooth c o n t r o l  of  

atomizing g a s  and feed  flow rates. 



The feed  f low c o n t r o l  du r ing  a l l  t h e  runs  was much less 

than  adequate.  The d i f f i c u l t i e s  were due t o  t h e  i n s e n s i t i v i t y  

o f  t h e  magnetic flowmeter, t h e  sens ing  element i n  t h e  feed  

f low c o n t r o l  loop,  t o  changes i n  feed  flow rate. The s e n s i-  

t i v i t y  problem occurred p r i m a r i l y  because t h e  15 t o  20 l i t e r s / h r  

feed rates d e s i r e d  f o r  t h e  spray  s o l i d i f i e r  a r e  w e l l  below t h e  

lower range  of t h e  recommended o p e r a t i n g  range f o r  t h e  flow- 

meter .  Although t h e  flowmeter had t h e  smallest tube  diameter  

(3/16 i n c h )  which would provide s u f f i c i e n t  flow a r e a  t o  mini-  

mize plugging problems, t h e  r e s u l t a n t  f l u i d  v e l o c i t y  was i n s u f-  

f i c i e n t  f o r  good ope ra t ion .  This  d i f f i c u l t y  wi th  feed f low 

c o n t r o l  can probably be reso lved  by us ing  o t h e r  flowmeters o r  

it w i l l  probably r e s o l v e  i t s e l f  i n  s c a l i n g  up t h e  process  t o  

t h e  h i g h e r  r a t e s  t h a t  w i l l  be encountered i n  most production-  

s c a l e  u n i t s .  

The d e p o s i t i o n  no ted  i n  t h e  c a l c i n e r  a f t e r  Run SS-6 

r ep re sen ted  l e s s  t han  2 %  of t h e  c a l c i n e  produced dur ing  t h e  

l a s t  f o u r  runs  d e s p i t e  t h e  poor f eed  c o n t r o l .  Even wi th  t h e s e  

feed  c o n d i t i o n s ,  t h e  use  of t h e  in te rna l- mix  nozzle  had reduced 

d e p o s i t i o n  t o  an accep tab le  l e v e l .  S ince  t h e  depos i t i on  

encountered w a s  a l l  a t  t h e  bottom c o n i c a l  s e c t i o n  of t h e  cal- 

c i n e r ,  a  s imple  b u i l t - i n  mechanical s c r a p e r  could e l i m i n a t e  

any down t i m e  f o r  t h e  depos i t i on .  

Due t o  t h e  h igh  s a l t  and s o l i d s  con ten t  of t h e  f eed ,  t h e  

h igh  nozz le  ope ra t ing  tempera ture ,  and t h e  s m a l l  d iameter  of  

t h e  nozz l e  feed  p o r t  (0 .1  i nch  i n s i d e  d i a m e t e r ) ,  occas iona l  

p lugs  formed on t h e  feed s i d e  of t h e  nozz le .  The format ion of 

a plug w a s  no ted  by a  sudden drop i n  t h e  feed  f low t o  t h e  c a l-  

c i n e r .  The nozz le  c leanout  need le  proved thoroughly e f f e c t i v e  

i n  removing t h e s e  plug format ions  when used be fo re  a complete 

s toppage of  feed  f low occur red .  The atomizing a i r  w a s  pre-  

hea ted  t o  approximately 300 OC dur ing  Run SS-1 and t h e  e a r l y  

p o r t i o n  of  Run SS-2; however, when t h e  a i r  was n o t  p rehea ted ,  
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t h e  occurrence of nozz le  plugs  was s i g n i f i c a n t l y  reduced. 

Nonheated a tomizing a i r  was used du r ing  t h e  remainder of  t h e  

runs .  

On one occas ion  (dur ing  Run SS-3) t h e  a i r  s i d e  of t h e  

nozz le  became p a r t i a l l y  plugged a f t e r  t h e  atomizing a i r  w a s  

s h u t  o f f  du r ing  a  shutdown per iod .  The plug was t h e  r e s u l t  

of inadequa te  f l u s h i n g  of t h e  nozz le  p r i o r  t o  t u r n i n g  o f f  t h e  

atomizing a i r  and r e s i d u a l  feed d r i e d  i n  t h e  h o t  nozzle .  The 

nozz le  had t o  be removed from t h e  s o l i d i f i e r  and given a l t e r -  

n a t e  f l u s h e s  o f  n i t r i c  a c i d  and sodium hydroxide t o  remove t h e  

plug.  A system was l a te r  i n s t a l l e d  which w i l l  a l low f l u s h i n g  

of t h e  a i r  s i d e  of t h e  nozz le  whi le  on t h e  s o l i d i f i e r  by add- 

i n g  small amounts of  n i t r i c  a c i d  d i r e c t l y  t o  t h e  a tomizing a i r .  

4.5.2 Drying Chamber 

I n  g e n e r a l ,  a l l  t h r e e  zones of t h e  c a l c i n e r  fu rnace  were 

opera ted  a t  approximately  700 O C  wh i l e  p rocess ing  PW-1 waste 

and a t  670 t o  680 O C  whi le  p rocess ing  PW-2 waste.  Lower t e m -  

p e r a t u r e s  were used whi le  p rocess ing  ad jus t ed  PW-2 waste  

because o f  i t s  tendency t o  s i n t e r  and s t i c k  a t  a  temperature  

of 700 t o  725 O C .  The " s t i c k  p o i n t "  of t h e  a d j u s t e d  PW-1 waste  

i s  about  800 O C .  Excessive s c a l i n g  of t h e  hea ted  d ry ing  

chamber w a l l s  only  occur red  du r ing  Run SS-1 due t o  poor f eed  

a tomiza t ion  a s  d i scus sed  prev ious ly .  Sca l ing  was minimal 

du r ing  t h e  remaining f i v e  runs .  

The n e t  c a l c i n e r  h e a t  requirements  dur ing  process ing  

ranged from 1 4  t o  16 k i l o w a t t s ,  w i th  about  4 0 %  of t h i s  used 

i n  each of  t h e  t o p  two furnace  zones. Due t o  t h e  smal l  ho ld  

up and s h o r t  r e s idence  t ime (6 t o  1 0  seconds) of t h e  waste  i n  

t h e  d ry ing  chamber, t h e  c o n t r i b u t i o n  of t h e  i n t e r n a l  h e a t  

gene ra t ion  i n  t h e  waste t o  t h e  c a l c i n e r  h e a t  requirements  

was n e g l i g i b l e .  



The i n t e r n a l  w a l l  temperatures  of t h e  c a l c i n e r  were use- 

f u l  i n d i c a t o r s  of ope ra t ion  by providing immediate response 

t o  changes i n  c a l c i n e r  feed  f low which w e r e  n o t  i n d i c a t e d  by 

t h e  feed  flowmeter. This  allowed e a r l y  f eed  f low rate cor rec-  

t i v e  a c t i o n  t o  be taken which would n o t  have o therwise  been 

p o s s i b l e  i f  t o t a l  r e l i a n c e  on t h e  flowmeter o r  t h e  dropout  

rate from t h e  feed  tank  had been r equ i r ed ,  Although t h e  tem- 

p e r a t u r e s  i n  t h e  t o p  c a l c i n e r  zone ranged from 300 t o  500 O C  

f o r  t h e  s i x  runs ,  a  temperature  of 350 t o  400 O C  was about 

optimum f o r  a feed  r a t e  of approximately 16 l i t e r s / h r .  Typica l  

c a l c i n e r  temperatures  du r ing  process ing  of PW-1 waste (Run SS-5) 

and PW-2 waste (Run SS-4) a r e  p resen ted  i n  F igures  4 . 4  and 4 .5  

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

The f r e e- p i s t o n ,  a i r- ope ra t ed  v i b r a t o r  mounted on t o p  of 

t h e  c a l c i n e r  performed s a t i s f a c t o r i l y  a t  d i s lodg ing  c a l c i n e  

from t h e  dry ing  chamber w a l l s  du r ing  t h e  s i x  runs;  however, 

some mechanical d i f f i c u l t i e s  were exper ienced wi th  it. It was 
necessary t o  r e p l a c e  it p r i o r  t o  Run SS-3 due t o  a s t u c k  p i s t o n .  

During Run SS-4 t h e  welds on t h e  v i b r a t o r  mounting broke l o o s e  

from t h e  t o p  f l ange  of t h e  c a l c i n e r .  A technique f o r  mounting 

t h e  v i b r a t o r  was improvised. The technique cons i s t ed  of  b o l t -  

i n g  a replacement v i b r a t o r  t o  a heavy metal c y l i n d e r  which f i t  

over  a dowel p i n  on t h e  c a l c i n e r  f l ange  and had s u f f i c i e n t  

weight t o  p revent  t h e  assembly from bouncing o f f  t h e  p i n  when 

t h e  v i b r a t o r  w a s  ope ra t ing .  This t echnique  proved s a t i s f a c t o r y  

f o r  t h e  remainder of  Run SS-4 and t h e  remaining runs .  It was 
necessary  t o  r e p l a c e  t h e  v i b r a t o r  dur ing  Runs SS-6, however, 

because it q u i t  v i b r a t i n g .  The v i b r a t o r  was normally a c t u a t e d  

f o r  2 seconds of  every  minute w i t h  an a i r  supply p re s su re  

ranging from 4 0  t o  60 ps ig .  
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4.5.3 Off-Gas F i l t r a t i o n  

The c a l c i n e r  and melter of f- gases  e x i t  t h e  s o l i d i f i e r  

through 1 5  square  f e e t  of s i n t e r e d  powder meta l  (316-L s t a i n -  

l e s s  s t e e l )  f i l t e r s .  The f i l t e r s  a r e  c leaned by p e r i o d i c a l l y  

blowing superhea ted  steam o r  a i r  back through them. 

With t h e  except ion  of Run SS-3, on t h e  average l e s s  t han  

0 . 1 %  of t h e  n o n v o l a t i l e  r a d i o a c t i v i t y  w a s  e n t r a i n e d  from t h e  

s o l i d i f i e r  du r ing  t h e  runs  a s  shown i n  Table 4.8. The f a c t  

t h a t  t h e  cumulat ive  pe rcen t  en t ra inment  i s  h igher  t h a n  t h e  

i n s t an t aneous  va lues  may i n d i c a t e  t h a t  a  b u r s t  of c a l c i n e  

passed t h e  f i l t e r s  a t  t h e  s ta r t  of  t h e  run whi le  t h e  f i l t e r  

TABLE 4.8. Entrainment from t h e  Spray S o l i d i f i e r  

Pe rcen t  of 1 4 4 ~ e - ~ r  i n  Feed Ent ra ined  
from t h e  S o l i d i f i e r  

Run T o t a l  Run(a) In s t an t aneous ly  (b  Comments 

F a i l e d  
F i l t e r s  

a. Based on t h e  
1 4 4  

Ce-Pr c o l l e c t e d  i n  t h e  accumulated 
s o l i d i f i e r  condensate f o r  t h e  t o t a l  run.  

b. Based on p e r i o d i c  s o l i d i f i e r  condensate  l i n e  
samples. 

c o a t  was being e s t a b l i s h e d .  During Run SS-3, 1 0 %  of t h e  c a l -  

c i n e  was e n t r a i n e d  from t h e  s o l i d i f i e r ,  and r e s u l t e d  i n  a 

p a r t i a l  p lugging of t h e  vent  l i n e  which even tua l ly  fo rced  

e a r l y  t e rmina t ion  of t h e  run.  A f t e r  t h e  run ,  two of t h e  

15 s i n t e r e d  powder me ta l  f i l t e r s  were found t o  have f a i l e d  a s  

shown i n  F igure  4.6. Both f a i l u r e s  occur red  j u s t  below t h e  





t o p  manufacturer  ' s c i r c u m f e r e n t i a l  weld which j o i n s  t h e  porous 

meta l  t o  a  s o l i d  c o l l a r .  The c o l l a r  connects  t h e  f i l t e r s  t o  

v e n t u r i s  through which t h e  of f- gases  e x i t .  The p u l s e  of blow- 

back gas  i s  rou ted  through t h e  v e n t u r i s  i n  t h e  r eve r se  d i r e c-  

t i o n  f o r  f i l t e r  c lean ing .  The of f- gas  f i l t e r s  f a i l e d  a f t e r  

approximately 400 hours of a c t u a l  s e r v i c e  time (feed-on- time , 
nonrad ioac t ive  and r a d i o a c t i v e  s e r v i c e )  a l though they had been 

i n s t a l l e d  f o r  about 3  yea r s .  They were v i s u a l l y  i n spec t ed  

a f t e r  t h e  f i r s t  300 hours  and appeared t o  be i n  good cond i t i on  

a t  t h a t  t i m e .  

One f i l t e r  had a  c rack  i n  t h e  porous m e t a l  a long t h e  c i r -  

cumference i n  t h e  weld- affected zone t h a t  was 2 inches  long by 

1/32 i n c h  wide. A 1 t o  1-1/2-inch s e c t i o n  of  porous me ta l  was 

miss ing from t h e  t o p  of t h e  second f i l t e r .  The porous meta l  

1 t o  2 i nches  d i r e c t l y  below t h i s  f a i l u r e  appeared p i t t e d  a s  

though numerous meta l  p a r t i c l e s  were miss ing.  A sample of t h e  

porous me ta l  (F igure  4 . 7 )  taken i n  t h i s  a r e a  w a s  ve ry  crumbly 

and possessed  no d u c t i l i t y .  Another sample (F igure  4 . 8 )  t aken  

4  t o  5 i nches  below t h i s  p o i n t  w a s  n o t  p i t t e d  and possessed 

some d u c t i l i t y .  Both samples were examined me ta l log raph ica l ly .  

Although t h e  examination r evea l ed  t h a t  an app rec i ab l e  amount 

of meta l  p a r t i c l e s  were miss ing from t h e  sample t aken  nea r  t h e  

f a i l u r e ,  s i g n s  of  co r ros ion  of t h e  remaining p a r t i c l e s  were no 

more pronounced than  on t h e  o t h e r  sample which was cons iderab ly  

more i n t a c t .  

Because t h e  entra inment  o f  r a d i o a c t i v i t y  from t h e  s o l i d i -  

f i e r  du r ing  Run SS- 3 was a  f a c t o r  of 500 h ighe r  than  i n  

Run SS- 2 and was r e l a t i v e l y  cons t an t  throughout t h e  r u n ,  t h i s  

would i n d i c a t e  t h a t  t h e  f a i l u r e  occurred sometime between t h e  

runs .  I t  could have very  w e l l  occur red  when t h e  f i l t e r  chamber 

was s t r u c k  by a  f a l l i n g  c rane  boom. Although t h i s  could 

exp la in  t h e  even tua l  f a i l u r e  of t h e  f i l t e r s ,  t h e  f a c t  remains 

t h a t  t h e  apparen t  l a c k  of d u c t i l i t y  of t h e  porous me ta l  nea r  
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t h e  t o p  o f  t h e  f i l t e r s  may have e v e n t u a l l y  l e d  t o  f i l t e r  f a i l -  

u r e  w i t h o u t  having been s u b j e c t e d  t o  any e x c e s s i v e  shock. A 

combination of mechanical  f a t i g u e  and c o r r o s i o n  i s  su spec t ed  

a s  t h e  cause  of  t h i s  l o s s  i n  d u c t i l i t y .  Fa t i gue  a t  t h e  t o p  of  

t h e  f i l t e r  cou ld  r e s u l t  from a  p i v o t i n g  a c t i o n  about  t h e  

porous me ta l- to- so l i d  me t a l  weld caused by v i b r a t i o n  because  

t h e  s o l i d i f i e s  expe r i ence s  c o n s i d e r a b l e  v i b r a t i o n .  S ince  t h e  

f i l t e r s  were i n s t a l l e d ,  o t h e r  f i l t e r s  a r e  now a v a i l a b l e ,  

r e i n f o r c e d  w i t h  p e r f o r a t e d  suppo r t  p l a t e s  i n s i d e  of  t h e  f i l t e r s  

t o  minimize t h e  mechanical  s t r e s s i n g  o f  t h e  porous me ta l .  The 

s u i t a b i l i t y  o f  316L s t a i n l e s s  s tee l  a s  a  c o n s t r u c t i o n  m a t e r i a l  

has  n o t  y e t  been f u l l y  determined.  The s o l i d i f i e r  o f f- gas  

f i l t e r s  w e r e  r e p l a c e d  w i t h  an  e x i s t i n g  s p a r e  set  which i s  

s i m i l a r  i n  most r e s p e c t s  t o  t h e  o r i g i n a l  f i l t e r s  used p r i o r  

t o  Run SS-4. 

During t h e  f i r s t  s e v e r a l  r u n s ,  d i f f i c u l t i e s  w e r e  e x p e r i -  

enced i n  c o n t r o l l i n g  t h e  f i l t e r  p r e s s u r e  d rop  a s  shown i n  

Table  4.6. The prime reason  f o r  t h e  d i f f i c u l t y  was t h a t  i n s u f-  

f i c i e n t  v e n t  c a p a c i t y  was a v a i l a b l e  t o  pe rmi t  t h e  u s e  o f  ade- 

q u a t e  blowback g a s  w i thou t  ove r -p r e s su r i z ing  t h e  s o l i d i f i e r .  

To a l l e v i a t e  t h i s  problem, a  p a r a l l e l  v e n t  l i n e  was i n s t a l l e d  

between t h e  s o l i d i f i e r  condenser  and t h e  a u x i l i a r y  e v a p o r a t o r  

t o  reduce  by a  f a c t o r  of t h r e e  t h e  f low r e s i s t a n c e  o f  t h a t  

p a r t  of  t h e  s o l i d i f i e r  o f f- gas  system. I n  a d d i t i o n ,  t h e  

replacement  f i l t e r  assembly which was i n s t a l l e d  p r i o r  t o  

Run SS-4 was modi f i ed  i n  such a  way t h a t  on ly  two f i l t e r s  a t  

a  t i m e  were r e v e r s e  blown i n s t e a d  o f  t h r e e  a s  on t h e  o r i g i n a l  

se t  of  f i l t e r s .  The combination of a  r e d u c t i o n  i n  t h e  number 

o f  f i l t e r s  undergoing s imul taneous  blowback and a  r e d u c t i o n  

i n  t h e  f low r e s i s t a n c e  of  t h e  o f f- gas  system r e s u l t e d  i n  an 

approximate  40% r e d u c t i o n  i n  t h e  magnitude o f  t h e  p r e s s u r e  

s u r g e s  r e s u l t i n g  d u r i n g  f i l t e r  blowback a t  a  g iven  blowback 

p r e s s u r e .  I t  was t hen  p o s s i b l e  t o  app ly  s u f f i c i e n t  blowback 

g a s  t o  m a i n t a i n  t h e  f i l t e r  p r e s s u r e  d rop  a t  an a c c e p t a b l e  l e v e l  

d u r i n g  t h e  l a s t  t h r e e  runs .  

4.31 



The c a l c i n e r  was normally mainta ined under a  vacuum o f  

1 0  t o  1 2  i nches  of wate r  t o  accommodate t h e  p re s su re  su rges  

dur ing  f i l t e r  blowback. The r e s u l t a n t  a i r  in leakage  through 
t h e  f langed  connec t ions  on t h e  s o l i d i f i e r  ( p a r t i c u l a r l y  on t h e  

m e l t e r )  ranged from 5 t o  1 0  scfm, and r ep re sen ted  2 0  t o  30% 

of t h e  t o t a l  o f f- gas  flow. 

E i t h e r  superheated steam o r  hea ted  a i r  was used du r ing  

t h e  runs  a s  a  blowback g a s ,  and each proved s a t i s f a c t o r y .  How- 

e v e r ,  when us ing  steam, one must make s u r e  t h a t  condensate does 

no t  accumulate i n  t h e  supply system. During t h e  runs ,  each 

bank of f i l t e r s  was u s u a l l y  blown back f o r  2 seconds dur ing  

every 2 minutes.  During Runs SS-4 through SS-6, a  blowback 

g a s  p re s su re  of 4 0  t o  45 p s i g  mainta ined t h e  f i l t e r  p r e s s u r e  

drop between 4 t o  7 inches  of water .  The use  of 40 p s i g  a i r  

(350 O C )  a s  blowback gas  added approximately 1 .5  scfm of a i r  

t o  t h e  s o l i d i f i e r  o f f- gas  system. Also,  dur ing  t h e s e  l a s t  

t h r e e  runs ,  t h e  f i l t e r  blowback system w a s  u s u a l l y  t u rned  o f f  

f o r  1 0  t o  15 minutes dur ing  d i scha rge  of t h e  me l t e r .  However, 

t h i s  d id  n o t  adve r se ly  a f f e c t  t h e  f i l t e r  p re s su re  drop. 

4 . 6  PERFORMANCE OF THE MELTER 

The c a l c i n e d  waste drops  from t h e  spray  c a l c i n e r  d i r e c t l y  

i n t o  t h e  m e l t e r  (13) where it i s  conver ted t o  a  m e l t .  Contin- 

uous d i scha rge  of t h e  m e l t  from t h e  m e l t e r  v i a  t h e  e x t e r n a l  

w e i r  was used only dur ing  t h e  f i r s t  6 0 %  of Run SS-1 u n t i l  t h e  

weir  became f rozen  and could n o t  be thawed. The w e i r  d i s -  

charge was e r r a t i c  and cons ide rab le  d i f f i c u l t y  was exper ienced 

wi th  s t a l a g m i t e  format ion i n  t h e  heated r e c e i v e r  p o t  dur ing  

t h i s  pe r iod .  Inc reas ing  t h e  r e c e i v e r  p o t  fu rnace  tempera ture  

from 800 t o  850 O C  d i d  n o t  mel t  t h e  s t a l agmi t e .  The e r r a t i c  

wei r  d i s cha rge  r e s u l t e d  i n  p a r t  from t h e  f l u c t u a t i o n s  i n  t h e  

s o l i d i f i e r  p re s su re  caused by t h e  f i l t e r  blowback system. For 

t h e  remainder of Run SS-1 and dur ing  t h e  fol lowing f i v e  r u n s ,  



batches  i n  t h e  m e l t e r  were s u c c e s s f u l l y  d i scharged  through t h e  

d r a i n  f reeze- va lve .  This technique made p o s s i b l e  t h e  f i l l i n g  

of unheated r e c e i v e r  po t s .  

A s  shown i n  Table 4.9, t h e  i n t e r n a l  mel t  temperature  

measured nea r  t h e  bottom of t h e  m e l t e r  was g e n e r a l l y  2 0  t o  

75 OC below t h e  furnace  temperature .  This mel t  temperature  

ranged from 1050 t o  1 1 2 0  O C  dur ing  process ing  of PW-1 waste 

and from 880 t o  900 OC dur ing  process ing  of PW-2 waste.  

F igures  4 . 9  and 4 .10  show t y p i c a l  me l t e r  temperatures  dur ing  

process ing  of PW-1 waste (Run SS-5) and PW-2 waste (Run SS-4), 

r e s p e c t i v e l y .  The mel t  l e v e l  was about  5  t o  6 l i t e r s  when 

ba tches  i n  t h e  m e l t e r  were discharged.  The t ime a t  which t o  

d i scha rge  t h e  me l t e r  was determined by t h e  amount of waste f ed  

between ba tches  and t h e  m e l t e r  i n t e r n a l  temperatures .  The 5  

t o  6 - l i t e r  l e v e l  i n  t h e  m e l t e r  was u s u a l l y  i n d i c a t e d  when t h e  

i n t e r n a l  m e l t  temperature  l oca t ed  5-1/2 inches  from t h e  me l t e r  

bottom (3.9 l i t e r  l e v e l )  i nc reased  t o  almost  equa l  t h e  tempera- 

t u r e  a t  t h e  lower p a r t  of t h e  me l t e r .  

During t h e  f i r s t  s t a r t . u p  f o r  Run SS-3, t h e  m e l t e r  fu rnace  

stopped h e a t i n g  whi le  ope ra t ing  a t  1150 O C .  E l e c t r i c a l  con t in-  

u i t y  checks showed t h a t  t h e  furnace  elements were sound, b u t  

t h a t  fou r  of t h e  s i x  copper l e a d s  from t h e  furnace junc t ion  t o  

i n d i v i d u a l  phase t e rmina l s  were e l e c t r i c a l l y  open. The l e a d s ,  

which w e r e  r ou t ed  i n s i d e  t h e  furnace  coo l ing  j a c k e t ,  were 

found t o  be badly burned by exces s ive  h e a t  from t h e  furnace .  

A t  t h e  t ime of f a i l u r e ,  t h e  furnace  had been energized i n t e r -  

m i t t e n t l y  f o r  503 hours ,  i nc lud ing  107 hours  a t  1150 OC o r  

above. A l l  s i x  of t h e  copper l e a d s  were remotely rep laced  and 

r e rou ted  o u t s i d e  t h e  furnace  j a c k e t  i n  o r d e r  t o  keep them cool .  

The furnace  was then heated t o  1 2 0 0  O C ,  and c u r r e n t  and power 

r ead ings  i n d i c a t e d  t h a t  t h e  furnace  was f u l l y  r e p a i r e d .  The 

furnace  opera ted  s a t i s f a c t o r i l y  dur ing  t h e  fol lowing runs .  



TABLE 4.9. Melter Operating Parameters 

Melt Melter Furnace Calculated 
Heat Melt 

Average Melt (a) Production Melt Discharge Rate Average 
Feed Density, Temperature, Gross Temperature, Rate, Rate, 

Run Type W/liter OC Power, kW O C  liters/hr Method liters/hr 

1.19 65% 1.2 
continuous 

35% 50 
batch 

0.84 batch 17 

1.23 batch 40 

1.38 batch 55 

SS-5 PW-1 127 1125 14.4 1050 1.23 batch 45 

SS-6 PW-1 168 1150 14.5 1120 1.18 batch 60 

a. The maximum measured melt temperature (near the bottom of the melter). 
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4.6.1 S o l i d s  Addit ion 

To i n c r e a s e  s u l f a t e  r e t e n t i o n  i n  m e l t s  w i th  PW-2 waste ,  

t h e  mel t ing  p o i n t  of t h e  c a l c i n e  w a s  reduced t o  about 700 O C  

dur ing  Runs SS-3 and SS-4 by adding sodium metaphosphate 

(NaP03) a s  a  s o l i d  d i r e c t l y  t o  t h e  me l t e r .  The NaPO w a s  n o t  
3  

added t o  t h e  feed  because t h e  low mel t ing  p o i n t  (approximately 

700 O C )  of t h e  mixture  would have caused mel t ing  i n  t h e  c a l-  

c i n e r .  (Operation of t h e  c a l c i n e r  a t  low enough temperatures  

t o  e l i m i n a t e  mel t ing  i n  t h e  c a l c i n e r  [about 600 OC], would 

r, reduce c a l c i n e r  c a p a c i t y . )  Due t o  d i f f i c u l t i e s  exper ienced 

wi th  t h e  v i b r a t i n g  t r a y  s o l i d s  f eede r  used dur ing  des ign  

v e r i f i c a t i o n  t e s t i n g  of t h e  spray  c a l c i n e r ,  ( 4 )  a  system was 

improvised whereby ba tches  of s o l i d s  were added from o u t s i d e  

t h e  process  c e l l .  The system i s  shown i n  Figure  4 . 1 1 .  Sodium 

metaphosphate g l a s s  p a r t i c l e s  (-6+10 mesh Tyler  s e r i e s )  were 

added i n  s m a l l  ba tches  t o  t h e  s u c t i o n  s i d e  of an a i r- ope ra t ed  

j e t  and conveyed pneumat ical ly  i n t o  t h e  c e l l  and d i scharged  

i n t o  a  screen- covered hopper on t h e  s o l i d s  f eede r .  The s o l i d s  

f eede r  c o n s i s t e d  of  a  p i e c e  of  p ipe  a t t a c h e d  t o  a  nozz le  on 

t h e  c a l c i n e r  cone wi th  two a i r- ope ra t ed  b a l l  va lves  which 

served a s  an  a i r  lock  s o  t h a t  t h e  s o l i d s  could be added with-  

o u t  d i s r u p t i n g  t h e  s o l i d i f i e r  vacuum. A v i b r a t o r  was a l s o  

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

To g i v e  an equ iva l en t  concen t r a t i on  of 1.27M - f o r  

378 l i t e r s / t o n n e  f eed ,  t h e  NaP03 was added every half- hour  i n  

ba tches  of 4 0 0  t o  600 grams, depending on t h e  feed  r a t e  t o  t h e  

s o l i d i f i e r .  The a d d i t i o n s  were c l o s e l y  monitored s o  a s  n o t  t o  

g r e a t l y  exceed t h i s  NaP03 requirement  s i n c e  nonrad ioac t ive  

development s t u d i e s  showed t h a t  excess  NaP03 inc reased  s u l f a t e  
e v o l u t i o n  from t h e  m e l t ,  and t h e  m e l t  would foam i n  a  hea ted  

r e c e i v e r  po t .  (9,161 

D i f f i c u l t i e s  wi th  t h e  s o l i d s  a d d i t i o n  system occurred 

e a r l y  i n  Run SS-3 when t h e  f eede r  became plugged a t  t h e  c a l -  

c i n e r  and had t o  be removed f o r  modi f ica t ion .  A f t e r  a d d i t i o n  



of a heated air purge (1 scfm at 250 OC) to the solids feeder 

to minimize condensation and subsequent plugging at the entry 

point to the solidifier, the system performed satisfactorily 

for the remainder of Run SS-3 and all of Run SS-4. A total of 

25.4 kilograms of NaP03 was added to the melter during Run 85-3 

and 40.4 kilograms were added during Run SS-4. 

FIGURE 4.11. Solids Addition System 



Less than 2 and 7% of the sulfate in the feed was vol- 

atilized from the PW-2 melts during Runs SS-4 and SS-3, 

respectively. This is in good agreement with data from non- 

radioactive runs. (4) 

4.6.2 Melt Drain Systems 

Initially both the melter drain and weir tubes terminated 

inside separate electrically-heated chambers (I3) where heat 

could be applied to thaw the melt plug in the tubes to initiate 

melt flow. As mentioned earlier, the weir was used during the 

first 60% of Run SS-1 to discharge the melter until it became 

frozen and could not be thawed. Attempts to unthaw the weir 

eventually resulted in failure of the small electrical heater. 

However, during the remainder of Run SS-1 and all of Run SS-2, 

the melter was successfully batch-discharged using the drain 

freeze-valve heating system. 

Prior to Run SS-3, a new electrical heating assembly was 

installed for both tubes. However, during the startup for 

Run SS-3, half of both heaters burned out and half a heater 

was not sufficient to thaw either of the tubes. Consequently, 

the melter was batch-discharged through the drain tube during 

Runs SS-<and 88-4 with necessary heating being manually 

supplied by a propane torch. Tests ( 5 )  on propane heating of 

platinum in contact with PW-2 melt indicated that no appreci- 

able attack of the platinum would occur if the propane flame 

was not a reducing flame and if propane heating was used 

sparingly. However, excessive use of propane heating and/or 

use of a reducing flame would probably lead to embrittlement 

of the platinum. 

Due to the difficulties experienced with the previous 

electrical heating system and the potential for platinum 

embrittlement while using direct propane heating, a modified 

method (17) to control the discharge of melt from the melter 



was developed p r i o r  t o  Run SS-5. The method cons i s t ed  of 

us ing  t h e  h e a t  from t h e  m e l t e r  fu rnace  t o  thaw t h e  f rozen  plug 

i n  t h e  m e l t e r  t ubes  and s o l i d i f y i n g  t h e  mel t  i n  t h e  t ubes  

by a i r  coo l ing  c o i l s  surrounding each tube .  

F igure  4 . 1 2  shows a  t o p  view of t h e  modified f reeze- va lve  

coo l ing  c o i l  assembly which was i n s t a l l e d  on t h e  m e l t e r  p r i o r  

t o  Run SS-5. A schematic of t h e  assembly a s ' p o s i t i o n e d  i n  t h e  

m e l t e r  fu rnace  i s  shown i n  Figure  4.13. 

The cool ing  a i r  f lows from t h e  bottom t o  t h e  t o p  of  t h e  

cool ing  c o i l s  and i s  then  exhausted from t h e  assembly. The 

c o i l s  were n o t  in tended  t o  f r e e z e  t h e  m e l t  i n  t h e  t ubes  whi le  

t h e  m e l t e r  i s  d r a i n i n g  r a p i d l y .  Rather ,  t h e  c o i l s  s e a l  t h e  

t ubes  af  t e r  flow has  stopped.  

The o u t s i d e  of  t h e  d r a i n  f reeze- va lve  c o i l  i s  i n s u l a t e d  

t o  reduce t h e  i n t e r a c t i o n  between cool ing  c o i l s .  Without 

i n s u l a t i o n ,  coo l ing  a i r  f lowing i n  one c o i l  may f r e e z e  bo th  

va lves .  The c o i l  assembly i s  i n s u l a t e d  and l i n e d  w i t h  p l a t i -  

num f o i l  ( no t  shown i n  Figure  4 . 1 2 )  t o  minimize h e a t  l o s s  when 

t h e  coo l ing  a i r  i s  s h u t  o f f .  The m e l t  d i s cha rges  from t h e  

d r a i n  and w e i r  t ubes  through l a r g e  ho le s  i n  t h e  bottom of t h e  

assembly. 

Experience has  revea led  t h a t  molten waste w i l l  r a p i d l y  

cor rode  Has te l loy  X a t  t h e  ope ra t ing  temperatures  of t h e  

m e l t e r  (900 t o  1200 OC) i f  me ta l  and mel t  come i n  c o n t a c t .  

Furthermore,  t h e  pla t inum tubes  may be a t t acked  i f  t h e  p l a t i -  

num, t h e  m e l t ,  and t h e  a l l o y  c o i l  a r e  a l l  i n  c o n t a c t  wi th  each 

o t h e r .  To p reven t  such c o n t a c t ,  a  p la t inum w i r e  spacer  cage 

i s  suspended i n s i d e  each c o i l .  

The f reeze- va lve  cool ing  c o i l  assembly performed s a t i s -  

f a c t o r i l y  du r ing  Runs SS-5 and SS-6. The me l t e r  was batch-  

discharged  du r ing  bo th  r u n s ,  p r imar i ly  because ba tch  d i scha rge  

allowed f i l l i n g  of t h e  r e c e i v e r  p o t s  wi thout  s t a l a g m i t e  



Neg 0683606-3 1 7. 
F I G U ~ E  4.12. Top View of Freeze-Valve Cooling-Coil Assembly 
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Assembly 



format ion.  To ba t ch  d i scharge  t h e  m e l t e r ,  t h e  a i r  t o  t h e  

cool ing  c o i l  of t h e  d r a i n  f reeze- valve was tu rned  o f f .  When 

t h e  m e l t e r  s t a r t e d  d r a i n i n g  (which u s u a l l y  occurred 2 t o  

3 minutes a f t e r  t h e  a i r  had been tu rned  o f f ) ,  t h e  f i l t e r  blow- 

back system was tu rned  o f f  t o  avoid p r e s s u r i z i n g  t h e  s o l i d i -  

f i e r ,  and t h e  s o l i d i f i e r  vacuum w a s  reduced t o  approximately 

2 inches  of wate r  t o  speed t h e  dra inage .  The a i r  was tu rned  

back on t o  t h e  d r a i n  va lve  c o i l  s h o r t l y  a f t e r  t h e  m e l t e r  q u i t  

d r a i n i n g  a s teady  s t ream and s t a r t e d  t o  d r i p .  The blowback 

system and s o l i d i f i e r  vacuum were r e s t o r e d  t o  normal approxi-  

mately 2 t o  3 minutes a f t e r  t h e  me l t e r  had q u i t  d r ipp ing .  A 

t y p i c a l  ba t ch  of 4 t o  6 l i t e r s  of mel t  u s u a l l y  d ra ined  s t e a d i l y  

f o r  4 t o  8 minutes and then  dr ipped  f o r  ano ther  2 t o  4 minutes 

be fo re  t h e  d r a i n  t ube  sea l ed .  On s e v e r a l  occas ions ,  d i f f i c u l -  

t i e s  occurred i n  s e a l i n g  t h e  d r a i n  t ube  p r i m a r i l y  as t h e  r e s u l t  

of  n o t  l e t t i n g  t h e  m e l t e r  completely empty o u t  be fo re  t r y i n g  t o  

s e a l  it. On one occasion it was necessary  t o  reduce t h e  m e l t e r  

fu rnace  temperature  i n  o r d e r  t o  s t o p  t h e  m e l t e r  from d r ipp ing .  

The importance of ensu r ing  t h a t  t h e  d r a i n  tube  i s  s e a l e d  w a s  

demonstrated dur ing  Run SS-6. A t  t h e  s t a r t  of t h i s  run ,  a i r  

back-sparged up through t h e  unsealed d r a i n  tube  and s p l a t t e r e d  

m e l t  up o n t o  t h e  unders ide  of t h e  me l t e r  cover ,  p a r t i a l l y  

blocking t h e  i n l e t  t o  t h e  m e l t e r .  A s  a r e s u l t ,  d i f f i c u l t y  was 

exper ienced i n  main ta in ing  c a l c i n e  f low t o  t h e  me l t e r  dur ing  

a l l  of Run SS-6. Usual ly ,  t h e  blowback system w a s  o f f  about  

1 0  t o  15 minutes du r ing  t h e  dump procedure ,  b u t  t h i s  d i d  n o t  

have any d e t r i m e n t a l  e f f e c t  on t h e  s o l i d i f i e r  o f f- gas  f i l t e r  

p r e s s u r e  drop.  

The cool ing  a i r  flow r a t e s  t o  t h e  d r a i n  f reeze- valve c o i l  

and t h e  wei r  c o i l  were 4 t o  5 and 2 t o  3 scfm, r e s p e c t i v e l y ,  

du r ing  Runs SS-5 and SS-6. The temperatures  a t  t h e  d r a i n  and 

w e i r  t ubes  were 800 t o  840 OC a t  the.previously-mentioned a i r  

flow r a t e s .  When t h e  a i r  was tu rned  o f f  t o  t h e  d r a i n  



freeze-valve coil, the temperature at the drain tube increased 

to 950 to 1000 OC, which was slightly higher than test data 

obtained without the platinum foil liner prior to installation 

of the system on the solidifier. The PW-1 and PW-2 melts were 

batch discharged from the melter at rates of 40 to 50 liters/hr, 

with exception of Run SS-2 where the rate was only 17 liters/hr. 

The lower rate during Run SS-2 was attributed to a deficiency 

of sodium in the feed which resulted in a melt with higher than 

normal viscosity. The batch discharge of the PW-1 and PW-2 

melts at the higher rates allowed filling of unheated receiver 

pots without stalagmite formation. 

Effect of Internal Heat Generation 

The net heat requirement to form a fluid melt from the 

entering PW-1 or PW-2 waste calcine is about 1.5 to 2.5 kilo- 

watts for a melt production rate of 1.2 liters/hr. The heat 

was escalated during these first 6 demonstration runs until a 

heat rate density of 168 W/liter was attained for a PW-1 melt 

in Run SS-6. This heat rate density accounts for 40 to 70% of 

the net heat requirement in a melt volume of 6 liters. How- 

ever, due to the continuous variation of melt volume from 0 to 

6 liters (during batch dumping) and due to the high heat losses 

from the melter (about 12 kilowatts), the effect of internal 

heat generation was not apparent. 

4.7 GENERAL PERFORMANCE AND OPERATING HISTORY 

4.7.1 Waste Composition Effects 

During WSEP spray solidification of highly radioactive 

aqueous wastes to solids, relatively few processing problems 

resulted from waste composition. Two runs with PW-2 waste and 

four runs with PW-1 waste demonstrated adequate performance 

with wastes from light water reactor fuels. 



Deta i l ed  waste composit ions f o r  t h e  s i x  runs  and o t h e r  

p e r t i n e n t  d a t a  on t h e  f eeds  t o  t h e  s o l i d i f i e r  a r e  l i s t e d  i n  

Table 9 .1  of t h e  Appendix. Summary feed  composition ranges  

f o r  t h e  s i x  spray  s o l i d i f i c a t i o n  runs  a r e  shown i n  Table 4.10. 

TABLE 4 .10 .  Summary of Waste Composition Ranges 

PW-1 Waste, M_ (a  

Cons t i t uen t s  Nominal Actual  (b) 

PW-2 Waste, M_ (a)  

Nominal Actua l  (b )  

Addi t ives  

N a  
+ 

0.5 inc luded  above --- --- 
P O ; ~  1 .7  1.67 t o  2.0 1 .61 1 . 6  

M o l a r i t i e s  a r e  based on 378 l i t e r / t o n n e  feed .  

Based on a n a l y s i s  of t h e  composite feed  ( inc lud ing  
a d d i t i v e s ) .  

Inc ludes  t h e  a d d i t i v e  sodium. 

Excesses r e s u l t  from t h e  presence of  excess  aluminum i n  . 

t h e  Purex high l e v e l  waste.  The excess  aluminum was sub- 
s t i t u t e d  f o r  i r o n .  

Inc ludes  0.25M - aluminum a d d i t i v e .  

The a n a l y s i s  f o r  r a r e  e a r t h s  i n  t h e  presence of phosphates 
i s  known t o  be i n  e r r o r  by a s  much as a  f a c t o r  of 2 .  

S u l f a t e  i s  used a s  a s u b s t i t u t e  f o r  f i s s i o n  product  
t e l l u r i u m .  Excess s u l f a t e  i s  due t o  t h e  presence of 
s u l f a t e  i n  t h e  Purex h igh  l e v e l  waste.  

The presence  of  i n s o l u b l e  s u l f a t e s  g i v e s  lower a n a l y t i c a l  
va lues  than  a r e  known t o  be a c t u a l l y  p r e s e n t .  



Feeds t o  t h e  spray  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  s o l i d i f i e d  product .  However, 

because t h e  "two s t o c k "  r a d i o a c t i v e  s o l u t i o n s  sometimes con- 

t a i n e d  exces s  aluminum and r a r e - e a r t h s  compared t o  t h e  s t anda rd  

PW-1 and PW-2 waste composi t ions ,  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  composit ion.  

(See Sec t ion  3 f o r  t h e  d e t a i l s  of t h e  e f f e c t s  of t h e s e  changes 

i n  composi t ion. )  The a b i l i t y  t o  handle t h e s e  v a r i a t i o n s  i n  

themselves p o i n t  o u t  t h e  f l e x i b i l i t y  of t h e  s o l i d i f i c a t i o n  

system. 

The excess  aluminum i n  t h e  Purex waste was used as a 

p a r t i a l  s u b s t i t u t e  ( 8  t o  20%) f o r  t h e  0.93M - i r o n  i n  t h e  runs  

w i th  PW-1 waste.  

Even though aluminum i s  r equ i r ed  a s  an a d d i t i v e  t o  PW-2 

waste ,  excess  aluminum i n  t h e  Purex waste was used a s  a p a r t i a l  

s u b s t i t u t e  ( 1 2  t o  13%)  f o r  t h e  0.445M - i r o n  dur ing  runs  wi th  

PW-2 waste .  

A l l  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 

f o r  t h e  PW-1 was te ,  whi le  a p o r t i o n  of t h e  f l u x  f o r  t h e  PW-2 

waste was added a s  s o l i d  IJaPO d i r e c t l y  t o  t h e  m e l t e r  ( v i a  3 
t h e  c a l c i n e r  cone ) .  

4.7.2 Rela ted  Equipment 

Performance of  t h e  primary spray  s o l i d i f i e r  equipment 

has  been d i scussed  i n  t h e  preceding s e c t i o n s .  The o p e r a t i n g  

h i s t o r y  of t h i s  equipment (which inc ludes  a l l  nonrad ioac t ive  

tes ts)  i s  summarized i n  Table 4 . 1 1 .  Discuss ion of o t h e r  

r e l a t e d  equipment i s  presen ted  below. 
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S e a l  Po t  

A secondary ven t  l i n e  from t h e  s o l i d i f i e r  provided f o r  

r e l i e f  of s o l i d i f i e r  p re s su re  i f  it inc reased  t o  a tmospher ic  

l e v e l  du r ing  ope ra t ion .  A wate r- sea l  po t  i n  t h e  l i n e  a l lows  

a u x i l i a r y  ven t ing  o f  t h e  s o l i d i f i e r  and overflows d i r e c t l y  

i n t o  a condensate  r e c e i v e r  t ank  (TK-117). 

The c a l c i n e r  seal po t  i s  an 8-inch diameter  by 36-inch 

long s e c t i o n  of p ipe  which i s  c losed  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 ip ing  arranged i n  such a way t h a t  maximum 

pres su re  d i f f e r e n t i a l s  of  up t o  20 inches  of wate r  are r equ i r ed  

t o  a l low gas  t o  flow from t h e  c a l c i n e r  t o  t h e  condensate tank.  

Backward flow of seal wate r  t o  t h e  s o l i d i f i e r  i s  n o t  p o s s i b l e .  

During t h e  f i r s t  t h r e e  runs  t h e  s o l i d i f i e r  w a s  ven ted  f r e q u e n t l y  

through t h e  s e a l  p o t  dur ing  f i l t e r  blowback as t h e  r e s u l t  of  

i n s u f £ i c i e n t  ven t ing  c a p a c i t y  o f  t h e  s o l i d i f i e r  off- gas  system. 

However, t h i s  d i d  n o t  occur dur ing  t h e  l a s t  t h r e e  runs  a f t e r  

t h e  ven t ing  capac i ty  of t h e  of f- gas  system had been increased .  

Receiver P o t  Furnace 

The six- zone r e s i s t ance- hea ted  r e c e i v e r  p o t  furnace-  

c o o l e r  performed w e l l  i n  t r a n s f e r r i n g  h e a t  t o  o r  from t h e  

r e c e i v e r  po t .  The furnace  was opera ted  a t  800 t o  850 OC and 

650 t o  700  OC t o  slump PW-1 and PW-2 m e l t s ,  r e s p e c t i v e l y ,  i n  

t h e  r e c e i v e r  du r ing  a l l  of Runs SS-1, SS-2, SS-3, and du r ing  

t h e  f i r s t  h a l f  of  SS-5. While f i l l i n g  t h e  r e c e i v e r ,  t h e  zones 

below t h e  me l t  l e v e l  were unheated and sometimes cooled.  

During t h e  l a s t  h a l f  of  Run SS-5 and a l l  of Runs SS-4 and SS-6, 

t h e  r e c e i v e r  p o t s  were unheated and t h e  furnace- cooler  provided 

coo l ing  func t ion  only .  I n d i r e c t  coo l ing  by forced  a i r  around 

t h e  o u t s i d e  of t h e  furnace  suscep to r  was s u f f i c i e n t  t o  main ta in  

t h e  s t e a d y- s t a t e  c e n t e r l i n e  temperatures  of t h e  r e c e i v e r  pot  

c o n t e n t s  below 780 OC and t h e  s t e a d y- s t a t e  po t  w a l l  t empera tures  

below 460 OC dur ing  Run SS-6 which had t h e  h i g h e s t  i n t e r n a l  h e a t  



gene ra t ion  r a t e  (11 k i l o w a t t s )  of t h e  s i x  runs .  With addi-  

t i o n a l  a i r  coo l ing  i n s i d e  t h e  suscep to 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  1 3  k i l o w a t t s  

of s o l i d i f i e d  waste.  See t h e  a d d i t i o n a l  d i s cus s ion  i n  

Sec t ion  4 . 2 .  
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5.0 AUXILIARY PROCESS EOUIPMENT PERFORMANCE 

Important to any waste solidification system are the 

auxiliary systems (primarily the equipment located downstream 

of the solidification system to decontaminate the effluent 

streams from the solidifier). Demonstration of effluent 

decontamination is a primary objective of the WSEP tests. 

This -objective was established to investigate the parameters 

affecting the performance of the decontamination equipment. 

In the final design of a waste solidification system, equip- 

ment must be capable of decontaminating secondary waste streams 

so that they are acceptable for reuse within the fuel repro- 

cessing plant or for final release to the environment. For 

example, slightly contaminated acid can be recycled in a chem- 

ical reprocessing plant for use in fuel element dissolution 

and/or for possible use in solvent extraction scrub streams. 

In most cases, auxiliary equipment functions necessary in a 

reprocessing plant and similar functions in a waste solidifi- 

cation auxiliary system must certainly be integrated and 

combined to obtain overall economy. 

ProcesB auxiliaries needed for a solidification system 

must consist of equipment capable of: 

Preparing aqueous waste solutions to feed the solidifier. 

Treating process condensate for recycling. 

Decontaminating the process off-gas and recovering acid. 

The WSEP auxiliary process system employs a waste evaporator, 

mist eliminator, evaporator condenser, acid fractionator, 

fractionator condenser, high efficiency filter, and caustic 

scrubber in series downstream from the solidifier condenser 

(see Figure 5.1). Effluents directly from any solidification 

process require recycling through the auxiliary system since 

they are not acceptable for discharge without further treat- 

ment. Eleven to 75% of the ruthenium fed to the spray 



BNWL- 1 3  91 

s o l i d i f i e r  was v o l a t i l i z e d  from t h e  s o l i d i f i e r ,  whi le  l e s s  

t han  0 .1% of n o n v o l a t i l e  r a d i o a c t i v e  s p e c i e s  were en t r a ined .  

The need t o  demonstrate how t h e  t r ea tmen t  of e f f l u e n t s  from 

s o l i d i f i c a t i o n  can be i n t e g r a t e d  wi th  a f u e l  reprocess ing  p l a n t  

o r  t r e a t e d  s e p a r a t e l y  prompted t h e  s e l e c t i o n  of t h r e e  d i f f e r e n t  

o p e r a t i n g  modes i n  WSEP. 

5 .1  OPERATING MODES 

I t  i s  l i k e l y  t h a t  s o l i d i f i c a t i o n  w i l l  use t h e  a u x i l i a r y  

equipment which a l r eady  e x i s t s  i n  a f u e l  reprocess ing  p l a n t  

( e .g . ,  a  p l a n t  waste evapora to r  and a c i d  recovery sys tem) ,  

a l though two completely s e p a r a t e  systems could conceivably be 

used. I n  e i t h e r  c a s e ,  t h e  a u x i l i a r y  process  equipment can be 

coupled t o  t h e  spray  ( o r  o t h e r )  s o l i d i f i e r  wi th  t h e  evapora tor  

ope ra t ing  i n  t h r e e  b a s i c  modes of ope ra t ion ,  des igna ted  i n  WSEP 

as Mode A ,  Mode B ,  and Mode C ( s ee  F igure  5 . 2 )  . To d a t e ,  

Modes A and B were t e s t e d  wi th  t h e  spray  s o l i d i f i c a t i o n  process ;  

Mode C has  n o t  y e t  been t e s t e d .  

I n  Mode A ope ra t ion ,  aqueous waste 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  wi thout  i n t e rmed ia t e  p reconcent ra t ion .  The s o l i d i f  i e r  

p rocess  o f f- gases  a r e  condensed and t h e  condensate i s  then  

c o l l e c t e d  and concent ra ted  i n  t h e  evapora to r ,  bu t  t hey  a r e  

n o t  r ecyc l ed  t o  t h e  s o l i d i f i e r  feed.  

I n  Mode B ope ra t ion ,  one ba tch  of raw waste i s  preconcen- . 

t r a t e d  i n  t h e  evapora tor  s imul taneously  wi th  t h e  process  con- 

densa t e ,  whi le  a p rev ious ly  concen t r a t ed  and chemically 

ad jus t ed  ba tch  of  waste i s  f ed  t o  t h e  s o l i d i f i e r  from a holdup 

tank .  During spray  s o l i d i f i c a t i o n  Run SS-2, a modified 

Mode B w a s  demonstrated.  The raw waste t o  be concent ra ted  

was f ed  cont inuous ly  t o  t h e  a u x i l i a r y  evapora tor  du r ing  t h e  

e n t i r e  run wh i l e  t h e  process  condensate was c o l l e c t e d  i n  a 

s e p a r a t e  r e c e i v e r .  
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I n  Mode C o p e r a t i o n ,  t h e  s o l i d i f i e r  and evapora tor  a r e  

opera ted  as a close- coupled u n i t .  Waste e n t e r s  t h e  evapora-  

t o r  where it i s  cont inuous ly  mixed and concent ra ted  a long 

w i t h  t h e  process  condensate from t h e  s o l i d i f i e r .  This  mix ture  

i s  cont inuous ly  fed  t o  t h e  s o l i d i f i e r .  Thus t h e  r a d i o a c t i v e  

s p e c i e 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  con- 

t i n u o u s l y  recyc led .  This mode i s  i d e n t i c a l  t o  Mode B,  w i th  

e l i m i n a t i o n  of t h e  s e p a r a t e  tankage and holdup of  t h e  con- 

c e n t r a t e d  waste. I f  Modes B and C decontaminate t h e  of f- gas  

a s  w e l l  a s  Mode A ,  one less evapora tor  i s  r equ i r ed  f o r  Modes 

B o r  C.  (Mode C has  n o t  been t e s t e d  t o  d a t e  wi th  t h e  spray  

s o l i d i f i c a t i o n  p roces s . )  

Appl ica t ions  of t h e  modes i n  a reprocess ing  p l a n t  a r e  

v i s u a l i z e d  as shown i n  Figure  5.3. 

I n  WSEP, t h e  overhead vapors  l eav ing  t h e  a u x i l i a r y  

evapora tor  are f u r t h e r  t r e a t e d  by condensing them and r o u t i n g  

t h e  r e s u l t i n g  condensate and noncondensable gas  s t reams t o  

t h e  a c i d  f r a c t i o n a t o r  where f u r t h e r  decontamination and f r a c-  

t i o n a t i o n  i s  c a r r i e d  ou t .  The 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  

d i s t i l l a t e  i s  an in t e rmed ia t e  l e v e l  waste.  The f r a c t i o n a t o r  

bottoms and condensed f r a c t i o n a t o r  overheads a r e  probably 

r eusab le  i n  a f u e l  r ep roces s ing  p l a n t .  I n  a l l  t h e  demonstra- 

t i o n  r u n s ,  from 50 t o  95% of t h e  f r a c t i o n a t o r  d i s t i l l a t e  

( t y p i c a l l y  80%) was recyc led  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 tor  bottoms whi le  mainta in-  

i n g  t h e  evapora to r  bottoms a t  low a c i d i t y  ( l e s s  than 6 M  - HNO ) .  3 
The low a c i d i t y  i n  t h e  evapora tor  bottoms and evapora tor  over-  

heads reduces  ruthenium v o l a t i l i z a t i o n  from t h e  evapora tor .  

The noncondensable gases  l eav ing  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  again  p r i o r  t o  

r e l e a s e  t o  t h e  atmosphere. 

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

decontamination f a c t o r s  were determined a t  each s t a g e  of t h e  
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system. Typical  d a t a  f o r  Mode A ope ra t ion  f o r  t h e  a u x i l i a r y  

system i s  summarized i n  Table 5.1. Run SS- 2 was t h e  only  run 

made wi th  a  Mode B ope ra t ion  modified by r o u t i n g  t h e  s o l i d i f i e r  

condensate t o  a  s e p a r a t e  t ank ,  and due t o  i n s u f f i c i e n t  d a t a  

ob ta ined  dur ing  t h i s  run ,  good eva lua t ion  of Mode B ope ra t ion  

i s  n o t  a v a i l a b l e .  However, t h e  r ad ionuc l ide  con ten t  i n  a l l  

streams i s  g e n e r a l l y  expected t o  be l e s s  dur ing  Mode A opera-  

t i o n  than f o r  o t h e r  ope ra t ing  modes. Although waste s o l u t i o n  

i s  f ed  d i r e c t l y  t o  t h e  a u x i l i a r y  evapora tor  dur ing  Modes B and 

C ,  ruthenium concen t r a t i on  i n  t h e  evapora tor  e f f l u e n t  depends 

more on o t h e r  f a c t o r s  such a s  a c i d  concen t r a t i on  i n  t h e  evapo- 

r a t o r ,  evapora to r  bo i lup  r a t e ,  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  i n  

ruthenium concent ra t ion  i n  t h e  evapora tor  and f r a c t i o n a t o r  

e f f l u e n t  s t reams wi th  t h e  d i f f e r e n t  ope ra t ing  modes i s  gener-  

a l l y  less than  t h e  d i f f e r e n c e  between t h e  ruthenium concentra-  

t i o n  i n  t h e  evapora tor  and can be minor. During Mode A opera-  

t i o n ,  t h e  evapora tor  bottoms i s  an a d d i t i o n a l  e f f l u e n t  s t ream 

which must be recyc led  back t o  t h e  waste  concen t r a to r  i n  a  f u e l  

r ep roces s ing  p l a n t .  I n  Mode B and C ope ra t ion ,  t h e  evapora tor  

bottoms a r e  mixed wi th  incoming waste. 

The r ad ionuc l ide  con ten t  i n  t h e  a c i d  f r a c t i o n a t o r  bottoms 

and d i s t i l l a t e  w i l l  probably a l low t h e s e  s t reams t o  be reused  

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

can probably be reused i n  f u e l  d i s s o l u t i o n  and i n  t h e  f i r s t  

c y c l e  s o l v e n t  e x t r a c t i o n  sc rub  s o l u t i o n ,  and thus  w i l l  no t  

r e q u i r e  f u r t h e r  cleanup.  The a c i d  f r a c t i o n a t o r  d i s t i l l a t e  can 

a l s o  probably be reused i n  t h e  f i r s t  c y c l e  of t h e  f u e l  repro-  

c e s s i n g  p l a n t .  I n  o r d e r  t o  be r e l e a s e d  t o  t h e  environment, 

t h e  d i s t i l l a t e  s t ream would r e q u i r e  a d d i t i o n a l  decontamination 

by f a c t o r s  as high a s  100,000. 

Mode C ope ra t ion  was n o t  demonstrated because p rov i s ions  

a r e  n o t  included i n  WSEP f o r  cont inuous i n j e c t i o n  of melt-making 



E
L

L
 
i
j
 

I.. . 
I

d
Q

U
 

5
 



additives to the concentrated high level waste from the 

evaporator. (Boiling the chemically-adjusted feed could 

possibly cause undesirable and excessive solids precipitation.) 

Since the basic difference between Modes B and C is the holdup 

time of the concentrated waste before it is fed to the solidi- 

fier, little incentive existed to add the necessary equipment 

for Mode C operation. 

5.2 RUTHENIUM CONTROL 

Ruthenium can easily be volatilized both during solidifi- 

cation and evaporation. Data from extensive observations of 

ruthenium volatilization and suppression of ruthenium volatili- 

zation in boiling nitric acid solutions have been plotted 

against distillate 'nitric acid concentrations in reference 1. 

Although correlations exist for very specific solutions, the 

range of volatilization for a constant distillate acidity 

ranges as much as five orders of magnitude, and depends largely 

on the net oxidizing potential due to the other ingredients in 

the solution. This range of values shows the complexity of 

ruthenium behavior. Ruthenium tetroxide (Ru04) has been estab- 

lished (lt2) as the principal volatile form of ruthenium from 

boiling nitric acid solutions. Several general relationships 

apply to the volatilization of Ru04: (1 , 3 )  

Decreasing the concentration of nitrate ion in the 

bottoms and the corresponding overheads decreases the 

volatilization of ruthenium. 

a Introducing other oxidants into the nitric acid solution 

increases ruthenium volatilization. Similarly, introduc- 

ing reductants (e.g., sugar) into the solution suppresses 

volatilization. 

Increasing the temperature of acidic solutions to the 

boiling point increases the vapor pressure of Ru04 and, 

correspondingly, the volatilization of Ru04. 



By c o n t r o l l i n g  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  over-  

heads from t h e  WSEP evapora tor  t o  less than  1 . O M  - 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  and phosphate g l a s s  r u n s ,  v o l a t i l i z a -  

t i o n  of ruthenium from t h e  evapora to r  was reduced and t y p i c a l l y  

kep t  below 4 %  of t h a t  p r e s e n t  i n  t h e  evapora tor .  ( 4 , 5 )  

F igure  5.4 shows t h e  accumulation of radioruthenium ( l o 6 ~ u )  

i n  t h e  WSEP a u x i l i a r i e s  dur ing  Mode A ope ra t ion .  No s i m i l a r  

d a t a  were a v a i l a b l e  from Run SS-2 which used a  modif ied Mode B. 

During t h e  s i x  spray  s o l i d i f i c a t i o n  runs ,  11 t o  76% of t h e  

ruthenium f e d  t o  t h e  s o l i d i f i e r  was v o l a t i l i z e d  from t h e  s o l i -  

d i f i e r  and accumulated i n  t h e  a u x i l i a r y  evapora tor .  

During t h e  f i r s t  s i x  spray  s o l i d i f i c a t i o n  r u n s ,  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 2 t o  5M - t o t a l  n i t r a t e  i on  (which g i v e  an overheads concen- 

t r a t i o n  of 0 . 1  t o  0.5M - n i t r i c  a c i d )  t o  s e r v e  a s  a  decontamina- 

t i o n  s t a g e  between t h e  spray  s o l i d i f i c a t i o n  process  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 ts  

most of t h e  average ope ra t ing  c o n d i t i o n s  f o r  t h e  evapora to r ,  

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  a r e  summarized i n  Table 5.2 t o  show t h e  e f f e c t s  

of evapora to r  c o n t e n t ,  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 d d i t i o n  on ruthenium decontamina- 

t i o n  f a c t o r s  (DF) . The cumulative ruthenium DF ( D F ~ )  a a c r o s s  

t h e  evapora to r  v a r i e d  from a  low of 73 t o  a  high of  890 under 

a  v a r i e t y  of  o p e r a t i n g  cond i t i ons .  

During Runs SS-1 and SS-2, an aqueous reducing s o l u t i o n  

of sugar  w a s  added a t  0.13 and 0.17 moles/hr,  r e s p e c t i v e l y ,  

t o  t h e  evapora to r .  During Run SS-6, 0.77 moles/hr of  suga r  

was added du r ing  t h e  l a s t  38% of t h e  run .  The sugar  a d d i t i o n  

apparen t ly  d i d  n o t  h e l p  decrease  ruthenium l o s s e s  from t h e  

( a )  T o t a l  ruthenium c u r i e s  i n  t h e  evapora to r  bottoms 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 .  
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TABLE 5 . 2 .  Decontamination Factors  f o r  Radioactive Ruthenium and Cerium 

Evaporator  Acid F r a c t i o n a t o r  

H N O ~  Decontamination  factor^'^' HNO3 Decontamination  factor^'^) 
S  S Solu t ion  i n  

Average A c i d i t y ,  M_ 
Cumulative Cumula i e  I n s t a n t a  eous AVera Ac'dit Cumulative Cumulative 

Run Mode Evaporator  Addit ive Bottoms D i s t i l l a t e  Rutheniumib) Cer iumby Ceriumlc) Botto:s Disti1:ate Rutheniumid) ceriumie) -- 
l (€ '  A N i t r i c  a c i d ,  0.13 moles/ 3.0 0 . 1  890 --- --- 7.7 0.06 2000 --- 

s o l i d i f i e r  con- hr  sugar 
densa te  and and 
sugar  s o l u t i o n  s t r i p w a t e r  

2  B-ModRaw waste p l u s  0.17 moles/ 1 .5  0.03 630 --- --- 10 0.06 1300 --- 
( f )  sugar s o l u t i o n  h r  sugar 

and 
s t r i p w a t e r  

3  A N i t r i c  a c i d  s t r i p w a t e r  4.6 0.4 320 25000 
p l u s  s o l i d l f i e r  
condensate 

4 A N i t r i c  a c i d  s t r i p w a t e r  5.0 0.44 76 1700 
p l u s  s o l i d i f i e r  
condensate 

5 A N i t r i c  a c i d  s t r i p w a t e r  5.0 0.50 110 1500 
p l u s  s o l i d i f i e r  
condensate 

6  A N i t r i c  a c i d ,  0.77 moles/ 4.9 0.48 73 1600 
s o l i d i f i e r  con- h r  sugar  
densa te  and l a s t  38% of 
suoar  s o l u t i o n  run and - - , ~ -  

s t r i p w a t e r  

a .  DF's a r e  based on lo6Ru and 1 4 4 ~ e - ~ r  

b. T o t a l  c u r i e s  i n  evapora tor  bottoms 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  a c i d  f r a c t i o n a t o r  bottoms. 

c. Ins tan taneous  concent ra t ion  i n  evapora tor  bottoms/instantaneous concent ra t ion  i n  evapora tor  d i s t i l l a t e .  

d. T o t a l  c u r i e s  i n  a c i d  f r a c t i o n a t o r  bottoms 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  d i s t i l l a t e  
r e c e i v e r  tank.  

e .  Ins tan taneous  concent ra t ion  i n  f r a c t i o n a t o r  bottoms/instantaneous c o n c e n t r a t e s  i n  f r a c t i o n a t o r  d i s t i l l a t e .  

f .  Run SS-2 used a  modified Mode B opera t ion  - s o l i d i f i e r  condensate was accumulated i n  a  s e p a r a t e  r e c e i v e r .  



a u x i l i a r y  evapora tor  s i n c e  t h e  accumulation r a t e  of ruthenium 

i n  t h e  f r a c t i o n a t o r  remained cons t an t  w i th  o r  wi thout  sugar  

a d d i t i o n ,  and t h e  ruthenium DFc was t h e  lowest  ob ta ined  ( 7 3 ) .  

The DFc of  890 and 660 dur ing  SS-1 and 2 ,  r e s p e c t i v e l y ,  were 

probably h igh  because of poor sampling techniques .  (a) There- 

f o r e ,  t h e s e  va lues  a r e  n o t  regarded a s  an i n d i c a t i o n  of a  

decrease  i n  ruthenium v o l a t i l i z a t i o n  w i t h  sugar  a d d i t i o n .  I n  

a d d i t i o n ,  steam added t o  t h e  s o l i d i f i e r  condenser,  a t  about 

15 l i t e r s / h r  dur ing  SS-6 d i d  n o t  i n c r e a s e  t h e  ruthenium scrub-  

bing e f f i c i e n c y .  (" One t o  5% of t h e  e q u i v a l e n t  ruthenium 

p r e s e n t  i n  t h e  evapora tor  bottoms a t  t h e  end of t h e  run accumu- 

l a t e d  i n  t h e  f r a c t i o n a t o r  bottoms. Ove ra l l ,  t h i s  range was 

t y p i c a l  of ruthenium v o l a t i l i z e d  from t h e  evapora tor  dur ing  
- 

t h e  phosphate g l a s s  runs  ( 5 )  where 3 %  of t h e  ruthenium p r e s e n t  

i n  t h e  evapora tor  accumulated i n  t h e  f r a c t i o n a t o r  bottoms. 

However t h i s  r e p r e s e n t s  a  f a c t o r  of  about 2 0  i n  decrease  of 

performance over s i m i l a r  d a t a  ob ta ined  du r 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 .  ( 4 )  

Genera l ly ,  i n s t an t aneous  ruthenium DF's ( D F i )  ( b )  a c r o s s  

t h e  evapora to r  f o r  t h e  WSEP runs  v a r i e d  i n v e r s e l y  wi th  t h e  

n i t r a t e  concen t r a t i on  i n  t h e  evapora tor  bottoms and n i t r i c  

a c i d  concen t r a t i on  i n  t h e  r e s u l t i n g  d i s t i l l a t e  a s  shown on 

Figure  5.5. (4 ,6 )  This  p l o t  a l s o  i nc ludes  d a t a  from the  f i r s t  s i x  

p o t  c a l c i n a t i o n  runs  ( 4 )  and t h e  f i r s t  s i x  phosphate g l a s s  

s o l i d i f i c a t i o n  runs .  (5) During t h e  po t  and phosphate g l a s s  

s o l i d i f i c a t i o n  r u n s ,  t h e r e  w a s  a  d e f i n i t e  i n c r e a s e  i n  D F i l s  

wi th  dec reas ing  overhead a c i d i t y .  However, dur ing  t h e  spray  

s o l i d i f i c a t i o n  runs  t h e r e  was no apparen t  c o r r e l a t i o n  of DFi 

and t h e  d i s t i l l a t e  a c i d i t y  and t h e  DFils were c o n s i s t e n t l y  low. 

( a )  The a u x i l i a r y  evapora tor  and f r a c t i o n a t o r  bottoms were 
unag i t a t ed  dur ing  sampling t h e r e f o r e  nonrep re sen ta t ive  
samples were probably taken ,  

(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  d i s t i l l a t e .  
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FIGURE 5.5. Ruthenium Volatilization from the WSEP 
Auxiliary Evaporator 



These g e n e r a l l y  low DFi
ls f o r  ruthenium a r e  a t t r i b u t e d  t o  vapor 

phase f low of  ruthenium from t h e  s o l i d i f i e r  which was only par-  

t i a l l y  scrubbed i n  t h e  s o l i d i f i e r  condenser and evapora tor  and 

was aga in  p a r t i a l l y  scrubbed i n  t h e  evapora tor  condenser. 

This  vapor phase flow of ruthenium appa ren t ly  had less e f f e c t  

on t h e  DFi
ls du r ing  t h e  f i r s t  s i x  phosphate g l a s s  runs  s i n c e  

t y p i c a l l y  l e s s  than 1% of t h e  ruthenium fed  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  and accumulated i n  t h e  

evapora tor .  During t h e  f i r s t  s i x  po t  c a l c i n a t i o n  runs  t h e r e  

aga in  w a s  n o t  a s  much apparen t  vapor phase flow of ruthenium. 

Most of t h e  ruthenium t h a t  escapes  t h e  evapora tor  t o  t h e  

overhead d i s t i l l a t e  i s  caught i n  t h e  a c i d  f r a c t i o n a t o r  where 

a d d i t i o n a l  decontamination occurs .  Ruthenium DFc1s ac ros s  

t h e  a c i d  f r a c t i o n a t o r  v a r i e d  from a low o f  47 i n  Run SS-4 t o  

a high of  2000 i n  Run SS-1, whi le  t h e  a c i d  f r a c t i o n a t o r  accumu- 

l a t e d  from 0.13% t o  0.65% of t h e  e q u i v a l e n t  ruthenium fed  t o  

t h e  s o l i d i f i e r .  The f r a c t i o n a t o r  n i t r i c  a c i d  concen t r a t i on  

w a s  mainta ined a t  approximately 6 t o  10M, - and t h e  r e s u l t i n g  

f r a c t i o n a t o r  overheads a c i d i t y  ranged from 0.05 t o  0.1M - us ing  

a tower i n t e r n a l  r e f l u x  r a t i o  varying from 0 . 1  t o  0.5. The 

overhead a c i d i t y  was h i g h e r  than  expected as a r e s u l t  of 

n i t r o g e n  ox ides  aga in  being p a r t i a l l y  scrubbed by t h e  f r a c t i o n-  

a t o r  condenser.  The ruthenium DFits a c r o s s  t h e  f r a c t i o n a t o r  

ranged from l e s s  than  100 t o  g r e a t e r  t han  1000. The low DFiVs 

probably w e r e  caused by contaminated samples of t h e  condensate 

stream. Typica l  Acid F r a c t i o n a t o r  Operation i s  shown i n  

F igure  5.6. 

Most of t h e  ruthenium t h a t  escapes  t h e  WSEP a c i d  f r a c -  

t i o n a t o r  t o  t h e  overhead d i s t i l l a t e  i s  caught i n  t h e  f r a c t i o n-  

a t o r  d i s t i l l a t e  t ank  o r  recyc led  t o  t h e  e v a p o r a t o r  as s t r i p  

water. During t h e  s i x  runs ,  from 0.001% t o  0.003% of t h e  

e q u i v a l e n t  ruthenium fed  t o  t h e  s o l i d i f i e r  accumulated i n  t h e  

f r a c t i o n a t o r  d i s t i l l a t e  r e c e i v e r .  Average s t r i p  wate r  r a t e s  
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and b o i l o f f  r a t e s  f o r  evapora t ion  a r e  l i s t e d  i n  t h e  Appendix, 

Table 9.2. A s  shown i n  Figure  5.5,  t h e  r e l a t i v e l y  l a r g e  

accumulation of ruthenium i n  t h e  sc rubber  (from 0.003% t o  

0.009% of e q u i v a l e n t  ruthenium f e d  t o  t h e  s o l i d i f i e r )  i n d i c a t e s  

t h a t  t h e  o v e r a l l  e f f i c i e n c y  of  t h e  head-end a u x i l i a r y  equipment 

(evapora tor ,  a c i d  f r a c t i o n a t o r ,  and overhead condensers)  i s  

r e l a t i v e l y  low f o r  removal of t h e  vapor  phase ruthenium. 

The f i n a l  aqueous process  e f f l u e n t  ( f r a c t i o n a t o r  d i s t i l -  

la te )  and t h e  c a u s t i c  sc rubber  bottoms conta ined  t y p i c a l l y  

about 0.001 C i / l i t e r  radioruthenium. This concen t r a t i on  of 

radioruthenium i s  above lOCFR2O r e l e a s e  l i m i t s  (') by a f a c t o r  

of about  100,000. 

During t h e  f i r s t  s i x  spray  s o l i d i f i c a t i o n  runs ,  no 

ana lyses  were a v a i l a b l e  f o r  t h e  gas  streams e n t e r i n g  o r  l eav-  

i n g  t h e  a u x i l i a r y  s c rubbe r ,  except  f o r  t h e  gas  stream e n t e r i n g  

t h e  s t a c k .  The 1 0  t o  20 scfm of  noncondensable gases  from t h e  

WSEP s o l i d i f i e r  and t h e  a u x i l i a r i e s  a r e  d i scharged  i n t o  t h e  

main b u i l d i n g  v e n t i l a t i o n  system where t hey  a r e  mixed wi th  

about 120,000 scfm be fo re  e n t e r i n g  t h e  s t a c k .  This l a r g e  d i l u -  

t i o n  by t h e  main b u i l d i n g  v e n t i l a t i o n  flow has  reduced t h e  

ruthenium concen t r a t i on  t o  below t h e  d e t e c t i o n  l i m i t s  f o r  t h e  

a v a i l a b l e  count ing equipment. During t h e s e  s i x  spray  s c l i d i -  

f i c a t i o n  runs ,  t h e  ruthenium i n  t h e  s t a c k  gases  w a s  less than  

2.4 x Ci/week which i s  w e l l  below 10CFR2O r e l e a s e  l i m i t s  (7 1 

by a f a c t o r  of about 2500 o r  more. 

Recent s t u d i e s  of ruthenium d a t a  f o r  t h e  spray  s o l i d i f i c a -  

t i o n  runs  have shown t h a t  a s  much as 1% of t h e  ruthenium fed  t o  

t h e  s o l i d i f i e r  l eaves  i n  t h e  s o l i d i f i e r  condenser o f f- gas  due 

t o  inadequa te  scrubbing i n  t h e  condenser whi le  99% of t h e  

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  i s  condensed. Up t o  

75% of t h e  ruthenium fed  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 

i s  condensable. The condensable ruthenium f r a c t i o n  i s  c o l l e c t e d  

i n  t h e  a u x i l i a r y  evapora tor  bottoms whi le  t h e  remaining 1% i s  



p a r t i a l l y  scrubbed by t h e  overhead equipment ( p a r t i c u l a r l y  t h e  

evapora tor  and f r a c t i o n a t o r  tower and condensers ) .  The remain- 

i n g  f r a c t i o n  i s  removed by t h e  c a u s t i c  sc rubber  a t  t h e  end of 

t h e  i n - c e l l  o f f- gas  system. (11) 

The s o l i d i f i e r  off- gases  pass  through a high e f f i c i e n c y  

f i l t e r  p r i o r  t o  e n t e r i n g  t h e  a u x i l i a r y  sc rubber ;  t h e r e f o r e  

most of t h e  p a r t i c u l a t e  ruthenium should be removed by t h e  

f i l t e r .  Consequently, t h e  ruthenium which e n t e r s  t h e  a u x i l i a r y  

sc rubber  i s  probably i n  t h e  t e t r o x i d e  o r  gaseous form. S ince  

completion of t h e s e  f i r s t  s i x  spray  s o l i d i f i c a t i o n  tests,  gas  

sampling equipment has been i n s t a l l e d  t o  c o l l e c t  samples of 

t h e  of f- gases  l eav ing  t h e  s o l i d i f i e r  condenser,  t h e  evapora tor  

condenser ,  t h e  f r a c t i o n a t o r  condenser,  t h e  a b s o l u t e  f i l t e r ,  

and t h e  c a u s t i c  sc rubber .  Data from t h i s  sampling equipment 

w i l l  be ob ta ined  dur ing  t h e  nex t  s e r i e s  of spray  s o l i d i f i e r  

demonstra t ions .  

The primary f a c t o r  i n f luenc ing  t h e  evapora tor  and t h e  

f r a c t i o n a t o r  DF's i s  t h e  f r a c t i o n  of  t h e  v o l a t i l i z e d  ruthenium 

and t h e  mechanism by which t h e  ruthenium i s  t rapped  i n  t h e  

towers and overhead condensers.  A mechanism based on t h e  d i f -  

f u s i o n  of  t h e  a i r b o r n e  ruthenium from t h e  gas  stream t o  t h e  

wet ted  w a l l s  of a downdraft condenser w a s  assumed i n  t h e  math- 

ema t i ca l  modeling of t h e  WSEP a u x i l i a r y  of f- gas  t r a i n .  ('') The 

d i f f u s i o n  model f o r  t h e  condenser sugges t s  t h a t  t h e  inadequa te ly  

scrubbed ruthenium l eav ing  i n  t h e  s o l i d i f i e r  condenser o f f  gas  

has  a g r e a t e r  i n f l u e n c e  on t h e  DF's a c r o s s  t h e  evapora tor  and 

t h e  f r a c t i o n a t o r  t han  does t h e  sma l l e r  q u a n t i t i e s  of ruthenium 

v o l a t i l i z e d  and/or e n t r a i n e d  from t h e  evapora to r  and t h e  f r a c -  

t i o n a t o r  bottoms under normal o p e r a t i n g  cond i t i ons .  The math- 

ema t i ca l  model of t h e  behavior  of t h e  a i r b o r n e  ruthenium 

sugges t s  t h a t  p r i o r  t o  t h e  high e f f i c i e n c y  f i l t e r s  and t h e  

sc rubber  i n  t h e  a u x i l i a r y  of f- gas  t r a i n ,  t h e  a u x i l i a r y  equip-  

ment i s  n o t  i d e a l l y  s u i t e d  f o r  t h e  removal of ruthenium. 



Pre l iminary  gas  samples of t h e  s o l i d i f i e r  condenser o f f  

gases  sugges t  t h a t  a d d i t i o n a l  o r  modified equipment i s  needed 

t o  remove more of t h e  gaseous and p a r t i c u l a t e  ruthenium from 

t h e  spray  s o l i d i f i e r  a t  i t s  condenser.  The use  of improved 

g a s- l i q u i d  con tac t ing  equipment ( a  condenser packed wi th  e f f i -  

c i e n t  con tac t ing  s u r f a c e s )  f o r  gas  removal and a  high e f f i -  

c iency  f i l t e r  f o r  p a r t i c u l a t e  removal should s u b s t a n t i a l l y  

improve t h e  ruthenium DF's. Such a system i s  under des ign  f o r  

u se  i n  t h e  nex t  s e r i e s  of spray  s o l i d i f i c a t i o n  demonstra t ions .  

I n  conc lus ion ,  t h e  ruthenium decontamination f a c t o r s  f o r  

t h e  e f f l u e n t  from spray  s o l i d i f i c a t i o n  a r e  l a r g e l y  in f luenced  

by t h e  scrubbing e f f i c i e n c y  of t h e  towers and overhead con- 

dense r s  f o r  removal of  ruthenium vapors.  

5.3 CONTROL OF OTHER RADIONUCLIDES 

I n  process ing  PW-1 and PW-2 waste w i th  t h e  spray  s o l i d i -  

f i e r ,  less than  0 . 1 %  of n o n v o l a t i l e  c o n s t i t u e n t s  r ep re sen ted  

by 1 4 4 ~ e - ~ r  were e n t r a i n e d  from t h e  s o l i d i f i e r  and accumulated 
i n  t h e  a u x i l i a r y  evapora tor .  An except ion  t o  t h i s  occurred i n  

Run SS-3 when t h e  s o l i d i f i e r  f i l t e r s  f a i l e d  and 10% of t h e  non- 

v o l a t i l e  c o n s t i t u e n t s  were e n t r a i n e d .  cumulative decontamina- 

t i o n  f a c t o r s  (DFc) f o r  n o n v o l a t i l e s  ac ros s  t h e  WSEP evapora to r  

ranged from 1.5 x l o 3  t o  2.5 x l o 4 .  Ins tan taneous  decontamina- 

t i o n  f a c t o r s  (DFil s)  f o r  n o n v o l a t i l e s  ac ros s  t h e  a u x i l i a r y  evapo- 

r a t o r  ranged from about  l o 3  t o  l o 4 .  These d a t a  agree  q u i t e '  

w e l l  w i th  d a t a  from t h e  f i r s t  s e r i e s  of  phosphate g l a s s  ( 5 )  and 

p o t  c a l c i n a t i o n  ( 4 )  runs .  

Typica l  en t ra inment  from t h e  evapora tor  w a s  less than 

0.06% of t h e  n o n v o l a t i l e s  p r e s e n t  i n  t h e  evapora tor .  During 

Run SS-3 when t h e  f i l t e r s  f a i l e d ,  t h e  added f a c t o r  of 100 

i n c r e a s e  i n  en t ra inment  from t h e  spray  s o l i d i f i e r  d i d  n o t  

appa ren t ly  a f f e c t  t h e  DFc o r  DFi a c r o s s  t h e  evapora tor  o r  

f r a c t i o n a t o r .  The o v e r a l l  DF was t y p i c a l l y  l o 5  f o r  cerium 



from t h e  o r i g i n a l  aqueous waste  through t h e  a u x i l i a r y  system 

t o  t h e  recovered a c i d  i n  t h e  f r a c t i o n a t o r .  Comparable cerium 
7 D F ' s  f o r  t h e  f r a c t i o n a t o r  d i s t i l l a t e  were t y p i c a l l y  1 0  . 

I n s u f f i c i e n t  d a t a  were a v a i l a b l e  f o r  p l o t t i n g  a curve of  

accumulation of  n o n v o l a t i l e  r ad ionuc l ides  i n  t h e  a u x i l i a r i e s .  

The WSEP spray  s o l i d i f i e r  o f f- gases  ( i nc lud ing  about  

7 scfm of a i r  from in l eakage )  con ta in  an average of about  

13 scfm noncondensable gases ,  which must be decontaminated 

be fo re  t hey  a r e  r e l e a s e d  t o  t h e  environment. The presence  of 

t h i s  noncondensable gas  phase s i g n i f i c a n t l y  a f f e c t s  decontamin- 

a t i o n .  Therefore ,  i n  a commercial a p p l i c a t i o n ,  e f f o r t s  should 

be made t o  keep a i r  a d d i t i o n  and in leakage  t o  a minimum. The 

high a i r  f low through t h e  system probably caused some i n c r e a s e  

i n  ruthenium car ryover  through t h e  a u x i l i a r i e s .  Ove ra l l ,  t h e  

a u x i l i a r y  system removed enough n o n v o l a t i l e  c o n s t i t u e n t s  from 

t h e  noncondensable gas  flow t o  reduce it t o  l e v e l s  t h a t  were 

i n s i g n i f i c a n t  compared t o  radioruthenium. 

The noncondensable a i r  flow had 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 .  

Concent ra t ions  of 0.05M - HNO were c o n s i s t e n t l y  produced i n  3 
t h e  f r a c t i o n a t o r  overhead d i s t i l l a t e  when t h e  bottoms were 

c o n t r o l l e d  a t  l e s s  t han  1 0 M  - HN03. (See Table 5.2 and 

Appendix 9 .2 . )  Noncondensable o f f- gases  from t h e  process  

i nc lud ing  s o l i d i f i e r  atomizing a i r  and in leakage  were approx- 

imate ly  2000 l i t e r s  (STP) f o r  each l i t e r  of aqueous waste 

processed.  Approximately h a l f  of t h i s  gas  f low r e s u l t e d  from 

in leakage  and ins t rument  purge a i r  and h a l f  r e s u l t e d  from 

atomizing a i r  t o  t h e  spray  s o l i d i f i e r .  The of f- gas  l eav ing  

t h e  f r a c t i o n a t o r  condenser was f i l t e r e d ,  scrubbed,  f i l t e r e d  

twice  a g a i n ,  and then  discharged t o  t h e  atmosphere. A s  w i th  

r a d i o a c t i v e  ruthenium, 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  were w e l l  

below 1 0 C F R 2 0  r e l e a s e  l i m i t s  fo l lowing d i l u t i o n  by o t h e r  CMEL 

Bui lding and process  a i r .  ( 7 )  



5.4 NITROGEN BALANCE 

From 40  t o  75% of t h e  n i t rogen  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  was removed from t h e  of f- gases  i n  t h e  s o l i d i f i e r  

condenser.  The remaining 6 0  t o  25% was probably p r e s e n t  a s  

ox ides  of n i t rogen  which were c a r r i e d  through t h e  condenser i n  

t h e  gas  phase.  The inc reased  abso rp t ion  of n i t rogen  (75% dur-  

i n g  SS-6) and t h e  decreased l o s s  of  n i t r o g e n  oxide w a s  a t t r i -  

buted t o  t h e  approximately 15 l i t e r s / h r  of  steam sprayed i n t o  

t h e  s o l i d i f i e r  condenser. The s p e c i f i c  changes of n i t rogen  

con ten t  a t  t h e  va r ious  p o i n t s  i n  t h e  a u x i l i a r y  system a r e  

l i s t e d  i n  Table 5.3. The of f- gas  sc rubber  con ta in ing  from 1 t o  

2M - NaOH absorbed from 12 t o  22% of t h e  equ iva l en t  n i t rogen  fed  

t o  t h e  s o l i d i f i e r .  During a l l  t h e  s i x  spray  s o l i d i f i c a t i o n  r u n s ,  

t h e  off- gas  sc rubber  s o l u t i o n s  were completely n e u t r a l i z e d  by 

ox ides  of n i t r o g e n ,  and an unknown amount of n i t rogen  may have 

been l o s t  t o  t h e  s t a c k  a s  i n d i c a t e d  by t h e  f a i l u r e  t o  account 

f o r  5  t o  1 2 %  of t h e  n i t rogen  added t o  t h e  system. 

F igure  5.7 shows t h e  t y p i c a l  accumulation of  n i t r o g e n  and 

ruthenium i n  t h e  c a u s t i c  scrubber  ( t aken  dur ing  Run SS-4 and 5 ) .  

During Run SS-4, 22% of t h e  n i t r o g e n  was recovered i n  t h e  

scrubber  s o l u t i o n .  The n i t r o g e n  ox ides  n e u t r a l i z e d  t h e  scrub-  
b e r  s o l u t i o n  a t  a  cons t an t  r a t e  of 0.2 moles NaOH/hr u n t i l  about 

70% of t h e  run w a s  comlete,  a t  which time t h e  bottoms w e r e  corn- 
- 

p l e t e l y  n e u t r a l i z e d .  A t  t h i s  t i m e ,  t h e  n i t r o g e n  accumulation 

r a t e  i n  t h e  sc rubber  s o l u t i o n  decreased sharp ly .  Ex t r apo la t ing  

from t h e  f i r s t  p a r t  of t h e  run ,  28% of t h e  n i t rogen  would have 

been removed i n  t h e  s c rubbe r ,  i f  t h e  sc rubber  s o l u t i o n  had n o t  

become a c i d i c  be fo re  t h e  end of t h e  run.  The sc rubber  i s  a l s o  

used t o  s c rub  t h e  of f- gases  from t h e  No. 2 ven t  system ( o r  

v e s s e l  v e n t ) .  These v e s s e l  ven t  gases  d i l u t e  t h e  WSEP o f f -  

gases  ( i nc lud ing  motive a i r  t o  t h e  process  ven t  j e t )  by about  

a  f a c t o r  of two. Therefore ,  t h e  n i t r o g e n  l o s s e s  from t h e  MSEP 
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system could  be  reduced by r e r o u t i n g  t h e  v e s s e l  ven t  gases  

around t h e  sc rubber  and by i n c r e a s i n g  t h e  c a u s t i c  i n  t h e  

sc rubber  bottoms by about a  f a c t o r  of two. 

5.5 HANDLING O F  PUREX WASTE 

F i s s i o n  produc t  waste s o l u t i o n s  con ta in  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 ,  s t o r a g e ,  o r  evapora-  

t i o n .  While amorphous, noncaking p r e c i p i t a t e s  can be handled 

a t  concen t r a t i ons  up t o  50 volume p e r c e n t ,  i n  WSEP, very  smal l  

q u a n t i t i e s  of heavy, caking p r e c i p i t a t e s  can plug p ipes  and 

equipment. Thus, proper  des ign  and ope ra t ion  r e q u i r e  know- 

ledge of t h e  p r e c i p i t a t e  c h a r a c t e r i s t i c s .  The p r e c i p i t a t e s  

p r e s e n t  i n  a g iven  waste s o l u t i o n  l a r g e l y  depend on t h e  chemi- 

cal  f lowshee t  used i n  t h e  r ep roces s ing  p l a n t  and du r ing  t h e  

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  demonstra t ion tests  SS-1 through SS- 6 

r ep re sen ted  t y p i c a l  Purex p l a n t  wastes .  That i s ,  t hey  con- 

t a i n e d  t h e  f u l l  gamut of expected p r e c i p i t a t e  t y p e s ,  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 e t t l e d  s o l i d s  i n  a c t u a l  samples of t h e  

f eed  s o l u t i o n s  used i n  t h e  s i x  spray  s o l i d i f i c a t i o n  runs  w a s  

g e n e r a l l y  about  3 0 % .  The m a j o r i t y  of t h e  s o l i d s  encountered 

i n  t h e  spray  s o l i d i f i c a t i o n  f eeds  conta ined  molybdenum, 

phosphorous, and zirconium, t h e  p r e c i p i t a t e s  were probably 

zirconium phosphomolybdate compounds. The s o l i d s  are hydrous,  

amorphous p r e c i p i t a t e s  which have never  been observed t o  cake 

i n  t h e  l a b o r a t o r y  even a f t e r  s t and ing  s e v e r a l  months. I n  PW-1, 

t h e  phosphomolybdate compound was predominant and t h e  s o l i d s  
. 

were 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- c o n t a i n i n g  

PW-2 was te ,  t h e  p r e c i p i t a t e  remained g e l a t i n o u s ,  b u t  c l o s e  

i n s p e c t i o n  showed t h e  presence of sma l l  needle- shaped c r y s t a l s  

(probably sodium- rare- earth s u l f a t e s ) .  When t h e  PW-1 wastes 

were cont inuous ly  b o i l e d ,  t h e  p r e c i p i t a t e s  l o s t  t h e i r  g e l a t i n -  

ous c h a r a c t e r i s t i c s  and became a  very loose ,  eas i ly- suspended 



p r e c i p i t a t e  (even a f t e r  prolonged s e t t l i n g ) .  Continuous 

b o i l i n g  of  t h e  PW-2 waste has  n o 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 spray  s o l i d i f i c a t i o n  

f eeds  i n  feed t a n k s ,  evapora to r s ,  and t r a n s f e r  l i n e s  i s  n o t  

cons idered  t o  be a  major problem. 

5 .6  GENERAL PERFORMANCE OF AUXILIARIES 

Aux i l i a ry  equipment performance f o r  a c i d  recovery was 

s a t i s f a c t o r y  dur ing  t h e  s i x  spray  s o l i d i f i c a t i o n  demonstra t ion 

runs ,  except  f o r  some feed pump problems and a  g radua l  d e t e r i o-  

r a t i o n  of t h e  p l a s t i c  i n s u l a t i o n  on t h e  e l e c t r i c a l  and i n s t r u -  

ment w i r ing  wi th in  t h e  c e l l .  A l l  s i x  runs  w e r e  completed; 

only  t h e  t h i r d  run  was i n t e r r u p t e d  dur ing  t h e  s t a r t u p  pe r iod  

a s  t h e  r e s u l t  of a bad seal i n  t h e  Teed pump. Also dur ing  

Run SS-3, t h e  feed  tank a g i t a t o r  f a i l e d  due t o  f a i l e d  i n s u l a-  

t i o n  on an e l e c t r i c a l  power l ead .  Table 5.4 con ta ins  a  compila- 

t i o n  of t h e  g e n e r a l  ope ra t ing  performance of  t h e  a u x i l i a r y  

equipment. 

5 . 6 . 1  Pumps 

The feed  pump used du r ing  spray  s o l i d i f i c a t i o n  demonstra- 

t i o n  Runs SS-1 and SS-2 w a s  t h e  same a s  t h e  pump used dur ing  

t h e  f i r s t  p o t  c a l c i n a t i o n  run.  ( 4 )  The pump w a s  a canned- rotor ,  

i n - l i n e  pump (I2) wi th  boron c a r b i d e  s e a l s  and boron c a r b i d e  

bear ings  wi th  g r a p h i t e  t h r u s t  f aces .  Water l u b r i c a n t  t o  t h e  

bear ings  w a s  r e c i r c u l a t e d  through a s m a l l  e x t e r n a l  r e s e r v o i r  

and a  j acke ted  c o o l e r ,  b u t  w a s  s epa ra t ed  from t h e  process  

f l u i d  by a mechanical s e a l  i n  t h e  pump. When t h i s  t ype  of 

pump f a i l e d *  du r ing  t h e  f i r s t  phosphate g l a s s  demonstra t ion (5)  

a  modified i n - l i n e  pump assembly inco rpo ra t ing  a convent ional  

c e n t r i f u g a l  pump was i n s t a l l e d .  This  type  of  pump was used 

dur ing  t h e  remainder of t h e  spray  s o l i d i f i c a t i o n  runs .  The 

* The pump s h a f t  s e i z e d  a f t e r  8 4  hours of ope ra t ion .  

5.25 



TABLE 5.4. WSEP Auxiliary Equipment Operating Summary (Through Spray 
Solidification Run SS-6) 

Avg. P r e s s . ,  Operat ing 
Equipment Cons t ruc t ion  Mate r i a l  Temp, O C  i n .  Water Chemical T i m e , h r  Remarks 

Feed t a n k s  - 5 Darex, Purex,  
TBP-25 Type 
Waste 

A g i t a t o r s  used 2540 h r .  A g i t a t o r  power l e a d  
f a i l e d  d u r i n g  SS-3 

Condensate t a n k s  -10 t o  20 H20, D i l u t e  
HN03 

-10 t o  20 D i l u t e  NaOH 

Submerged pump used 1210 h r .  

C a u s t i c  sc rubber  C i r c u l a t i n g  pump used 1200 h r .  

Evaporator  -10 t o  20 B o i l i n g  Waste Minor t i t a n i u m  c o r r o s i o n  caused by f l u o r i d e  
ion  d u r i n g  e a r l y  DVT runs .  Acid 

F r a c t i o n a t o r  

Local ized vapor e n t r y  c o r r o s i o n  (up t o  
0.06 i n . )  du r ing  e a r l y  DVT runs  3  and 4 .  

S o l i d i f i e r  
Condenser 

-10 t o  20 HN03 Vapors 

-10 t o  20 D i l u t e  HN03 Evaporator  
Condenser 

F r a c t i o n a t o r  
Condenser 

-10 t o  20 H20, D i l u t e  
HN03 

500 Adjusted Waste Feed Pumps Changed from t h e  o r i g i n a l  i n l i n e  pump t o  
a  conven t iona l  pump p r i o r  t o  run  PG-3 

Dual pump jumper used dur ing  l a s t  f o u r  sp ray  
runs  ( s e e  Appendix, Table 9 . )  

Flowmeters 

Feed, 
magnet ic  

Occasional  i n t e r m i t t a n t  r ead ings  due t o  l e a d  
wi re  f a i l u r e s .  Also f r e q u e n t  s h i f t s  i n  
c a l i b r a t i o n  and l o s s  of  s e n s i t i v i t y .  

V i t r eous  Enamel Liner .  
Pla t inum sea led  e l e c-  
t r o d e s .  Inconel  
f lowtube.  

%lo0 Concentra ted  
Wastes 

Two u n i t s  (1160 h r / u n i t )  d i d  n o t  o p e r a t e  
du r ing  l a s t  f o u r  sp ray  runs  p r i m a r i l y  due t o  
e l e c t r i c a l  l e a d  f a i l u r e .  

Condensate,  
magnet ic  

(same a s  above) -100 Condensate 

(same a s  above) -10 t o  -30 D i l u t e  Acid 
Water 

Meter was r e l i a b l e  f o r  t h e  f i n a l  p rocess  
condensate.  

Condensate,  
e l e c t r o n i c  
r o t a m e t e r  

Absolute  
F i l t e r s  

G las s- asbes tos  wi th  
aluminum s e p a r a t o r s  
i n  304L SS housing. 

-20 Predominantly 
A i r ,  Ni t rogen 
Oxides 

No f i l t e r  changes.  P rocess  Vent 

-10 Predominantly 
Ai r  

Changed s i x  t imes ;  most ly  due t o  e x c e s s i v e  
moi s tu re .  74 days  was s h o r t e s t  d u r a t i o n  
between changes.  

Vessel  Vent 



pump conta ined  double mechanical ,  wa te r- lub r i ca t ed  s e a l s  wi th  

g r a p h i t e  r o t a t i n g  r i n g s .  With t h e  new pump, i s o l a t i o n  va lves  

were i n s t a l l e d  on t h e  pump jumper t o  p revent  l o s s  of feed  i n  

ca se  of seal f a i l u r e .  These va lves  a l s o  a l low remote pump 

replacement i n  approximately 4 hours wi thout  t r a n s f e r r i n g  t h e  

f eed  o u t  of t h e  f eed  tank .  

Two pump f a i l u r e s  occurred wi th  t h i s  new pump dur ing  t h e  

l a s t  fou r  spray  s o l i d i f i c a t i o n  runs* because of seal and bear-  

i n g  f a i l u r e s ;  however, t h e  pumps have a longer  l i f e  expectancy 

than  t h e  canned- rotor pumps i f  they a r e  thoroughly f lushed  

a f t e r  each  run.  Flushing i s  very important  f o r  i nc reased  pump 

l i f e .  Some of t h e  d i f f i c u l t y  w i th  pump s e a l  f a i l u r e s  seem t o  

have been caused by t h e  s e a l s  d ry ing  o u t  when t h e  pumps were 

no t  ope ra t ing .  An extended pump ope ra t ing  t e s t  has no t  y e t  

been performed. 

5 .6 .2  S o l i d i f i e r  Condenser 

The f a i l u r e  of t h e  spray  s o l i d i f i e r  f i l t e r s  du r ing  

Run SS-3 r e s u l t e d  i n  t h e  car ryover  of app rec i ab l e  q u a n t i t i e s  

of c a l c i n e  i n t o  t h e  process  o f f- gas  t r a i n  (about 1 0 %  o f t h e  

s o l i d s  i n  t h e  feed  t o  t h e  s o l i d i f i e r ) .  The i n l e t  and o u t l e t  

v e n t  l i n e s  of t h e  s o l i d i f i e r  condenser became p a r t i a l l y  

plugged by t h e  c a l c i n e ,  and t h e  condenser d r a i n  l i n e  and con- 

densa t e  sampler plugged s e v e r a l  t i m e s  du r ing  t h e  run. Although 

t h e  e n t r a i n e d  c a l c i n e  caused m o s t  of t h e  plugging problems, 

t h e  1- inch diameter  o u t l e t  ven t  l i n e  has  s e v e r a l  r i gh t- ang le  

bends and j o i n t s  which r e s t r i c t  ga s  flow. Consequently, p r i o r  

t o  Run SS-4, a second ven t  l i n e  was i n s t a l l e d  i n  p a r a l l e l  wi th  

t h e  e x i s t i n g  v e n t  l i n e .  The new v e n t  l i n e  w a s  made from 

1.5- inch Schedule 40  304L s t a i n l e s s  s teel  p ipe .  This  new v e n t  

l i n e  decreased  t h e  p re s su re  drop from t h e  s o l i d i f i e r  condenser 

t o  t h e  evapora tor  by a f a c t o r  of about 3, (from about 3 t o  

* See Table  9.6 i n  Appendix f o r  feed pump ope ra t ing  exper ience.  



1 inch  of  wa te r )  t hus  i n c r e a s i n g  t h e  ven t ing  c a p a c i t y .  Both 

t h e  o l d  and new v e n t  l i n e s  d i scha rge  i n t o  t h e  vapor space  of 

t h e  a u x i l i a r y  evapora tor .  

5.6.3 Feed Cont ro l  System and Flow Measurement 

Operat ion of t h e  feed c o n t r o l  system over  t h e  range of 5  

t o  3 0  l i t e r s / h r  used was n o t  good, because measurement of feed  

flow t o  t h e  s o l i d i f i e r  wi th  a magnetic flowmeter ( t h e  sens ing  

element i n  t h e  c o n t r o l  loop)  w a s  u sua l ly  inadequate .  D i f f i c u l -  

t i e s  exper ienced 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 f a i l u r e  of 
4 

e l e c t r i c a l  w i r e  i n s u l a t i o n .  The wi re  i n s u l a t i o n  f a i l u r e s  a r e  

desc r ibed  below. Another obvious d i f f i c u l t y  w i th  magnetic 

f lowmeters f o r  meter ing wastes  i s  t h e  smal l  ho 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 ) .  

A 1/2-inch H a m m e l  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  s o l i d i f i e r .  S o l i d s  i n  t h e  f eed  

r e a d i l y  pas s  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  a r e  used p r i o r  t o  and a f t e r  feed ing  t o  keep t h e  

feed l i n e s  s a t i s f a c t o r i l y  f r e e  of s o l i d s .  

5.6.4 E v a ~ o r a t o r  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 .  I n  bo th  v e s s e l s ,  s p e c i f i c  g r a v i t y  was used a s  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 concentra-  

t i o n ,  a l though  temperature  was used on some occasions .  Conduc- 

t i v i t y  of t h e  condensed evapora to r  overheads was used t o  

measure t h e  overhead a c i d i t y  and thereby  c o n t r o l  t h e  s t r i p  
8 

water  r e c y c l e  flow t o  t h e  evapora tor  t o  main ta in  a  g iven  n i t r i c  

a c i d  concen t r a t i on  i n  t h e  overheads. 

The s p e c i f i c  g r a v i t y  and l i q u i d  l e v e l  d i p  t ubes  of t h e  

evapora tor  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  ( 4 )  and phosphate g l a s s  s o l i d i f i c a t i o n  runs .  ( 5 )  

Although most of t h e  plugging was e l imina t ed  by f l u s h i n g  t h e  



dip tubes with alternate solutions of nitric acid and caustic 

between runs, the dip tubes should be made more reliable for 

continuous operation, possibly by continuous or semicontinuous 

wet purging. More recently, promising results have been 

obtained by venting the dip tubes for approximately 10 out of 

every 15 minutes to allow the waste solution to rise into the 

dip tubes and, in effect, wash out the tubes. 

To minimize fluoride-induced corrosion of the titanium 

evaporator and fractionator vessels, chemical complexants are 

added to the vessels before each run. If pure nitric acid is 

to be boiled, aluminum nitrate is added to the evaporator 

and to the fractionator. When waste is boiled in the evapo- 

rator, enough iron, zirconium, and aluminum ionic complexants 

are present in the waste to inhibit corrosion. 

5.6.5 Filters 

Performance of the high-efficiency process ventilation 

filters was basically the same as that experienced during the 

first pot calcination and phosphate glass solidification runs; 

the high-efficiency filters in the process ventilation system 

performed well, while those in the vessel vent system required 

several changeouts because of buildup of excessive pressure 

drops (greater than 10 inches of water) which resulted when 

they became wet with acidic vapors. Inadequate preheating 

upstream of the filter had not sufficiently "dried" the gases. 

In all failed filters, the aluminum spacers between the filter 

material had seriously corroded. Since these first six spray 

solidifier runs, the secondary vessel vent system has been 

rerouted to ventilate through the vent system for the waste 

vault storage tanks of the C-MEL facility, and the original 

filter location has not been used. 



5.6.6 E l e c t r i c a l  and Ins t rument  Wiring 

The l a s t  f o u r  spray  s o l i d i f i c a t i o n  demonstra t ion runs  of  

t h i s  6-run s e r i e s  began a t  about t h e  t ime when most o f  t h e  

p l a s t i c  i n s u l a t i o n  on t h e  ho t  c e l l  e l e c t r i c a l  wi r ing  had begun 

t o  f a i l  ( a f t e r  2 y e a r s  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  was i n s u l a t e d  wi th  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 broke,  thereby  causing wi re  breakage o r  i n s u l a t i o n  

f a i l u r e  when t h e  w i re s  were bent .  Less expensive Neoprene 

rubber has  proved more s a t i s f a c t o r y  f o r  w i r e  cover ing i n  WSEP. 

Neoprene remains more p l i a b l e  t han  t h e  l i n e a r  po lye thy lene  and 

has a  u s e f u l  l i f e  of a t  l e a s t  2 yea r s .  

5.6.7 Sampling 

Contamination of t h e  low- level  r a d i o a c t i v e  aqueous samples 

( i . e . ,  t h o s e  of t h e  f r a c t i o n a t o r  d i s t i l l a t e  and sc rubber  so lu-  

t i o n s )  w i t h i n  t h e  h o t  c e l l  ( 5 )  w a s  e l imina t ed  p r i o r  t o  t h e  

t h i r d  sp ray  s o l i d i f i c a t i o n  run by r o u t i n g  t h e  sample l i n e s  out-  

s i d e  o f  t h e  c e l l  t o  a  new sampling s t a t i o n .  S ince  r ep re sen ta-  

t i v e  samples of  t h e  WSEP a u x i l i a r y  evapora tor  and a c i d  

f r a c t i o n a t o r  were d i f f i c u l t  t o  o b t a i n  u n l e s s  t h e  two t anks  

w e r e  b o i l i n g ,  s t a r t  and end of  run samples f o r  t h e s e  two t anks  

were ob ta ined  when t h e  t anks  were b o i l i n g .  Inco rpo ra t ion  of 

t h e  above improvements l e d  t o  improved d a t a  from samples by 

t h e  s t a r t  of t h e  l a s t  f o u r  spray  s o l i d i f i c a t i o n  runs .  

S ince  t h e  completion of  t h e s e  s i x  spray  s o l i d i f i c a t i o n  

r u n s ,  ga s  sampling equipment has  been i n s t a l l e d  t o  c o l l e c t  

samples of  p roces s  o f f  gas  a t  var ious  p o i n t s  i n  t h e  a u x i l i a r y  

system. Gas sample d a t a  w i l l  be ob ta ined  dur ing  t h e  nex t  

s e r i e s  of spray  s o l i d i f i c a t i o n  runs .  



5.6.8 Material Balances 

Specific material balance data for the six spray solidi- 

fication demonstration runs are shown in the Appendix, 

Table 9 . 3 .  Except for ruthenium, the recovery of individual 

elements was good. 

Chemical or radiochemical analysis for ruthenium in the 

ceramic product continued to be unreliable during the period 

of the first series of spray runs. Consequently, a total 

material balance for ruthenium was difficult to make. A 

ruthenium material balance was obtained by analysis of WSEP 

liquid streams for radioruthenium using a radiochemical gamma 

energy analyses (GEA). No unusual material balance discrepan- 

cies have been found with the WSEP auxiliaries when it is 

operated with the spray solidifier. 

The overall material balances for the six spray solidi- 

fication demonstrations are shown in Table 5.5. 

TABLE 5.5. Overall Material Balances for Spray 
Solidification Runs 

SS Percent Recovery 

Run - Volume Weight 
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6 . 0  FILLED RECEIVER POT PERFORMANCE 

Eva lua t ion  of t h e  s o l i d i f i e d  waste p roduc t  and t h e  s t o r a g e  

c o n t a i n e r  f o r  i n t e r i m  and long- term s t o r a g e  c o n s t i t u t e s  an 

impor tan t  p a r t  of t h e  waste s o l i d i f i c a t i o n  program. The b a s i c  

c r i t e r i o n  f o r  s t o r a g e  i s  t h a t  r ad ionuc l ides  do n o t  e n t e r  t h e  

human environment beyond s a f e  l i m i t s .  A s  p a r t  of t h e  WSEP 

program, t h e  S o l i d s  S torage  Engineering T e s t  F a c i l i t y  (SSETF) 

was cons t ruc t ed  f o r  s t o r i n g ,  moni tor ing,  observ ing ,  and eva lua t-  
i n g  t h e  produc ts  i n  s e v e r a l  types  of c o n t r o l l e d  environments. (1) 

The i n i t i a l  and near- term behavior  of t h e  s o l i d i f i e d  wastes i n  

t h e i r  c o n t a i n e r s  a r e  being observed and eva lua t ed  i n  t h e  product  

e v a l u a t i o n  program and i n  t h e  SSETF. Inasmuch a s  f i l l e d  p o t s  

may be he ld  i n  an i n t e r i m  s t o r a g e  f a c i l i t y  u n t i l  cond i t i ons  

(e .g . ,  h e a t  gene ra t ion  r a t e )  a r e  s u i t a b l e  f o r  t r a n s f e r r i n g  them 

t o  a  f i n a l  s t o r a g e  s i t e ,  it i s  very important  t o  know what 

behavior t o  expec t  du r ing  t h e  i n t e r i m  per iod .  

The impor tan t  c h a r a c t e r i s t i c s  of t h e  s o l i d i f i e d  waste 

which a r e  being measured a r e  thermal  conduc t iv i ty ,  l e a c h a b i l i t y  

i n  water, d i s p e r s i b i l i t y  , and c r y s t a l l i n i t y .  

EVALUATIONS 

Most of t h e  r e c e i v e r  p o t  performance c h a r a c t e r i s t i c s  of 

i n t e r e s t  i n  t h e  waste  s o l i d i f i c a t i o n  program a r e  concerned 

wi th  changes which a r e  expected t o  occur  s lowly ,  i f  a t  a l l .  

In  f a c t ,  t h e  e x t e n t  of improved s a f e t y  r e s u l t i n g  from w a s t e  

s o l i d i f i c a t i o n  hinges  t o  a  l a r g e  e x t e n t  on t h e  absence of 

n o t a b l e  e f f e c t s .  To d e t e c t  changes, t h e  o r i g i n a l  cond i t i ons  

of t h e  s o l i d i f i e d  waste must be determined. ( * )  Most of t h i s  

s e c t i o n  d e a l s  w i t h  t h e  c u r r e n t  p rog res s  and problems encountered 

t o  d a t e  i n  determining t h e  o r i g i n a l  cond i t i ons  of t h e  spray 

s o l i d i f i e d  waste  product  from t h e  s i x  r a d i o a c t i v e  runs .  



6.1.1  Maximum Temperatures 

The tempera tures  produced i n  t h e  r e c e i v e r  p o t  by t h e  

hea t- genera t ing  r ad ionuc l ides  i n  t h e  s o l i d i f i e d  waste a r e  

t h e o r e t i c a l l y  p r e d i c t a b l e  from knowledge of t h e  was te ,  i t s  

source  and age. A major o b j e c t i v e  of WSEP demonstra t ion 

runs i s  t o  determine t h e  p r e d i c t a b i l i t y  of t empera tures  and 

t h e  q u a n t i t y  of r ad ionuc l ides  r equ i r ed  t o  produce va r ious  

temperatures  i n  a  po t .  The accuracy of p r e d i c t i n g  temperatures  

produced by r ad ionuc l ide  decay depends l a r g e l y  on t h e  accuracy 

of t h e  knowledge of p r o p e r t i e s  such as  thermal  conduc t iv i ty .  

I f  t h e s e  p r o p e r t i e s  a r e  known, t h e  g e n e r a l  c a p a b i l i t y  t o  

p rocess  a  waste  by t h e  spray s o l i d i f i c a t i o n  process  can be 

judged. 

The temperature  a t  t h e  c e n t e r l i n e  of a  hea t- genera t ing  

c y l i n d e r  i s  given by: 

where Tc = temperature  a t  t h e  c e n t e r l i n e  of a  s o l i d  c y l i n d e r  

of h e a t  gene ra t ing  m a t e r i a l ,  O C .  

Tw = temperature  a t  t h e  c y l i n d e r ,  w a l l ,  O C .  

Q = h e a t  gene ra t ion  r a t e  ( w a t t s )  i n  t h e  c y l i n d e r ;  

( r ad ionuc l ides  a r e  assumed t o  be uniformly 

d i s t r i b u t e d )  . 
L = l eng th  of h e a t  gene ra t ing  c y l i n d e r ,  (me te r s ) .  

2 
K = thermal  c o n d u c t i v i t y ,  W/ (m ) (OC/m) . 

Equation (1) a p p l i e s  f o r  h e a t  flow perpendicu la r  t o  t h e  c y l i n d e r  

a x i s ,  as would be t h e  case  i n  c y l i n d e r s  wi th  i n s u l a t e d  ends o r  

i n  i n f i n i t e l y  long c y l i n d e r s .  Thermal conduc t iv i ty  i s  assumed 

t o  be cons t an t .  The equa t ion  can be used t o  e s t i m a t e  maximum 

i n t e r n a l  temperature  i n  p o t s  of s o l i d i f i e d  waste ,  i f  an " e f f e c-  

t i v e  thermal  conduc t iv i ty"  i s  used a s  expla ined  below, even 

though t h e  cond i t i ons  r equ i r ed  by t h e  equa t ion  a r e  n o t  met 

e x a c t l y .  



Equation (1) may be arranged t o  g ive :  

where AT = Tc - Tw (Tc i s  t h e  maximum i n t e r n a l  temperature 

and Tw i s  t h e  w a l l  temperature  i n  t h e  same zone.) 

Ke = e f f e c t i v e  thermal  conduc t iv i ty .  

Equation (2)  shows t h a t  t h e  temperature  drop from t h e  

c e n t e r l i n e  t o  t h e  w a l l  of t h e  p o t  i s  a  func t ion  of t h e  t o t a l  

i n t e r n a l  h e a t  gene ra t ion  r a t e  from rad ionuc l ide  decay. I n  

Equation ( 2 )  , Q i s  e q u a l  t o  (7id42~) - (q) , where d  i s  diameter  
3  (meters) and q  i s  t h e  h e a t  gene ra t ion  r a t e  d e n s i t y  (W/m ) i n  t h e  

s o l i d .  For a  given i n t e r n a l  h e a t  gene ra t ion  r a t e ,  thermal  

conduc t iv i ty  and f i l l  h e i g h t ,  t h e  temperature  d i f f e r e n c e  (AT) 

i s  t h e  same f o r  an 8-inch and a  12- inch diameter  po t .  However, 

s i n c e  Q i s  a  func t ion  of d 2 ,  t h e  a l lowable  h e a t  r a t e  d e n s i t y  
3 (W/m ) f o r  an 8- inch diameter  p o t  i s  approximately t w i c e  t h a t  

f o r  a  12- inch po t .  

The " thermal  maximum" i s  t h e  maximum q u a n t i t y  of radio-  

a c t i v e  decay h e a t  p e r  u n i t  volume of s o l i d i f i e d  waste which 

can s a f e l y  be  s t o r e d  i n  a waste p o t  a s  d i scussed  below. 

Equation ( 2 )  can be used t o  e s t i m a t e  t h e  cond i t i ons  f o r  t h e  

thermal  maximum f o r  a  s o l i d i f i e d  waste c o n t a i n e r  f o r  a  given, 

value of t h e  e f f e c t i v e  thermal  conduc t iv i ty  (Ke)  , and f o r  g iven 

temperature  c o n s t r a i n t s .  I n  WSEP, t h e  temperature  c o n s t r a i n t s  

used t o  d e f i n e  t h e  thermal  maximum cond i t i ons  were a r b i t r a r i l y  

s e l e c t e d  from co r ros ion  o r  s a f e t y  cons ide ra t ions .  (3)  

A maximum c e n t e r l i n e  temperature  of 900 OC with  t h e  p o t  

s t o r e d  i n  ambient a i r  a t  38 O C  o r  i n  wate r  a t  1 0 0  O C .  

A maximum w a l l  temperature  of 427 O C  with  t h e  p o t  s t o r e d  

i n  a i r .  



For s o l i d  wastes  w i th  a  mel t ing  p o i n t  o r  remel t  tempera- 

t u r e  below 900 O C ,  t h e  molten core  i s  r e s t r i c t e d  t o  l e s s  

than one-half t h e  po t  r ad ius .  

Graphica l  s o l u t i o n s  t o  Equation ( 2 )  f o r  s e v e r a l  d i f f e r e n t  

va lues  of Ke a r e  p resen ted  i n  F igure  6.1. Po t  w a l l  tempera- 

t u r e s  a r e  shown i n  Figure  6.2 f o r  8- inch and 12- inch diameter  

p o t s  cooled by n a t u r a l  convection and r a d i a t i o n  i n  38 O C  

( 1 0 0  OF) a i r .  These curves  w e r e  de r ived  from s t anda rd  methods 

f o r  convect ive  and r a d i a t i v e  h e a t  t r a n s f e r  a s  given by 

McAdams . ( 4 )  

Using a  t r i a l  and e r r o r  t echnique ,  F igu res  6 . 1  and 6.2 

can be used t o  p r e d i c t  temperatures  i n  a  po t  f o r  g iven v a l u e s  

of Ke. 

6.1.2 Experimental  Data 

The nominal remel t  temperature  f o r  t h e  PW-1 spray  s o l i d i -  

f i e d  waste  i s  about 900 O C ,  and f o r  t h e  PW-2 spray  s o l i d i f i e d  

waste i s  about 700 OC. ( 5 )  Consequently, f o r  t h e  WSEP waste 

p o t s ,  t h e  molten core  l i m i t  must be considered only f o r  t h e  

PW-2 sp ray  s o l i d i f i e d  wastes .  

Exper imental  r e s u l t s  from f i l l e d  p o t  d a t a  f o r  t h e  f i r s t  

s i x  WSEP sp ray  s o l i d i f i c a t i o n  runs  a r e  shown i n  F igures  6 . 1  

and 6.2. The t o t a l  h e a t  gene ra t ion  r a t e  ( Q )  f o r  each p o t  was 

measured by p o t  ca lo r ime t ry  and normalized t o  an e x a c t  6- foot  

he igh t  of s o l i d  waste i n  each  po t .  The accuracy of t h e  mea- 

sured  Q i s  + l o  pe rcen t .  (6 )  

The AT and Tw va lues  shown i n  F igu res  6 .1  and 6.2,  

r e s p e c t i v e l y ,  f o r  t h e  s i x  p o t s  were obta ined  a t  s t e a d y- s t a t e  

w i th  t h e  f i l l e d  p o t  i n  t h e  a i r- cooled  furnace and t h e  f i l l e d  

p o t s  of Runs SS-5 and SS-6 hanging i n  ambient a i r .  The 

average AT and Tw va lues  g e n e r a l l y  v a r i e d  l e s s  than  1 0  p e r c e n t  

along t h e  l eng th  of t h e  f i l l e d  p o t  ( s e e  Tables  9.5 and 9.6) . 



S U P E R S C R I P T  NUMBERS ARE 

S S  RUN NUMBERS 

PW- 2 WASTE W I T H  P O T  I N  A I R -  
COOLED F U R N A C E  

O PW- 1 WASTE W I T H  P O T  I N  A I R -  
COOLED F U R N A C E  

- 
PW- 1 WASTE W I T H  P O T  I N  F R E E  A I R  

. I I I I l I I I  1 1 1 I I l I I .  

T O T A L  H E A T  G E N E R A T I O N  R A T E  ( Q ) ,  kW I N  A  

6 f t  L E N G T H  ( A N Y  D I A M E T E R )  

FIGURE 6 .1 .  Temperature Drop (Cen te r l i ne  t o  Outs ide  W a l l )  
i n  Receiver P o t s  Containing Spray S o l i d i f i e d  
Waste 



H E A T  G E N E R A T I O N  R A T E  I N  P O T  ( Q T ) ,  kW 

B A S E S  F O R  C A L C U L A T I N G  W A L L  T E M P E R A T U R E  C U R V E S  : 

C O O L I N G  B Y  N A T U R A L  C O N V E C T I O N  A N D  R A D I A T I O N  I N  A I R  ( F R O M  R E F E R E N C E  4 )  
A M B I E N T  A I R  T E M P E R A T U R E ,  3 8  " C  
E M I S S I V I T Y  O F  P O T  W A L L ,  0 . 6  A N D  0 . 8  

- Q T O T A L  B A S E D  ON F I L L  D E P T H  O F  6  f t  
E = 0 . 6  

S U P E R S C R I P T  N U M B E R S  A R E  SS R U N  N U M B E R S .  S S - 4  I S  A  M I L D  
S T E E L  R E C E I V E R :  A L L  O T H E R S  A R E  S T A I N L E S S  S T E E L .  S S - 1  I S  
A 1 2 - i n .  D I A M E T E R  R E C E I V E R ;  A L L  O T H E R S  A R E  8 - i n .  D I A M E T E R  - 

- 

- 

P W - 2  W A S T E  W I T H  P O T  I N  A I R -  
C O O L E D  F U R N A C E  

O P W - 1  W A S T E  W I T H  P O T  I N  A I R -  
C O O L E D  F U R N A C E  

P W- 1  W A S T E  W I T H  P O T  I N  F R E E  A I R  

'FI'GUm '6'.2. P o t  W a l l  T e m p e r a t u r e s  i n  A i r  and i n  A i r - C o o l e d  
R e c e . i v e r  P o t  Furnace 

I I I I I I I 1 1 1 1  I I I I I 



The thermal  conduc t iv i ty  f o r  s p r a y- s o l i d i f i e d  waste 

de r ived  from t h e  exper imenta l  d a t a  i s  e s s e n t i a l l y  t h e  t r u e  

e f f e c t i v e  va lue  f o r  t h e  c e n t r a l  zones i n  t h e  p o t  where h e a t  

flow is  v i r t u a l l y  r a d i a l .  E a r l i e r  nonrad ioac t ive  experiments 

have shown t h a t  spray  s o l i d i f i c a t i o n  produces a  s o l i d  which 

normally f i l l s  t h e  p o t  uniformly and homogeneously. This  

and t h e  g e n e r a l l y  cons t an t  r a d i a l  temperature  d i f f e r e n c e  along 

t h e  l eng th  of each po t  from t h e  f i r s t  s i x  r a d i o a c t i v e  demon- 

s t r a t i o n s  i n d i c a t e  t h a t  t h e  h e a t  gene ra t ion  i n  t h e  s o l i d  waste  

is  e s s e n t i a l l y  uniform a t  t h e  t i m e  t h e  p o t  i s  f i l l e d .  

The e f f e c t s  of long- term s to rage  and high temperatures  

( i .e . ,  a t  o r  above thermal  maximum cond i t i ons )  on t h e  s t a b i l i t y  

of the waste  products  f o r  t h e s e  runs. have n o t  been f u l l y  evalu-  

a ted .  However, i n  t h e  absence of such e f f e c t s ,  t h e  exper imental  

r e s u l t s  shown i n  Figure  6 .1  f o r  Runs SS-4, 5 and 6 ,  provide a  

reasonably a c c u r a t e  b a s i s  from which t o  c a l c u l a t e  e f f e c t i v e  

thermal  c o n d u c t i v i t i e s  f o r  t h e  PW-1 and PW-2 spray  s o l i d i f i e d  

waste products .  The va lue  of Ke f o r  t h e s e  wastes  w i l l  range 
2  from 1.1 t o  1 . 4  W/(m (OC/m) L0.64 t o  0.81 Btu / (hr )  ( f t 2 )  ( ' F / f t ) ] .  

The value of Ke does n o t  depend on t h e  temperature of t h e  

s o l i d i f i e d  waste.  A r e g r e s s i o n  a n a l y s i s  of  t h e  K d a t a  f o r  e 
t h e  f i l l e d  waste p o t s  from t h e  f i r s t  s i x  runs  showed Ke i s  

independent of t h e  "average" waste temperature  ( a r i t h m e t i c  

average o f  t h e  p o t  c e n t e r l i n e  and t h e  p o t  w a l l  temperature)  . 

over  t h e  range from 100 OC t o  600 OC. ( 6 )  

6.1.3. Thermal Maximum 

I n  F igure  6.3, t h e  r e l a t i o n s h i p  between Ke and t h e  h e a t  

gene ra t ion  r a t e  f o r  a  p o t  c e n t e r l i n e  temperature  of 9 0 0  O C  

i s  p l o t t e d  f o r  p o t s  s t o r e d  i n  ambient a i r  and f o r  p o t s  s t o r e d  

i n  water .  For example, w i t h  t h e  po t  s t o r e d  i n  ambient a i r ,  a 

12- inch d iameter  p o t  con ta in ing  6  f e e t  of PW-1 spray  s o l i d i f i e d  

waste could conta in  approximately 16 k i l o w a t t s  wi th  a  c e n t e r l i n e  
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temperature  of 900 OC and a w a l l  temperature  below 427 OC. I f  

water s t o r a g e  i s  used,  t h e  same volume and geometry of PW-1 

spray  s o l i d i f i e d  waste could con ta in  a h e a t  gene ra t ion  rate 

of about 25 k i l o w a t t s  (based on wate r  a t  100 OC and t h e  p o t  

c e n t e r l i n e  a t  900 OC) . I t  should be p o s s i b l e  t o  f i l l  and 

s a f e l y  handle  thermal  maximum p o t s  in tended  f o r  wate r  s t o r a g e  

i n  a p l a n t ,  provided t h e  p l a n t  i s  designed t o  ensu re  wate r  

coo l ing  of  t h e  p o t  du r ing  f i l l i n g ,  p o t  t r a n s f e r s ,  and i n t e r i m  

s to rage .  F i l l i n g  p o t s  whi le  t hey  are immersed i n  wa te r  i s  
I 

n o t  cons idered  a major problem. 

The p o t  w a l l  temperature  l i m i t  of 427  OC f o r  p o t  w a l l  

e m i s s i v i t i e s  of 0.6 and 0.8 w e r e  superimposed on t h e  curves  

f o r  a i r  s t o r a g e  i n  Figure  6.3. For t h e  range of K i n  t h e  

PW-1 spray  s o l i d i f i e d  waste ,  a  c e n t e r l i n e  temperature  of 

900 OC i s  reached i n  t h e  12-inch d iameter  p o t s  be fo re  a w a l l  

temperature  of  427  OC i s  ob ta ined .  However, a s  shown i n  

Figure  6 .3 ,  t h e  w a l l  temperature  l i m i t  f o r  t h e  6- inch and t h e  

8- inch diameter  p o t s  may be reached f i r s t .  I n  t h i s  c a s e ,  

t h e r e f o r e ,  t h e  w a l l  temperature  l i m i t  may c o n t r o l  t h e  thermal  

maximum, depending on t h e  p o t  w a l l  e m i s s i v i t y .  The c e n t e r l i n e  

tempera ture ,  r a t h e r  than  t h e  w a l l  t empera ture ,  i s  always t h e  

l i m i t i n g  temperature  f o r  p o t s  s t o r e d  i n  water .  

F igure  6.3 shows t h e  va lue  of p reox id i z ing  t h e  w a l l s  of  

a steel p o t  r e c e i v e r  t o  i n c r e a s e  t h e  w a l l  e m i s s i v i t y .  The 

c e n t e r l i n e  temperature  l i m i t  c o n t r o l s  t h e  maximum h e a t  genera-  

t i o n  rate f o r  an 8- inch d iameter  p o t  w i t h  a p o t  w a l l  e m i s s i v i t y  

of 0.8 and f o r  t h e  range of Ke f o r  t h e s e  wastes .  When t h e  p o t  

w a l l  e m i s s i v i t y  is  below approximately 0.6, t h e  w a l l  tempera- 

t u r e  l i m i t  w i l l  c o n t r o l  t h e  maximum h e a t  gene ra t ion  r a t e  i n  t h e  

8- inch d iameter  po t .  



The f i r s t  s i x  sp ray  s o l i d i f i c a t i o n  demonstra t ions  used 

f i v e  304-L s t a i n l e s s  steel p o t s  and one mild  s teel  p o t  

(Run SS-4). Each p o t  was exposed t o  furnace  temperatures  

from 300 OC t o  850 OC f o r  50 t o  1 0 0  hours dur ing  t h e  r u n s ,  

bu t  none of t h e  p o t s  was i n t e n t i o n a l l y  ox id ized  p r i o r  t o  t h e  

runs.  Exper ience wi th  o t h e r  s t a i n l e s s  s t e e l  p o t s  i n  WSEP 

i n d i c a t e  t h a t  p o t  w a l l  e m i s s i v i t i e s  of 0.8 can be a t t a i n e d  by 

exposing t h e  p o t s  t o  a 900 OC temperature  f o r  about 1 0  t o  

20 hours.  The d a t a  i n  Figure  6.2 sugges t s  t h a t  t h e  304-L s t a i n -  

less s t e e l  p o t s  used i n  Runs SS-5 and SS-6 were n o t  f u l l y  
I 

oxidized.  While t h e  h e a t  t r a n s f e r  r e l a t i o n s h i p s  f o r  a p o t  

s t o r e d  i n  an a i r- coo led  furnace  w e r e  t o o  complex t o  e v a l u a t e ,  

t h e  w a l l  temperature  f o r  t h e  p o t  of Run SS-4 l ies below t h e  

g e n e r a l  curve f o r  t h e s e  d a t a  p o i n t s  i n  Figure  6.2. This  could 

be expla ined  by a g r e a t e r  degree  of ox ida t ion  (and correspond-  

i n g l y  h i g h e r  w a l l  e m i s s i v i t y )  f o r  mild s t e e l  than  f o r  s t a i n l e s s  

steel.  

Table  6 .1  g i v e s  t h e  thermal  maximum va lues  f o r  w a s t e  p o t s  

con ta in ing  sp ray  s o l i d i f i e d  PW-1 waste f o r  a nominal 
2 

Ke = 1.3 W/ (m ) (OC/m) . The thermal  maximum va lues  f o r  waste 

p o t s  con ta in ing  sp ray  s o l i d i f i e d  PW-2 waste a r e  given i n  

Table  6.2. 

6.1.4. Thermal Maximum w i t h  a Molten Core 

Thermal maximum p o t s  w i t h  a molten co re  can be f i l l e d  and 

s a f e l y  handled i n  a p l a n t  t h a t  is  designed t o  ensu re  coo l ing  

o f  t h e  p o t  dur ing  f i l l i n g ,  p o t  t r a n s f e r s ,  and i n t e r i m  s t o r a g e .  

The amount of h e a t  gene ra t ing  f i s s i o n  produc ts  t h a t  can be 

s a f e l y  handled i n  a p o t  depends on produc t  thermal  c o n d u c t i v i t y ,  

p roduc t  me l t i ng  o r  remelt tempera ture ,  m e l t  c o r r o s i v e n e s s ,  p o t  

geometry and p o t  environment dur ing  f i l l i n g  and i n t e r i m  

s to rage .  
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TABLE 6.1. Thermal Maximwn Heat Generation Rates f o r  Receiver 
Pots Containing PW-1 Spray S o l i d i f i e d  Waste 

Thermal Maximum ,H$at Generation Rate,  kW ( a )  

Receiver A i r  Storage 
Pot  Pot  Wall Pot  Wall 

Diameter, Emissivi ty  , Emissivi ty ,  
i n .  (b) E = 0 . 6  E = 0.8 Water Storage ( C)  

6 (11) ( 1 4 )  .24 

8 ( 1 4 )  15 2 4 

1 2  1 6  16 2 4 

a .  An e f f e c t i v e  thermal conduct iv i ty ,  K e ,  of 1 .3  W/ ( m 2 )  (OC/m) 
o r  0.75 Btu / (hr )  ( f t 2 )  (OF/ft) i s  used. 

b. S t e e l  r ece ive r  po t s  w i th  a f i l l  depth of 6 f e e t  a r e  used 
wi th  waste volumes of 30, 60, and 120 l i t e r s  f o r  6 ,  8,  and 
12-inch diameter r ece ive r  p o t s ,  r e spec t ive ly .  

c. Storage environment used i s  e i t h e r  f r e e  a i r  a t  38 O C  o r  
water a t  100 O C  

d. Values i n  parentheses  a r e  f o r  a po t  wa l l  temperature of 
427 O C  (800 OF) and a po t  c e n t e r l i n e  temperature below 
9 0 0  O C .  A l l  o the r  va lues  a r e  f o r  a po t  c e n t e r l i n e  tempera- 
t u r e  of 9 0 0  O C  and a po t  wal l  temperature below 427 O C .  

e .  Emis s iv i t i e s  of 0.8 can be obtained by preoxidizing the  
pot  w a l l  a t  900 O C  f o r  10 t o  20 hours. 

TABLE 6.2. Thermal Maximum Heat Generation Rates f o r  Receiver 
Pots  Containing PW-2 Spray S o l i d i f i e d  Waste 

Receiver Waste 
Pot  Form 

Diamet r ,  
i n .  ( a? 

i n  
Pot (b)  

Thermal Maximum Heat Generation 
Rate,  kW 

Storaqe Storaae 
i n  Free 
a t  38 O C  43- 

a.  S t e e l  r e c e i v e r  po ts  with a f i l l  depth of 6 f e e t  a r e  used 
with waste volumes of 30, 60, and 120 l i t e r s  f o r  6 ,  8 and 
12-inch diameter r e c e i v e r  p o t s ,  r e spec t ive ly .  

b. S = s o l i d  with 700 O C  c e n t e r l i n e  temperature;  MC = molten 
core wi th  molten waste-frozen waste i n t e r f a c e  a t  700 O C ,  

and frozen wal l  th ickness  of one-half t h e  po t  
r ad ius .  

c. E f f e c t i v e  therma12conductivity,  K e ,  of 1.15 W/ (m2)  ( O C / r n )  o r  
0.665 Btu / (hr )  ( f t  ) (OF/ft) i s  used with a p o t  wal l  emi s s iv i t y ,  
E ,  of 0.8 f o r  well-oxidized s t e e l  su r f aces  i n  a i r .  

d. Values i n  parentheses  a r e  es t imated  frozen w a l l  th icknesses  
( inches)  with t h e  l o s s  of water  cool ing but  wi th  t he  n a t u r a l  
convective cool ing a v a i l a b l e  i n  f r e e  a i r  a t  38 O C .  



Product  s t a b i l i t y  and f i s s i o n  product  migra t ion  a r e  

i n d i r e c t  f a c t o r s  which must a l s o  be considered i n  t h e  eva lua t ion  

of t h e  spray  s o l i d i f i e d  waste p roduc ts .  This  i s  p a r t i c u l a r l y  

t r u e  f o r  t h e  su l f a t e- con ta in ing  PW-2 waste ,  because s u l f a t e  

can v o l a t i l i z e  when h e l d  a t  high temperatures .  ( 7 )  Laboratory 

s t u d i e s  w i th  s imula ted  PW-2 spray  s o l i d i f i e d  waste s t o r e d  f o r  

120 days a t  700 t o  800 OC i n d i c a t e  t h a t  s u l f a t e  v o l a t i l i z a t i o n  

w i l l  n o t  p r e s s u r i z e  a  c losed  waste c o n t a i n e r  bu t  w i l l  produce 

a  s eg rega t ed  waste product  wi th  t h e  s u l f a t e  concent ra ted  i n  t h e  - 

upper phase.  ( 8 )  The p re l imina ry  l abo ra to ry  d a t a  i n d i c a t e  t h a t  

i f  me l t  s e g r e g a t i o n  p r e s e n t s  undes i r ab l e  problems, such 

wastes  should n o t  be he ld  f o r  extended time pe r iods  a t  tempera- 

t u r e s  exceeding ab0u.t 550 OC. ( 8 )  More w i l l  be l ea rned  about  

t h e  c h a r a c t e r i s t i c s  of t h e  PW-2 spray  s o l i d i f i e d  waste from 

t h e  long- term produc t  s t o r a g e  tests  which a r e  i n  p rog res s .  

For t h e  PW-2 spray  s o l i d i f i e d  was te ,  t h e  nominal remel t  

temperature  of 700 OC means t h a t  a  p o t  r e c e i v e r  may con ta in  a 

waste which i s  p a r t i a l l y  molten wi thout  exceeding a  WSEP p o t  

temperature  c o n s t r a i n t .  Equat ions  have been de r ived  f o r  c a l-  

c u l a t i n g  f rozen  w a l l  t h i cknesses  i n  p o t s  wi th  molten 
co re s  . ( 8 r 9 ' 1 0 )  For  c y l i n d r i c a l  c o n t a i n e r s  f i l l e d  t o  a  dep th  

of 6 f e e t ,  F igure  6 . 3  shows t h e  h e a t  genera t ion  r a t e  r e q u i r e d  

a t  va r ious  produc t  thermal  c o n d u c t i v i t i e s  i n  o r d e r  f o r  t h e  p o t  

c e n t e r l i n e  t o  reach  900 OC w i t h  no cons ide ra t ions  f o r  molten 

cores .  F igure  6 . 4  g i v e s  t h e  produc t  f rozen  w a l l  t h i ckness  a s  

a  func t ion  of remel t  temperature f o r  an 8- inch d iameter  p o t  

con ta in ing  waste w i t h  a  h e a t  r a t e  c o n t e n t  g i v i n g  a  900 OC 

c e n t e r l i n e  temperature  wi th  wate r  cool ing.  

The e f f e c t i v e  thermal  conduc t iv i ty  of t h e  molten waste  i s  

assumed t o  be t h e  same a s  t h a t  f o r  t h e  nonmolten ( f rozen )  

waste.  Thus, a s  shown i n  Figure  6 . 4 .  , with t h e  p o t  s t o r e d  i n  

wate r  a  waste  wi th  a  remel t  temperature  below 900 OC would have 

a  c e n t e r l i n e  temperature  of 900 OC. 
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Thermal Maximum Pots  (Receiver Po t s  F i l l e d  
t o  Obtain a Hypothe t ica l  900  OC C e n t e r l i n e  
When S tored  i n  Water) 



Figure  6 . 3  i l l u s t r a t e s  t h a t  f o r  PW-2 s p r a y- s o l i d i f i e d  
2  waste w i t h  a  nominal thermal  conduc t iv i ty  of 1.15 W/(m ) (OC/m) 

2 [O .665 Btu/ ( h r )  ( f t  ) (OF/ft)  1 , t h e  thermal  maximum h e a t  genera-  

t i o n  r a t e  f o r  an 8-inch d iameter  p o t  s t o r e d  i n  wa te r  i s  

2 1 k i l o w a t t s .  

F igure  6.4 shows t h a t  f o r  a  r eme l t  temperature  of 700 O C ,  

t h e  f rozen  w a l l  t h i ckness  f o r  a  900 O C  c e n t e r l i n e  thermal  

maximum p o t  i s  2.0 inches .  I f  t h e  po t  l o s t  coo l ing  wate r  bu t  

had t h e  b e n e f i t  of n a t u r a l  convection a i r  coo l ing ,  t h e  f rozen  

w a l l  t h i c k n e s s  would decrease  t o  about  0.7 inches .  The w a l l  

temperature  (F igure  6.2) would i n c r e a s e  t o  460 O C ,  and t h e  

c e n t e r l i n e  temperature  would i n c r e a s e  t o  1250 O C ,  assuming no 

change i n  thermal  conduc t iv i ty .  Obviously,  t h e  l a t t e r  s i t u a -  

t i o n  may g i v e  some cause f o r  concern,  and knowledge about t h e  

co r ros iveness  of t h e  m e l t  and t h e  i n t e g r i t y  of t h e  f rozen  w a l l  

would be e s s e n t i a l .  Since t h e  i n t e g r i t y  of t h e  f rozen  w a l l  

has  no t  been f u l l y  eva lua t ed ,  t h e  minimum f rozen  w a l l  t h i c k n e s s  

i n  WSEP has  been l i m i t e d  t o  n o t  less than one ha l f  t h e  r a d i u s  

of t h e  r e c e i v e r .  

Table 6.2 summarizes t h e  thermal  maximum h e a t  gene ra t ion  

r a t e s  f o r  p o t s  con ta in ing  PW-2 sp ray  s o l i d i f i e d  waste f o r  bo th  

nonmolten and molten core  cond i t i ons .  The nonmolten condi-  

t i o n s  are inc luded  because of t h e  u n c e r t a i n t y  of t h e  s t a b i l i t y  

of t h e  PW-2 sp ray  s o l i d i f i e d  waste p roduc t  f o r  molten co re  

cond i t i ons .  Pending t h e  r e s u l t s  of t h e  long- term produc t  

s t o r a g e  tests i n  p r o g r e s s ,  a  c e n t e r l i n e  temperature  of 700 O C  

has been s e l e c t e d  a s  maximum f o r  WSEP spray  s o l i d i f i c a t i o n  

p o t s  wi th  t h e  PW-2 waste f lowsheet .  

Table 6 .1  summarizes t h e  thermal  maximum h e a t  gene ra t ion  

r a t e s  f o r  p o t s  con ta in ing  PW-1 sp ray  s o l i d i f i e d  waste f o r  

nonmolten cond i t i ons .  These r a t e s  a r e  given f o r  nonmolten 

cond i t i ons  f o r  t h i s  waste because t h e  nominal remel t  temperature  
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of 900 O C  corresponds t o  t h e  WSEP temperature  l i m i t .  A s  

determined from Figure  6 . 4 ,  i f  a  p o t  con ta in ing  PW-1 waste 

w i th  a  900 OC c e n t e r l i n e  temperature  and s t o r e d  i n  wate r  a t  

1 0 0  O C  were t o  l o s e  cool ing  water  bu t  had t h e  b e n e f i t  of f r e e  

a i r  coo l ing ,  t h e  r e s u l t i n g  f rozen  w a l l  t h i ckness  would be 

about 1 . 2  inches .  The p o t  w a l l  temperature  would reach  about 

480 O C ,  and a  h y p o t h e t i c a l  p o t  c e n t e r l i n e  temperature  of about 

1280 O C  would be a t t a i n e d  (assuming a  cons t an t  Ke f o r  molten 

and nonmolten w a s t e ) .  

Thermal maximum h e a t  gene ra t ion  r a t e  l i m i t s  o t h e r  than 

those  imposed f o r  t h e  WSEP program could be d i scussed  h e r e ,  

bu t  i n  t h e  f i n a l  a n a l y s i s  each p a r t i c u l a r  case  w i l l  have t o  

be eva lua t ed  according t o  i t s  own c h a r a c t e r i s t i c s  i nc lud ing  

t h e  p r o p e r t i e s  and geometry of t h e  s o l i d i f i e d  waste ,  t h e  waste 

c o n t a i n e r s  and t h e  process ing  environment. 

6.1.5 Radia t ion  and T e m ~ e r a t u r e  P r o f i l e s  

To g e t  some i d e a  of t h e  s o l i d s  depos i t i on  p a t t e r n ,  g r o s s  

gamma r a d i a t i o n  p r o f i l e  scans  were made on each of t h e  f i l l e d  

po t s .  Figure  6.5 shows t h e  r e s u l t s  of two scans .  Gamma 

r a d i a t i o n  p r o f i l e s  were ob ta ined  simply by p o s i t i o n i n g  an 

i o n i z a t i o n  chamber about 6  i n c h e s  from t h e  p o t  and record ing  

t h e  r a d i a t i o n  l e v e l  a t  s e v e r a l  p o i n t s  a long t h e  l e n g t h  of t h e  

po t .  No co l l ima t ion  was at tempted.  F igure  6.5 a l s o  shows 

t h e  po t  c e n t e r l i n e  temperature  p r o f i l e s .  A s  might be expected,  

t h e  temperature  and r a d i a t i o n  p r o f i l e s  a r e  q u i t e  s i m i l a r .  

These p r o f i l e s  i n d i c a t e  t h a t  uniform d i s t r i b u t i o n  of f i s s i o n  

products  probably e x i s t s ,  bu t  t h e  r a d i a t i o n  measurements 

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 .  

A gamma spectrometer  and mul t ichannel  ana lyzer  system 

was designed and i n s t a l l e d  t o  measure gamma energy spectrum 

p r o f i l e s  of t h e  f i l l e d  po t s .  An i n d i c a t i o n  was sought  of 
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t h e  d i s t r i b u t i o n  of h e a t  gene ra t ing  i s o t o p e s  i n  t h e  po t .  How- 

e v e r ,  t h e  system has  n o t  provided s a t i s f a c t o r y  measurements. 

The two major problems were: 

The sodium i o d i d e  c r y s t a l  became s a t u r a t e d  i n  t h e  high 

r a d i a t i o n  f i e l d  when a 0.094-inch d iameter  co l l ima t ion  

tube  was used. 

Energy channels w e r e  n o t  d i s c e r n i b l e  due t o  d i s t o r t i o n  

of t h e  gamma energy spectrum by Compton s c a t t e r i n g ,  

6.1.6 Calor imetry  

The t o t a l  h e a t  gene ra t ion  r a t e  from a f i l l e d  p o t  i s  

measured i n  a ca lo r ime te r .  The ca lo r ime te r  i s  a w a t e r- f i l l e d ,  

i n s u l a t e d  c y l i n d e r  equipped wi th  a cool ing  c o i l .  (1111) The 

t o t a l  h e a t  r a t e  from t h e  p o t  i s  determined wi th in  + l o %  from 

t h e  temperature  rise of t h e  cool ing  c o i l  wate r  a t  s teady-  

s t a t e  cond i t i ons  a t  each of s e v e r a l  coo l ing  wate r  f low r a t e s .  

The measured h e a t  gene ra t ion  rate from a r e c e i v e r  p o t  g e n e r a l l y  

ag rees  w i t h i n  10% wi th  va lues  c a l c u l a t e d  from feed  ana lyses  

and t h e  volume of feed  processed.  The h e a t  gene ra t ion  r a t e s  

i n  t h e  p o t  r e c e i v e r s  f o r  t h e  f i r s t  s i x  spray  s o l i d i f i c a t i o n  

demonstra t ions  a r e  given i n  Table 9.2 i n  t h e  Appendix. 

6.1.7 Dimensions 

Before a p o t  was f i l l e d ,  it was t e s t e d  and measured t o  

ensure  i t s  i n t e g r i t y  and t o  e s t a b l i s h  a b a s i s  f o r  d e t e c t i n g  

changes which might occur  dur ing  f i l l i n g .  Gross l e n g t h  and 

diameter  of each p o t  was measured. A s  soon a s  p o s s i b l e  a f t e r  

t h e  p o t  was f i l l e d ,  t h e  p o t  d iameter  w a s  measured a t  3 loca-  

t i o n s  t o  see i f  any g ros s  swe l l i ng  o r  p o t  deformation had 

occurred.  The measurements w e r e  confirmed by v i s u a l  observa-  

t i o n s .  No s i g n i f i c a n t  changes w e r e  d e t e c t e d  i n  e x t e r n a l  p o t  

dimensions of any of t h e  s i x  p o t s  w i t h i n  t h e  accuracy of t h e  



remote i n - c e l l  measurements. These measurements w e r e  w i th in  

50.25 inch  f o r  t h e  p o t s  of Runs SS-1 and SS-2 and w i t h i n  

k0.025 i n c h  f o r  t h e  p o t s  of Runs SS-3 through SS-6. 

6.1.8 Densi ty  

Table 6.3 g i v e s  t h e  weight ,  volume, and bulk d e n s i t y  of 

t h e  s o l i d  waste  produced i n  each  run. The l abo ra to ry  d e n s i t y  

given i n  Table 6.3 w a s  determined a t  t h e  l abo ra to ry  f o r  a g r a b  

sample taken  a s  t h e  waste product  flowed o u t  of t h e  me l t e r .  

The r e c e i v e r  p o t  weight i s  measured i n  t h e  ce l l  w i th  a 

dynamometer be fo re  and a f t e r  f i l l i n g  t h e  po t .  The n e t  weight  

of s o l i d i f i e d  waste ob ta ined  from t h e s e  measurements i s  

probably a c c u r a t e  w i th in  10 percen t .  The n e t  weight and volume 

of s o l i d i f i e d  waste i n  t h e  p o t  r e c e i v e r  was used t o  c a l c u l a t e  

t h e  bulk d e n s i t y  of t h e  waste. 

6.1.9 Leach Rates 

Leach rates i n  wa te r  a t  about  25 O C  were measured f o r  

g rab  samples of t h e  s o l i d  waste produc ts  from Runs SS-2, 4, 5 ,  

and 6. 

A f t e r  8 weeks, t h e  leach  r a t e  based on 1 3 7 ~ s  was about  
2 g/ ( c m  ) (day) f o r  t h e  PW-2 w a s t e  and about lo-' g/ (a2) (day) 

fo r  t h e  PW-1 w a s t e .  The l each  r a t e  based on 1 4 4 ~ e  was about 
2 2 g/(crn ) (day) f o r  t h e  PW-2 w a s t e  and about  g/(cm ) (day) 

f o r  t h e  PW-1 w a s t e .  

The l each  r a t e s  f o r  t h e  PW-1 waste cont inued t o  dec rease  

w i t h  t i m e  and t h e  l each  rates (based on 1 3 7 ~ s  and 1 4 4 ~ e )  a f t e r  , 
32 weeks were about 1 0  t i m e s  less than t h e  r a t e s  a f t e r  8 weeks. 

The l each  r a t e s  f o r  t h e  PW-2 waste  l eve l ed  o f f  a f t e r  about 

8 weeks and remained a t  a n e a r l y  c o n s t a n t  r a t e .  A f t e r  32 weeks, - 

about 60 pe rcen t  of t h e  13'cs had been leached from t h e  PW-2 

waste sample from Run SS-4. Figure  6.6 shows l each  r a t e s  and 

" f r a c t i o n  leached" based on 1 3 7 ~ ~  f o r  t h e  PW-2 waste sample 



TABLE 6 . 3 .  Receiver P o t  F i l l  Data 

Rodded ( a )  In-Ce 11 Weights (dl Product Density 

Volume Gross Tare Net Bulk Lab 
WSEP Pot of (Pot  and (Pot (Waste Density Density 
Run Waste Diameter, Pot Product ,  Waste) , Only) ,  P roduc t ) ,  ( I n- c e l l )  , (Grab Sample) 
NO. Type in .  Mater ia l  l i t e r s  kg kg kg k g / l i t e r  k g / l i t e r  

SS-3 PW-2 8 304L 29 (b )  200 11 8 8 2 2.8 (b)  2.7 
tn . SS-4 PW-2 8 Mild 5 6 2 7  8  118 1 6  0  2.8 2 - 8 

S t e e l  

a.  Ca lcu la ted  by using the  measured d i s t ance  from t h e  t o p  of t h e  pot  t o  t h e  s u r f a c e  of t h e  waste 
product  and assuming 1 0  l i ters of waste per  f o o t  i n  8- inch diameter p o t s  and 20 l i t e r / f t  
i n  12- inch diameter po ts .  

b. Bes t  e s t ima te  based on m a t e r i a l  balance da ta .  Po t  was no t  rodded. 
c. Inc ludes  weight of s p e c i a l  po t  clamp. 
d. A l l  weights  measured by hanging r e c e i v e r  po t  on a  dynamometer. 
e.  Inc ludes  about 38 l i t e r s  (120 kg) of r a d i o a c t i v e  waste product ,  about 4 l i t e r s  (13 kg) of 

nonrad ioac t ive  PW-1 s o l i d i f i e d  waste ,  and about 13 l i t e r s  (59 kg) of r ad ioac t ive  c e l l  
waste ( m e t a l l i c  and ceramic) s t o r e d  i n  product  r e c e i v e r  p r i o r  t o  run. 

f. High va lue  a t t r i b u t e d  t o  e r r o r  i n  weight of r e c e i v e r  pot .  
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from Run SS-4 and t h e  PW-1 waste sample from Run SS-5. Leach - 

r a t e s  and f r a c t i o n  leached based on 1 4 4 ~ e  a r e  shown i n  F ig-  

u r e  6.7 f o r  t h e s e  waste samples. The 1 3 7 ~ s  l each  r a t e s  f o r  t h e  

PW-1 waste were i n  gene ra l  agreement w i th  t h e  sodium leach  r a t e s  

measured f o r  s imula ted  (nonrad ioac t ive)  PW-1 waste samples - 

( s e e  F igure  6 .6) .  The 1 3 7 ~ s  l each  r a t e s  f o r  t h e  PW-2 waste 

were i n  agreement w i t h  t h e  sodium leach  r a t e s  f o r  s imula ted  

PW-2 waste  f o r  t h e  f i r s t  8 weeks, b u t  t h e r e a f t e r  t h e  sodium 

leach  r a t e s  cont inued t o  decrease  wi thout  t h e  l e v e l i n g  t r e n d  

shown i n  Figure  6.6 f o r  t h e  r a d i o a c t i v e  waste. The reason 

f o r  t h e  c o n t i n u a l l y  decreas ing  leach  r a t e s  f o r  t h e  s imula ted  

PW-2 waste i s  n o t  known b u t  may be due t o  t h e  d i f f e r e n t  

temperature  cond i t i ons  dur ing  formation of t h e  l each  test  

specimens. The s imulated PW-2 waste  sample was r a p i d l y  

cooled ( a i r  quenched) dur ing  format ion,  whi le  t h e  r a d i o a c t i v e  

PW-2 waste sample w a s  c u t  from a l a r g e r  sample which had 

cooled more slowly.  

F igure  6.8 shows t h e  l each  test  appara tus  and d e t a i l s  of 

t h e  l each  t e s t  sample. The leach  r a t e s  a r e  based on a s o l i d  

waste a n a l y s i s  c a l c u l a t e d  from t h e  f eed  composition. The 

concen t r a t i on  of 1 3 7 ~ s  and 1 4 4 ~ e  c a l c u l a t e d  t o  be i n  t h e  

waste  was u s u a l l y  about  1 . 2  t i m e s  t h a t  found by a c t u a l  a n a l y s i s  

of  t h e  aqueous s o l u t i o n s  of d i s so lved  waste samples. 

6.1.10 Leak T e s t  

A f i l l e d  r e c e i v e r  p o t  i s  t e s t e d  f o r  l e a k s  us ing  a 

s t anda rd  helium leak  t e s t  procedure. The po t  leakage rate 

f o r  t h e  p o t s  from Runs SS-4 and 6 ( t h e  on ly  p o t s  measured) 
3 were 5.1  x and 2.5 x lo-' a t m  - cm / s e c ,  r e s p e c t i v e l y .  

The p o t s  from Run SS-1, 2 ,  3 ,  and 5 w i l l  be l eak  t e s t e d  

i n  t h e  n e a r  f u t u r e .  
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6.1.11 P re s su re  

Bourdon tube  p re s su re  gages were i n s t a l l e d  on f i l l e d  p o t s  

a s  soon a s  t h e  p o t s  were sea led .  The purpose of t h e  gages was 

t o  provide a  means f o r  r o u t i n e l y  monitoring t h e  presence of 

r e s i d u a l  v o l a t i l e  m a t e r i a l s  i n  t h e  waste. However, t h e  gages 

used have n o t  been mechanically rugged enough f o r  i n - c e l l  work. 

A s  t h e  f i l l e d  p o t s  were t r a n s f e r r e d  from one s t o r a g e  p o s i t i o n  

t o  another  and t h e  gages were j a r r e d  and v i b r a t e d ,  t h e  p re s su re  

vacuum read ings  changed. Consequently, no r e  l i a b l e  i n t e r n a l  

p o t  p re s su re  d a t a  i s  a v a i l a b l e  a t  t h i s  time. The p r e s s u r e  

d a t a  given i n  Table 6.4 only i n d i c a t e s  t h e  presence of e i t h e r  

a vacuum o r  a p r e s s u r e  i n  each  po t .  

6.1.12 Po t  Corrosion 

A n  u l t r a s o n i c  w a l l  t h i c k n e s s  scanner  w a s  i n s t a l l e d  i n  t h e  

cel l  t o  d e t e c t  v a r i a t i o n s  i n  t h e  w a l l  of a  r e c e i v e r  p o t  caused 

by co r ros ion  i n t e r n a l l y  (by waste p roduc t )  and e x t e r n a l l y  (by 

a i r  and/or wa te r )  . ( l t l l )  Re l i ab l e  measurements have n o t  y e t  

been ob ta ined  because of d i f f i c u l t y  i n  mainta ining p rope r  

al ignment and c o n t a c t  between t h e  r e c e i v e r  p o t  w a l l  and t h e  

ins t rument .  The use  of a  d i r e c t  c o n t a c t  t r ansduce r  dev ice  was 

unsuccess fu l  because h igh  temperatures  of t h e  p o t  w a l l s  

( g r e a t e r  than  5 0  OC) damaged t h e  t r ansduce r .  V i sua l  i n s p e c t i o n s  

of  t h e  e x t e r n a l  s u r f a c e s  of t h e  p o t s  have n o t  r evea l ed  any 

s i g n  of s i g n i f i c a n t  co r ros ion  o t h e r  than d i s c o l o r a t i o n  of t h e  

s teel  p o t  s u r f a c e s  due t o  a i r  ox ida t ion .  A workable w a l l  

t h i c k n e s s  gage i s  planned t o  be a v a i l a b l e  i n  t h e  nea r  f u t u r e  

f o r  measuring t h e  t h i ckness  of each p o t  wa l l .  Core d r i l l s  

planned dur ing  t h e  long- term produc t  eva lua t ion  program i n  

t h e  SSETF w i l l  a l s o  be used t o  s tudy  t h e  co r ros ion  of p o t  

w a l l s  ( i f  any) by t h e  waste product .  



TABLE 6.4 .  Receiver P o t  Welding, Leak T e s t ,  and Pressure  D a t a  

Receiver 

Approximate Receiver Pressures  ce 
Time 

Time from Time Since Receiver Time 
F i l l  t o  I n i t i a l  Since F i n a l  I n i t i a l  Pot  Since - - - - - - - - - 

Run Diameter,  Receiver Weld Reading, Welded, Reading, Reading, Leakacje , Welded, 
No. i n .  ( a )  Ma te r i a l ,  days ~ s i g  days p s i g  days atm-cm /sec  days 

SS- 4 8  Mild 4 3  3  0  3  5 10 5 .1  x 340 
S t e e l  

0-l 

a. A l l  p o t s  have the  same s i z e  opening f o r  p o t  l i d s ,  about 8 inches  i n  diameter .  
b. I n i t i a l  12-inch diameter po t  conta in ing  about 1 0  l i t e r s  of s o l i d i f i e d  waste was removed dur ing  

a  run i n t e r r u p t i o n  and an 8-inch diameter  po t  w a s  used f o r  most of Run SS-3. 
c. Upper s e c t i o n s  of po ts  and pot  l i d s  a r e  304L s t a i n l e s s  s t e e l .  
d.  A l l  p o t s  were welded remotely a t  a  r a t e  of 4.6 Cn./min w i t h  a  welding vo l t age  and c u r r e n t  of 

12 v o l t s  and 180 amps, r e spec t ive ly .  A l l  p o t s  were s t o r e d  Zn water  p r i o r  t o  and a f t e r  welding 
u n t i l  f i n a l  p ressure  readihg was taken. 

e .  Pressure  readings a r e  u se fu l  only t o  i n d i c a t e  absence of p r e s s u r i z a t i o n .  The zero p o i n t  of t he  
Bourdon tube  gages were prone t o  change because of t h e  f requent  mechanical v i b r a t i o n  which 
occurred during remote handling of t h e  po t  r e c e i v e r s .  

f .  NA = Not Avai lable .  Incomplete po t  f i l l ;  no jumper prepared f o r  p r e s su re  and l eak  t e s t  measurements. 



6.2 POT HANDLING, CONTAMINATION CONTROL AND WELDING 

Handling of  r e c e i v e r  po t s  f i l l e d  wi th  spray  s o l i d i f i e d  
(11) waste proceeded w i t h  l i t t l e  d i f f i c u l t y .  The handl ing  system 

provided f o r  t h e  p o t  t o  be conta ined  i n  a hood (which was ven ted  

t o  t h e  ce l l  through n a t u r a l  openings) dur ing  process ing  and 

u n t i l  t h e  p o t  w a s  capped. This  manner of containment w a s  

designed t o  minimize t h e  sp read  of contamination from an open 

po t .  Experience w i t h  t h e  handl ing and containment system l e a d s  

t o  two conc lus ions :  

Handling of uncapped p o t s  a f t e r  f i l l i n g  d i d  n o t  r e s u l t  i n  

a n o t i c e a b l e  contamination problem i n  t h e  c e l l .  (However, 

t h e  cel l  w a s  badly contaminated from prev ious  p roces s  

l e a k s .  ) 

The p re s s- in  p o t  cap machined t o  accep t  a th readed  p o t  

p lug  s u c c e s s f u l l y  achieved s i m p l i c i t y  i n  handl ing  a t  

reasonable  p o t  f a b r i c a t i o n  c o s t s .  

Remote welding of t h e  p o t  cap t o  t h e  p o t  was begun by 

chucking t h e  p o t  i n  t h e  t u r n t a b l e  and c lean ing  t h e  p o t  l i p  wi th  

a damp swab. The p o t  cap w a s  p r e s sed  i n  p l a c e ,  and t h e  p o t  

p lug  was then th readed  i n t o  t h e  c e n t e r  of t h e  p o t  cap. Next, 

t h e  p o t  head runout* was checked by a d i a l  i n d i c a t o r .  

The arc-head and t o r c h  w e r e  then  p o s i t i o n e d  above the p o t  

head. A weld test specimen w a s  p laced  under t h e  t o r c h ,  welding 

parameters  w e r e  s e l e c t e d  and set on t h e  remote conso le ,  and a 

test  weld w a s  made t o  v e r i f y  system o p e r a b i l i t y .  The t o r c h  

w a s  p o s i t i o n e d  over  t h e  weld j o i n t  a t  an angle  of about  

30 degrees  t o  v e r t i c a l ,  and t h e  automat ic  weld cyc l e  w a s  s t a r t e d .  

* "Runout" i s  t h e  d e v i a t i o n  from p e r f e c t  form of a r evo lv ing  
s u r f a c e .  This  i s  d e t e c t e d  wi th  a d i a l  i n d i c a t o r  whi le  f u l l y  
r o t a t i n g  t h e  p o t  on a datum a x i s .  



Welding a r c  and weld puddle were continuously monitored 

through a s p o t t i n g  scope, and minor adjustments were made i n  

torch p o s i t i o n ,  by opera tor  con t ro l  of t h e  manipulator. 

The r e s u l t i n g  welds of t h e  pot  cap and po t  plug were 

inspected v i s u a l l y  f o r  cracks o r  o t h e r  flaws and, l a t e r ,  (as  

previously discussed)  , a helium leak check was made. 

Ten spray s o l i d i f i c a t i o n  p o t s ,  eleven phosphate g l a s s  

pots  and s i x  po t  ca lc ina t ion  p o t s  have been welded 

remotely . (I2 '13) Table 6 . 4  g ives  a summary of t h e  welding 

parameters f o r  the  f i r s t  s i x  sp ray- so l id i f i ed  waste pots .  

The e l e c t r o d e  diameter was 1/8 inch and argon was used a t  a 

r a t e  of 2 0  scfh .  . A l l  welds were of good q u a l i t y  a s  determined 

by v i s u a l  inspect ion .  

Experience with welding pots  can be summarized as  

follows: 

The ra ised- step  weld j o i n t  gave good r e s u l t s .  I t  i s  

s t i l l  recommended f o r  remote welding of waste pots .  

Viewing of t h e  weld was n o t  one of t h e  major problems 

i n  remote welding. A good q u a l i t y  lead- glass  window 

and a s p o t t i n g  scope proved acceptable.  Periscopes 

would be p re fe r red  i n  cases  where imperfect o r  rad ia t ion-  

damaged windows must be used. 

a A se l f- cen te r ing  j i g  mounted on top of t h e  po t  (11) minimized 

o r  e l iminated  t h e  need f o r  accurate  chucking t o  avoid 

misalignment. The j i g  f a s t e n s  t o  t h e  pot  and maintains 

p o s i t i v e  j o i n t  and to rch  alignment. 
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7.0 PROJECTED FLOWSHEETS FOR PW-1 AND PW-2 

While it i s  d e s i r a b l e  f o r  a  waste s o l i d i f i c a t i o n  f a c i l i t y  

t o  be capable  of p rocess ing  wastes which d i f f e r  widely i n  

chemical and radiochemical  composit ions,  demonstrat ion of a l l  

p o s s i b l e  waste v a r i a t i o n s  i n  t h e  WSEP program i s  imprac t i ca l .  

Experience i n  f u e l  reprocess ing  and p r o j e c t i o n s  of f u t u r e  f u e l  

reprocess ing  requirements  l e d  t o  t h e  s e l e c t i o n  of t h e  two 

gene ra l i zed  types  of Purex a c i d  was tes  (shown prev ious ly  i n  

Table 3.1) f o r  i n i t i a l  demonstrat ions . 
The i n i t i a l  phase of t h e  program f o r  WSEP demonstra t ions  

i s  based on process ing  f i s s i o n  product  wastes  from l i g h t  wate r  

r e a c t o r  f u e l s  wi th  an i n t e g r a t e d  exposure of 2 0 , 0 0 0  MWd/tonne 

a t  a  s p e c i f i c  power of 15 MW/tonne. The r e s u l t a n t  amounts of 

t h e  more s i g n i f i c a n t  f i s s i o n  products  a r e  given i n  Table 7.1. (1) 

Figure  7 .1  shows t h e  time dependence of t h e  f i s s i o n  produc t  

h e a t  gene ra t ion  r a t e  of t h e  waste from one m e t r i c  ton  of t h i s  

f u e l .  Both t h e  i n i t i a l  h e a t  gene ra t ion  r a t e  l e v e l s  of t h e  

waste and t h e  l a t e r  aged l e v e l s  must be considered i n  f i l l i n g  

a  waste  s t o r a g e  pot .  I n i t i a l l y  t h e  maximum h e a t  gene ra t ion  

r a t e  w i t h i n  any con ta ine r  i s  l i m i t e d  e i t h e r  by t h e  maximum 

al lowable  c e n t e r l i n e  o r  w a l l  temperatures  (which a r e  900 OC 

and 427 O C ,  r e s p e c t i v e l y ,  i n  WSEP, based on cor ros ion  considera-  

t i o n s )  o r  by o t h e r  l i m i t s  such a s  t h e  WSEP l i m i t  f o r  molten 

cores .  I f  a molten core  e x i s t s ,  t h e  f rozen  w a l l  t h i ckness  

should n o t  be l e s s  than one-half t h e  p o t  r ad ius .  This i s  an 

a r b i t r a r i l y  e s t a b l i s h e d  l i m i t  f o r  WSEP f o r  t hose  waste p roduc ts  

w i th  remel t  temperatures  below 900  OC*. 

* These l i m i t s  were s e l e c t e d  f o r  t h e  WSEP waste con ta ine r s  
and a r e  used he re  i n  t h e  absence of e s t a b l i s h e d  l i m i t s  
t o  provide a  p re l iminary  b a s i s  from which t o  compare 
waste s o l i d i f i c a t i o n  and waste s to rage .  
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D A T A  B A S E D  ON I S O G E N - A  COMPUTER 
CODE FOR R A D I O I S O T O P E  G E N E R A T I O N  
C A L C U L A T I O N S .  R E F E R E N C E  1 

P L U T O N I U M  E L E M E N T S  S U B T R A C T E D  
OUT.  T H I S  CURVE U S E D  FOR 
SECTION 7 CALCULATIONS. 

\ 
\ 

I I  I 1 1 1 1 1  I I  I  I I l l 1  I  I  1 I I  l t L  

T I M E  S I N C E  R E A C T O R  D I S C H A R G E  , y e a r  

FIGURE 7 . 1 .  F i s s i o n  Produc t  Heat Genera t ion  Rate w i t h  T i m e  
f o r  One Tonne of Reactor  Fue l  I r r a d i a t e d  t o  
20,000 MWd/tonne a t  15 MW/tonne , 



Since  t h e  PW-1 spray  s o l i d i f i e d  produc t  from PW-1 waste 

has a  nominal mel t ing  temperature of 900 OC, t he  c e n t e r l i n e  

and w a l l  temperature  l i m i t s  were used t o  determine t h e  maximum 

h e a t  gene ra t ion  r a t e s  shown i n  F igu res  7 . 2  and 7.3 f o r  t h e  

8- inch and t h e  12- inch d iameter  p o t s  used i n  t h e  WSEP 

program. ( 2 )  Because t h e  PW-2 sp ray  s o l i d i f i e d  produc t  has a  

nominal remelt temperature  of 700 OC, t h e  molten core  l i m i t  

was used t o  determine t h e  maximum h e a t  gene ra t ion  r a t e s  shown 

i n  F igures  7.2 and 7.4. ( 2 )  The p o s s i b i l i t y  of s u l f a t e  v o l a t i l i -  

z a t i o n  from t h e  s p r a y- s o l i d i f i e d  PW-2 produc t  when s t o r e d  under 

molten c o n d i t i o n s  ( s e e  Sec t ion  6 )  was n o t  considered i n  t h e  

d a t a  p re sen ted  he re .  

The maximum h e a t  gene ra t ion  r a t e  i n  a  s o l i d i f i e d  w a s t e  

may be g r e a t e r  than  a  reasonable  r a t e  of h e a t  d i s s i p a t i o n  i n  

a f i n a l  s t o r a g e  environment such a s  i n  a  s a l t  mine; consequent ly ,  

i n t e r i m  s t o r a g e  of t h e  s o l i d i f i e d  product  may be  d e s i r a b l e .  

The aging b e f o r e  s t o r a g e  of t h e  p o t s  i n  s a l t  depends on 

economic choice .  However, a  proposed Fede ra l  Regulation sug- 

g e s t s  t h a t  s o l i d i f i c a t i o n  of a l l  h igh l e v e l  wastes be com- 

p l e t e d  be fo re  t h e  f u e l  has been o u t  of t h e  r e a c t o r  f o r  

5 yea r s .  ( 4 )  

Data from both n o n r a d i ~ a c t i v e ( ~ )  and r a d i o a c t i v e  WSEP 

demonstra t ions  have been used i n  p r o j e c t i n g  t y p i c a l  chemical  

f lowshee ts  f o r  spray  s o l i d i f i c a t i o n .  S u f f i c i e n t  con£ idence 

i n  r a d i o a c t i v e  demonstra t ion has  been reached t o  s p e c i f y  

most of  t h e  necessary  d e t a i l s  f o r  f lowshee ts  w i th  both  PW-1 

and PW-2 was tes .  F igure  7.3 shows Mode A f lowsheet  f o r  t h e  

s o l i d i f i c a t i o n  of one tonne* of PW-1 waste aged 180 days ( o u t  

of  t h e  r e a c t o r )  and Figure  7.4 i s  a  Mode A f lowsheet  f o r  t h e  

s o l i d i f i c a t i o n  of one tonne of PW-2 waste aged 90 days.  The 

* Tonne i s  a m e t r i c  ton (1000 ki logram) of U and Pu i n  a f u e l  
from which t h e  waste i s  der ived .  



aging t i m e  f o r  each waste i s  t h e  minimum out- of- reac tor  t ime 

p r i o r  t o  spray  s o l i d i f i c a t i o n  f o r  which t h e  maximum al lowable  

h e a t  gene ra t ion  r a t e  i s  ob ta ined  f o r  an 8- inch diameter  waste 

con ta ine r  s t o r e d  i n  a i r .  Because spray  s o l i d i f i c a t i o n  i s  a  

continuous p roces s ,  t h e  process ing  r a t e  i s  independent of 

p o t  s i z e  (except  f o r  t h e  t i m e  r equ i r ed  t o  change o u t  t h e  p o t s ) .  

The h e a t  r a t e  d e n s i t y  and maximum h e a t  gene ra t ion  r a t e  i n  a  

p o t  depend, however, on p o t  s i z e .  The two f lowshee ts  pre-  

sen ted  a r e  based on a i r  coo l ing  of t h e  pot .  A s  seen i n  

Figure  7.2. , cons iderab ly  h ighe r  h e a t  r a t e  d e n s i t i e s  can be 

a t t a i n e d  i f  t h e  p o t s  a r e  f i l l e d  and cooled i n  water .  For t h i s  

cond i t i on ,  t h e  ou t- of- reac tor  t i m e  approaches 40  days f o r  PW-2 

waste. The PW-2 waste  i s  shown coming i n t o  t h e  p l a n t  a t  a  

d i l u t e  500 l i t e r s / t o n n e  t o  minimize p r e c i p i t a t i o n  and plugging 

of l i n e s  by sodium r a r e  e a r t h  s u l f a t e  s o l i d s .  ( 4 )  

The presence of  about 70 pe rcen t  of t h e  t o t a l  ruthenium 

i n  t h e  gaseous s o l i d i f i e r  e f f l u e n t s  i s  n o t  l i k e l y  t o  be a s  

impor tan t  a s  t h e  d i f f i cu l t- to- remote  0.5  pe rcen t  of t h e  t o t a l  

ruthenium which remains a i rbo rne  i n  t h e  gas  stream from t h e  

s o l i d i f i e r  condenser. This f a c t  becomes e v i d e n t  when t h e  

WSEP d a t a  a r e  p r o j e c t e d  t o  t h e  concen t r a t i ons  of ruthenium 

expected i n  t h e  e f f l u e n t s  from t h e  s o l i d i f i c a t i o n  of a  

t y p i c a l  waste .  The p r o j e c t e d  r ad ionuc l ides  i n  t h e  f r a c t i o n a t o r  

bottoms and i n  t h e  f r a c t i o n a t o r  d i s t i l l a t e  a r e  given i n  

Tables 7.2 and 7.3 ,* r e s p e c t i v e l y ,  The 10M - n i t r i c  a c i d  produced 

i n  t h e  f r a t i o n a t o r  would con ta in  approximately 1200 c u r i e s  of 

ruthenium, l e s s  than  1 c u r i e  of 1 4 4 ~ e - ~ r  and l e s s  than  0 . 1  c u r i e  

of  strontium-90 f o r  waste e q u i v a l e n t  t o  each m e t r i c  ton  of 

f u e l .  The g r o s s  r a d i o a c t i v i t y  ( 6  + y )  i n  200 l i t e r s  of a c i d  

could range from 2 t o  10 C i / l i t e r ,  

* Tables  7 . 2  and 7.3 appear  on page 7.14. 



- - 
P W - 1 ,  8 I N C H  P O T  I N  W A T E R  ( T O T A L  k W / p o t  = 2 4 )  
P W - 2 ,  8 I N C H  P O T  I N  W A T E R  ( T O T A L  k W / p o t  = 2 1 )  

F O R  S P E C I F I C  C A S E S  

P W - 1 ,  1 2  I N C H  P O T  I N  A I R  ( T O T A L  k W / p o t  = 1 6 )  
P W - 2 ,  1 2  I N C H  P O T  I N  A I R  ( T O T A L  k W / p o t  = 1 3 ) '  

- 
P W- 1  ( N O M I N A L L Y  

- 3 3  L I T E R S / T O N N E )  

P W - 2  (NOMINALLY 
- 6 4  LITERS/TONNE) - - 
- 
- 
- 

B A S I S :  W A S T E  FROM F U E L  I R R A D I A T E D  T O  2 0 , 0 0 0  M W d / t o n n e ,  1 5  M W / t o n n e  - 
F I L L  H E I G H T :  6 f t  

- T H E R M A L  C O N D U C T I V I T Y :  P W- 1  S O L I D S  = 1 . 3  w / ( m 2 )  ( o c / ~ )  
P W - 2  S O L I D S  = 1 . 1  w / ( m 2 ) ( ' c / m )  

- W A T E R  S T O R A G E  A S S U M E S  A  W A T E R  T E M P E R A T U R E  O F  1 0 0  OC. A I R  S T O R A G E  
A S S U M E S  A N  A I R  T E M P E R A T U R E  O F  3 8  " C  A N D  A  P O T  W A L L  E M I S S I V I T Y  O F  
0 . 8 .  A L L  P W - 2  C A S E S  A R E  L I M I T E D  B Y  A  M O L T E N  C O R E  R E S T R I C T I O N  T H A T  T H E  
T HI CK N E S S  OF  T H E  F R O Z E N  W A L L  (SOLI DIFI ED G L A S S )  IS E Q U A L  T O  O N E  H A L F  
T H E  P O T  R A D I U S .  ( A  7 0 0  OC P R O D U C T  M E L T I N G  P O I N T  F O R  P W - 2  WAS U S E D  T O  

- C A L C U L A T E  T H E  M O L T E N  R A D I U S . )  T H E  T H E R M A L  C O N D U C T I V I T Y  O F  T H E  M O L T E N  - CORE I S  A S S U M E D  T O  B E  T H E  S A M E  A S  T H A T  O F  T H E  S O L I D .  E Q U A T I O N S  F O R  
7 

M O L T E N  CORE C A L C U L A T I O N S  A R E  I N  R E F E R E N C E  2 .  A L L  P W- 1  C A S E S  A R E  - 
L I M I T E D  BY A  P O T  C E N T E R L I N E  T E M P E R A T U R E  R E S T R I C T I O N  O F  9 0 0  OC. - E Q U A T I O N S  F O R  P W- 1  C A L C U L A T I O N S  A R E  G I V E N  I N  S E C T I O N  6  OF T H I S  R E P O R T .  

7 

I I I I I I I I I I I I I 

A G E  O F  W A S T E ,  Y E A R S  O U T - O F - R E A C T O R  

FIGURE 7.2.  Heat-Age Environment  elations ships f o r  High-Level Radioactive 
Spray S o l i d i f i e d  Waste Showing F i s s i o n  Product Heat Rate 
Density L i m i t s  



FLOW SHEET CODE FOR FIGUIXES 7 .3  AND 7 . 4  

STREAM 

Incoming waste from process ing  one tonne of power r e a c t o r  

f u e l  w i t h  an i n t e g r a t e d  exposure of 2 0 , 0 0 0  MWd/tonne a t  

a  s p e c i f i c  power of  15 MW/tonne. The computer program 

ISOGEN w a s  used t o  determine the  f i s s i o n  produc t  d a t a  

f o r  t h i s  r e a c t o r  f u e l .  The t o t a l  f i s s i o n  product  va lues  

do n o t  i nc lude  t h e  transuranium o r  t h e  t ransplutonium 

va lues .  The 1 4 4 ~ e  va lues  i nc lude  i t s  n a t u r a l l y  occur r ing  

daughter  1 4 4 ~ r .  

Nonradioactive chemical a d d i t i v e s  t o  t h e  raw waste. 

Addi t ives  f o r  PW-1 inc lude  phosphoric  a c i d  (75 weight % )  , 
l i t h i u m  hydroxide,  and sodium hydroxide. Addi t ives  t o  

PW-2 waste  i nc lude  phosphoric  a c i d  (75 weight  % ) ,  aluminum 

n i t r a t e ,  calcium n i t r a t e ,  and l i t h i u m  hydroxide. Sodium 

metaphosphate (NaPOj) i s  added d i r e c t l y  t o  t h e  melter a s  

a  s o l i d  a d d i t i v e  (-6/+10-mesh p a r t i c l e s )  i n  t h e  PW-2 

f lowsheet  only.  

Chemically a d j u s t e d  was te ,  o r  f eed  t o  t h e  spray  c a l c i n e r .  

Gas f low t o  atomize t h e  incoming f eed  p r i o r  t o  c a l c i n a t i o n  

i n  t h e  spray  c a l c i n e r .  Unheated a i r  i s  used with  an 

in ternal- mix atomizing nozz le  (Spraying Systems Co., 

Setup No. 42 i s  used h e r e ) .  

Gas flow f o r  back p u l s i n g  t h e  porous meta l  f i l t e r s  t o  

d i s lodge  c o l l e c t e d  c a l c i n e  f i n e s .  A i r  hea ted  t o  about 

350 O C  and a t  40 t o  60 p s i g  i s  used he re  wi th  a  nominal 

2-minute cyc l e  and a  2-second pulse .  A nominal e f f e c t i v e  

flow of 1.0 scfm of a i r  w a s  used f o r  t h e  5  f i l t e r  v e n t u r i s .  

S o l i d  a d d i t i v e  ( f l u x )  t o  m e l t e r  dur ing  PW-2 f lowsheet  

only.  Sodium metaphosphate p a r t i c l e s  a t  -6/+10-mesh 

a r e  used here .  



Heated a i r  purge t o  main ta in  a  d r y ,  f ree- f lowing s o l i d  

f l u x  i n  t h e  s o l i d s  a d d i t i o n  l i n e .  

S o l i d i f i e r  condensate.  A t o t a l  of 60% of t h e  t o t a l  

n i t r a t e  i s  assumed p r e s e n t  i n  t h i s  s t ream.  A t o t a l  of 

5% of t h e  s u l f a t e  i n  t h e  PW-2 waste i s  p r e s e n t  i n  t h i s  

stream. 

S o l i d i f i e r  noncondensables and e n t r a i n e d  p a r t i c l e s  n o t  

removed by t h e  s o l i d i f i e r  condenser. A t o t a l  of 40% 

of t h e  t o t a l  n i t r a t e s ,  0.5% of t h e  t o t a l  ruthenium and 

0.05% of t h e  n o n v o l a t i l e  m a t e r i a l s  (en t ra inment )  i s  

e s t i m a t e d  f o r  t h i s  stream. A t o t a l  g a s  f low of  15 scfm 

i n c l u d i n g  in l eakage  a t  t h e  s o l i d i f i e r  i s  used f o r  t h i s  

stream. 

Melt f low t o  r e c e i v e r .  Actual  flow may be cont inuous 

o r  by p e r i o d i c  ba tches .  

Evaporator  bottoms. The bottoms w i l l  be r ecyc l ed  and 

e v e n t u a l l y  r e tu rned  t o  t h e  s o l i d i f i e r .  They may be 

r ecyc l ed  t o  t h e  s o l i d i f i e r  f eed  o r  t o  t h e  high l e v e l  

l i q u i d  waste  system of t h e  r ep roces s ing  p l a n t .  A t o t a l  

of 100 l i te rs  of 5M - H N 0 3  was a r b i t r a r i l y  s e l e c t e d  t o  

r e p r e s e n t  t h e  volume t o  be r ecyc l ed  f o r  each tonne 

e q u i v a l e n t  of waste processed.  

Evaporator  s t r i p  water .  A H N 0 3  concen t r a t i on  of 0.02M - 
i s  used he re .  

Evaporator  overheads.  A H N 0 3  concen t r a t i on  of 0.5M - 
i s  used here .  

S o l i d i f i e r  noncondensibles and e n t r a i n e d  p a r t i c l e s  n o t  

removed i n  t h e  evapora tor  condenser. A t o t a l  of 40% of 

t h e  t o t a l  n i t r a t e  i s  assumed p r e s e n t  i n  t h i s  s t ream.  

F r a c t i o n a t o r  bottoms. A H N 0 3  concen t r a t i on  of 10M - i s  

used f o r  c a l c u l a t i o n s .  This  s t ream can be used f o r  f u e l  

element d i s s o l u t i o n  o r  poss ib ly  i n  s o l v e n t  e x t r a c t i o n  

sc rub  s t reams.  



F r a c t i o n a t o r  d i s t i l l a t e .  

F r a c t i o n a t o r  d i s t i l l a t e .  This can be used a s  makeup water  

f o r  f u e l  d i s s o l u t i o n ,  s o l v e n t  e x t r a c t i o n  sc rub  s t reams ,  

o r  it can be t r e a t e d  a s  low l e v e l  waste.  

Scrubber s o l u t i o n ,  approximately 1 t o  2 M  - NaOH. Twenty- 

f i v e  pe rcen t  of t h e  n i t r a t e  from t h e  s o l i d i f i e r  i s  removed 

by t h e  scrubber .  

System off- gas .  Five  pe rcen t  of t h e  t o t a l  f eed  n i t r a t e  

i s  p r e s e n t  i n  t h i s  s t ream.  

S o l i d i f i e d  ceramic product .  Po t  i s  welded and s to red .  



4 k W / Z O N E  
N E T  AT 
900 " C  

FIGURE 7.3. Typical Flowsheet for Processing One Tonne of 
PW-1 Waste with Mode A Operation(a1 
(Continued on opposite page) 



3 7 8  1 1 0  4 4 8  3 .9  x l o 5  4 . 8  x  l o 4  0  0  4 5 5  7 . 2  l o 5  33  1 0  0  2 6 1 0  306  0  7 . 2  x l o 5  1 7 2  2 8 9 0  2  8 3  5  0  0  7 .2  x  l o 5  3 3  

b r /h r  B a t c h  B a t c h  1 7 . 3  1 . 4 ~ 1 0 ~ 1 . 7 ~ 1 0 ~  0  0  1 6  2 . 5  x  l o 4  1 . 2  B a t c h  9  2  1 1 0  2 . 5  x  l o 4  6 . 1  1 0  2  1 0  Batch 2 . 5  x  l o 4  B a t c h  

( P u l s e d )  

6  6  6  t 5  x  1 . 5  x  1 0  6  
1 . 6  x  1 0  - 1 . 6  x  1 0  - - - - 1 . 3  x  l o 5  9 . 4  x  l o 2  1 . 5  x l o 6  1 . 3  x l o 5  20  1 x 1 0  % l o  9 . 4  x  l o 2  20 2  

( c p d )  1 . 9  x  1 0  5  - 1 . 9 x 1 0  5  - 2  6  t 2  5 . 7  1 0  
4  

C i  - - 1 . 3  l o 5  9 .5  l o 2  5 .7  1 . 3  2 0  9 . 5  x l o 2  % l o  9 . 5  x l o 2  20  - 
4  4  5 5  1 < 2  4 . 8  1 0  4  

4 . 8  x 1 0  - 4 . 8 ~ 1 0  - - - - 2 4  0 . 1  4  0.1 0 . 1  4 . 8  20  
5  5  < 10-4  7  1 < 4  7 . 4  x  10 

5  
7 . 4  x  1 0  - 7 . 4 ~ 1 0  - - - - 3 . 7 x l o 2 1  7 . 4  l o 5  3 . 7  l o 2  7  1: ' L l  x  1 0 - ~  1 

I R a t e ,  W 7 9 3 0  - 7 9 3 0  - - - - 1 1 8 0  8  6 7 5 0  1 1 8 0  'LO 8  'LO 8  'LO 'LO 'LO 'LO 6 7 5 0  

' s  I kg 3 0 . 6  8 . 7 1  3 9 . 3  - - - - 0 . 0 2  'Lo 3 9 . 3  0 . 0 2  'Lo 'Lo 'Lo 'Lo 'Lo 'Lo 
' L O  'Lo 3 9 . 3  

2 1 . 3  - 2 1 . 3  - - - - 1 . 2 3  0 . 0 1  2 0 . 1  1 . 2 3  ' L O  0 . 0 1  'LO 0 . 0 1  "JO 'LO ' L O  'Lo 2 0 . 1  

I kg 5 1 . 9  8 . 7 1  6 0 . 6  - - - - 1 . 2 5  0 . 0 1  5 9 . 3  1 . 2 5  ' L O  0 . 0 1  'LO 0 . 0 1  'LO 'LO ' L O  
'Lo 5 9 . 3  

2 4 6 0  - 2 4 6 0  - - - - 1 4 8 0  9 8 0  <I  5 0 0  5 2  1 5 3 0  9  80 1 7 2 0  5  8  6  6  1 5  1 2  0 <l 

0 . 0 8  4 6 . 8  4 6 . 9  - - - - 0 . 0 2  'LO 4 6 . 9  0 . 0 2  'LO % O  'LO 'LO ' L O  SO 'LO 'LO 4 6 . 9  

5 2 . 0  5 5 . 5  1 0 7 . 5  - - - - 1 . 2 7  0 . 0 1  1 0 6 . 2  1 . 2 7  'LO 0 . 0 1  ' L O  0 . 0 1  ' L O  ' L O  ' L O  ' L O  1 0 6 . 2  

, u i v a l e n t  t o n n e  of PW-1 w a s t e  a t  2 0 , 0 0 0  MWd/ tonne , l5  MW/tonne aged 1 8 0  d a y s ,  p r o d u c t  receiver s t o r e d  i n  a i r .  
g c o d e  e x p l a n a t i o n  s h e e t .  
i u m  o n l y  a n d  n o  d a u g h t e r s .  
d o e s  n o t  i n c l u d e  t h e  e f f e c t  o n  t h e  r u t h e n i u m  o f  t h e  r e c y c l e  of t h e  s o l i d i f i e r  c o n d e n s a t e  ( c o n t a i n i n g  7 0 %  of t h e  
e r a w  w a s t e )  t o  t h e  f e e d  t a n k .  W i t h  t h i s  r e c y c l e  s t r e a m ,  t h e  e q u i l i b r i u m  r u t h e n i u m  data w a s  c a l c u l a t e d  t o  b e  
l r o j e c t e d  v a l u e s  p r e s e n t e d  h e r e  ( R e f e r e n c e  8 ) .  

FIGURE 7 . 3 .  (contd) 



Code Number (b 1 2  3  4  5  6  7  8  9  1 0  11 1 2  -- 
P h a s e  L = L i q u i d  L L L G  G  

G = G a s  

S = S o l i d  

Volume,  l i t e r  3 7 8  1 1 0  4 4 8  3.9 x  10' 4 . 8  x 1 0  
4  455 7 .2  x l o 5  3 3  1 0  0  2610  

1 6  2 . 5  x  l o 4  1 . 2  B a t c h  9  2  

1 7  2  2  890 2 8 3  500 

6 . 1  1 0  2  1 0  B a t c h  A v e r a g e  R a t e ,  l i t e r / h r  B a t c h  B a t c h  1 7 . 3  1 . 4  x  l o 4  1 . 7  x  1 0  
3  

R a d i o a c t i v i t y :  ( p u l s e d )  

T o t a l ,  C i  1 . 6  x  1 0  - - 6  - 1 . 6 ~ 1 0  6  

R a d i o r u t h e n i u m ,  C i  ( c ,d )  1 . 9  l o 5  - 1 . 9 ~ 1 0  - - 5  

9 0 ~ r 1  c i  4.,8 x 1 0  - - 4  - 4 . 8 ~ 1 0  4  

1 4 4 ~ e ,  ~i (a 7 . 4  l o 5  - 7 . 4  l o 5  - - 

9 .4  x 

9 . 5  x 

0 . 1  

1 

8  

'Lo 

0 . 0 1  

0 . 0 1  

1 7 2 0  

'Lo 

0 . 0 1  

l o 2  20 

l o 2  20  

5 x  

7 ,  x  

QJO 

'Lo 

' L O  

QJO 

5  8  

'Lo 

' L O  

2  

2  

5 

7  

QJO 

QJO 

' L O  

% O  

6  

6  

10 -~  1 x l o - ?  

'Lo 

1 l o 3  ~ 1 0  

9 . 5  x l o 2  'L10 

0 . 1  %1 

1 %1 x  

8 'LO FP Heat G e n e r a t i o n  R a t e ,  W 7930  - 7930  - - 1 1 8 0  $0 
'Lo 'Lo 'Lo 

0 . 0 1  'Lo 

0 . 0 1  'Lo 

Non-FP Metal O x i d e s ,  k g  3 0 . 6  8 . 7 1  3 9 . 3  - - 
FP O x i d e s ,  k g  2 1 . 3  - 2 1 . 3  - - 

'Lo 3 9 . 3  

0 . 0 1  2 0 . 1  1 . 2 3  'LO 
3 

1 . 2 5  'LO T o t a l  Metal O x i d e s ,  k g  5 1 . 9  8 . 7 1  6 0 . 6  - - 
Nit ra tes ,  g- mole  2  46 0  - 2460 - - 
P h o s p h a t e ,  k g  

T o t a l  O x i d e ,  k g  

' L O  QJO 

0 . 0 1  ' L O  

' L O  

QJO 

0 .02  QJO 

. 1 . 2 7  'LO 

a .  Bas is  o f  1 . 0  e q u i v a l e n t  t o n n e  o f  PW-1 w a s t e  a t  2 0 , 0 0 0  MWd/tonne, 1 5  MW/tonne a g e d  1 8 0  d a y s ,  p r o d u c t  receiver s t o r e d  i n  a i r .  
b. S e e  a c c o m p a n y i n g  c o d e  e x p l a n a t i o n  s h e e t .  
c. I n c l u d e s  r u t h e n i u m  o n l y  a n d  n o  d a u g h t e r s .  
d. R u t h e n i u m  data d o e s  n o t  i n c l u d e  t h e  e f f e c t  o n  t h e  r u t h e n i u m  o f  t h e  r e c y c l e  o f  t h e  s o l i d i f i e r  c o n d e n s a t e  ( c o n t a i n i n g  7 0 %  of t h e  

r u t h e n i u m  i n  t h e  r a w  w a s t e )  t o  t h e  f e e d  t a n k .  W i t h  t h i s  r e c y c l e  s t r e a m ,  t h e  e q u i l i b r i u m  r u t h e n i u m  data w a s  c a l c u l a t e d  t o  b e  
3 . 3  t i m e s  t h e  p r o j e c t e d  v a l u e s  p r e s e n t e d  h e r e  ( R e f e r e n c e  8 ) .  

FIGURE 7 . 3 .  (contd)  



4 k W / Z O N E  
N E T  A T  
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FIGURE 7.4. Typical Flowsheet for Processing One Tonne 
PW-2 Waste with Mode A 
(Continued on opposite page) 



Code Number  ( b )  1 2  3  4  5  6  7  8  9  1 0  11 1 2  1 3  1 4  1 5  1 6  1 7  1 8  

L  L  L G  G  S  G  L  G S  L L L G L L L  L 

p h a s e  L = L i q u i d  

G  = G a s  

S  = S o l i d  

V o l u m e ,  l i t e r  5 0 0  2 0 0  7 0 0  5 . 7  x l o 5  8 .2  x  1 0 ~ ' ~ )  1 8 . 6  ( 4 5 . 4 )  1 . 4  x  l o 5  6 5 6  1 . 2  x  1 0  6  ( h )  6 3  2 7 7 0  3 4 3 0  1 . 2  x l o 6  1 9 4  3 2 3 0  462  5 0 0  (g )  

A v e r a g e  R a t e ,  li t e r /h r  B a t c h  1 4 . 6  1 . 2  x l o 4  1 . 7  x 1 0  ( 0 . 9 5 )  2 . 5  x l o 3  1 3 . 3  2 . 5  x  1 0  4 1 . 3  B a t c h  5  8  7  1 2 . 5  x l o 4  B a t c h  6  7  B a t c h  B a t c h  B a t c h  
P u l s e d  

~ a d i o a c t i v i t y  : 

T o t a l ,  C i  2 .9  x  1 0  
6  - 2 . 9  x  1 0  6  - - 

~ a d i o r u t h e n i u m ,  C i  ( j f k )  3.2  x  1 0  - 5  - 3 . 2  x  1 0  5 - 

9 0 ~ r ,  c i  4 . 8  x  1 0  - 4 . 8 ~ 1 0  
4  - - 

1 4 4 ~ e ,  ~i ( f )  9 . 3  x 10 - - 5  - 9 . 3  x  1 0  
5  

FP Heat G e n e r a t i o n  R a t e ,  W 1 . 3  x 1 0  - 1 . 3 ~ 1 0 ~  - - 

- - 2 . 2  l o 5  1 . 6  10 3  2 . 7 x 1 o 6 2 . 2 x 1 o 5 2 o  1 . 6  x l o 3  'L16 1 . 6  x l o 3  2 2  3  10 

- - 2 . 2  x l o 5  1 . 6  x 10 9 . 6 ~ 1 0 ~ 2 . 2 ~ 1 0 ~ 2 0  1 . 6  x l o 3  'L16 1 . 6  x l o 3  2 2  3  1 0  

- - 2  4  0 . 1  4 . 8  x l o 4  2 4  3  0.1 a1 x  0.1 1 10- 

- - 4 . 6  x  l o 2  2  9 . 3  x  l o 5  4 .6  x  l o 2  6  x 2  'L2 x  1 0 - ~  2  6  X 9  x  2  X 10- 

- - 1 . 6  x l o 3  1 2  1 2  % o 1 2  'L o so ,I, o 1 . 6  'Lo 

Non-FP Metal O x i d e s ,  k g  2 6 . 1  24 .2  5 0 . 3  - - 1 4 . 9  - 0 . 0 2  ,I 0  6 5 . 2  0 . 0 2  ,I, 0  Q 0  'LO 'LO 

FP O x i d e s ,  k g  2 1 . 3  - 2 1 . 3  - - - - 1 . 2 4  0 . 0 1  2 0 . 0  i. 2 4  'LO 0 . 0 1  'LO 0 . 0 1  

T o t a l  Metal O x i d e s  , k g  47 .4  2 4 . 2  7 1 . 6  - - 4 9 . 0  - 1 . 2 6  0 . 0 1  1 1 9 . 3  1 . 2 6  Q 0  0 . 0 1  'L 0  0 . 0 1  

Ni t ra tes ,  g- mole  2 0 3 0  7 4 0  2 7 7 0  - - - - 1 6 6 0  11  1 0  < 1 5 0 0 ' ~ )  5 5  1 7 1 5  1 1 1 0  1 9 4 0  

P h o s p h a t e ,  k g  (e 0 .16  4 3 . 3  43 .5  - - 3 4 . 1  ;. - 0 . 0 2  'LO 7 7 . 6  0 . 0 2  'LO ,I., 0  'LO Q O  

S u l f a t e ,  k g  2 6 . 3  - 2 6 . 3  - - - - 1 . 3 2  ' L O  '25.0 1 . 3 2  'L 0  ' L O  % 0  'LO 

T o t a l  O x i d e ,  k g  7 3 . 9  6 7 . 5  1 4 1 . 4  - - 4 9 . 0  - 2 . 6 0  0 . 0 1  1 8 7 . 8  2 . 6 0  Q O  0 . 0 1  'L 0  0 . 0 1  

Q 0  'LO 'Lo 

'Lo 'Lo Q O  

'L 0  Q 0  'LO 

6  5  1 0  6 9 0  

'Lo 'L 0  'Lo 

Q 0  Q 0  'L 0  

'L 0  Q 0  'L 0  

a. B a s i s  of 1 . 0  e q u i v a l e n t  t o n n e  o f  PW-2 w a s t e  a t  2 0 , 0 0 0  MWd/tonne, 1 5  MW/tonne, a g e d  90  d a y s ,  p r o d u c t  receiver s to red  a i r .  
b .  S e e  a c c o m p a n y i n g  c o d e  e x p l a n a t i o n  s h e e t  
c. V a l u e s  i n  p a r e n t h e s e s  are t o t a l  k g  a n d  k g / h r ,  t o t a l  v o l u m e  o b t a i n e d  u s i n g  t h e o r e t i c a l  d e n s i t y  o f  s o l i d  NaP03. 
d .  T o t a l  o x i d e s  i n c l u d e s  s u l f a t e  as SO3 a n d  p h o s p h a t e  as P205 .  z 

e .  P h o s p h a t e  reported as P205 .  
f .  I n c l u d e s  b o t h  1 4 4 c e  a n d  d a u g h t e r  1 4 4 ~ r .  
g. V a l u e s  i n  b r a c k e t s  r e p r e s e n t  a p e r i o d i c  (batch1 r e m o v a l  o f  a c c u m u l a t e d  w a s t e  a n d  d o  n o t  e n t e r  i n  v o l u m e  o r  n i t r a t e  b a l a n c e s .  
h .  B a s i s  o f  1 5  s c f m  w i t h  r e m a i n d e r  o f  gas b e i n g  i n l e a k a g e  t o  t h e  s p r a y  s o l i d i f i e r .  
i. N o m i n a l  f i l t e r  b l o w b a c k  a i r  f l o w  of 1 . 0  s c f m  f o r  1 6  v e n t u r i s  w i t h  0 . 1 1 1- i n c h  t h r o a t  d i a m ;  2  s e c o n d  p u l s e  e v e r y  

2  m i n u t e s .  
j .  I n c l u d e s  r u t h e n i u m  o n l y  a n d  n o  d a u g h t e r s .  
k .  ~ u t h e n i u m  d a t a  d o e s  n o t  i n c l u d e  t h e  e f f e q t  o n  t h e  r u t h e n i u m  o f  t h e  r e c y c l e  o f  t h e  s o l i d i f i e r  c o n d e n s a t e  

( c o n t a i n i n g  7 0 %  'of t h e  r u t h e n i u m  i n  t h e  r a w  w a s t e )  t o  t h e  f e e d  t a n k .  W i t h  t h i s  r e c y c l e  s t r e a m ,  t h e  
e q u i l i b r i u m  r u t h e n i u m  d a t a  w a s  c a l c u l a t e d  t o  b e  3 . 3  t i m e s  the  p r o j e c t e d  v a l u e s  p r e s e n t e d  h e r e  
( R e f e r e n c e  8 ) .  

F IGURE 7.4. (contd)  
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The n i t r i c  a c i d  produced i n  t h e  f r a c t i o n a t o r  could be 

recyc led  t o  t h e  reprocess ing  p l a n t  f o r  f u e l  d i s s o l u t i o n  o r  f o r  

o t h e r  "head-end" reprocess ing  s t e p s .  However, t h e  f r a c t i o n a t o r  

d i s t i l l a t e  has no  r ecyc l e  va lue  a s  such,  b u t  can a l s o  be 

reused as  makeup water  i n  t he  reprocess ing  p l a n t .  The e f f e c t  

of  a i r b o r n e  ruthenium i s  most apparent  i n  t h e  magnitude of 

t h e  a d d i t i o n a l  decontamination r equ i r ed  f a r  t h e  f r a c t i o n a t o r  

d i s t i l l a t e  shown i n  Table 7.3, While t h e  cerium and s t ron t ium 

concen t r a t i ons  a r e  approximately 100 t o  10,000 t imes t h e  

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

a t  approximately 1 , O  0 0 , 0 0 0  t i m e s  i t s  l i m i t .  (6) A c a r e f u l  

a d d i t i o n a l  d i s t i l l a t i o n  of t h e  d i s t i l l a t e  could b r i n g  a l l  

va lues  (except  p o s s i b l y  ru then ium) ,  t o  below t h e  10CFR20 

l i m i t s .  The bottoms from t h i s  r e d i s t i l l a t i o n  s t e p  would l i k e l y  

be r ecyc l ed  i n  t h e  o v e r a l l  waste management scheme i n  t h e  

reprocess ing  p l a n t .  A l t e r n a t i v e  methods f o r  t r e a t i n g  t h e  

d i s t i l l a t e  have been s tud ied .  ( 7 )  These i nc lude  adso rp t ion ,  

e l e c t r o d i a l y s i s  and e l e c t r o d e i o n i z a t i o n ,  i on  exchange and oxida-  

t i o n  and v o l a t i l i z a t i o n .  O f  t h e s e ,  t h e  most s u i t a b l e  method 

appeared t o  be two-stage e l e c t r o d i a l y s i s  fol lowed by ion  

exchange. 

The secondary e f f e c t  of t h e  r e c y c l e  of ruthenium t o  t h e  

s o l i d i f i e r  f eed  s t ream has  n o t  been demonstrated. However, 

f o r  t h e  continuous r e c y c l e  of t h e  evapora to r  bottoms (70% of 

t h e  ruthenium i n  t h e  raw waste)  about a  t h r ee- fo ld  i n c r e a s e  

i n  t h e  t o t a l  ruthenium concen t r a t i on  i n  t h e  a u x i l i a r y  process  

s t reams  could be expected a t  s t eady  s t a t e .  (8 

Recent s t u d i e s  have shown t h a t  t h e  key t o  c l ean  process  

e f f l u e n t s  i s  t o  s t o p  t h e  d i f f icu l t- to- remove  a i rbo rne  rad io-  

nuc l ides  ( e s p e c i a l l y  ruthenium) i n  t h e  s o l i d i f i e r  o f f- gases  

a t  t h e  f ront- end of t he  a u x i l i a r y  off- gas  t r a i n .  A s  p r ev ious ly  



discussed  i n  Sec t ion  5 ,  in format ion  i s  now a v a i l a b l e  t o  permit  

t h e  des ign  of improved equipment which i s  necessary  t o  ade- 

qua te ly  decontaminate t h e  off- gases  from waste s o l i d i f i c a t i o n .  
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8.0 FUTURE WORK 

I n  o rde r  t o  f u l f i l l  t h e  o b j e c t i v e s  of t h e  WSEP t e c h n i c a l  

program f o r  t h e  spray  s o l i d i f i c a t i o n  p roces s ,  a d d i t i o n a l  

in format ion  i s  needed wi th  r e s p e c t  t o  p rocess  requirements 

and produc t  c h a r a c t e r i z a t i o n .  

8 .1  WASTE TYPES 

To complete requirements  t h a t  .would adequately  demonstrate 

s o l i d i f i c a t i o n  of PW-1 o r  PW-2 type  was tes ,  thermal maximum* 

should be demonstrated f o r  one of t h e s e  wastes.  

The s o l i d i f i c a t i o n  of two o t h e r  w a s t e  types  l i k e l y  t o  be 

encountered i n  f u t u r e  n u c l e a r  power cyc l e s  should a l s o  be 

demonstrated. These wastes a r e  c u r r e n t l y  scheduled f o r  demon- 

s t r a t i o n .  One of t h e  wastes  i s  t y p i c a l  of a low s a l t ,  h igh 

f i s s i o n  product  waste  from thermal  r e a c t o r  f u e l s  (exposed t o  

45,000 MWd/tonne a t  30 MW/tonne) produced by "c lean"  Purex 

reprocess 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  waste r e s u l t s  from rep roces s ing  of s p e n t  core  f u e l s  from 

l i q u i d  meta l  f a s t  b reeder  r e a c t o r s .  Near-optimum chemical 

f lowsheet  requirements  f o r  t h e s e  was tes  should a l s o  be obta ined.  

8.2 EQUIPMENT AND PROCESS REQUIREMENTS 

I t  i s  d e s i r a b l e  t o  reduce t h e  v o l a t i l i z a t i o n  of ruthenium 

from t h e  spray  s o l i d i f i e r  ( i . e . ,  by reducing feed  a c i d i t y  and/or 

adding a chemical r e d u c t a n t  t o  t h e  f e e d ) .  The e f f e c t  of phos- 

pha te  and c a l c i n e r  temperature  on ruthenium v o l a t i l i t y  should 

be e s t a b l i s h e d .  

* Thermal maximum i n  WSEP i s  t h e  q u a n t i t y  of h e a t / u n i t  volume 
of s o l i d i f i e d  waste  which w i l l  produce a c e n t e r l i n e  tem- 
p e r a t u r e  of 900 O C  o r  a  p o t  w a l l  temperature  of 427 O C  

when t h e  p o t  i s  s t o r e d  i n  e i t h e r  ambient temperature  a i r  o r  
i n  wate r  a t  100 O C .  



To a s s u r e  adequate feed a tomizat ion i n  WSEP, improved c o n t r o l  

of t h e  f eed  r a t e  t o  t h e  s o l i d i f i e r  i s  des i r ed .  The a d d i t i o n  

of a  mechanical  s c r a p e r  t o  t h e  bottom c o n i c a l  s e c t i o n  of t h e  

c a l c i n e r  could a l s o  a i d  i n  e l i m i n a t i n g  downtime r e q u i r e d  t o  

remove d e p o s i t i o n  i n  t h i s  a r e a .  

An extended spray  s o l i d i f i c a t i o n  run (on t h e  o r d e r  of 

1 0 0 0  hours )  would be h e l p f u l  i n  i d e n t i f y i n g  any p roces s  prob- 

l e m s  a s s o c i a t e d  wi th  long- term ope ra t ion ,  and e s t a b l i s h i n g  

equipment r e l i a b i l i t y .  This t e s t  could probably be performed 

wi th  e q u a l l y  v a l i d  r e s u l t s  w i th  a  nonrad ioac t ive  s o l i d i f i c a t i o n  

sys  t e m .  

The governing mechanism which a f f e c t s  c a l c i n e r  and me l t e r  

c a p a c i t y  should be e s t a b l i s h e d  t o  provide in format ion  f o r  

scale- up.  A s u i t a b l e  cons t ruc t ion  m a t e r i a l  which i s  l e s s  

expensive than pla t inum may be d e s i r a b l e  f o r  t h e  cont inuous 

me l t e r .  

The in- pot  mel t ing  concept (where t h e  spray c a l c i n e d  waste  

i s  mel ted d i r e c t l y  i n  t h e  f i n a l  s t o r a g e  con ta ine r )  should be 

demonstrated w i t h  one of t h e  waste types .  

8 . 3  AUXILIARY SYSTEMS 

The e f f e c t  of Mode B ope ra t ion  on cleanup of e f f l u e n t s  

from t h e  spray  s o l i d i f i e r  should be determined us ing  high 

l e v e l  r a d i o a c t i v e  l i q u i d  waste.  

Although t h e  a c i d  f r a c t i o n a t o r  bottoms and d i s t i l l a t e  

conta ined  low l e v e l s  of r a d i o a c t i v i t y ,  improved c leanup of 

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

r euse  i n  a  f u e l  reprocess ing  p l a n t .  Thus, demonstra t ion of 

methods t o  improve cleanup of t h e s e  e f f l u e n t s  a r e  d e s i r a b l e .  

Demonstrations of methods are a l s o  d e s i r a b l e  t o  improve 

ruthenium removal from t h e  s o l i d i f i e r  o f f- gas  p r i o r  t o  t h e  



a u x i l i a r y  evapora tor .  Sampling of t h e  gaseous e f f l u e n t  s t reams 

from t h e  condensers and t h e  c a u s t i c  sc rubber  i n  t he  a u x i l i a r y  

system should be done t o  provide d a t a  t o  improve c h a r a c t e r i z a-  

t i o n  of ruthenium and o t h e r  r a d i o a c t i v e  s p e c i e s  i n  t h e  e f f l u e n t s .  

The r e s u l t s  from such c h a r a c t e r i z a t i o n  s t u d i e s  can then be 

app l i ed  t o  improve cleanup of t h e  e f f l u e n t  s t reams.  

8 . 4  FILLED POT PERFORMANCE 

Long-term c h a r a c t e r i s t i c s  of t h e  f i l l e d  p o t s  should be 

i n v e s t i g a t e d .  Observations s o  f a r  a r e  confirming t h e  expecta-  

t i o n s  t h a t  i n i t i a l  and shor t- term e f f e c t s  would be s m a l l  i n  

p o t s  f i l l e d  by t h e  spray  s o l i d i f i c a t i o n  process .  S ince  t h e  

" o l d e s t "  p o t  i s  less than 3-years o l d ,  longer- term e f f e c t s  

a r e  no t  y e t  known. Future  work i n  t h i s  a r e a  i s  o u t l i n e d  

i n  t h e  product  e v a l u a t i o n  program, and presen ted  b r i e f l y  

i n  t h e  fol lowing d i scuss ion .  

I n  t h e  s t u d i e s  t o  be c a r r i e d  o u t ,  s e l e c t e d  f i l l e d  waste 

c o n t a i n e r s  w i l l  be placed i n t o  c o n t r o l l e d  environment s t o r a g e  

i n  t h e  S o l i d s  S torage  Engineering T e s t  F a c i l i t y  (SSETF) . ( 1 1 2  

I n  t h e s e  tests ,  i n v e s t i g a t i o n s  w i l l  be performed t o  determine 

t h e  e f f e c t s  of s t o r a g e  temperature ,  r a d i a t i o n ,  and t ime upon 

t h e  p h y s i c a l  and chemical p r o p e r t i e s  of t h e  c r y s t a l l i n e ,  rock- 

l i k e  ceramic formed by spray  s o l i d i f i c a t i o n .  

This c o n t r o l l e d  exposure c o n s i s t s  of p l ac ing  waste con- 

t a i n e r s  i n  i n d i v i d u a l  environmental  s t o r a g e  pods wherein 

d i f f e r e n t  s t o r a g e  media can be used and d i f f e r e n t  s t o r a g e  

temperatures  can be maintained.  The SSETF f a c i l i t y  can 

accommodate a s  many a s  16 waste  con ta ine r s  f o r  t e s t i n g .  These 

t e s t s  w i l l  i nc lude  s t o r a g e  temperatures  up t o  1 0 0  OC i n  wate r  

and up t o  600 OC i n  a i r .  The environmental  s to rage  c o n d i t i o n s ,  

temperature  d i s t r i b u t i o n  throughout t h e  s o l i d i f i e d  was t e ,  and 

p re s su re  w i th in  t h e  waste c o n t a i n e r  w i l l  be monitored. Samples 



can a l s o  be taken from t h e  vapor space above t h e  s o l i d i f i e d  

waste. Some c o n t a i n e r s  w i l l  p e r i o d i c a l l y  be removed from t h e  

environmental  pod and c a r e f u l l y  core- dr i  l l e d  t o  remove a  

sample of t h e  s o l i d i f i e d  waste.  A cap w i l l  then be welded 

over t h e  c o n t a i n e r  w a l l  p e n e t r a t i o n  and t h e  c o n t a i n e r  r e tu rned  

t o  s t o r a g e .  

The core  samples w i l l  be used t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  

t h a t  c e r t a i n  impor tan t  parameters  change wi th  t h e  type  of 

s t o r a g e  cond i t i ons  used,  and/or w i t h  t i m e .  Measurements t h a t  

a r e  planned inc lude  l e a c h a b i l i t y  ( i n  wate r )  , d i s p e r s i b i l i t y  , 
and c r y s t a l l i n i t y .  The samples w i l l  a l s o  be used t o  i n v e s t i -  

g a t e  t h e  e x t e n t ,  i f  any,  of f i s s i o n  produc t  r e d i s t r i b u t i o n  

dur ing  long-term s t o r a g e .  
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9 .0  APPENDIX 

9 . 1  RUN DESCRIPTION 

This appendix b r i e f l y  d e s c r i b e s  WSEP r a d i o a c t i v e  Runs SS-1 

through SS-6. Following t h e  run d e s c r i p t i o n s ,  Tables 9.1 

through 9.8 p r e s e n t  g e n e r a l  informat ion f o r  a l l  runs on f eed  

composi t ions ,  ope ra t ing  parameters  and r e s u l t s ,  m a t e r i a l  

ba l ances ,  f i s s i o n  product  d i s t r i b u t i o n ,  and decontamination 

f a c t o r s ,  r e s p e c t i v e l y .  F igures  9 .1  through 9.3 show schemat ic  

diagrams of t h e  equipment. 

Run SS-1 

The f i r s t  eng ineer ing  s c a l e  conversion of h igh ly  rad io-  

a c t i v e  aqueous wastes  t o  ceramic by t h e  spray  s o l i d i f i c a t i o n  

process  w a s  completed i n  January 196 7. 

During 37 hours  of cont inuous ope ra t ion ,  a  t o t a l  of 

603 l i ters  of a d j u s t e d  s u l f a t e - f r e e ,  PW-1 waste ( a t  455 l i t e r s  

pe r  tonne)  was reduced t o  a  phosphate ceramic con ta in ing  

83,000 c u r i e s  of r a d i o a c t i v i t y  ( i nc lud ing  5700 c u r i e s  of 

radioruthenium) which produced an i n t e r n a l  h e a t  r a t e  d e n s i t y  

of 7.5 W / l i t e r .  This  demonstrat ion was equ iva l en t  t o  s o l i d i f y -  

i n g  wastes  genera ted  from t h e  reprocess ing  1.3 tonnes  of 

45 year- old ,  20,000 MWd/tonne power r e a c t o r  f u e l  a t  15 MW/tonne. 

A t o t a l  of 120 kilograms* (38 l i t e r s )  of ceramic produc t ,  con- 

t a i n i n g  a  h e a t  gene ra t ion  r a t e  of 285 w a t t s  from rad ionuc l ide  

decay,  was c o l l e c t e d  i n  a  12- inch d iameter ,  8- foot long,  

304L s t a i n l e s s  s t e e l  r e c e i v e r .  

The run was te rmina ted  a f t e r  37 hours  of continuous 

ope ra t ion  due t o  a  bu i ldup  of s o l i d  d e p o s i t s  i n s i d e  t h e  c a l c i n e r  

which p a r t i a l l y  plugged t h e  c a l c i n e r  o u t l e t  t o  t h e  mel te r .  The 

c a l c i n e  depos i t i on  problem was caused by poor a i r  a tomiza t ion  

* An e s t ima ted  20 t o  30 kg of s o l i d s  was he ld  up i n s i d e  c a l c i n e r .  



of t h e  feed .  Consequently, run o b j e c t i v e s  i nc lud ing  t h e  

fol lowing were on ly  p a r t i a l l y  a t t a i n e d :  

Demonstration of spray  s o l i d i f i c a t i o n  of PW-1 feed.  

F i l l i n g  a 12- inch diameter  s t o r a g e  p o t  wi th  1 2 0  l i ters 

of ceramic s o l i d  gene ra t ing  12.5 W/liter. 

Determination of t h e  pa th  of r ad ionuc l ides  through t h e  

p roces s  equipment. 

The a tomiza t ion  of t h e  PW-1 feed  with  an external- mix 

nozz le  was inadequa te  and r e s u l t e d  i n  some d r o p l e t s  t o o  l a r g e  

t o  c a l c i n e  t o  a s t a t e  of dryness  w i t h  t h e  e x i s t i n g  equipment. 

This  problem was r e so lved  i n  l a t e r  runs  by t h e  u se  of an 

in te rna l- mix  spray  nozzle .  The inadequa te  a tomiza t ion  of t h e  

PW-1 feed  was f i r s t  i n d i c a t e d  by t h e  wide f l u c t u a t i o n s  i n  t h e  

i n t e r n a l  c a l c i n e r  temperatures .  The e r r a t i c  temperature  

behavior  began a f t e r  25 hours of continuous ope ra t ion  which 

had been f r e e  from major problems. 

The e x t e r n a l  we i r  on t h e  melter was used u n t i l  it f r o z e  

a f t e r  25 hours  of continuous ope ra t ion .  I t  could n o t  be reopened 

by i n c r e a s i n g  t h e  w e i r  fu rnace  temperature .  

The d e s i r e d  m e l t  h e a t  gene ra t ion  rate (12.5 W/liter) i n  

t h e  f i n a l  s o l i d  w a s  n o t  a t t a i n e d ,  because inadequate  a g i t a t i o n  

i n  t h e  r a d i o a c t i v e  waste s t o r a g e  tank prevented t r a n s f e r  of 

s u f f i c i e n t  hea t- genera t ing  s o l i d s  i n  t h e  Purex waste  t o  t h e  

f e e d  makeup tank .  

M e l t  was batch-dumped s a t i s f a c t o r i l y  through t h e  m e l t e r  

f r e e z e  va lve  dur ing  t h e  f i n a l  1 2  hours  of t h e  run a f t e r  t h e  

melter we i r  f r o z e  and could n,ot be opened by i n c r e a s i n g  t h e  

w e i r  fu rnace  temperature .  For s u c c e s s f u l  me l t  d i s cha rge ,  t h e  

w e i r  t i p  temperature  needed t o  be increased .  Melt  s t a l a g m i t e s  

formed when m e l t  d r ipped  i n  an e r r a t i c  p a t t e r n  from t h e  w e i r  



o n t o  t h e  unheated upper p o r t i o n  of t h e  po t .  The s t a l a g m i t e s  

were manually broken up and knocked down i n t o  t h e  p o t  wi th  a 

s t e e l  rod ,  a s  i n c r e a s i n g  t h e  p o t  w a l l  temperature  t o  850 O C  

d i d  n o t  p reven t  t h e  s t a l a g m i t e  format ion.  

Cumulative of f- gas decontamination f a c t o r s  ( D F '  s) of 
3 1 0  f o r  n o n v o l a t i l e s  from s o l i d i f i e r  t o  evapora tor  were as  

p r e d i c t e d  based on d a t a  from prev ious  nonrad ioac t ive  runs .  

The cumulative DF f o r  radioruthenium a c r o s s  t h e  s o l i d i f i e r  was 

1 . 4 ,  from s o l i d i f i e r  through t h e  evapora to r  was l o 3 ,  and from 
6 t h e  s o l i d i f i e r  t o  t h e  f r a c t i o n a t o r  d i s t i l l a t e  was 10 . DF's of 

6 
1 0  f o r  n o n v o l a t i l e s  t o  t h e  a c i d  f r a c t i o n a t o r  d i s t i l l a t e  

r e c e i v e r ,  a s  measured by l i q u i d  samples,  were lower than expected.  

Actual  n o n v o l a t i l e  DF va lues  were probably h igher  than t h e s e ,  

because contamination of t h e  aqueous samples occurred dur ing  

t h e  sampling process .  

The e f f e c t i v e n e s s  of suga r  r e d u c t a n t  f o r  r e t a i n i n g  

ruthenium i n  t h e  evapora tor  could n o t  be compared a g a i n s t  opera-  

t i o n  without  r e d u c t a n t  s i n c e  t h e  run was d i scont inued  before  

t h e  in tended  no- reductant  pe r iod  s t a r t e d .  

The capac i ty  of t h e  of f- gas  v e n t  system w a s  n o t  l a r g e  

enough t o  main ta in  adequate vacuum i n  t h e  s o l i d i f i e r  dur ing 

f i l t e r  blow-back. A i r  in- leakage i n t o  t h e  s o l i d i f i e r  a t  a  

r a t e  of up t o  9 scfm taxed t h e  c a p a c i t y  of t h e  system. 

Before t h e  run ,  a  technique f o r  c l ean ing  t h e  c a l c i n e r  

f i l t e r s  was t e s t e d  a f t e r  t h e  f i l t e r  p a r t i a l l y  plugged dur ing  

v e n t  system t e s t s .  The technique allowed in- place c l ean ing  

of t h e  f i l t e r s ,  where p rev ious ly  t h e  f i l t e r s  w e r e  removed 

and soaked i n  ac id .  N i t r i c  a c i d  was f e d  ( a t  about 2 l i t e r s / h r )  

i n t o  t h e  upper f i l t e r  chamber whi le  t h e  f i l t e r s  were blown 

back wi th  s a t u r a t e d  steam f o r  3.5 hours.  This  technique 

reduced t h e  f i l t e r  p re s su re  drop from 13 t o  7 inches  of water .  



I t  i s  be l i eved  t h a t  a longer  c l ean ing  pe r iod  and a  h ighe r  n i t r i c  

a c i d  a d d i t i o n  r a t e  would have reduced t h e  s t eady- s ta t e  p r e s s u r e  

drop t o  a more d e s i r a b l e  ope ra t ing  l e v e l  (about  2 t o  4 inches  

of w a t e r ) .  

An e s t i m a t e d  20 t o  30 kilograms of c a l c i n e  accumulated on 

t h e  c a l c i n e r  w a l l s  dur ing  t h e  run. Seventy t o  e i g h t y  pe rcen t  

of t h e  c a l c i n e  was removed fol lowing t h e  run by spray ing  t h e  

c a l c i n e r  i n t e r n a l  w a l l s  wi th  n i t r i c  a c i d  pumped through a  tank- 

c lean ing  nozz le .  Viewing t h e  i n s i d e  of t h e  c a l c i n e r  b a r r e l  

w i th  a  p o r t a b l e  t e l e v i s i o n  camera be fo re  and a f t e r  c l ean ing  

showed t h a t  t h e  b a r r e l  was c l ean  enough f o r  t h e  fo l lowing  runs .  

The c l ean ing  nozz le  w a s  mounted on a  moveable wand which was 

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

f lange .  Acid was sprayed a g a i n s t  t h e  w a l l s  f o r  50 hours  a t  an 

average r a t e  of  150 l i t e r s / h r  and was c o l l e c t e d  i n  t h e  m e l t e r  

where it was cont inuous ly  j e t t e d  back t o  t h e  head tank.  

Run SS-2 

The second spray  s o l i d i f i c a t i o n  demonstra t ion run with  a  

s u l f  a t e- f r e e  , PW- 1 waste f lowsheet  w a s  success f  u l l y  completed 

dur ing  A p r i l ,  1967. During Run SS-2, a  t o t a l  of 419,000 c u r i e s  

of r a d i o a c t i v i t y  ( i nc lud ing  5300 c u r i e s  of  radioruthenium) 

w a s  i n t e r f u s e d  i n  48 l i ters  of phosphate ceramic produc t  t o  

g i v e  an i n t e r n a l  h e a t  rate d e n s i t y  of 4 4  W / l i t e r .  A t o t a l  of 

790 l i te rs  of PW-1 w a s t e  a t  455 l i t e r s / t o n n e  was sp ray  c a l c i n e d  

and mel ted dur ing  58 hours  of continuous ope ra t ion .  Th i s  

demonstrat ion was e q u i v a l e n t  t o  t h e  s o l i d i f i c a t i o n  of 1.7 tonnes  

of 3.6-year-old waste from a power r e a c t o r  f u e l  wi th  a  

20,000 MWd/tonne t o t a l  exposure a t  15 MW/tonne. 

2 
An e f f e c t i v e  thermal  conduc t iv i ty  of 1.6 W/(m ) ( O C / r n )  o r  

2 0.91 Btu/ ( h r )  ( f t  ) (OF/ft) f o r  t h e  ceramic product  was calcu-  

l a t e d  us ing  t h e  p o t  ca lo r ime t ry  va lues  of 2100 w a t t s  and t h e  



a i r- cooled  ( in- furnace)  cen te r l i ne- to- wa l l  temperature  d i f -  

fe rence  of 70 O C  i n  t h e  8-inch diameter  p o t  r e c e i v e r .  

An in te rna l- mix  spray  nozzle  (Spraying Systems Co., 

Setup No. 4 2 )  performed w e l l  dur ing  t h e  run. No c a l c i n e  

d e p o s i t s  i n  t h e  c a l c i n e r  b a r r e l  o r  cone were i n d i c a t e d  dur ing  

t h e  run o r  were seen by te lev iewing  t h e  i n s i d e  of t h e  c a l c i n e r  

b a r r e l  a f t e r  t h e  run.  Consequently, t h e  in te rna l- mix  nozz le  

performance was f a r  s u p e r i o r  t o  t h a t  of t h e  external- mix 

nozz le  (Spraying Systems Co., Setup No. 5 )  used i n  Run SS-1 

and e a r l i e r  nonrad ioac t ive  t e s t s .  

Feed a tomizat ion w i t h  unheated a i r  d i d  n o t  r e s u l t  i n  f eed  

nozz le  plugging,  a l though plugging occurred b r i e f l y  whi le  

p rehea t ing  the  atomizing a i r  t o  320 O C .  

Feed flow f l u c t u a t i o n s  which c o n t r i b u t e d  t o  a  h igh  p re s su re  

drop ac ros s  t h e  c a l c i n e r  f i l t e r s  occurred i n  1 0  t o  15-minute 

cyc les  dur ing  t h e  l a s t  t h i r d  of t h e  run.  The cause of t h e  

f l u c t u a t i o n s  was n o t  determined,  bu t  was probably r e l a t e d  t o  

e r r a t i c  ope ra t ion  of t h e  magnetic f  lowrneter and t h e  f eed  con- 

t r o l  valve .  The f i l t e r  p re s su re  drop inc reased  from 12 t o  an 

undes i rab ly  h igh  va lue  of 18 inches  of wate r  dur ing  t h e  l a s t  

7 hours ,  thereby  causing t h e  s o l i d i f i e r  t o  p r e s s u r i z e  s l i g h t l y  

(up t o  4 inches  of wate r )  dur ing  f i l t e r  blowback. 

The f i l t e r s  had n o t  been adequately  c leaned before  t h e  

run ,  s i n c e  t h e  p r e s s u r e  drop was 9 inches  of water  when t h e  

feed  was f i r s t  t u rned  on. Following t h e  run ,  t h e  f i l t e r s  

were aga in  f l u shed  with  n i t r i c  a c i d  while blowing back wi th  

s a t u r a t e d  steam. A normal s t e a d y- s t a t e  p re s su re  drop of about 

4 inches  of wate r  was achieved a f t e r  f l u s h i n g  and dry ing  

t h e  f i l t e r s .  



The melter was d i scharged  i n  5 l i t e r  ba tches  a t  r a t e s  of 

about 17 l i t e r s / h r  through t h e  f r e e z e  v a l v e ,  s i n c e  t h e  w e i r  

furnace w a s  inoperab le .  Overheating t h e  produc t  p o t  dur ing  

f i l l i n g  wi th  1 1 0 0  O C  m e l t  was prevented by t u r n i n g  o f f  t h e  

zone of t h e  p o t  fu rnace  a t  t h e  mel t  l e v e l  an hour p r i o r  t o  mel t  

dumping. The po t  w a s  f i l l e d  evenly  wi thout  s t a l a g m i t e  forma- 

t i o n .  I n  t h i s  r e s p e c t ,  batch-dumping of t h e  m e l t  i s  s u p e r i o r  

t o  d r ip- discharge  from t h e  melter w e i r .  

About 75 p e r c e n t  of t h e  ruthenium i n  t h e  f eed  w a s  v o l a t i l -  

i z e d  t o  t h e  condensate r e c e i v e r  tank used f o r  t h e  modif ied 

Mode B o p e r a t i o n  ( s e e  Figure  9 .2 )  . Cumulative DF' s t o  t h e  

condensate based on t h e  t o t a l  r a d i o a c t i v i t y  i n  t h e  f eed  t o  t h e  

s o l i d i f i e r  w e r e  1 . 4  and 5 . 2  x l o 3  f o r  lo613u and 1 4 4 ~ e - ~ r  , 
r e s p e c t i v e l y  . 

The modified Mode B ope ra t ion  was used t o  i s o l a t e  t h e  

s o l i d i f i e r  condensate from t h e  evapora tor  t o  determine t h e  

e x t e n t  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  and t o  

demonstra te  c o n t r o l  of ruthenium evo lu t ion  dur ing  t h e  concentra-  

t i o n  of d i l u t e  r a w  waste i n  t h e  evapora tor .  Small  amounts of 

suga r  r e d u c t a n t  w e r e  added t o  t h e  evapora to r  bottoms and t o  

t h e  f r a c t i o n a t o r  tower throughout t h e  run t o  suppres s  ruthenium 

e v o l u t i o n .  The modified Mode B o p e r a t i n g  cond i t i ons  and t h e  

sugar  a d d i t i o n s  p re sen ted  no unique problems, and t h e  d i s t r i b u-  

t i o n  of r ad ionuc l ides  i n  t h e  a u x i l i a r y  equipment was s i m i l a r  

t o  t h a t  fo l lowing  Run SS-1 wi th  a Mode A ope ra t ion .  Cumulative 

DF's t o  t h e  evapora to r  condensate based on t h e  r a d i o a c t i v i t y  i n  

t h e  concen t r a t ed  raw waste i n  t h e  evapora to r  a t  t h e  end of t h e  

run were 6.3 x l o 2  and 5.6 x l o 4  f o r  l o 6 ~ u  and 1 4 4 ~ e - ~ r ,  

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

Cumulative DF's f o r  t h e  concent ra ted  raw waste  t o  t h e  

f r a c t i o n a t o r  d i s t i l l a t e  were 8.3 x l o 5  and 8.6 x l o 7  f o r  

l o 6 ~ u  and 1 4 4 ~ e - ~ r  , r e s p e c t i v e l y .  Based on t h e  cumulat ive  DF' s , 



t h e  sugar  r educ tan t  a d d i t i o n s  t o  t h e  evapora tor  and t o  t h e  

f r a c t i o n a t o r  tower d i d  n o t  s i g n i f i c a n t l y  reduce t h e  evo lu t ion  

of ruthenium from e i t h e r  t h e  evapora tor  o r  t h e  f r a c t i o n a t o r .  

Cumulative DF's f o r  t h e  evapora tor  waste t o  t h e  bu i ld ing  s t a c k  

off- gases  were g r e a t e r  than 3  x l o l o  and 1 x lo1' f o r  l o 6 ~ u  

and 1 4 4 ~ e - ~ r  , r e s p e c t i v e l y .  Rad ioac t iv i ty  concent ra t ions  i n  

t h e  f r a c t i o n a t o r  d i s t i l l a t e  fol lowing t h e  run were 1.3 x 10 '  

t i m e s  t h e  10CFR20 l i m i t s  f o r  l o 6 ~ u  and 22 t i m e s  t h e  l i m i t  f o r  

n o n v o l a t i l e  r ad ionuc l ides  ( p r i m a r i l y  1 4 4 ~ e - ~ r )  . Off -gas s t a c k  

r a d i o a c t i v i t y  concent ra t ion  f o r  l o 6 ~ u  was l e s s  than 0.007 t i m e s  

t h e  lOCFR2O l i m i t s  whi le  n o n v o l a t i l e  concent ra t ion  w a s  

0.0015 t i m e s  t he  l i m i t .  

Run SS-3 

The t h i r d  spray  s o l i d i f i c a t i o n  demonstrat ion run was com- 

p l e t e d  i n  J u l y  1968. Run SS-3 was t h e  f i r s t  spray s o l i d i f i c a -  

t i o n  run wi th  a  s imu la t ed ,  h i g h- s a l t ,  h igh- su l f a t e  Purex 

Waste (PW- 2).  The p r i n c i p a l  o b j e c t i v e  f o r  Run SS-3 was t o  

demonstrate t h e  o v e r a l l  o p e r a b i l i t y  of t h e  spray  s o l i d i f i e r  

on a  chemical and radiochemical  PW-2 f lowsheet .  Other opera-  

t i o n a l  o b j e c t i v e s  included:  

8 A demonstrat ion of t h e  f e a s i b i l i t y  of remotely adding a  

p o r t i o n  of t h e  chemical a d d i t i v e s  a s  a  s o l i d  f l u x  d i r e c t l y  

t o  t h e  m e l t e r  w i th  a  s o l i d s  a d d i t i o n  system. 

A demonstrat ion of ba tch  dumping t h e  PW-2 me l t  and uniform 

f i l l i n g  of a  hea ted  r e c e i v e r  po t .  

F i l l i n g  of t h e  12- inch diameter  p o t  r e c e i v e r  wi th  m e l t  

p roduc t  having a  h e a t  gene ra t ion  r a t e  d e n s i t y  of 

37 W/ l i t e r  ( 4 4 4 0  w a t t s  t o t a l ) .  

During Run SS-3, s imulated PW-2 waste e q u i v a l e n t  t o  t h a t  

r e s u l t i n g  from t h e  r ep roces s ing  of 0.61 tonne of power r e a c t o r  

f u e l .  (20 , 0 0 0  MWd/tonne a t  15 MW/tonne) w i th  an e q u i v a l e n t  aging 

t i m e  of 1.7 y e a r s  was reduced t o  approximately 39 l i t e r s  of 

ceramic product .  % 



The s o l i d i f i e r  was f e d  357 l i te rs  of chemical ly  a d j u s t e d  

PW-2 waste ( a d d i t i v e s  of L i O H ,  Ca(N03) 2 ,  A 1  (NO3) j ,  and H3P04) 

a t  582 l i t e r s / t o n n e  i n  31.6 hours  of a c t u a l  feed ing  time. I n  

a d d i t i o n  t o  t h e  feed  a d d i t i v e s ,  s o l i d  sodium metaphosphate was 

added t o  t h e  m e l t e r  batchwise t o  reduce t h e  c a l c i n e  mel t ing  

p o i n t  t o  approximately 700 O C .  The f eed  conta ined  420,000 c u r i e s  

of r a d i o a c t i v i t y  i nc lud ing  26,000 c u r i e s  of ruthenium. 

P r i o r  t o  s t a r t i n g  f eed  t o  t h e  s o l i d i f i e r ,  numerous equip-  

ment mal func t ions  occurred:  t h e  f r e e z e  va lve  e l e c t r i c a l  

h e a t e r s  f a i l e d ,  t h e  feed  tank a g i t a t o r  f a i l e d ,  and t h e  f eed  

pump began leak ing .  A f t e r  t h e  a g i t a t o r  w a s  r e p a i r e d  and t h e  

pump r e p l a c e d ,  t h e  run was s t a r t e d  wi thout  t h e  f r e e z e  va lve  

h e a t e r s  by us ing  a  propane t o r c h  t o  h e a t  t h e  d r a i n- f r e e z e  va lve  

t o  ba tch  d i scha rge  t h e  produc t  from t h e  me l t e r  t o  t h e  r e c e i v e r  

po t .  

During Run SS-3, a  v a r i e t y  of problems caused seven i n t e r -  

r u p t i o n s  of t h e  f eed  t o  t h e  s o l i d i f i e r .  The f i r s t  s i x  i n t e r r u p-  

t i o n s  caused 236 hours  of downtime, and t h e  l a s t  i n t e r r u p t i o n  

caused t e rmina t ion  of t h e  run. The f i r s t  two i n t e r r u p t i o n s  

which occur red  e a r l y  i n  t h e  run r e s u l t e d  from d i f f i c u l t i e s  wi th  

t h e  s o l i d s  a d d i t i o n  system. Following t h e  second i n t e r r u p t i o n  

which occur red  a f t e r  7.8 hours of f eed ing  when t h e  s o l i d  addi-  

t i o n  l i n e  plugged a t  the c a l c i n e r ,  t h e  s o l i d s  f e e d e r  w a s  

removed from t h e  s o l i d i f i e r  f o r  modi f ica t ion .  A f t e r  adding a  

hea ted  a i r  purge t o  t h e  s o l i d s  f e e d e r  t o  minimize condensat ion 

and subsequent  plugging a t  t h e  e n t r y  p o i n t  t o  t h e  s o l i d i f i e r ,  

t h e  f e e d e r  performed s a t i s f a c t o r i l y  f o r  t h e  remainder of t h e  

run. While t h e  s o l i d s  f eede r  was being modif ied,  t h e  o r i g i n a l  

12- inch p o t  was r ep l aced  wi th  an 8-inch p o t  t o  sho r t en  t h e  run 

and thereby  l e s s e n  the p o t e n t i a l  f o r  embr i t t l ement  of t h e  

pla t inum f r e e z e  va lve  from exposure t o  t h e  propane flame dur ing  

dumping of t h e  me l t e r .  



Although feed  f low was resumed t o  t h e  s o l i d i f i e r  a f t e r  

i n s t a l l a t i o n  of t h e  second r e c e i v e r  p o t ,  it was maintained only 

i n t e r m i t t e n t l y  because p e r i o d i c  shutdowns ( a f t e r  1 t o  8 hours  

of feed ing)  were r equ i r ed  t o  unplug t h e  s o l i d i f i e r  ven t  system. 

One shutdown was a l s o  r equ i r ed  t o  r ep l ace  t h e  c a l c i n e r  v i b r a t o r  

a i r  supply l i n e .  S i g n i f i c a n t  q u a n t i t i e s  of c a l c i n e  ( 1 0 %  of t h e  

t o t a l  c a l c i n e  produced) were e n t r a i n e d  from t h e  s o l i d i f i e r  

through a f a i l e d  off- gas  f i l t e r  and r e s u l t e d  i n  plugging of t h e  

s o l i d i f i e r  condenser (E-111)  v e n t  and d r a i n  l i n e s .  I t  was 

necessary  t o  unplug t h e  system s e v e r a l  t imes by f lu sh ing  t h e  

condenser w i th  n i t r i c  ac id .  The run was even tua l ly  t e rmina ted  

when t h e  i n l e t  t o  t h e  condenser became plugged and could n o t  

be unplugged by merely f l u s h i n g  t h e  condenser. 

I n spec t ion  of t h e  s o l i d i f i e r  off- gas  f i l t e r s  a f t e r  t h e  

run revea led  t h a t  two of t h e  15 porous meta l  f i l t e r s  had f a i l e d .  

Both f a i l u r e s  w e r e  l o c a t e d  a t  t h e  t o p  of t h e  f i l t e r s  j u s t  

below a c i r c u m f e r e n t i a l  weld. One f a i l u r e  was a p a r t i a l  crack 

around t h e  circumference of t h e  f i l t e r ,  and t h e  o t h e r  was a 

l a r g e  miss ing s e c t i o n  of porous metal .  The porous metal  nea r  

t h e  f a i l u r e  was much l e s s  d u c t i l e  than t h a t  f u r t h e r  down t h e  

l e n g t h  of t h e  f i l t e r .  I n d i c a t i o n s  were t h a t  t h e  a c t u a l  f a i l u r e  

( t h e  l o s s  of t h e  l a r g e  s e c t i o n  of porous me ta l )  occurred some- 

t i m e  a f t e r  Run SS-2 and before  t h e  s t a r t  of Run SS-3, and may 

have co inc ided  wi th  t h e  s t r i k i n g  of t h e  c a l c i n e r  by a f a l l i n g  

crane boom. A combination of mechanical f a t i g u e  and cor ros ion  

was suspec ted  as t h e  cause of t h e  apparen t  l o s s  i n  d u c t i l i t y  

of t h e  porous metal .  

The in te rna l- mix  spray  nozz le  performed s a t i s f a c t o r i l y .  

The use of  unheated atomizing a i r  prevented nozz le  plugging 

whi le  f eed ing ,  a s  i n  Run SS-2. The a i r  s i d e  of t h e  nozz l e ,  

however, d i d  become p a r t i a l l y  plugged a f t e r  t h e  a i r  was s h u t  

o f f  dur ing  a shutdown per iod .  The nozz le  was removed from 

t h e  s o l i d i f i e r  , f l u shed ,  and r e tu rned  t o  s e r v i c e .  



A propane t o r c h  used a s  a h e a t e r  allowed t h e  PW-2 mel t  t o  

be d i scharged  batchwise from t h e  m e l t e r  wi thout  any d i f f i c u l t i e s  

v i a  t h e  dra in- freeze  valve.  Due t o  t h e  e a r l y  t e rmina t ion  of t h e  

run ,  only  p a r t i a l  f i l l s  of t h e  two hea ted  r e c e i v e r  p o t s  w e r e  

a t t a i n e d .  The approximately 2 9 l i t e r s  of r a d i o a c t i v e  s o l i d i f i e d  

waste c o l l e c t e d  i n  t h e  second r e c e i v e r  p o t  (8- inch d iameter  

304L s t a i n l e s s  s t e e l )  produced a h e a t  r a t e  d e n s i t y  of 

34 W/liter (1000 w a t t s  t o t a l  based on f eed  a n a l y s i s )  . The 

s t e a d y- s t a t e  p o t  c e n t e r l i n e  temperature  i n  t h e  a i r- cooled  fu r-  

nace was 315 OC and t h e  cen te r l i ne- to- wa l l  temperature  d i f f e r e n c e  . 
was 80 O C .  These va lues  i n d i c a t e  an e f f e c t i v e  thermal  conduc- 

2 t i v i t y  of 1.1 W/(m ) (OC/m) [0.64 B tu / (h r )  ( f t 2 )  (OF/ft) ] f o r  t h e  

s o l i d  waste product .  

During t h e  e n t i r e  run ,  76% of  t h e  1 0 6 ~ u ,  1 0 %  of t h e  

1 4 4 ~ e - ~ r ,  and 15.5% of t h e  s u l f u r  i n  t h e  f eed  accumulated i n  

t h e  a u x i l i a r y  evapora tor .  The very l a r g e  accumulation of non- 

v o l a t i l e  r a d i o a c t i v i t y  was due t o  t h e  f a i l u r e  of t h e  off- gas  

f i l t e r s .  The amount of lo6Ru and s u l f u r  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  was e s t ima ted  as 73% and l e s s  than 7 % ,  r e s p e c t i v e l y .  

A t o t a l  of 0 . 2 4 %  of  t h e  t o t a l  l o 6 ~ u  f e d  t o  t h e  s o l i d i f i e r  

was v o l a t i l i z e d  from o r  c a r r i e d  through t h e  evapora tor  and 

accumulated i n  t h e  f r a c t i o n a t o r .  The cumulative decontamina- 

t i o n  f a c t o r  (DFc) a c r o s s  t h e  evapora tor  f o r  lo RU was 
2 3.2 x 10 . The DFc f o r  4 1 4 4 ~ e - ~ r  was 2.5 x 1 0  . 

The DFc a c r o s s  t h e  f r a c t i o n a t o r  was 2.0 x l o 2  f o r  lo RU 

and 1.1 x l o 2  f o r  1 4 4 ~ e - ~ r .  

A t o t a l  of 1 . 2  x p e r c e n t  of t h e  lo6Ru and 

4.5 x p e r c e n t  of t h e  1 4 4 ~ e - ~ r  i n  t h e  feed t o  t h e  s o l i d i -  

f i e r  accumulated i n  t h e  f r a c t i o n a t o r  d i s t i l l a t e .  These va lues  

were above t h e  10CFR20 r e l e a s e  l i m i t s  by f a c t o r s  of 3.6 x 1 0  
4 

and 1.1 x l o 3 ,  f o r  lo6Ru and 1 4 4 ~ e ,  r e s p e c t i v e l y .  A t  t h e  end 
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of t h e  r u n ,  2.9 x p e r c e n t  of t h e  l o 6 ~ u  and 1.9 x per-  

c e n t  of t h e  r a d i o a c t i v i t y  f e d  t o  t h e  s o l i d i f i e r  were p r e s e n t  

i n  t h e  of f- gas  scrubber .  The r e l a t i v e l y  high accumulation of 

r a d i o a c t i v i t y  i n  bo th  t h e  f r a c t i o n a t o r  d i s t i l l a t e  and t h e  

sc rubber  may have been due i n  p a r t  t o  contamination of t h e  

system a t  t h e  beginning of t h e  run a s  t h e r e  was a cons iderab le  

t i m e  l a p s e  between pre- run and f i r s t  run samples. A t o t a l  of 

25 pe rcen t  of t h e  n i t r o g e n  f e d  t o  t h e  s o l i d i f i e r  accumulated 

i n  t h e  sc rubber  dur ing  t h e  run.  The r a d i o a c t i v i t y  r e l e a s e d  

wi th  t h e  off- gas  t o  t h e  s t a c k  was less than  0 . 0 0 4  t imes t h e  

10CFR20 l i m i t  f o r  9 0 ~ r  and l e s s  than 0.0004 t imes t h e  10CFR20 

l i m i t  f o r  l o 6 ~ u .  

Run SS-4 

The f o u r t h  spray  s o l i d i f i c a t i o n  demonstrat ion run was 

s u c c e s s f u l l y  completed dur ing  September 1968. Run SS-4 was 

t h e  second demonstrat ion wi th  a s u l f a t e- c o n t a i n i n g ,  PW-2 

waste  f lowsheet .  

During Run SS-4, waste equ iva l en t  t o  0.89 tonnes  of power 

r e a c t o r  f u e l  (exposed t o  20,000 MWd/tonne a t  15 MW/tonne) and 

cooled 0.8 y e a r s ,  w a s  i n t e r f u s e d  i n  160 kilograms of ceramic 

product .  The 56 l i t e r s  of r a d i o a c t i v e  ceramic produced a 

h e a t- r a t e  d e n s i t y  of 93 W/liter (5200 w a t t s  t o t a l  based on p o t  

ca lo r ime t ry  measurements) i n  an 8-inch d iameter ,  mi ld  s t e e l  

me l t  r e c e i v e r .  The s t e a d y- s t a t e  pot  c e n t e r l i n e  temperature  i n  

t h e  a i r- cooled  furnace  was 505 O C  and t h e  cen te r l ine- to- wal l  

temperature  d i f f e r e n c e  was 220 O C .  These va lues  conver t  t o  an 
2 e f f e c t i v e  thermal  conduc t iv i ty  of 1.1 W/ (m ) (OC/m) 

2 [ O .  6 4  Btu/ ( h r )  ( f t  ) (OF/ft) 1 f o r  t h e  ceramic product .  

The s o l i d i f i e r  w a s  f e d  500 l i te rs  of a d j u s t e d  PW-2 waste  

a t  560 l i t e r s / t o n n e  i n  40.5 hours  a t  an average f eed  r a t e  of 

12.3 l i t e r s / h r .  The f e e d ,  con ta in ing  1,400,000 c u r i e s  of 

r a d i o a c t i v i t y  ( i nc lud ing  15,300 c u r i e s  of radioruthenium) , was 
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reduced i n  volume by a  f a c t o r  of 8.9 on a  feed  b a s i s  ( o r  6 . 0  

on a  b a s i s  of 378 l i t e r s / t o n n e  waste)  . A t o t a l  of 40.4 k i l o -  

grams of s o l i d ,  6  t o  10-mesh sodium metaphosphate (NaP03) was 

added t o  t h e  m e l t e r  i n  0.5 kilogram ba tches  every half- hour  

dur ing  t h e  run t o  reduce t h e  me l t i ng  p o i n t  of t h e  s o l i d  waste 

t o  f lowshee t  cond i t i ons .  The s o l i d s  a d d i t i o n  system was purged 

wi th  a i r  a t  210 OC t o  p reven t  plugging.  

A l l  of t h e  p r i n c i p a l  p rocess  f a c t o r s  i nc lud ing  t h e  atomiza- 

t i o n ,  f i l t e r  o p e r a t i o n ,  flow c o n t r o l  systems,  and t h e  s o l i d  

f eede r  system performed s a t i s f a c t o r i l y  dur ing  t h e  run. The 

c a l c i n e r  v i b r a t o r  broke loose  from i t s  welded mounting p l a t e  

on t h e  c a l c i n e r  l i d  a f t e r  20  hours of continuous o p e r a t i o n ,  

and t h e  c a l c i n e r  wai s h u t  down. The v i b r a t o r  was r ep l aced  

us ing  a  f l o a t i n g- t y p e  mounting arrangement and t h e  run was 

completed wi thout  any f u r t h e r  problems. 

The in te rna l- mix  spray  nozz le  performed w e l l ,  wi thout  plug-  

g ing ,  f o r  f eed  r a t e s  t h a t  ranged from 8  t o  16 l i t e r s / h r  and 

wi th  unheated atomizing a i r  f lows from 6.4 t o  7.4 scfm. The 

f eed  f low c o n t r o l  w a s  much b e t t e r  t han  dur ing  t h e  prev ious  

run ,  and t h e  i n t e r n a l  c a l c i n e r  temperatures  had correspondingly 

sma l l e r  f l u c t u a t i o n s  w i th  l e s s  cyc l ing .  

The f i l t e r  p re s su re  drop inc reased  from about 4 t o  about 

7  i nches  of  w a t e r  when a blowback so l eno id  va lve  became s tuck  

open about  9 hours  i n t o  t h e  run. The jammed blowback va lve  

inc reased  t h e  noncondensable gas  flow about 30 p e r c e n t  t o  

about 15 scfm. However, t h e r e  was no d e t e c t a b l e  permanent 

i n c r e a s e  i n  t h e  p re s su re  drop a c r o s s  t h e  f i l t e r s  on completion 

of Run SS- 4 .  With t h e  blowback a i r  o f f ,  t h e  p re s su re  drop 

ac ros s  t h e  f i l t e r s  was between 1 and 2 i nches  of wate r  be fo re  

and a f t e r  t h e  run.  The new of f- gas  f i l t e r  assembly had two 

f i l t e r s  blown back a t  a  t i m e  i n s t e a d  of t h r e e  w i th  t h e  prev ious  



assembly. The new f i l t e r  assembly performed s a t i s f a c t o r i l y  

except  f o r  t h e  jammed so l eno id  valve.  The average in s t an t aneous  

decontamination f a c t o r  ( D F i )  f o r  1 4 4 ~ e - ~ r  inc reased  from 5900 

a t  t h e  s t a r t  t o  96,000 as t h e  run progressed  wi th  an average 

va lue  of 47,000. 

S u f f i c i e n t  vacuum was mainta ined i n  t h e  s o l i d i f i e r  dur ing  

blowback, and t h e  p r e s s u r e  drop ac ros s  t h e  s o l i d i f i e r  condenser 

was n e g l i g i b l e  throughout t h e  run (less than  one-inch of w a t e r ) .  

This  cond i t i on  was a ided  by t h e  newly i n s t a l l e d  p a r a l l e l  v e n t  

l i n e s  from t h e  condenser which inc reased  t h e  v e n t  capac i ty  f o r  

t h e  system by about a f a c t o r  of t h r e e .  

The me l t e r  fu rnace  w a s  opera ted  a t  930 O C  w i t h  an average 

i n t e r n a l  mel t  temperature  of 870 O C .  The m e l t e r  was batch-  

dumped through t h e  drain- freeze va lve  12 t i m e s  i n  about 

4.5 l i t e r  ba tches  a t  3 t o  4-hour i n t e r v a l s .  A s  i n  Run SS-3, 

a propane t o r c h  was used t o  m e l t  t h e  f rozen  ceramic product  

i n  the dra in- freeze  va lve  t o  s t a r t  t h e  b a t c h  d ra in ing  t o  t h e  

p o t  r e c e i v e r .  The o v e r a l l  average process ing  r a t e  f o r  Run SS-4 

was 0.5 tonnes/day. The p o t  fu rnace  was n o t  heated dur ing  

Run SS-4 and no s t a l a g m i t e s  were formed i n  t h e  pot .  This  

confirmed t h e  nonrad ioac t ive  p i l o t  p l a n t  in'formation t h a t  

unheated,  mild s teel  m e l t  r e c e i v e r s  can be f i l l e d  by t h e  ba tch  

dumping method wi thout  s t a l a g m i t e  formation.  

During t h e  e n t i r e  run ,  11 p e r c e n t  of t h e  l o 6 ~ u  and 

0 . 1  p e r c e n t  of t h e  n o n v o l a t i l e  r a d i o a c t i v e  s p e c i e s  i n  t h e  f eed  

t o  t h e  s o l i d i f i e r  accumulated i n  t h e  a u x i l i a r y  evapora tor .  

The o v e r a l l  radioruthenium balance was unusua l ly  poor ,  wi th  

only 40 pe rcen t  of t h e  radioruthenium accounted f o r .  The 

a u x i l i a r y  condensate  samples i n d i c a t e d  t h a t  t h e  ruthenium d i d  

n o t  l eave  t h e  s o l i d i f i e r ,  and t h e  s o l i d  waste samples accounted 

f o r  less than 30 p e r c e n t  of t h e  t o t a l  ruthenium. Contrary  t o  

t h e  normally u n r e l i a b l e  low va lues  r epo r t ed  f o r  WSEP m e l t  



samples, t h e  a n a l y t i c a l  r e s u l t s  f o r  t h e  mel t  samples from 

Run SS-4 checked q u i t e  c l o s e l y  f o r  a l l  r ad ionuc l ides  excep t  

radioruthenium. Thus, t h e  cause of t h e  poor ruthenium balance 

was n o t  c l e a r .  

The cumulative decontamination f a c t o r ,  DFc, a c r o s s  t h e  

WSEP auxi  l i a r y  evapora tor  f o r  l o 6 ~ u  was 76. In s t an t aneous  

DFils f o r  l o 6 ~ u  ranged from 1300 t o  2700. The cumulative D F  
C 

f o r  1 4 4 ~ e - ~ r  ( r e p r e s e n t i n g  t h e  n o n v o l a t i l e  r ad ionuc l ides )  was 

1700 and t h e  i n s t an t aneous  D F i
l s  ranged from 250 t o  18,000. 

A t o t a l  of 0 . 1  pe rcen t  of t h e  ruthenium f e d  t o  t h e  s o l i d i -  

f i e r  accumulated i n  t h e  f r a c t i o n a t o r  bottoms. The DFc a c r o s s  

t h e  f r a c t i o n a t o r  f o r  l o 6 ~ u  was 47 and f o r  1 4 4 ~ e - ~ r  was 375. 

Ins tan taneous  DFil s f o r  l o 6 ~ u  ranged from 5  t o  360. The DFils 

f o r  1 4 4 ~ e - ~ r  were very low ( l e s s  than 1 0 )  i n d i c a t i n g  t h a t  t h e s e  

samples w e r e  contaminated dur ing  i n - c e l l  sample handl ing.  

The f r a c t i o n a t o r  d i s t i l l a t e  contained concen t r a t i ons  of 

r a d i o n u c l i d e s  which were above t h e  10CFR20 r e l e a s e  l i m i t s  by 

a  f a c t o r  of 1700 f o r  t h e  n o n v o l a t i l e s  ( 1 4 4 ~ e - P r )  and by a  

f a c t o r  of 150,000 f o r  t h e  v o l a t i l e  r ad ionuc l ides  ( l o 6 ~ u ) .  

The f i n a l  gaseous e f f l u e n t  a t  t h e  s t a c k  conta ined  concen- 

t r a t i o n s  of r ad ionuc l ides  which were below t h e  d e t e c t i o n  l i m i t s  

of t h e  a v a i l a b l e  equipment. These below- limit  va lues  cor re-  

spond t o  concen t r a t i ons  which w e r e  l e s s  than  0.0016 t imes  t h e  

10CFR20 l i m i t  f o r  n o n v o l a t i l e s  (assuming a l l  background mate- 

r i a l  was ''5,) and less than  0.0004 t imes t h e  lOCFR2O l i m i t  f o r  

v o l a t i l e s  (assuming a l l  background m a t e r i a l  was l o 6 ~ u .  

About 40 pe rcen t  of t h e  n i t r o g e n  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  was removed f rom t h e  of f- gases  i n  t h e  s o l i d i f i e r  

condenser ( E - 1 1 1 )  . O f  t h e  remaining 60 p e r c e n t ,  about 30 per-  

c e n t  was removed by t h e  a u x i l i a r y  e v a p o r a t o r- f r a c t i o n a t o r  

equipment and about 20 pe rcen t  was removed by t h e  a u x i l i a r y  



scrubber  before  t h e  c a u s t i c  s c r u b  s o l u t i o n  was n e u t r a l i z e d .  

Nitrogen accumulation d a t a  f o r  t h e  sc rubber  bottoms i s  shown 

i n  Figure  5.7. The e f f i c i e n c y  of t h e  s c rub  s o l u t i o n  f o r  remov- 

i n g  oxides  of n i t rogen  i s  seen t o  drop o f f  sha rp ly  a f t e r  t h e  

s c rub  s o l u t i o n  i s  n e u t r a l i z e d .  

Run SS-5 

The f i f t h  demonstrat ion of t h e  spray  s o l i d i f i c a t i o n  pro-  

c e s s  was completed dur ing  October, 1968. Run SS-5 w a s  t h e  

t h i r d  demonstrat ion of t h e  PW-1 ( s u l f a t e- f r e e )  waste f lowsheet  

f o r  t h e  spray  s o l i d i f i c a t i o n  process .  During Run SS-5, waste  

e q u i v a l e n t  t o  2 . 0  tonnes  of power r e a c t o r  f u e l  

(20,000 MWd/tonne . a t  15 MW/tonne) wi th  an e q u i v a l e n t  aging 

t ime of 1.2 yea r s  was i n t e r f u s e d  i n  209 kilograms of ceramic 

product .  The 66 l i te rs  of r a d i o a c t i v e  ceramic produced a  

h e a t- r a t e  d e n s i t y  of 127 W/liter (8200 w a t t s  t o t a l  by p o t  

ca lo r ime t ry  measurement) i n  an 8-inch diameter  304L s t a i n l e s s  

s t e e l  m e l t  r e c e i v e r .  The s t e a d y- s t a t e  c e n t e r l i n e  temperature  

i n  t h e  a i r- coo led  furnace  was 630 O C  and t h e  cen te r l i ne - to -  

w a l l  temperature  d i f f e r e n c e  was 270 O C .  These va lues  conver t  
2 

t o  an e f f e c t i v e  thermal  conduc t iv i ty  of 1.2 W / ( m  ) (OC/m) 
2  (0.69 B tu / (h r )  ( f t  ) (OF/ft) f o r  t h e  ceramic product .  

The s o l i d i f i e r  w a s  fed  887 l i ters of ad jus t ed  s u l f a t e -  

f r e e  P W- 1  waste a t  446 l i t e r s / t o n n e  i n  53.2 hours  a t  an average 

f eed  r a t e  of 16.7 l i t e r s / h r .  The f e e d ,  con ta in ing  

2,500,000 c u r i e s  of r ad ionuc l ides  i nc lud ing  16,800 c u r i e s  of 

ra t io ru then ium was reduced i n  volume by a  f a c t o r  of 13.8, ( o r  

1 1 . 4  on a  378 l i t e r s / t o n n e  b a s i s ) .  

An in te rna l- mix  spray  nozz le  used t o  spray  t h e  PW-1 feed  

i n t o  t h e  s o l i d i f i e r  performed w e l l  throughout t h e  run. Feed 

a tomizat ion wi th  unheated a i r  (less than 30 O C )  was unevent fu l  



excep t  f o r  t h r e e  p e r i o d s  when t h e  remote ly- opera ted  nozz l e  

c l e a n o u t  n e e d l e  was r e q u i r e d  t o  remove p lugs  o f  s o l i d s .  The 

f l o a t i n g- t y p e  pneumatic v i b r a t o r  on t op  of  t h e  c a l c i n e r  removed 

t h e  c a l c i n e  powder s u c c e s s f u l l y  from t h e  b a r r e l  and cone.  No 

i n d i c a t i o n  of w a l l  s c a l i n g  i n  t h e  s o l i d i f i e r  was g iven  by t h e  

s o l i d i f i e r  i n t e r n a l  and w a l l  t empera tu res .  

The blowback system performed q u i t e  s a t i s f a c t o r i l y  a s  

demonst ra ted  by an average  f i l t e r  p r e s s u r e  drop of  abou t  

6 i n c h e s  of  w a t e r  th roughout  t h e  run.  

The average  m e l t e r  p r o c e s s i n g  r a t e  was 0 .9  tonnes /day.  

The m e l t e r  f u rnace  ope ra t ed  a t  1125 OC wi th  an i n t e r n a l  m e l t  

t empe ra tu r e  o f  1050 .OC. A new d r a i n- f r e e z e  v a l v e  c o o l i n g  

assembly was used th roughout  t h e  run.  The melter was b a t c h  

dumped th rough  t h e  d r a i n- f r e e z e  va lve  e l even  t i m e s  i n  abou t  

6  l i t e r  b a t c h e s  eve ry  5  t o  6  hours .  The d r a i n- f r e e z e  v a l v e  

began t o  d r a i n  abou t  2 minutes  a f t e r  t h e  a i r  was t u r n e d  o f f  t o  

t h e  c o o l i n g  c o i l s  around t h e  d r a i n  tube .  The u se  of a i r -  

coo led  c o i l s  were u s u a l l y  an e f f e c t i v e  means of  s e a l i n g  t h e  d r a i n  

t ube  fo l l owing  each  b a t c h  dump of m e l t  t o  t h e  r e c e i v e r .  However, 

on one occa s ion ,  t h e  c a l c i n e r  vacuum was i n c r e a s e d  t o  normal - 
b e f o r e  t h e  d r a i n  t ube  was complete ly  r e s e a l e d .  A i r  was p u l l e d  

up th rough  t h e  d r a i n  t ube  caus ing  m e l t  t o  s p a t t e r  o n t o  t h e  upper  

w a l l s  of t h e  melter. 

The r e c e i v e r  was h e l d  a t  850 OC a t  t h e  s t a r t  of t h e  r u n ,  

b u t  a f t e r  approximate ly  two zones o f  t h e  r e c e i v e r  were f i l l e d ,  

t h e  p o t  f u r n a c e  was s h u t  o f f  and t h e  run completed by b a t c h  

dumping i n t o  an unheated p o t  w i t h o u t  s t a l a g m i t e  fo rmat ion .  

During t h e  e n t i r e  r u n ,  7 0  p e r c e n t  of  t h e  t o t a l  ruthenium 

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

accumulated i n  t h e  WSEP evapo ra to r .  The r a t e  of v o l a t i l i z a t i o n  

remained c o n s t a n t  th roughout  t h e  run a s  i n d i c a t e d  by t h e  

c o n s t a n t  accumulat ion  of l o 6 ~ u  i n  t h e  a u x i l i a r y  e v a p o r a t o r .  



Entrainment of  n o n v o l a t i l e s  r ep re sen ted  by 1 4 4 ~ e - ~ r  was 

0.064%, which was a  f a c t o r  of  about 2 lower than dur ing  

Run SS-4. 

About 60% of t h e  t o t a l  n i t rogen  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  was absorbed i n  t h e  s o l i d i f i e r  condensate (average 

concent ra t ion  was 3.3M - n i t r o g e n ) .  About 75% of t h e  t o t a l  

n i t rogen  was found i n  t h e  evapora to r  and the  f r a c t i o n a t o r  a t  

t h e  end of  t h e  run.  The sc rubber  s o l u t i o n  was n e u t r a l i z e d  from 

2M - t o  0.04M NaOH a t  t h e  end of t h e  run ,  and contained about - 
20% of t h e  t o t a l  n i t rogen  f e d  t o  t h e  s o l i d i f i e r .  

Ruthenium e q u i v a l e n t  t o  0.64% of t h e  t o t a l  f e d  t o  t h e  

s o l i d i f i e r  accumulated i n  t h e  f r a c t i o n a t o r .  The r a t e  of 

ruthenium accumulation i n  t h e  f r a c t i o n a t o r  remained cons t an t  

throughout t h e  run.  These two f a c t s  i n d i c a t e d  t h a t  ruthenium 

was n o t  being e f f i c i e n t l y  scrubbed from t h e  gas  phase by t h e  

s o l i d i f i e r  condenser. 

The cumulative decontamination f a c t o r ,  DFc , f o r  lo RU 

ac ros s  t h e  WSEP a u x i l i a r y  evapora to r  was 1 1 0 .  Ins tan taneous  

DF's f o r  l o 6 ~ u  ranged from 200 when feed  was on t o  14,000 

when f eed  w a s  o f f .  Cumulative decontamination f a c t o r s  f o r  

1 4 4 ~ e - ~ r  r ep re sen t ing  n o n v o l a t i l e s  was 1500 ac ros s  t h e  evapo- 

r a t o r .  Ins tan taneous  DF's f o r  1 4 4 ~ e - ~ r  averaged g r e a t e r  than  

1000. 

The DFc a c r o s s  t h e  f r a c t i o n a t o r  f o r  'O6Ilu was 1 2 0  and f o r  

1 4 4 ~ e - ~ r  was 3200. Ins tan taneous  1 4 4 ~ e - ~ r  DF' s averaged 
2 g r e a t e r  than 10 . 

The f r a c t i o n a t o r  d i s t i l l a t e  r e c e i v e r  conta ined  a  f r a c t i o n  

of t h e  t o t a l  r a d i o a c t i v i t y  f e d  t o  t h e  s o l i d i f i e r  e q u a l  t o  

5.9 x f o r  ruthenium and 3 x 10 -lo f o r  nonvo la t i l e s .  These 

va lues  w e r e  above t h e  lOCFR2O r e l e a s e  l i m i t s  f o r  l o 6 ~ u  and 

1 4 4 ~ e - ~ i .  by f a c t o r s  of 1 .8  x l o 5  and 1.1 x l o 3 ,  r e s p e c t i v e l y .  



F r a c t i o n a l  l o s s e s  of r a d i o a c t i v i t y  i n  t h e  o f f- gase s  t o  

t h e  s t a c k  w e r e  less t h a n  8.9 x 10 -I3 f o r  g r o s s  b e t a  

( a s  1 4 4 ~ e - ~ r )  and less t han  2.8 x 10 f o r  l o 6 ~ u .  These v a l u e s  - 10 

cor respond  t o  less than  0.03 and less than  0.0004 of t h e  

10CFR20 r e l e a s e  l i m i t s  f o r  9 0 ~ r  and 1 0 6 ~ u ,  r e s p e c t i v e l y .  

Run SS-6 

The s i x t h  demons t ra t ion  of t h e  s p r a y  s o l i d i f i c a t i o n  pro-  

cess was completed du r ing  November 1968. Run SS-6 was t h e  

f o u r t h  r a d i o a c t i v e  demons t ra t ion  of t h e  sp r ay  s o l i d i f i c a t i o n  

p roce s s  w i t h  a  PW-1 ( s u l f a t e - f r e e )  waste f lowshee t .  During 

Run SS-6, was t e  e q u i v a l e n t  t o  1.9 tonnes  of  power r e a c t o r  f u e l  

(20,000 MWd/tonne a t .  15 MW/tonne) w i t h  an e q u i v a l e n t  ag ing  

t i m e  of  0 .8  y e a r s  was i n t e r f u s e d  i n  207 k i lograms  of  ceramic 

produc t .  The 65 l i t e r s  of r a d i o a c t i v e  ceramic  produced a  

h e a t - r a t e  d e n s i t y  of  168 W / l i t e r  (11,100 w a t t s  t o t a l  by p o t  

c a l o r i m e t r y  measurement) i n  an 8- inch d i ame te r ,  30 4L s t a i n l e s s  

s tee l  m e l t  r e c e i v e r .  The s t e a d y- s t a t e  c e n t e r l i n e  t empera tu re  

i n  t h e  a i r- coo l ed  fu rnace  was 735 O C  and t h e  cen t e r- to- wa l l  

t empe ra tu r e  d i f f e r e n c e  was 305 O C .  These v a l u e s  conve r t  t o  an 
2  e f f e c t i v e  t he rma l  c o n d u c t i v i t y  o f  1 .5  W / ( m  ) (OC/m) [O. 87 Btu p e r  

2 ( h r )  ( f t  ) (OF/ft)]  f o r  t h e  ceramic  p roduc t .  

The s o l i d i f i e r  was f e d  986 l i t e r s  of  a d j u s t e d ,  s u l f a t e -  

f r e e  PW-1 was te  a t  521 l i t e r s / t o n n e  i n  55.6 hours  a t  an 

average  f e e d  r a t e  of 17.7 l i t e r s / h r .  The f e e d  c o n t a i n i n g  

3,000,000 c u r i e s  of  r a d i o n u c l i d e s  ( i n c l u d i n g  24,000 c u r i e s  of  

ruthenium) was reduced i n  volume by a  f a c t o r  of 15.6 ( o r  1 1 . 0  

on a  378 l i t e r s / t o n n e  b a s i s ) .  

The f  l oa t i ng- type  pneumatic v i b r a t o r  f a i l e d  a f t e r  

28.6 hou r s  of run t i m e  and was r ep l aced .  The v i b r a t o r  was 

s u c c e s s f u l  i n  removing t h e  powder from t h e  c a l c i n e r  b a r r e l .  

I n  t h e  cone ,  however, powder accumulated t o  complete ly  b lock  



t h e  m e l t e r  i n l e t  on two occas ions ,  a f t e r  1 . 0  and 16.2 hours of 

run t i m e .  On both occas ions ,  t h e  cone was mechanically c l e a r e d  

by rodding through t h e  so l id s- feede r  p o r t .  

A f t e r  t h e  run ,  i n s p e c t i o n  revea led  cons iderab le  bui ldup of 

m e l t  a t  t h e  melter i n l e t  w i t h  about a 50 pe rcen t  reduc t ion  i n  

t h e  c r o s s- s e c t i o n a l  a r e a  of t h e  m e l t e r  i n l e t .  The bui ldup was 

a t t r i b u t e d  t o  back- sparging of t h e  mel t  through t h e  d r a i n  tube  

dur ing  run s t a r t u p  a s  t h e  r e s u l t  of an incomplete s e a l  and 

inadequate  p re s su re  c o n t r o l .  The m e  l t e r  viewing p o r t  a l s o  

became plugged wi th  me l t  from t h e  sparg ing  a t  t h i s  same time 

and had t o  be rodded ou t .  The m e l t  bu i ldup  was slumped from 

t h e  m e l t e r  i n l e t  by i n s u l a t i n g  t h e  t o p  of t h e  melter and hea t-  

i n g  t h e  m e l t e r  t o  '1200 OC . Back-sparging can be and normally 

is avoided by a s s u r i n g  t h a t  t h e  d r a i n  tube i s  sea l ed  p r i o r  t o  

ope ra t ing  t h e  m e l t e r  a t  i nc reased  vacuum and temperature.  

A c a l c i n e  d e p o s i t  was a l s o  found i n  t h e  c o n i c a l  bottom 

s e c t i o n  of  t h e  c a l c i n e r  d i r e c t l y  below t h e  dry ing  chamber 

a f t e r  t h e  run. A t o t a l  of 1 0  t o  12 ki lograms of caked c a l c i n e  

was removed from t h i s  a r ea .  The depos i t i on  i s  be l i eved  t o  

have accumulated over  t h e  l a s t  two t o  f i v e  runs  ( t h e  s o l i d i f i e r  

was f l u shed  p r i o r  t o  Run SS-2) a s  a r e s u l t  of inadequate  f eed  

a tomiza t ion  caused by e i t h e r  i n t e r m i t t e n t  o f f- s tandard  condi- 

t i o n s  i n  f eed  flow o r  nozz le  e r o s i o n .  During Runs SS-2 

through SS-6, a t o t a l  of 240 hours  of feed-on t i m e  was 

accumulated on t h e  equipment and a t o t a l  of 850 ki lograms of 

ceramic produc t  was produced. In spec t ion  of t h e  dry ing  

chamber revea led  it t o  be r e l a t i v e l y  c l ean .  A f t e r  t h e  run ,  

t h e  spray  nozz le  was removed and rep laced  wi th  a new one 

because of  t h e  depos i t i on  i n  t h e  c a l c i n e r  and because t h e  

nozz le  used approximately 20  p e r c e n t  more a i r  dur ing  Runs SS-5 

and SS-6, apparen t ly  caused by i n t e r n a l  e r o s i o n  of t h e  nozzle .  



The f i l t e r  p r e s s u r e  drop averaged about 6  i nches  of wate r  

throughout t h e  run i n d i c a t i n g  t h a t  t h e  f i l t e r s  and t h e  f i l t e r  

blowback system performed s a t i s f a c t o r i l y .  In spec t ion  of t h e  

f i l t e r s  fo l lowing  t h e  run showed them t o  be r e l a t i v e l y  c lean .  

The a i r- cooled  c o i l s  provided an e f f e c t i v e  means of s e a l -  

ing  t h e  d ra in- f reeze  va lve  fol lowing each ba tch  dump of t h e  

mel t  t o  t h e  r e c e i v e r .  The r e c e i v e r  was f i l l e d  uniformly by 

batch dumping i n t o  an unheated p o t  wi thout  s t a l a g m i t e  format ion.  

The m e l t e r  fu rnace  was opera ted  a t  1150 OC with  an average 

i n t e r n a l  m e l t  temperature  1120 OC. The freeze- valve cool ing  

assembly i n s t a l l e d  p r i o r  t o  Run SS-5 was again  s u c c e s s f u l l y  

used throughout  t h e  run.  The m e l t e r  wa-s ba tch  dumped through 

t h e  d r a i n  tube e leven  t i m e s  i n  about 6 l i t e r  ba tches  every  

5 t o  6 hours .  The average e q u i v a l e n t  m e l t e r  p rocess ing  r a t e  

w a s  0.82 tonnes/day . 
During t h e  e n t i r e  run ,  47 pe rcen t  of t h e  I o 6 ~ u  i n  t h e  

feed  t o  t h e  s o l i d i f i e r  was v o l a t i l i z e d  from t h e  s o l i d i f i e r ,  

whi le  0.071 p e r c e n t  of t h e  o t h e r  combined r a d i o a c t i v e  s p e c i e s  

were e n t r a i n e d  from t h e  s o l i d i f i e r .  

About 75 pe rcen t  of t h e  t o t a l  n i t r o g e n  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  accumulated i n  t h e  evapora to r  and t h e  f r a c -  

t i o n a t o r .  The sc rubber  s o l u t i o n  was cont inuously  n e u t r a l i z e d  

from 2 M  - NaOH a t  t h e  s t a r t  of t h e  run t o  0.07M - NaOH a t  t h e  end 

of t h e  run ,  and about 20 p e r c e n t  of t h e  t o t a l  n i t r o g e n  was 

accumulated i n  t h e  sc rubber  s o l u t i o n  dur ing  t h e  run. 

During t h e  l a s t  21  hours of t h e  run ,  sugar  was added t o  

t h e  evapora to r  t o  suppress  t h e  evo lu t ion  of ruthenium. A 

t o t a l  of 94.5 l i t e r s  of 0.175M - sugar  s o l u t i o n  was added a t  an 

average r a t e  of  5.25 l i t e r s / h o u r .  The sugar  a d d i t i o n  r a t e  of 

0.92 moles/hour was about f i v e  t imes t h e  r a t e  f o r  Runs SS-1 

and SS-2 b u t ,  a s  dur ing  the  prev ious  runs ,  t h e  sugar  a d d i t i o n  



produced no d i s c e r n i b l e  reduc t ion  i n  t h e  accumulation rate of 

ruthenium i n  t h e  f r a c t i o n a t o r .  The cumulative decontamination 

f a c t o r ,  DFc,  f o r  lo6Ru ac ros s  t h e  evapora to r  remained about 

t h e  same wi th  o r  wi thout  a suga r  a d d i t i o n .  The DFc f o r  l o 6 ~ u  

a c r o s s  t h e  WSEP a u x i l i a r y  evapora to r  w a s  0.73 x l o 2 .  Ins tan-  

taneous decontamination f a c t o r s ,  DFi's f o r  lo6Ru ranged from 

1.5 x l o 2  nea r  t h e  s t a r t  of t h e  run t o  2.7 x l o 6  a f t e r  t h e  

f eed  was o f f .  A n e a r l y  c o n s t a n t  bui ldup of ruthenium i n  t h e  

a c i d  f r a c t i o n a t o r  and a h ighe r  than expected ruthenium concen- 

t r a t i o n  i n  t h e  f r a c t i o n a t o r  i n d i c a t e d  i n e f f e c t i v e  scrubbing 

of ruthenium i n  t h e  s o l i d i f i e r  condenser. The D F i l s  a c r o s s  

t h e  evapora tor  f o r  n o n v o l a t i l e  m a t e r i a l s  r ep re sen ted  by 

1 4 4 ~ e - ~ r  a v e r a g e d -g r e a t e r  than  l o 4 .  The DFc ac ros s  t h e  

evapora tor  f o r  3 1 4 4 ~ e - ~ r  was 1.6 x 10 . 
The DFc a c r o s s  t h e  f r a c t i o n a t o r  was 3.1 x l o 2  f o r  lo6Ru 

and less than 5 x l o 2  f o r  14*ce-Pr. The DFiVs f o r  lo6Ru 
2 averaged g r e a t e r  than 8.0 x 1 0  . 

The f r a c t i o n a t o r  d i s t i l l a t e  contained a f r a c t i o n  of t h e  

t o t a l  r a d i o a c t i v i t y  f e d  t o  t h e  s o l i d i f i e r  of 2.0 x l o m 5  
f o r  lo6Ru and 8 x lo- '  f o r  n o n v o l a t i l e s .  These va lues  w e r e  

above t h e  10CFR20 r e l e a s e  l i m i t s  f o r  lo6Ru and 1 4 4 ~ e - ~ r  by 

f a c t o r s  of 2 .1  x l o 4  and 5 .1  x l o 3 ,  r e s p e c t i v e l y .  

F r a c t i o n a l  l o s s e s  of r a d i o a c t i v i t y  i n  t h e  off- gases  t o  
- 1 0  t h e  s t a c k  were less than  2.0 x 10 f o r  l o 6 ~ u  and equa l  t o  ' 

5.3 x 1 0  -I3 f o r  g r o s s  b e t a  ( a s  1 4 4 ~ e - ~ r ) .  These va lues  were 

below t h e  10CFR20 l i m i t s  f o r  l o 6 ~ u  and ' O S ~  by f a c t o r s  of 

4 x l o 4  and 1 . 6  x l o 3 ,  r e s p e c t i v e l y .  

9.2 STARTUP PROCEDURE FOR SPRAY SOLIDIFICATION PROCESS 

The s t a r t u p  sequence f o r  t h e  spray  s o l i d i f i c a t i o n  equip-  

ment i nvo lves  hea t ing  up t h e  c a l c i n e r  and t h e  m e l t e r ,  then  

s t a b i l i z i n g  t h e  c a l c i n e r  temperature  a t  t h e  d e s i r e d  ope ra t ing  



temperatures  whi le  meter ing atomizing a i r  and wate r  t o  t h e  

atomizing nozz le .  With  t h e  c a l c i n e r  temperatures  l e v e l e d  o u t  

w i t h  a  wate r  f eed  rate corresponding t o  t h e  d e s i r e d  f eed  r a t e ,  

t h e  feed  i s  g r a d u a l l y  blended wi th  t h e  wate r  u n t i l  t h e  switch- 

over t o  f eed  i s  completed. 

9.2.1 Spray Ca lc ine r  and Ca lc ine r  Furnace 

Each of t h e  t h r e e  furnace  zones i s  heated t o  700 O C  i n  

1 0 0  O C  increments  over  a 2 t o  4 hour per iod .  While t h e  

c a l c i n e r  fu rnace  i s  h e a t i n g ,  t h e  atomizing a i r  and t h e  purge 

a i r  f lows ( inc lud ing  t h e  s o l i d s  f e e d e r  a i r  purge - when used) 

a r e  t u rned  on and t h e  d e s i r e d  vacuum i s  e s t a b l i s h e d  i n  t h e  

s o l i d i f i c a t i o n  and t h e   auxiliary of  f- gas systems. When t h e  

f i l t e r  chamber temperature  has  reached 200 O C ,  t h e  f i l t e r  blow- 

back system i s  s t a r t e d  up. The f i l t e r  blowback gas  supply 

l i n e  and h e a t e r s  a r e  blown down wi th  a i r  t o  remove any r e s i d u a l  

mois ture .  Then t h e  blowback gas  h e a t e r  i s  tu rned  on t o  permi t  

t h e  blowback gas  temperature  t o  be c o n t r o l l e d  a t  300 t o  350 OC. 

A t empera ture  l i m i t  of 750 O C  i s  p r e s e t  on t h e  temperature  

r e c o r d e r- c o n t r o l l e r  f o r  each of t h e  t h r e e  spray  c a l c i n e r  

fu rnace  zones. 

With t h e  c a l c i n e r  a t  o p e r a t i n g  temperature  and t h e  atomiz- 

i n g  a i r  on a t  40 t o  45 p s i g ,  wate r  i s  f e d  t o  t h e  spray  c a l c i n e r  

a t  about 15 l i t e r s / h r .  A f t e r  t h e  c a l c i n e r  temperatures  have 

l e v e l e d  o u t ,  f eed  (waste)  i s  s lowly blended wi th  t h e  water 

over  a 1 t o  2 minute pe r iod  u n t i l  only  waste i s  being f e d  and 

t h e  wate r  i s  o f f .  

P r i o r  t o  hea tup  of  t h e  m e l t e r  fu rnace ,  coo l ing  a i r  i s  

tu rned  on t o  t h e  m e l t e r  neck and t o  t h e  f r e e z e  va lve  cool ing  

c o i l  assembly. (The melter neck i s  cooled t o  a temperature  

below t h e  c a l c i n e  s t i c k  p o i n t ,  u s u a l l y  about  700 O C . )  Both 

of t h e s e  cool ing  a i r  f lows a r e  e x t e r n a l  s t reams and,  a l though 



they r e p r e s e n t  h e a t  s i n k s ,  they  a r e  n o t  p a r t  of t h e  c a l c i n e r  

off- gas  stream. The cool ing  a i r  f lows t o  t h e  m e l t e r  f r e e z e  

valve c o i l s  a r e  ad jus t ed  t o  mainta in  t h e i r  temperatures  about 

1 0 0  O C  below t h e  remel t  temperature of t h e  s o l i d i f i e d  waste 

product .  

The p re sc r ibed  ope ra t ing  temperature and upper temperature 

l i m i t  a r e  p r e s e t  on t h e  me l t e r  fu rnace  temperature c o n t r o l l e r .  

The m e l t e r  fu rnace  i s  hea ted  t o  800 O C  i n  1 0 0  OC increments 

over  a  2 t o  4 hour pe r iod  wi th  manual adjustments  of t h e  melter 

temperature  c o n t r o l l e r .  The m e l t e r  temperature  c o n t r o l l e r  i s  

then switched t o  automat ic  c o n t r o l  and t h e  m e l t e r  furnace i s  

heated t o  t h e  p re sc r ibed  ope ra t ing  temperature  f o r  t h e  run.  

9.2.2 Receiver Furnace 

The temperature c o n t r o l l e r  f o r  each of t h e  s i x  furnace  

zones i s  p r e s e t  t o  t h e  p re sc r ibed  run condi t ions .  P r i o r  t o  

heatup of t h e  r e c e i v e r  fu rnace ,  coo l ing  a i r  i s  tu rned  on t o  

t h e  thermocouple connector on t h e  p o t  r e c e i v e r .  Each of s i x  

r e c e i v e r  furnace zones i s  hea ted  t o  t h e  p re sc r ibed  ope ra t ing  

temperature i n  100 O C  increments  by manually i n c r e a s i n g  t h e  

temperature  c o n t r o l l e r  s e t  p o i n t  over a  2 t o  4 hour per iod.  

9.3 NORMAL OPERATING PROCEDURE 

Spray Ca lc ine r  

Under normal ope ra t ing  cond i t i ons ,  t h e  f eed  r a t e  t o  t h e  

spray  c a l c i n e r  i s  c o n t r o l l e d  by manual adjustments  t o  a  

p r e s c r i b e d  r a t e  which i s  then  maintained by an automat ic  flow 

c o n t r o l l e r .  Because t h e  spray c a l c i n e r  temperatures  w i l l  

sense  s u b t l e  changes i n  t h e  feed  r a t e ,  which may n o t  be 

d e t e c t e d  by t h e  WSEP feed  flow system, manual adjustments  t o  

t h e  c a l c i n e r  feed  r a t e  a r e  sometimes made a f t e r  observing 

t h e  c a l c i n e r  temperatures .  



The c a l c i n e r  t empera tures ,  f eed  flow r a t e ,  atomizing g a s  

f low r a t e  and p r e s s u r e ,  ca l c ine r- mel t e r  vacuum ( e s p e c i a l l y  when 

back-blowing t h e  f i l t e r s )  , and t h e  f i l t e r  p re s su re  drop are 

c l o s e l y  monitored and c o n t r o l l e d  dur ing  ope ra t ion .  Under normal 

ope ra t ing  c o n d i t i o n s ,  t h e  pneumat ical ly- operated v i b r a t o r  on 

t h e  c a l c i n e r  i s  opera ted  about once each  minute f o r  2 t o  4 sec-  

onds t o  remove powder which has  adhered t o  t h e  h e a t  t r a n s f e r  

s u r f  aces .  

The porous me ta l  off- gas  f i l t e r s  a r e  au toma t i ca l ly  blown 

back (pu lsed)  every 2 minutes w i th  a  p u l s e  of hea ted  gas  (steam 

o r  a i r  a t  about 350 OC and 40 t o  6 0  p s i g )  . The f i l t e r  p r e s s u r e  

drop i s  normally about  2 t o  4 i nches  of water .  An occas iona l  

h i g h e r  p r e s s u r e  drop i s  u s u a l l y  reduced t o  t h i s  l e v e l  by 

i n c r e a s i n g  t h e  blowback frequency and/or blowback gas  p r e s s u r e  

f o r  a s h o r t  t ime.  The ca l c ine r- me l t e r  vacuum i s  c o n t r o l l e d  by 

manual adjustments  of t h e  vacuum i n  t h e  process  v e n t  system 

t o  main ta in  a vacuum i n  t h e  c a l c i n e r  du r ing  f i l t e r  blowback. 

9 .3 .2  Mel te r  

The m e l t e r  fu rnace  is c o n t r o l l e d  a t  a  set  temperature .  

Occasional  adjustments  may be made t o  compensate f o r  changes 

i n  f eed  r a t e s ,  e tc . ,  a s  i n d i c a t e d  by temperatures  of t h e  m e l t  

i t s e l f .  The temperature  of t h e  m e l t  poo l  nea r  t h e  bottom of 

t h e  m e l t e r  i s  u s u a l l y  about 5 0  t o  100 OC below t h e  m e l t e r  

fu rnace  temperature .  The upper m e l t  temperatures  ( n e a r  t h e  

m e l t  s u r f a c e )  a r e  used t o  monitor m e l t e r  performance. Under 

normal o p e r a t i n g  c o n d i t i o n s ,  t h e  melter temperatures  a lone  are 

adequate f o r  monitoring t h e  melter ope ra t ion .  However, 

o c c a s i o n a l  v i s u a l  obse rva t ions  (i .e. , v i a  t h e  melter s i g h t  

g l a s s )  of  t h e  m e l t  l e v e l  and g e n e r a l  ope ra t ing  cond i t i ons  a r e  

h e l p f u l  i n  t h e  e a r l y  d e t e c t i o n  of o f f- s tandard  cond i t i ons .  



The mel t  may be d i scharged  t o  t h e  product  r e c e i v e r  con- 

t i n u o u s l y ,  us ing  an overflow w e i r ,  o r  batchwise us ing  a 

d ra in- f reeze  va lve  t o  p e r i o d i c a l l y  d r a i n  t h e  con ten t s  of t h e  

me l t e r .  Batch-dumping of t h e  me l t e r  v i a  t h e  drain- f  r eeze  

valve i s  normally used t o  avoid t h e  formation of s t a l a g m i t e s  

i n  t h e  r e c e i v e r  p o t  which can occur i n  i n s u f f i c i e n t l y  hea ted  

p o t s  wi th  t h e  lower m e l t  t r a n s f e r  r a t e s  of t h e  continuous 

overflow w e i r .  The con ten t s  of t h e  m e l t e r  a r e  p e r i o d i c a l l y  

d ra ined  t o  t he  r e c e i v e r  p o t  by tu rn ing  o f f  t h e  a i r  t o  t h e  

cool ing  c o i l  around t h e  d r a i n  t ube  and a l lowing h e a t  from 

t h e  m e l t e r  t o  thaw t h e  f rozen  m e l t  i n  t h e  tube.  

When t h e  m e l t e r  i s  ba t ch  dumped t o  t h e  po t  r e c e i v e r ,  

t h e  vacuum i s  reduced t o  about 2 t o  4 inches  of wate r  and 

t h e  f i l t e r  blowback i s  tu rned  o f f .  This i s  done t o  avoid 

backsparging through t h e  f r e e z e  va lve  and subsequent s p a t t e r -  

i n g  of m e l t  on to  t h e  upper m e l t e r  su r f aces .  

When t h e  m e l t  f low has  slowed t o  a d r i p ,  t h e  f r e e z e  

valve cool ing  a i r  i s  tu rned  on and t h i s  f r e e z e s  a plug of 

m e l t  i n  t h e  tube.  Other cond i t i ons  ( i . e .  , f i l t e r  blowback, 

vacuum) a r e  then  r e tu rned  t o  normal. 

When process ing  a PW-2 was te ,  t h e  mel t ing  p o i n t  of t h e  

PW-2 c a l c i n e  i s  reduced t o  about 700 OC by adding sodium 

metaphosphate (NaP03) a s  a s o l i d  f l u x  t o  t h e  mel te r .  The 

lower m e l t e r  ope ra t ing  temperature  minimizes t h e  v o l a t i l i z a t i o n  

of s u l f a t e  from t h e  mel t .  The s o l i d  f l u x  i s  added t o  t h e  

me l t e r  batchwise every  half- hour  and j u s t  before  each ba tch  

dump. The r a t i o  of f l u x  t o  c a l c i n e  i s  ad jus t ed  t o  g ive  t h e  

d e s i r e d  chemical composition of t h e  f i n a l  s o l i d .  

The me l t e r  furnace temperatures  a r e  c o n t r o l l e d  a t  1150 OC 

t o  1 2 0 0  OC dur ing  process ing  of s u l f a t e- f r e e  PW-1 waste.  The 



upper m e l t  temperatures  (nea r  t h e  m e l t  s u r f  ace)  a r e  mainta ined 

above 900 O C  (mel t ing  p o i n t )  throughout t h e  accumulation of a 

ba tch  of m e l t .  

The nominal ba tch  volume f o r  t h e  WSEP m e l t e r  i s  about 

5 l i ters  of m e l t  b u t  may range from 4 t o  8 l i t e r s .  Grab samples 

of t h e  molten waste  a r e  c o l l e c t e d  a t  t h e  d i scharge  of t h e  

d r a i n  o r  w e i r  tube.  

9.3.3 M e l t  Receiver 

I f  neces sa ry  dur ing  f i l l i n g  of t h e  r e c e i v e r  p o t ,  each of 

t h e  s i x  zones of  t h e  r e c e i v e r  fu rnace  i s  c o n t r o l l e d  a t  a  set 

temperature  s u f f i c i e n t  f o r  t h e  incoming molten waste  t o  spread  

ou t  and uniformly f i l l  ' t h e  p o t  r e c e i v e r  (hea t ing  t h e  r e c e i v e r  

i s  normally only  r equ i r ed  f o r  cont inuous we i r  overflow type  

f i l l i n g  of t h e  p o t ) .  A s  each of t h e  s i x  r e c e i v e r  zones 

becomes f i l l e d ,  fu rnace  h e a t  t o  t h e  zone i s  d i scont inued .  

Cooling a i r  i s  a v a i l a b l e  f o r  d i r e c t  o r  i n d i r e c t  coo l ing  of t h e  

r e c e i v e r  w a l l  t o  conf ine  temperatures  w i th in  p r e s c r i b e d  l i m i t s .  

During normal o p e r a t i o n ,  t h e  p o t  r e c e i v e r  t empera tures  i n  t h e  

zones above t h e  m e l t  l e v e l  a r e  monitored and are u s u a l l y  

adequate t o  d e t e c t  p o s s i b l e  s t a l a g m i t e  formation.  Occas iona l ly ,  

however, t h e  r e c e i v e r  i s  v i s u a l l y  checked a s  a p reven t ive  

measure. 

9.4 SHUTDOWN PROCEDURES 

9.4.1 Spray Ca lc ine r  

Over a  pe r iod  of about 2 minutes ,  t h e  feed  t o  t h e  atomizing 

nozz le  i s  g radua l ly  switched from feed ing  w a s t e  t o  f eed ing  

water. Water i s  f e d  t o  t h e  spray  c a l c i n e r  f o r  about 30 minutes 

t o  f l u s h  t h e  f eed  l i n e s  and i s  then  s h u t  o f f .  When powder no 

longer  e n t e r s  t h e  m e l t e r  dur ing  f i l t e r  blowback and v i b r a t o r  

cyc l e s  ( u s u a l l y  by t h e  end of t h e  f l u s h  p e r i o d ) ,  t h e  s o l i d s  



f e e d e r ,  t h e  blowback equipment ( t i m e r ,  a i r  supply and a i r  

hea te r )  and t h e  v i b r a t o r  equipment ( t i m e r  and a i r  supply)  a r e  

s h u t  o f f .  The sp ray  c a l c i n e r  fu rnaces  a r e  s h u t  o f f ,  and when 

t h e  c a l c i n e r  temperatures  a r e  below about 2 0 0  OC, t h e  atomizing 

a i r  flow i s  a l s o  s h u t  o f f .  

9 .4 .2  Mel te r  

A f t e r  t h e  blowback and v i b r a t o r  equipment have been s h u t  

down, t h e  a i r  t o  t h e  cool ing  c o i l s  around t h e  d ra in- f reeze  

va lve  i s  slowly s h u t  o f f .  Vacuum i s  a d j u s t e d  t o  2 t o  4 i nches  

of wate r  whi le  t h e  con ten t s  of t h e  m e l t e r  d r a i n  t o  t h e  p o t  

r e c e i v e r .  The a i r  t o  t h e  cool ing  c o i l  i s  slowly tu rned  on 

when t h e  flow of me l t  slows t o  a d r i p  and t h e  f r e e z e  va lve  i s  

r e sea l ed .  The m e l t e r  fu rnace  and o t h e r  m e l t e r  equipment a r e  

then  s h u t  down. 

9 . 4 . 3  M e l t  Receiver 

A f t e r  t h e  con ten t s  of t h e  melter have been emptied i n t o  

t h e  r e c e i v e r  p o t ,  any h e a t  t o  t h e  r e c e i v e r  ( i f  on) i s  d i s-  

continued.  Cooling a i r  i s  tu rned  on t o  a l l  t h e  r e c e i v e r  f u r-  

nace zones,  and t h e  f i l l e d  p o t  r e c e i v e r  i s  s t o r e d  i n  t h e  

r e c e i v e r  fu rnace  u n t i l  t h e  i n t e r n a l  temperatures  have reached 

s t e a d y- s t a t e .  The r e c e i v e r  p o t  i s  then removed from t h e  

furnace  and i s  t r a n s f e r r e d  t o  t h e  s t o r a g e  rack  f o r  pos t run  

i n s p e c t i o n  and eva lua t ion .  

9.5 POSTRUN FILLED POT PROCEDURES 

The f i l l e d  p o t  i s  in spec t ed  as soon a s  p o s s i b l e  a f t e r  t h e  

p o t  i s  removed from t h e  r e c e i v e r  fu rnace .  Each f i l l e d  r e c e i v e r  

p o t  i s  t r a n s f e r r e d  from t h e  p o t  r e c e i v e r  fu rnace  t o  t h e  p o t  

s t o r a g e  rack  where it i s  weighed, rodded t o  determine t h e  

depth of waste p roduc t ,  and in spec t ed  i n t e r n a l l y  (wi th  t h e  

a i d  of m i r r o r s )  and e x t e r n a l l y .  



A ca lo r ime t ry  measurement i s  made as soon a s  p o s s i b l e  t o  

determine t h e  t o t a l  i n t e r n a l  h e a t  gene ra t ion  r a t e  of t h e  waste 

product  i n  t h e  f i l l e d  p o t  r e c e i v e r .  Calorimetry d a t a  a r e  

u sua l ly  ob ta ined  wi th in  a  few days a f t e r  t h e  run t o  avoid 

f i s s i o n  produc t  decay e f f e c t s .  

A f t e r  welding t h e  permanent l i d  t o  t h e  f i l l e d  p o t ,  o t h e r  

nondes t ruc t ive  tests are made, i nc lud ing  p o t  l eak  r a t e s ,  a  

g ros s  gamma r a d i a t i o n  p r o f i l e ,  and i n t e r n a l  p re s su re  changes. 



TABLE 9.1. Nominal and Actua l  Feed Compositions Used i n  Spray 
S o l i d i f i c a t i o n  Runs SS-1 Through SS-6 

P W - 1 ,  A c t u a l  PW- PW-2, 
WsEp N o m i n a l  C o n c e n t r a t i o n ,  I l l a r b )  N o m l n a l  A c t u a l  PW-2, M ( ~ ~ ~ )  

w a s t e  c o m p o n e n t  S u b s .  M_ SS-1  SS-2 66-5 SS-6 M 58-3 s s - 4  

A d d i t i v e s  t o  Waste  

~ a + ~  

~ i +  

N a +  

p o i 3  (Nominal )  

p o i 3  ( N o m i n a l  a s  
S o l i d )  ( d )  

F l n a l  F e e d  

T o t a l  v o l u m e ,  l i t e r s  1000 900 9 8 3  1102 1076 569 

Concentration, l i t e r s /  455 455 446 5 2 1  a - 582 560 
t o n n e  

S p e c i f i c  G r a v i t y  a t  1 . 3 2  1 . 3 4  1 .36  1.32 1.32 1 . 3 6  
2 5  OC 

S o l l d s ,  % - 25 - 33 " ~ 3 1  % 8  34 3 0 

E% ( f )  4 . 7 8  4.90 4 .56  4 .59  5 . 4 7  6 . 4 5  ( 7 . 7 2 )  6 .07  (7.14) 6 . 1 1  (7 .29)  

ZM$/P ( f )  2 . 7 5  2 . 7 5  2 .56  2 . 7 5  2 . 7 5  4 . 0 1  ( 2 . 6 8 )  3 .77  ( 2 . 6 6 )  3 .80  (2 .61)  

T o t a l  R a d i o a c t i v i t y ,  1 4 5  599 2260 3070 1 1 8 5  2800 
C i / l i t e r  

R a d i o r u t h e n i u m ,  C i / l i t e r  9 . 8  6 . 7  18.9 2 4 . 2  

T o t a l  H e a t  R a t e  D e n s i t y ,  0 . 5 5  2 . 5  9 . 3  11 
W / l i t e r  

-- 
a .  V a l u e s  a r e  r e p o r t e d  o n  a  378 l i t e r / t o n n e  b a s i s .  
b .  V a l u e s  r e p o r t e d  a r e  t o t a l  c o n c e n t r a t i o n s  i n c l u d i n g  a d d i t i v e s  ( i f  a n y )  a s  d e t e r m i n e d  b y  c h e m i c a l  

a n a l y s e s  o f  t h e  w a s t e .  A l l  o t h e r  c h e m i c a l  c o m p o s i t i o n s  a r e  a d d e d  q u a n t i t a t i v e l y  a s  g i v e n  by  
n o m i n a l  v a l u e s .  

c. E x c e s s  a luminum i n  1 W W  w a s t e  w a s  s u b s t i t u t e d  f o r  p a r t  o f  t h e  t o t a l  n o m i n a l  i r o n  ( i n c l u d i n g  i r o n  
s u b s t i t u t e d  f o r  r u t h e n i u m )  i n  t h e  w a s t e .  

d .  Sodium m e t a p h o s p h a t e ,  NaPOj,  was  a d d e d  t o  t h e  m e l t e r  a s  a  -6 /+10 mesh s o l i d  d u r i n g  PW-2 r u n s  o n l y .  
e .  V a l u e s  r e p o r t e d  a r e  a v e r a g e  v a l u e s  f o r  t o t a l  r u n  o n  a  378 l i t e r / t o n n e  b a s i s .  
f .  V a l u e s  i n  b r a c k e t s  a r e  f o r  t h e  t o t a l  w a s t e  i n c l u d i n g  t h e  s o l i d  s o d i u m  m e t a p h o s p h a t e  a d d i t i v e .  
g .  S u l f a t e  a d d e d  t o  g i v e  0 . 8 7  M b u t  f o r m a t i o n  o f  i n s o l u b l e  r a r e - e a r t h  s u l f a t e  r e s u l t e d  i n  h i g h  r a r e -  

e a r t h  a n a l y s e s  a n d  low s u l f z t e  a n a l y s e s .  



IOLIDIFIER DATA ( D e f i n i t i o n s  a r e  on  
o l l o w i n g  p a g e )  

Spray  S o l i d i f i c a t i o n  Run Number 55-2 SS-3 88-4 55-5 SS-6 
4/26/67 P a r t  1 P a r t  2  9/11/68 10/16/68 11/5/6 8  

4/29/67 i7'Ivm imv"m 9/17/68 10/18/68 11/8/68 ) a t e  
O p e r a t i n g  Mode ( a )  

'eed - 

~ l ~ o d i f  i e d  A A  A  A 

PW-2 PW-2 PW-1 PW- 1 
5  82 560 446 520 
40 30 25 20 
11 .3  12 .3  16 .7  17 .7  
357 500 887 986 
31.6 40.5 53.2 55.6 
23.6 1 3.5 2 1  
420,000 1 ,400 ,000  2 ,500 ,000  3 ,000 ,000  

PW-I 
455 

'ype 
( : o n c e n t r a t i o n ,  l i t e r s / t o n n e  
Y'emperature , "C 
'eed R a t e ,  l i t e r s / h r  

' o t a l  Feed Consumed, l i t e r s  
' o t a l  Feed Time, h r  
l o t a l  Down Time, h r  
' o t a l  C u r i e s  i n  Feed t o  s o l i d i f i e r  
' o t a l  C u r i e s  o f  Ruthenium i n  Feed t o  

S o l i d i f i e r  

i t o m i z i n g  Feed Nozzle  

'Y pe  
l t o m i z i n g  Gas 
l t o m i z i n g  Gas Flow,  scfm 
l t o m i z i n g  Gas P r e s s u r e ,  psi: 
l t o m i z i n g  Gas Tempera tu re ,  C  

: a l c i n e r  V i b r a t o r  

: y c l e ,  min 
' u l s e ,  s e c  
\ i r  Supp ly  P r e s s u r e ,  p s i 9  

: a l c i n e r  Blowback F i l t e r s  

3lowback Gas 
3lowback Gas Tempera tu re ,  OC 
3lowback Gas P r e s s u r e ,  p s i g  
3lowback C y c l e ,  min 
alowback P u l s e ,  s e c  
' i l t e r  P r e s s u r e  Drop, i n c h e s  o f  w a t e r  

S t a r t  of Run - Atomizing Gas On 
- Feed On 

End o f  Run - Feed On 
- Atomizing Gas On 

4 i r  I n l e a k a g e  t o  S o l i d i f i e r ,  scfm 
r o t a 1  Noncondens ib le  Gas Flow t o  

F i l t e r s ,  scfm 
l o t a l  Gas Flow t o  F i l t e r  a t  350 OC, cfm 
' i l t e r  Face V e l o c i t y  ( a t  350 OC), f t / m i n  
' i l t e r  Chamber Tempera tu re ,  OC 
7 i l t e r  De- en t ra inment  F a c t o r  f o r  

P a r t i c u l a t e s  Based on 144ce-pr  

: a l c i n e r  

: n t e r n a l  Tempera tu res ,  OC - Top 
- Bottom 

? u r n a c e  Tempera tu re ,  "C 
' r e s s u r e ,  i n c h e s  w a t e r  - Normal 

- Dur ing  Blowback 
ive raqe  Furnace  Power, kW - Atomizing 

A i r  on 
- Feed On 

. : o l i d s  A d d i t i o n  

. ~ d d i t i v e  
. ; i z e ,  mesh ( T y l e r  S e r i e s )  
. i d d i t i o n  Method 
. i d d i t i o n  P o i n t  
" o t a l  A d d i t i v e ,  kg 

14e l t e r  .- 

. . n t e r n a l  Mel t  T e m p e r a t u r e s ,  OC 
"urnace  Tempera tu re ,  OC 
main- Freeze  Valve Tempera tu re ,  O C  - 

While  F rozen  
While  D r a i n i n g  

i l e i r  T e m p e r a t u r e ,  OC 
l l e l t  D i s c h a r g e  Method 

~ i x  I n t e r n a l - m i x  I n t e r n a l- m i x  I n t e r n a l- m i x  I n t e r n a l - m i x  I n t e r n a l - m i x  
A i r  A i r  A i r  A i r  A i r  
6.0 6 . 0  6 . 8  8.6 8.5 
40 4  3  4  5 40 4  5  
30-320 3  0  30 30 3  0  

Ex te rna l- n  
A i r  
N A ( ~ )  

Steam 
350 
20-33 

Steam 
350 
2  7  

A i r  A i r  
315 350 
40 40 
2  2  
2  2  

A i r  
350 
45 
2  
2  

Steam 
345 
2  6  
2  
1 . 5  

None --- 
--- 
--- 
--- 

None --- 
--- 
--- 
--- 

NaP03 Nap03 None None 
6  t o  10 6  t o  10 --- --- 
2  b a t c h e s / h r  2  b a t c h e s / h r  --- --- 
C a l c i n e r  Cone C a l c i n e r  Cone --- --- 
25.4 40.4 --- --- 

NA 
980 
1000 
65% Contin 
35% Batch  

NA 
950 
85 0  

lUOUS Batch 

440 
800 
420 

Ba tch  

5  
1.2 
4  
7.0 

415 800 830 
835 950 940 
460 800 840 

Ba tch  Ba tch  Ba tch  

5  6  6  
1 .4  1 .2  1 . 2  
3  5  5  
7.5 14.4 14.5 

fiverage Volume, l i t e r s  
I ' roduc t ion  R a t e ,  l i t e r s / h r  
Res idence  Time, h r  
I 'urnace Power, kW 

?RODUCT DATA 

l r o d u c t  R e c e i v e r  

,'SEP P o t  Number 
' a t e r i a l  
I i a m e t e r  (OD), i n .  ( e )  
, a l l  T h i c k n e s s ,  i n .  ( e )  
Length,  i n .  ( e )  
l e c e i v e r  Wall  Tempera tu re ,  "C ( f )  
lmepth o f  S o l i d i f i e d  Waste i n  R e c e i v e r ,  

i n .  
I , eakage , atm-cm3/sec 

! r o d u c t  

' i  e i g h t ,  kg 
t'olume, l i t e r s  
: u l k  D e n s i t y ,  k g / l i t e r  

,$ e a s u r e d  D e n s i t y ,  k g / l i t e r  
b e l t i n g  P o i n t ,  OC ( c a l c i n e  w i t h o u t  

s o l i d  f l u x  a d d i t i v e ,  O d )  

' ' J j u s t e d  Feed t o  S o l i d  Volume R a t i o  
1 , s s t e  t o  S o l i d  Volume R a t i o  

q u i v a l e n t  Waste ,  t o n n e  
' v e r a g e  P r o c e s s i n g  R a t e ,  tonne/day 
. n i t  Volume, l i t e r s / t o n n e  
i s s i o n  P r o d u c t  Hea t  i n  P o t ,  W 

Based on Feed A n a l y s i s  
Based on P o t  C a l o r i m e t r y  

lbeat G e n e r a t i o n  R a t e  D e n s i t y ,  W / l i t e r  
I o t a 1  R a d i o a c t i v i t y  i n  P o t ,  C i  
T o t a l  Rad io ru then ium i n  P o t ,  C i  
1 : q u i v a l e n t  Age o f  Waste ,  y e a r s  
C e n t e r l i n e  Tempera tu re ,  "C  

I n  Air-Cooled Furnace  
I n  A i r  
I n  Water  

: : - n t e r l i n e - t o - W a l l  AT, "C 
I n  Air- Cooled Furnace  
I n  A i r  
I n  Water  

2  4  2  1 33 40 3  5  4  2  
304L 3042 304L Mi ld  S t e e l  304L 304L 
8.70 12 .03  8.63 8.55 8.62 8.64 
0.320 0 .315  0.315 0.320 0.310 0.323 
95.7 95.2 95.2 95.5 95.6 95.5 
860 640 640 6  0  840 6  0  

! : E f e c t i v e  Thermal  C o n d u c t i v i t y ,  K e ,  
W/ (m2) ('C/m) 
I n  Air-Cooled Furnace  
I n  A i r  a t  30 "C 
I n  Water  a t  30 OC 

[ i s d i a t i o n  Reading a t  6  I n c h e s ,  r a d / h r  

!! 5EP AUXILIARY DATA 

! r a p o r a t o r  (TK-113) Average O p e r a t i n g  
C o n d i t i o n s  

. i  J t toms ,  g HNO3 
I :  ~ e r h e a d s ,  g HNO3 
I 3  ) i l o f f  R a t e ,  l i t e r s / h r  
I; - r i p  Water A d d i t i o n  R a t e ,  l i t e r s / h r  
1i8)lume, l i t e r s  - S t a r t  

- End 
!; cgar A d d i t i o n  R a t e ,  Moles/hr  

I '  . a c t i o n a t o r  (TK-115) Average O p e r a t i n g  
Conditions 

1s' ~ t t o m s  , g HN03 
O . r e r h e a d s ,  M HNOj 
1 1 ,  ) i l o f  f   ate, l i t e r s / h r  
1:. f l u x  R a t i o  
I 'olume, l i t e r s  - S t a r t  

- End 

1'1 a c t i o n a t o r  D i s t i l l a t e  (TK-116) 

E : t t o m s ,  M HNO3 - S t a r t  
- End 

1 : lume, l i t e r s  - S t a r t  
- End 

E . r u b b e r  (TK-118) -. 

C i r c u l a t i o n  R a t e ,  l i t e r s / m i n  
E t t o m s ,  M NaOH - S t a r t  - 

- End 
Lt  lume, l l t e r s  - S t a r t  

- End 



~ 1 r  >upply r r e s s u r e ,  p s ~ q  

C a l c i n e r  Blowback F i l t e r s  

Blowback Gas 
Blowback Gas Temperature,  "C 
Blowback Gas P r e s s u r e ,  p s i g  
Blowback Cycle ,  min 
Blowback P u l s e ,  s e c  
F i l t e r  P r e s s u r e  Drop, i n c h e s  of water  

s t a r t  of Run -   to mi zing Gas On 
- Feed On 

End of Run - Feed On 
- Atomizing Gas On 

A i r  I n l e a k a g e  t o  S o l i d i f i e r ,  scfm 
T o t a l  Noncondensible Gas Flow t o  

F i l t e r s ,  scfm 
T o t a l  Gas Flow t o  F i l t e r  a t  350 OC, cfm 
F i l t e r  Face V e l o c i t y  ( a t  350 OC), f t /min  
F i l t e r  Chamber Temperature,  "C 
F i l t e r  De- entrainment F a c t o r  f o r  

P a r t i c u l a t e s  Based on 1 4 4 ~ e - p r  

C a l c i n e r  

I n t e r n a l  Temperatures,  OC - Top 
- Bottom 

Furnace Temperature,  OC 
P r e s s u r e ,  i n c h e s  w a t e r  - Normal 

- During Blowback 
Average Furnace Power, kW - Atomizing 

A i r  on 
- Feed On 

A i r  
3  15 
40 
2  
2  

A i r  
350 
40 
2  
2  

Steam 
345 
2  6  
2 
1.5 

Steam 
350 
20-33 
2  
1.5 

Steam 
350 
2  7  
2  
2  

A i r  
350 
45 
2  
2  

475 
G O O  
700 
-10 
0  

490 
600 
700 
-8 
4  (max. ) 

670 
-12 ( b )  
5  (rnax.) ( b )  

S o l i d s  Addi t ion  

A d d i t i v e  
S i z e ,  mesh ( T y l e r  S e r i e s )  
Addi t ion  Method 
Addi t ion  P o i n t  
T o t a l  A d d i t i v e ,  kg 

None 
--- 

None 
--- 
--- 
--- 
--- 

NaP03 
6  t o  10 
2  b a t c h e s / h r  
C a l c i n e r  Cone 
25.4 

Nap03 None 
6  t o  10 --- 

2  b a t c h e s / h r  --- 
C a l c i n e r  Cone --- 
40.4 --- 

M e l t e r  

I n t e r n a l  Melt Temperatures,  'C 
Furnace Temperature,  OC 
Drain- Freeze Valve Temperature,  O C  - 

While Frozen 
While Dra in ing  

Weir Temperature,  OC 
Melt  Discharge Method 

880 
910 

440 
800 
420 

Batch 

5  
1.2 
4  
7.0 

1000 85 0  
65% Continuous 
35% Batch Batch Batch Batch 

5  6  
1 . 4  1.2 
3  5  
7.5 14.4 

Batch 

6  
1.2 
5  
14.5 

Average Volume, l i t e r s  
Product ion  Rate ,  l i t e r s / h r  
Residence Time, h r  
Furnace Power, kW 

PRODUCT DATA 

Product  Rece iver  - 

WSEP Pot  Number 
M a t e r i a l  
Diameter (OD), i n .  ( e )  
Wall Thickness ,  i n .  ('2) 
Length,  i n .  ( e )  
Rece iver  Wall Temperature,  'C ( f )  
Depth of  S o l i d i f i e d  Waste i n  Rece iver  

Mild S t e e l  
8.55 
0.320 

i n .  
Leakage, atm-cm3/sec 

Product  

Weight, kg 
Volume, l i t e r s  
Bulk Dens i ty ,  k g / l i t e r  
Measured Dens i ty ,  k g / l i t e r  
Mel t ing  P o i n t ,  'C ( c a l c i n e  w i t h o u t  

s o l i d  f l u x  a d d i t i v e ,  O C )  

Adjus ted  Feed t o  S o l i d  Volume R a t i o  
Waste t o  S o l i d  Volume R a t i o  
E q u i v a l e n t  Waste, tonne 
Average Process ing  Rate ,  tonne/day 
Uni t  Volume, l i t e r s / t o n n e  
F i s s i o n  Product  Heat i n  P o t ,  W 

Based on Feed Analys i s  
Based on Pot  Calor imet ry  

Heat Genera t ion  Rate Dens i ty ,  W / l i t e r  
T o t a l  R a d i o a c t i v i t y  i n  P o t ,  Ci  
T o t a l  Radioruthenium i n  P o t ,  Ci  
E q u i v a l e n t  Age of Waste, y e a r s  
C e n t e r l i n e  Temperature,  "C 

I n  Air-Cooled Furnace 
I n  A i r  
I n  Water 

Center l ine- to- Wal l  AT, OC 
I n  Air-Cooled Furnace 
I n  A i r  
I n  Water 

315 505 --- 340 ( I )  

5 5  265 

E f f e c t i v e  Thermal C o n d u c t i v i t y ,  Ke, 
w/(m2) ('C/m) 
I n  Air-Cooled Furnace 1 . 3 ( ~ )  1 .6  
I n  A i r  a t  30 "C NA N A  
I n  Water a t  30 "C NA N A 

R a d i a t i o n  Reading a t  6 I n c h e s ,  rad /hr  2.5 x l o 3  1.1 l o 4  

WSEP AUXILIARY DATA 

Evapora tor  (TK-113) Average Opera t ing  
Condi t ions  

Bottoms, M HN03 3  
overheads, M HN03 0 .1  
B o i l o f f  b ate, l i t e r s / h r  50 
S t r i p  Water Addi t ion  Rate ,  l i t e r s / h r  36 
Volume, l i t e r s  - S t a r t  195 - End 155 
Sugar Addi t ion  Rate ,  Moles/hr 0.13 
F r a c t i o n a t o r  (TK-115) Average Opera t ing  

Condi t ions  

Bottoms, M HN03 
overheads: M HNO3 
B o i l o f f  b ate, l i t e r s / h r  
Reflux R a t i o  
Volume, l i t e r s  - S t a r t  

- End 

F r a c t i o n a t o r  D i s t i l l a t e  (TK-116) 

Bottoms, g HNO3 - S t a r t  
- End 

Volume, l i t e r s  - S t a r t  
- End 

Scrubber (TK-118) 

C i r c u l a t i o n  Rate ,  l i t e r s / m i n  
Bottoms, M NaOH - S t a r t  

- End 
Volume, l i t e r s  - S t a r t  

- End 

S o l i d i f i e r  Condensate (TK-117) ( n )  

Bottoms, M HNO3 - S t a r t  
- End 

Volume, l i t e r s  - S t a r t  
- End 

Equipment arrangement f o r  Mode A  and Mode B-modified is shown i n  F i g u r e s  9 .1  and 9.2,  r e s p e c t i v e l y .  
Broken c a l c i n e r  f i l t e r s  r e s u l t e d  i n  h i g h  c a l c i n e  e n t r a i n m e n t  l o s s e s  and l o s s  of v e n t  c a p a c i t y  t o  
a u x i l i a r y  of f- gas  t r a i n .  
Stuck s o l e n o i d  v a l v e  i n  f i l t e r  blowback assembly added about  4  scfm t o  s o l i d i f i e r  o f f- gas  f low 
and reduced v e n t  c a p a c i t y .  
NA = Not A v a i l a b l e .  
P r e f i l l  measurements made o u t  of c e l l  p r i o r  t o  run .  
S t a r t u p  c o n d i t i o n s  w i t h  empty p o t  r e c e i v e r  i n  r e c e i v e r  f u r n a c e  a t  s t e a d y  s t a t e  tempera tures .  
I n c l u d e s  about  38 l i t e r s  (120 kg)  of  r a d i o a c t i v e  was te  p r o d u c t ,  about  4  l i t e r s  (13 kg) of  
n o n r a d i o a c t i v e  PW-1 s o l i d i f i e d  waste from f o u r  hour prerun  t e s t ,  and an e s t i m a t e d  1 3  l i t e r s  
(2.59 kg)  of  r a d i o a c t i v e  c e l l  waste ( m e t a l l i c  and ceramic) s t o r e d  i n  product  r e c e i v e r  p r i o r  
t o  run. 
Based on n e t  p roduct  volume of 44 l i t e r s  which i n c l u d e s  e s t i m a t e d  20 kg of c a l c i n e  r e t a i n e d  
i n  c a l c i n e r  ( e q u i v a l e n t  t o  about  6  l i t e r s  of s o l i d  waste p r o d u c t ) .  
Does n o t  i n c l u d e  about  10 t o  12 kg of c a l c i n e  r e t a i n e d  i n  c a l c i n e r  ( e q u i v a l e n t  t o  about  3  t o  4  
l i t e r s  of  s o l i d  was te  p r o d u c t )  from Runs 55-3, 4,  5 ,  and 6 .  
Higher volume r e d u c t i o n  f a c t o r s  were a t t r i b u t e d  t o  lower sodium c o n c e n t r a t i o n  i n  f e e d  (See Table  9 . 1 ) .  
Based on f i s s i o n  p r o d u c t  h e a t  ( w a t t s )  i n  product  r e c e i v e r  as de te rmined  from f e e d  d a t a .  
Data taken  d u r i n g  February ,  1969, w i t h  e s t i m a t e d  3600 w a t t s  of f i s s i o n  p r o d u c t  h e a t  i n  product  r e c e i v e r .  
Data taken  d u r i n g  March, 1969, w i t h  e s t i m a t e d  8100 w a t t s  of f i s s i o n  product  h e a t  i n  product  r e c e i v e r .  
For Mode B-modified o p e r a t i o n  only .  

TABLE 9.2 .  O p e r a t i n g  Paramete r s  and R e s u l t s  o f  Spray  S o l i d i f i c a t i o n  
Demonst ra t ion  f o r  Runs SS-1 Through SS-6 



DEFINITIONS FOR TABLE 9.2 

Opera t ing  Mode: WSEP equipment arrangement. See F igu res  9.1 

and 9.2 

Feed - 
Type - PW-1, 2  : Purex Waste 1 o r  2. See Table 9.1. 

Concen t r a t ion ,  l i t e r s / t o n n e  - L i t e r s  of  b a s i c  f e e d  p e r  m e t r i c  

tonne (2205 l b )  of uranium processed.  

Average Feed Rate ,  l i t e r / h r  -Average r a t e  du r ing  t o t a l  f eed  

t i m e .  

T o t a l  Feed Time, h r  - T o t a l  hours t h a t  f e e d  was on t o  s o l i d i f i e r .  

T o t a l  Down Time, h r  - T o t a l  hours t h a t  f e e d  was o f f  between 

t i m e  f eed  f i r s t  f ed  t o  s o l i d i f i e r  and t i m e  f e e d  s h u t  o f f  

t o  end t h e  run .  

Atomizing Feed Nozzle 

Type - External-mix nozz le ,  Spraying Systems Co., Se tup No. 5  

o r  i n t e rna l- mix  nozzle ,  Spraying Systems Co. , Setup 

No. 42. 

Ca lc ine r  Blowback F i l t e r s  

2 Type - A t o t a l  of 15 f t  of s i n t e r e d  powder meta l  (316L SST) 

f i l t e r  s u r f  ace area .  

T o t a l  Gas Flow t o  F i l t e r s  a t  350 O C ,  cfm - Based on t o t a l  non- 

condensib le  gas flow a s  a i r  co r rec t ed  f o r  tempera ture ,  

p l u s  t h e  t o t a l  condensible gas  flow from f e e d  and o t h e r  

condensib les  t r e a t e d  a s  steam a t  350 OC. 

F i l t e r  Face Ve loc i ty  ( a t  350 O C )  , f t /min - T o t a l  gas  f low t o  

f i l t e r s  d iv ided  by t h e  t o t a l  f i l t e r  s u r f a c e  a rea .  

F i l t e r  De-entrainment Fac to r  f o r  P a r t i c u l a t e s  - Based on 

1 4 4 ~ e - ~ r  a s  determined from t o t a l  amount f e d  t o  c a l c i n e r  

ove r  t h e  t o t a l  amount ga ined i n  t h e  a u x i l i a r y  equipment,  

p r i m a r i l y  i n  t h e  evapora to r  bottoms. 

Ca lc ine r  

I n t e r n a l  Temperature,  O C  - The tempera tures  measured n e a r  t h e  

d ry  chamber wa l l .  

Mel ter  

Average Volume, l i t e r s  - Average batch  volume determined from 

t o t a l  volume of product  and t o t a l  number of ba t ches  du r ing  

run. For  continuous ope ra t ion  t h e  m e l t e r  volume below t h e  

we i r  overflow l e v e l  i s  used. 

Product ion  Rate ,  l i t e r s / h r  - Average va lue  de termined from 

t o t a l  product  volume and t o t a l  f eed  t i m e .  

Residence Time, h r  - Average va lue  determined from average  

m e l t e r  volume and average m e l t e r  product ion  r a t e .  

Drain-Freeze Valve - A d r a i n  tube  which i s  s e a l e d  by f r e e z i n g  

me l t  and opened by r eme l t ing  f rozen  m e l t  i n  t h e  tube  (see 

Sec t ion  4.6 t h i s  r e p o r t ) .  

W e i r  Temperature,  OC - Average tempera ture  w i t h i n  one inch  of 

t h e  e x t e r n a l  we i r  tube e x i t  ( s e e  Sec t ion  4.6 t h i s  r e p o r t ) .  

Furnace Power, kW - Average power consumption du r ing  t o t a l  

f e e d  t i m e .  

I n t e r n a l  M e l t  Temperature,  O C  - Maximum tempera ture  of me l t  

measured n e a r  t h e  bottom of t h e  m e l t e r  

Product  Receiver  

Depth of S o l i d i f i e d  Waste i n  Receiver ,  i n .  - Depth of s o l i d i f i e d  

waste  i n  r e c e i v e r  a s  measured by probing ( rodding)  t h e  

r e c e i v e r  a t  t h e  end of t h e  run.  
3  Leakage, atm-cm / sec  - Volume of a i r  l eak ing  i n t o  a  s e a l e d ,  

evacuated  r e c e i v e r  a s  determined by a  he l ium l eak  check 

us ing  a  mass spect rometer  t ype  l eak  d e t e c t o r  i n  t h e  

evacua t ion  l i n e ,  
Product  

Bulk Densi ty ,  k g / l i t e r  - Net weight of s o l i d i f i e d  waste from 

i n - c e l l  p o t  weights  d iv ided  by t o t a l  product  volume. 

Measured Densi ty ,  k g / l i t e r  - Labora tory  measurement of g rab  

sample from product  taken a s  m e l t  flowed from m e l t e r  

i n t o  t h e  p o t  r e c e i v e r .  

Melt ing P o i n t ,  O C  - Values r e p o r t e d  from i n - c e l l  c r u c i b l e  t e s t  

w i th  a c t u a l  r a d i o a c t i v e  sample p r i o r  t o  each  run .  Values 

r e p o r t e d  a r e  u s u a l l y  t h e  tempera ture  a t  which t h e  waste 

i n i t i a l l y  forms a  f l u i d  m e l t .  

Adjusted Feed t o  S o l i d  Volume R a t i o  - Concentra t ion  f a c t o r  from 

l i q u i d  f eed  t o  volume of s o l i d  i n  r e c e i v e r .  

Waste t o  S o l i d  Volume R a t i o  - Concentra t ion  f a c t o r  from f e e d  

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 .  

Equ iva len t  Waste, tonne - Equivalent  m e t r i c  t o n s  ( 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 the  s o l i d i f i e d  waste would be de r ived .  

Uni t  Volume, l i t e r s / t o n n e  - The volume of s o l i d i f i e d  waste 

produced from t h e  p rocess ing  of one tonne of e q u i v a l e n t  

waste .  

F i s s i o n  Product  Heat i n  P o t ,  W - Rate of i n t e r n a l  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 

e i t h e r  f eed  ana lyses  ( c u r i e s / l i t e r  conver ted  t o  W/ l i t e r )  

and t o t a l  f eed  processed o r  on p o t  c a l o r i m e t r y  measure- 

ments a f t e r  f i l l i n g .  The two methods u s u a l l y  agree 

w i t h i n  t h e  10 pe rcen t  accuracy l i m i t  of e i t h e r  method. 

T o t a l  Rad ioac t iv i ty  i n  P o t ,  C i -  Based on f eed  d a t a .  The 

s o l i d i f i e d  waste g rab  samples could  n o t  be  completely 

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

T o t a l  Radioruthenium i n  P o t ,  C i  - Based on f e e d  d a t a  l e s s  t h e  

t o t a l  radioruthenium found i n  s o l i d i f i e r  aqueous 

e f f l u e n t s .  

Equ iva len t  Age of Waste, y r  - Age of waste  from 20,000 MWd/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 

f i s s i o n  product  h e a t  ( w a t t s )  a s  i n  t h e  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, O C - Average s t e a d y- s t a t e  r e c e i v e r  

c e n t e r l i n e  tempera ture  ( u s u a l l y  average f o r  Zones 3 ,  4,  

and 5 ) .  

Cen te r l ine  -to-Wall AT, O C  - Average tempera ture  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  of t h e  

r e c e i v e r  w i th  t h e  r e c e i v e r  tempera tures  a t  s t e a d y  s t a t e  

i n  a  furnace  o r  i n  a i r  o r  i n  wa te r .  
2  

E f f e c t i v e  Thermal Conduc t iv i ty ,  K e ,  W/ (m ) (OC/m) - Based on 

average po t  tempera ture  d a t a  and h e a t  gene ra t ion  r a t e  

from p o t  ca lo r ime t ry  measurements. Values were obta ined 

us ing  t h e  equa t ion  AT = Q/4rrLKe d i scussed  i n  Sec t ion  6.0 

of t h i s  r e p o r t .  

Radia t ion  Reading a t  6  i n . ,  R/hr  - Maximum r a d i a t i o n  dose r a t e  

from pot .  Detec ted  w i t h  unshie lded i o n i z a t i o n  chamber 

he ld  6  inches  from p o t  w a l l .  



SS-1 - 58-2 SS-3 

Feed t o  Spray C a l c i n e r  Volume (Sp. G r . )  I n i t i a l . ,  l i t e r s  ( k g / l i t e r )  873 (1.32) 910 (1 .32)  1076 (1 .27)  
(TK-114) F i n a l ,  l i t e r s  ( k g / l i t e r )  270 (1 .32)  121  (1.32) 703 (1 .27)  

Net Change Volume, l i t e r s  
Weight, kg 
Na, kg 
Fe,  kg 
A l ,  kg 
P ,  kg 
S ,  kg 
N ,  kg 
Ru,  gm 

Evapora tor  (TK-113) Volume (Sp,. G r .  ) 

Net Change 

I n i t i a l ,  l i t e r s  ( k g / l i t e r )  
F i n a l ,  l i t e r s  ( k g / l i t e r )  

Volume, l i t e r s  
Weight, kg 
Na, Kg 
Fe,  kg 
P ,  kg 
S ,  kg 
N ,  kg 
Ru, gm 

F r a c t i o n a t o r  (TK-115) Volume (Sp. G r . )  

Net Change 

I n i t i a l ,  l i t e r s  ( k g / l i t e r )  
F i n a l ,  l i t e r s  ( k g / l i t e r )  

Volume, l i t e r s  
Weight ,  kg 
S ,  kg 
N ,  kg 
Ru, gm 

F r a c t i o n a t o r  
D i s t i l l a t e  (TK-116) 

volume (Sp. G r .  

Net Change 

I n i t i a l ,  l i t e r s  ( k g / l i t e r )  
F i n a l ,  l i t e r s  ( k g / l i t e r )  

Volume, l i t e r s  
Weight, kg 
N ,  kg 
Ru, gm 

I n i t i a l ,  l i t e r s  ( k g / l i t e r )  
F i n a l ,  l i t e r s  ( k g / l i t e r )  

Scrubber  (TK-118) Volume (Sp. G r . )  

Net Change Volume, l i t e r s  
Weight, kg 
S, kg 
N ,  kg 
Ru, gm 

s o l i d s  Addi t ion  t o  
~ e l t e r  ( d )  

Product  

Net Change Volume, l i t e r s  
Weight, kg 
Na, kg 
P ,  kg 

Net Change Volume, l i t e r s  
Weight, kg 
Na, kg 
Fe,  kg 
A l ,  kg 
P ,  kg 
S ,  kg 
N, kg 
Rut gm 

S o l i d i f i e r  S e a l  Tank Volume (Sp. G r . )  
(TK-117) 

I n i t i a l ,  l i t e r s  ( k g / l i t e r )  
F i n a l ,  l i t e r s  ( k g / l i t e r )  

Volume, l i t e r s  
Weight ,  kg 
Na, kg 
Fe ,  kg 
N ,  kg 
Ru, gm 

Net Change 

Head Tanks Net Change 
(Chemical A d d i t i o n s )  

Volume, l i t e r s  
Weight, kg 
S u g a r ,  g-moles 
N, kg 
Na, kg 
Rut gm 

Volume, l i t e r s  
Weight, kg 
Na, kg 
Fe ,  kg 
A l ,  kg 
P,  kg 
S t  kg 
N ,  kg 
Ru, gm 

Net Change 

P e r c e n t  Recovery (h) Volume, l i t e r s  
Weight, kg 
Na, kg 
Fe,  kg 

Elementa l  m a t e r i a l  b a l a n c e s  a r e  based on a n a l y s i s  of samples taken from each p r o c e s s  tank  over  a t o t a l  
sampling p e r i o d  from 2  t o  4 hours ( i . e .  o n l y  one t a n k  i s  sampled a t  a  t i m e ) .  Volume and weight  
b a l a n c e s  a r e  based  on measurements made f o r  a l l  p r o c e s s  t a n k s  1 hour b e f o r e  and a f t e r  each  run .  
S u l f a t e  i n  f e e d  i s  based on known q u a n t i t y  added d u r i n g  f e e d  makeup due t o  i n a b i l i t y  t o  a c c u r a t e l y  
ana lyze  f o r  s u l f a t e  i n  h igh  r a r e  e a r t h  s a l t  s o l u t i o n s .  
Not i n c l u d e d  i n  sodium m a t e r i a l  b a l a n c e .  High sodium due t o  r e s i d u a l  s o l i d s  from Run 55-3 
which were f l u s h e d  from t h e  s o l i d i f i e r  v e n t  l i n e s  d u r i n g  f i r s t  few hours of Run SS-4. 
S o l i d  sodium metaphosphate,  NaP03, added t o  m e l t e r  d u r i n g  Runs 66-3 and 88-4. 
Not 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 s .  Es t imated  amount of c a l c i n e  r e t a i n e d  i n  c a l c i n e r  fo l lowing  
t h e  run and n o t  t r a n s f e r r e d  t o  r e c e i v e r  p o t .  
Es t imated  v a l u e s  based  on performance d a t a  from n o n r a d i o a c t i v e  t e s t s .  Values do n o t  i n c l u d e  
about  4  l i t e r s  of  n o n r a d i o a c t i v e  s p r a y  s o l i d i f i e d  PW-1 was te  produced d u r i n g  prerun  equipment 
t e s t  and do n o t  i n c l u d e  about  13  l i t e r s  (about  59 kg)  of r a d i o a c t i v e  c e l l  waste s t o r e d  i n  
product  r e c e i v e r  p r i o r  t o  Run SS-1. 
Inc ludes  979 l i t e r s  (1048 kg) of  s o l i d i f i e r  condensate from Run PC-3 which was s t o r e d  i n  t h e  i n - c e l l  
head tank  TK-112 f o r  a d d i t i o 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  (TK-113) d u r i n g  Run SS-2 ( s e e  F i g u r e  9 .2) .  
Poor e l e m e n t a l  r e c o v e r i e s  a r e  due p r i m a r i l y  t o  i n a b i l i t y  t o  comple te ly  d i s s o l v e  t h e  product  sample 
f o r  an a c c u r a t e  chemical  a n a l y s i s .  
NA = Not A v a i l a b l e .  

( a )  
I 

TABLE 9 . 3 .  M a t e r i a l  Ba lances  f o r  Spray S o l i d i f i c a t i o n  Runs SS-1 Through SS-6 P 
W 
U) 



TABLE 9 . 4 .  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  f o r  Spray 
S o l i d i f i c a t i o n  Runs SS-1 Through SS-6 

F r a c t i o n  o f  T o t a l  R a d i o a c t i v i t y  Fed t o  S o l i d i f i e r  

R a d i o  - Dur ing  Run 

P r o c e s s  V e s s e l  n u c l i d e s  ( a )  SS-1 SS-2 (b) SS-3 55-4 SS-5 SS-6 - - - - - - 
P r o c e s s  C o n d e n s a t e ,  
TK-113, 

F r a c t i o n a t o r ,  
TK-115, l o d 7  

F r a c t i o n a t o r  D i s t i l l a t e ,  Ru 390 3000 8 , 0 0 0  27 ,000 60 ,000  20 ,000 
TK-116, Ce 6  30 2 .4  3  1 3 . 5  0 .3  6 .2  

CS 7  8  3 2  52 39 60 ,000 NA 
Z r  3  0  N A N A  N  A N A N A  
T-RU 6  4 2.4 3  1 3 .5  0 .3  7 .0  

P r o c e s s  Condensa t e  
(Mode B M o d i f i e d ) ,  ( f )  
TK-117, 10-3 

S c r u b b e r ,  
TK-118, 

Ru 320 2500 25 ,000 36 ,000 85 ,000  36 ,000  
Ce 290 < 1 2  2  6  8  1 7  5 .7  
CS 1 3  N  A  N A  110 NA 1 2  
Z r  8  2  N A N A N A NA N A 
T-RU 290 < 1 22 6  8  1 7  5.7 

S t a c k  Of f- Gas ,  10 - l2  RU < l o 0 0  ~ 8 8 0  < l o 0  <210 <300 < l o 0  
T - R u ( ~ )  10  3 .6  11 ~ 1 . 2  < O .  9 ~ 0 . 6  

R a t i o  o f  R a d i o a c t i v i t y  i n  Ru 16  45 37 ,000 140 ,000  180 ,000  22 ,000 
F r a c t i o n a t o r  D i s t i l l a t e  T - R u ( ~ )  140  1 . 5  940 870 1100 510 
t o  10CFR20 L i m i t s  

R a t i o  o f  R a d i o a c t i v i t y  i n  Ru 1 5 0  < 7 1  < 4  < 4  < 4  < 4  
P r o c e s s  Of f- Gases  t T - R u ( ~ )  1 6  1 5  3  7  <16 < 2 1  < 16 
10CFR20 L i m i t s ,  10-8 

R a d i o n u c l i d e s  a r e  Ru = l o 6 ~ u - R h ,  Ce = 1 4 4 ~ e - ~ r ,  C s  = 1 3 7 ~ 8 ,  Zr = 9 5 ~ r - ~ b ,  and  S r  = 9 0 ~ r .  
T-Ru i s  t o t a l  r a d i o a c t i v i t y  less t h e  l o 6 ~ u - R h  r a d i o a c t i v i t y  and  r e p r e s e n t s  t h e  t o t a l  
n o n v o l a t i l e  r a d i o a c t i v i t y .  
A l l  d a t a  b a s e d  on  r a d i o a c t i v i t y  i n  f e e d  o n l y  and  d o e s  n o t  i n c l u d e  r a d i o a c t i v i t y  i n  
p r o c e s s  c o n d e n s a t e  f r om Run PC-3 wh ich  was  added  t o  t h e  a u x i l i a r y  e v a p o r a t o r  f r om 
t h e  i n - c e l l  f e e d  t a n k  (TK-112) d u r i n g  Run 55-2. 
NA = Not A v a i l a b l e .  Samples  t a k e n  f rom t h e  a u x i l i a r y  e v a p o r a t o r  (TK-1131 we re  
c o n t a m i n a t e d  t h r o u g h o u t  Run SS-2 due  t o  i n a d e q u a t e  s a m p l i n g  t e c h n i q u e s .  
Does n o t  i n c l u d e  r a d i o a c t i v i t y  due  t o  h i g h  c a l c i n e  e n t r a i n m e n t  f r om b r o k e n  c a l c i n e r  
f i l t e r s .  
High  v a l u e s  c a u s e d  by  h i g h  c a l c i n e  e n t r a i n m e n t  t o  a u x i l i a r y  e v a p o r a t o r  f r om 
b r o k e n  c a l c i n e r  f i l t e r s .  
S o l i d i f i e r  c o n d e n s a t e  was a c c u m u l a t e d  i n  a  s e p a r a t e  c a t c h  t a n k  (TK-1171 d u r i n g  
Run SS-2 o n l y  ( s e e  F i g u r e  9.21. 
T-Ru v a l u e  b a s e d  on t o t a l  b e t a  r e a d i n g  f o r  s t a c k  g a s  f i l t e r  s a m p l e  d u r i n g  o p e r a t i n g  
week and  t o t a l  1 4 4 ~ e - ~ r  i n  f e e d  t o  s o l i d i f i e r  (see F i g u r e  9 . 5 ) .  
N o n v o l a t i l e s  (T-Ru) a r e  r e p r e s e n t e d  b y  1 4 4 ~ e - ~ r .  
T-Ru v a l u e  b a s e d  on lOCFR2O l i m i t s  f o r  9 0 ~ r  i n  a i r  and  t o t a l  b e t a  r e a d i n g  f o r  s t a c k  
g a s  f i l l e r  s amp le  d u r i n g  o p e r a t i n g  week.  (See  F i g u r e  9 .5)  . 



TABLE 9.5.  Averaqe C e n t e r l i n e  Temperature i n  t h e  F i r s t  
S i x  Spray S o l i d i f i c a t i o n  Po t s  

Air-Cooled Furnace ( a )  I n  Ambient ~ i r  ( a )  

Po t  Average T Data Average 
(c )  

T Data 
Waste D i m . ,  Tg,, 0 I ( C  ' i for  T9,t 0 I 'for Run No. Type i n .  O C k°C ZonesNo:  OC + O C Zones No: 

SS-2 PW- 1 8 2 8 7 8 31415 NA --- NA 

SS-4 PW- 2 8 508 4 4 ,5  N A --- N A 

SS-5 PW- 1 8 640 13 2 ,31415  5 9 5 1 4  213 ,415  

SS-6 PW- 1 8 734 9 2 ,31415  709 15 2 ,31415  

a .  Temperature d a t a  used only  f o r  p o t  zones w i t h  about two p o t  d iamete r s  of 
s o l i d  waste above and below t h e  thermocouple p o s i t i o n ,  and t h e  temperature  
d a t a  f o r  zone s i x  (about  6 inches  above bottom of p o t ]  was n o t  used due t o  
end e f f e c t s .  

b .  The l e v e l  of  t h e  s o l i d  waste i n  t h e  p o t  was about  5 inches  above t l ie  
c e n t e r l i n e  thermocouple p o s i t i o n  of zone 5. 

c. S tandard  d e v i a t i o n  f o r  average of zone temperature  d a t a .  

TABLE 9 .6 .  Average W a l l  Temperatures f o r  t h e  F i r s t  
S i x  Spray S o l i d i f i e d  Waste Po t s  

Air-Cooled Furnace ( a )  I n  Ambient ~ i r ( ~ )  

Po t  Average TW Data Average 
(c)  

TW Data 
Waste D i a m . ,  TwI 0 I f o r  T~ 0 I f o r  

( c )  

Run No. Type i n .  O C +OC Zones No: O C + O C  Zones No: 

SS-2 PW- 1 8 218 8 3 ,415  N A --- NA 

SS- 3 PW-2 8 233 5 N A --- --- N A 

SS-5 PW- 1 8 370 4 213,415 3 19 3 112131415 

SS-6 PW- 1 8 429 9 213,415 373 2 2,31415 

a .  Temperature d a t a  used only  f o r  p o t  zones wi th  about two p o t  d iamete r s  of 
s o l i d  waste  above t h e  thermocouple p o s i t i o n  and t h e  temperature  d a t a  f o r  
Zone 6 (about  6 inches  above bottom of p o t )  was n o t  used due t o  end e f f e c t s .  

b.  The l e v e l  of t h e  s o l i d  waste  i n  t h e  p o t  was about  5 inches  above t h e  
c e n t e r l i n e  ( p o s i t i o n  of thermocouples)  of Zone 5. 

c. S tandard  d e v i a t i o n  f o r  d a t a  a v a i l a b l e  from zones used. 
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TABLE 9.8. Feed Pump Experience During WSEP Demonstration Runs 
(a) 

umE Feed 
No. ( ) S e r v i c e  Runs TYPe Hours 

P- 3 RLG- 2 PW-1 2 9 

P-3 PC- 1 PW-2 4 4  

P-3 SS-1 PW- 1 3 7 

P-3 CSCMlO PW-2 15 

P-3 SS-2 PW-1 57 

P- 3 PC-6 ( P a r t  I )  PW-2 23 - 
T o t a l :  205 

PW- 2 3 6 

T o t a l :  3 6 

PW- 2 4 2 

PW- 1 4 5 

PW 77 
- 

T o t a l :  164 

Date Remarks 

8-22-66 I n s t a l l e d  on f e e d  t a n k  

2-03-67 Connector  was co r roded  away 
( sample r  l e a k e d  on connec to r  
clamp) 

3-30-6 7 Repa i red  r e i n s t a l l e d  on f e e d  
t a n k  

8-22-67 Pump s h a f t  f r o z e  d u r i n g  PC-6. 

7-7-68 N e w  pump i n s t a l l e d  p r i o r  t o  
SS-3. 

9-12-68 New pump i n s t a l l e d  p r i o r  t o  
SS-4. 

10-16-68 Same pump used  a s  f o r  SS-4 

11-4-68 Same pump used  a s  f o r  SS-4 
and 5 and w i l l  c o n t i n u e  t o  
be  used  f o r  SS-7 and 8 

a.  ~ d d i t i o n a l  pump e x p e r i e n c e  r e p o r t e d  i n  Waste S o l i d i f i c a t i o n  Program, 
Volumes 4 and 5. 

b. Pum P-3 i s  Chem ump; Pumps P-11 and P-12 a r e  ~ e a n l i n e  made by Dean 
Broehe r s  Pumps, PnC. 
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A R R A N G E M E N T  F O R  R U N  S S - 2  

FIGURE 9 . 2 .  Equipment Arrangement f o r  Modified Mode B Spray 
S o l i d i f i c a t i o n  Runs 
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B U I L D I N G  B U I L D I N G  

B - C E L L  -4 k---- R O O M  1 1  -4 k--EXHAUST-4 b- S T A C K  
A R E A  ZONE 

-1 

PROCESS 
O F F- G A S E S  

FROM 
F R A C T I O N A T O R  

CONDENSER 

1 0 - 2 0  c f m  ~ 3 0  TO 5 0  c f m  

SCRUBBER 

T K - 1 1 8  

V E N T 1  L A T I O N  
FROM OTHER 
R A D I O A C T I V E  

AREA V E N T I L A T I O N  
FROM 

P O T E N T I A L L Y  
C O N T A M I N A T E D  - AREAS 

~ 1 2 0 , 0 0 0  c f m  

I 

I 
FROM S T A C K ,  a 1  c f m  ----A I 

- \ 2 . 0 ~  KOH S O L U T I O N  

RETURN TO S T A C K  ------ J 
B  = BLOWER 

F  = F I L T E R  

LIMIT OF  DETECTI ON OF 2  JBACKGROUND F O R  RADIATION COUNTI NG EQUIPMENT. NOMI NAL RADIATION 
BACKGROUND I S  1 5  T O  2 5  C O U N T S / M I N U T E  FOR C O U N T I N G  ROOM 

FIGURE 9.5. S c h e m a t i c  D i a g r a m  of V e n t i l a t i o n  S y s t e m  f o r  Process O f f - G a s e s  
( A l s o - s e e  Figure  5 .1 . )  
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