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QUARTERLY PROGRESS REPORT 

RESEARCH AND DEVELOPMENT ACTIVITIES 

WASTE FIXATION PROGRAM 

OCTCIBER THROUGH DECEMBER 1973 

INTRODUCTION 

Th i s  progress r e p o r t  i s  t h e  f i f t h  i n  a  s e r i e s  t h a t  presents  research 

and development a c t i v i t i e s  i n  t h e  f i e l d  o f  r a d i o a c t i v e  waste f i x a t i o n .  

Prev ious progress r e p o r t s  were BNWL-1699, 1741 , 1761, and 1788. 

Two, 40-hr non rad ioac t i ve  spray s o l i d i f i c a t i o n  runs  were completed i n  

which bo th  PW-4b and PW-6 re fe rence  waste co~npos i t ions  were success fu l l y  

conver ted i n t o  bo ros i  l i c a t e  g lass .  The throughput  capac i t y  o f  t h e  13- in .  

d iameter  spray c a l c i n e r  w h i l e  process ing PW-4b waste i s  over 38 R l h r  w i t h  a  

700°C c a l c i n e r  w a l l  and 24-30 R/hr w i t h  a  550°C w a l l .  Mechanical a g i t a t i o n  

increases t h e  capac i t y  o f  t h e  incone l  me1 t e r  t o  over  4.5 R o f  m e l t  per  hour 

and g r e a t l y  improves p roduc t  homogeneity. 

Both PW-4b and PW-6 re fe rence  waste composi t ions were s u c c e s s f u l l y  

concen t ra ted  i n  t he  nonrad ioac t i ve ,  wiped f i  lm evaporator  (WFE) f a c i l i t y .  

E i t h e r  waste can be concentrated t o  approx imate ly  60 w t %  t o t a l  s o l i d s  i n  

t h e  WFE. For t he  PW-6 waste, t h i s  represents  removal o f  about 80% o f  t h e  

i n i t i a l  l i q u i d  p resen t  i n  t he  waste. 

Two ceramic me l t e r s  were b u i l t  and operated, each us ing  molybdenum 

e lec t rodes  f o r  heat ing.  Whi le t h e  performance o f  these f i r s t  me l t e r s  i n d i -  

ca ted  a number o f  des ign and c o n s t r u c t i o n  problems which need t o  be reso lved,  

a  ceramic -e lec t rode  heated m e l t e r  appears t o  be a v i a b l e  a l t e r n a t i v e  t o  

m e t a l l i c  me l t e r s .  

The PW-4b me1 t composi t ion 72-68 con ta ins  f i n e l y  d i v i d e d  c r y s t a l  1  i t e s  

when l a r g e  q u a n t i t i e s  a re  me1 t e d  a t  1'1 50°C. The c r y s t a l 1  i t e s  were i d e n t i f i e d  



as Ce02, a  s p i n e l  and z i r con ,  w i t h  Ce02 t h e  predominant spec ies.  Several  

o p t i o n s  f o r  e l i m i n a t i n g  t h e  c r y s t a l 1  i t e s  i n c l u d e  i n c r e a s i n g  t h e  me1 t 

temperature,  a g i t a t i n g  t h e  m e l t  t o  p reven t  c r y s t a l  s e t t l i n g ,  m o d i f i c a t i o n  

o f  t h e  compos i t i on  t o  promote Ce02 s o l u b i l i t y ,  and reduc ing  t h e  concent ra-  

t i o n  o f  Ce02 i n  t h e  g l ass .  

Hel ium gas formed by a lpha p a r t i c l e  emiss ion f rom a c t i n i d e  n u c l i d e s  i n  

h i g h - l e v e l  waste g lasses can produce l a r g e  i n t e r n a l  s t r esses  i n  t h e  g lass .  

A  p o r o s i t y  o f  0.2% i n  t y p i c a l  waste glasses,from uranium o x i d e  fue1,may be 

s u f f i c i e n t  t o  reduce t he  i n t e r n a l  s t r esses  t o  inconsequen t ia l  l e v e l  s  by 

p r o v i d i n g  s i t e s  f o r  gas accumulat ion.  However, f o r  waste g lasses f rom 

p lu ton ium r e c y c l e  f u e l ,  a  h i ghe r  than  a n t i c i p a t e d  p o r o s i t y  o f  approx imate ly  

3% may be requ i r ed .  

Mass spec t rog raph i c  a n a l y s i s  was performed on t h e  gas phase from 

severa l  c a n i s t e r s  o f  s o l i d i f i e d  r a d i o a c t i v e  waste f rom t h e  p rev ious  

Waste Sol  i d i f  i c a t i o n  Eqg ineer i  ng Pro to types  (WSEP) program. Ana l ys i s  o f  

t h e  gas i n  severa l  phosphate g l ass  c a n i s t e r s  revea led  C O Z Y  p resen t  f rom t h e  

decomposi t ion o f  r e s i d u a l  Purex s o l  ven t  and s i  1  i cone  a n t i  foam agent, and 

N20 f rom t h e  decomposi t ion o f  n i t r a t e .  Hydrogen was below d e t e c t i o n  l i m i t s .  

Oxygen d e p l e t i o n  o f  t h e  o r i g i n a l  a i r  atmosphere was t h e  o n l y  change found 

i n  l i m i t e d  sampl ing o f  spray s o l i d i f i e d  and p o t  c a l c i n e  p roduc t  c a n i s t e r s .  

COMMERCIAL WASTE FIXATION 

SOLIDIFICATION EQUIPMENT - NOIVRADIOACTIVE DEVELOPMEIVT 

Development Spray C a l c i n e r  and Incone l  M e l t e r  - W .  F. Bonner, A. K. Postma 

Four spray s o l i d i f i c a t i o n  runs  numbered DSS-6 th rough  DSS-9 were com- 

p l e t e d .  (See Tab le  1  ) Run DSS-6 was a  41-hr r u n  i n  which t h e  h i g h  sodium 

PW-6 r e f e r e n c e  waste compos i t i on  was s o l i d i f i e d .  M e l t  a g i t a t i o n ,  f i l t e r  

d i f f e r e n t i a l  p ressure  and quench sc rubb ing  of t h e  o f f - g a s  were ma jo r  cons id -  

e r a t i o n s .  DSS-7 was s i m i l a r  t o  DSS-6 except  PW-4b feed was used and t he  

usual  condenser and scrubber  were used f o r  o f f - g a s  t rea tment .  



TABLE 1. Operat ing Parameters and Resul ts  o f  Development 
Spray S o l i d i f i c a t i o n  Runs DSS-6 through DSS-9 

RUN NUMBER 

W E  

FEED - 
TYPE 
SPECIFIC GRAVITY 
TEMPERATURE, OC 

NOZZLE PRESSURE, psig 
FEED RATE, alhr 
TOTAL FEED CONSUMED, a 
NUMBER OF INTERRUPTIONS 
TOTAL DOWN'TIME, min. 

ATOMlZ l NG FEED NOZZLE (a) 

ATOMIZING A I R  FLOW, scfm 
ATOMIZING A I R  PRESSURE, psig 
ATOMIZING A I R  TEMPERATURE, OC 

CALC I IVER 

FURNACE TEMPERATURE, OC - ZONE 1 
- ZONE 2 

INTERNAL WALL TEMPERATURES, OC 

24 cm BELOW FEED NOZZLE 
61 cm BELOW FEED NOZZLE (g) 
99 cm BELOW FEED NOZZLE 
147 cm BELOW FEED NOZZEL (g) 
175 cm BELOW FEED NOZZLE 

POWER CONSUMPTI ON, kW - ZONE 1 
- ZONE 2 

VACUUM, l NCHES OF WATER 
NORMAL 
DURING BLOWBACK 

A I R  INLEAKAGE, scfm 
CALC I NE 

MO l STU RE CONTENT, % 
NITRATE CONTENT, % 

CALCI NER V I  BRATOR 

CYCLE'I'IME, min. 
PULSE TIME, sec. 
AIR SUPPLY PRESSURE, psig 



RUN NUMBER 

CALC I NER OFFGAS F I  LTERS 

BLOWBACK A I R  TEMPERA.I.LlRE, OC 

BLOWBACK A I R  PRESSURE, psig 
BLOWBACK CYCLL rnin. 
BLOWBACK PLlLSL sec. 
FILTER PRESSURE DROP, in. OF WATER 

- START 
- END 

TOTAL NONCONDENS I BLE FLOW TO 
FILTERS, scfm 

TOTAL GAS FLOW TO FI LTERS, acfm 
F l  LTER CHAMBER TEMPERATURE, OC 
FILTER FACE VELOCITY, ft./rnin. 
PERMEABII-ITY, ftlrnin-in OF WATER 

- START 
- END 

SOL1 DS DE-ENTRAI NMENT FACTOR (dl 

MECrER 

FURNACE TEMPERATURE, OC 

INTERNAL MELT TEMPERATURL OC 
FREEZE VALVE TEMPERATURE, OC 

WHILE FROZEN 
AT START OF DRAIN I NG 
WHILE DRAINING 
AT END OF DRAINING 

MELT PRODUCTION RATE, alhr 
MELT VISCOSITY, POISE (el 
M A X I M U M  MELT DISCHARGE RATE, almin 
RES I DEIVCE TIME, hr 
FURNACE POWER, k W  

PRODUCT 

WEIGHT, kg 
VOLUML a 
DENSITY, glcc 
FEED-TO-PRODUCT VOLUME RAT1 0 
EQU IVALENT WASTE, TONNE 
CALCINE CONTENT OF PRODUCT, % 

SOLIDS ADDITION 

ADDITIVE (f) 
FRIT SIZE, mesh 
BATCH S IZE, g 
ADDITION RATE, kglhr 
TOTAL ADDED, kg 
FEEDER TYPE 

FR l T 73-1 
6 TO 20 
75 
4.9 
202 
SCREW 
FEEDER AND 
AIR LOCK 

FR IT 73-1 
6 TO 20 
28.6 
4.04 
161 
SLIDE 
VALVE AND 
A I R  LOCK 

(c) NOT USED 
(c) 

FR IT  73-1 NONE 
6 TO 20 
28.9 
(c) 
46.7 
SLIDE 
VALVE AND 
A I R  LOCK 



RUN NUMBER 

CONDENSER 

BOTTOMS M HN03 - START 
- END 

ACCUMULATION RATE, alhr 
TOTAL ACCUMLILATION, 1 

SCRUBBER 

CIRCULATION RATE, a l m i n  
BOTTOM, M NaOH - START 

- END 
ACCUMULATION RATE, alhr 
TOTAL ACCUMULATION, a 

- - 

NA - NOT AVAILABLE 

(a) - EXTERNAL M I X  PNEUMATIC ATOMIZING NOZZLE - SPRAYING SYSTEMS CO., SETLIP 142 

(b) - FEED INTERRUPTIONS CAUSED BY A LEAK I N  THE NOZZLE CLEANOUT NEEDLE PACKING AND 
SEAL LEAKAGE I N  THE CAUS'I'IC PUMP CAUSED A LOSS OF CAUSTIC. 

(c) - VARl ED DURING THE RUN. 

(dl - BASED ON ANALYSES OF Cr, AND N i  

(e) - CALCULATED FROM THE HAGEN-POISEVILLE LAW 

(f) - COMPOS l T l  ON REPORTED I N  APRIL 1973 QUARTERLY PROGRESS REPORT, PAGE 3 

(g) - USED TO CONTROL CALC l NER FURNACE OUTPUT 

( h )  - SHUT DOWN TO REMOVE MELTER 

( i )  - AT TIME GAS FLOW THROUGH SEAL POT BEGAN DURING CAPACITY 'TEST 

(j) - AT 39.6 alhr CALCIUM FEEDRATE DURl NG CAPACITY TEST 

(k) - ONLY 1801 OF FEED WERE l NCORPORATED l NTO GLASS 

(a) - QUENCH SCRLI BBER ONLY 



Runs DSS-8 and DSS-9 i n v e s t i g a t e d  t he  c a p a c i t y  o f  t h e  spray c a l c i n e r  

o p e r a t i n g  w i t h  w a l l  temperatures o f  700 and 550°C, r e s p e c t i v e l y .  Me1 t e r  

c a p a c i t y  w i t h  mechanical a g i t a t i o n  was a l s o  s tud ied .  

Cal c i  ne r  

Fo l l ow ing  41 h r  o f  PW-6 s o l i d i f i c a t i o n ,  a  1-2 mn depos i t  was observed 

cove r i ng  t h e  t o p  h a l f  o f  t h e  c a l c i n e r .  As i n d i c a t e d  by c a l c i n e r  fu rnace  

and w a l l  temperatures, t h e  sca le  reached s teady s t a t e  d u r i n g  t h e  f i r s t  hour 

o f  o p e r a t i o n  and d i d  n o t  change throughout  t h e  run.  

A u n i f o r m  w a l l  s c a l e  about  0.5 mm t h i c k  was observed f o l l o w i n g  40 h r  

o f  p rocess ing  PW-4b waste. The f i l m  had no observable e f f e c t  on c a l c i n e r  

performance. 

Apparent ly ,  most o f  t h e  c a l c i n a t i o n  o f  PW-4b feed occurs i n  t h e  upper 

h a l f  o f  t h e  c a l c i n e r .  Wi th  a  cons tan t  w a l l  tw r~pe ra tu re  o f  700°C, t h e  upper 

, h a l f  o f  t h e  c a l c i n e r  consumed 22 kW compared w i t h  12 kW f o r  t h e  lower  h a l f .  

Runs DSS-8 and DSS-9 i n v e s t i g a t e d  t h e  c a l c i n e r  c a p a c i t y  f o r  process ing 

PW-4b waste. Dur ing  these runs t h e  c a l c i n e r  feed r a t e  was increased h o u r l y  
1 ' by about  3  R/hr u n t i l  w a l l  s c a l i n g  was ev iden t .  A t  a  w a l l  temperature o f  - / 

700°C t h e  l i q u i d  f l o w  r a t e  a t  which s c a l i n g  occurs i n  t h e  13- in .  c a l c i n e r  

i s  38-45 R/hr, and a t  550°C t h e  s c a l i n g  f l o w  r a t e  i s  24-30 R/hr.  

A c a l c i n e  p roduc t i on  run, DSS-8A, was made a t  t h e  same ope ra t i ng  cond i -  

t i o n s  as DSS-8 excep t  t h e  PW-4b feed  was concentrated t o  60% o f  t h e  o r i g i n a l  

volume p r i o r  t o  t h e  run.  The run  was premature ly  te rmina ted  a t  a  l i q u i d  

feed  r a t e  o f  35 R/hr be fo re  s c a l i n g  became apparent.  From t h i s  da ta  i t  

appears t h a t  feed concen t ra t i on  has l i t t l e  e f f e c t  on c a l c i n e r  c a p a c i t y  and 

t h a t  economics i n  c a l c i n e r  equipment can be r e a l i z e d  by pre-evaporat ing t h e  

c a l c i n e r  feed.  

Dur ing  DSS-7 i n  which PW-4b waste was s o l i d i f i e d ,  t he  f i l t e r  d i f f e r e n -  

t i a l  p ressure  (DP) was observed t o  reach a  maximum. I n  t h e  f i r s t  20 h r  o f  

ope ra t i on  a t  a  f i l t e r  face  v e l o c i t y  o f  2.2 f t l m i n ,  t he  o f f - gas  f i l t e r  DP 

increased t o  10  i n .  o f  wa te r  then remained a t  t h a t  l e v e l  f o r  t h e  remain ing 

20 h r  o f  t h e  run.  Changing f i l t e r  blowback c o n d i t i o n s  du r i ng  t h e  r u n  had 

l i t t l e  e f f e c t  on f i l t e r  DP b u t  apparen t l y ,  114 sec pu lses o f  100 p s i g  a i r  



a t  5  m in  i n t e r v a l  s  a re  as e f f e c t i v e  as l onge r  more r a p i d  pulses. A  s h o r t  

pu l se  a l s o  reduces c a l c i n e r  p r e s s u r i z a t i o n  du r i ng  blowback. 

Me1 t e r  

Dur ing  DSS-8 a  m e l t e r  c a p a c i t y  o f  4.6 R/hr o f  m e l t  was ob ta ined  by 

mechan ica l l y  a g i t a t i n g  t he  me l t .  Th is  i s  more than t w i c e  t h e  capac i t y  o f  

t h e  me1 t e r  w i t h o u t  an a g i t a t o r .  

Wi thout  a g i t a t i o n  t h e  h i g h  v i s c o s i t y  (100-250 poise)  o f  the  m e l t  

1  i m i t s  me1 t e r  c a p a c i t y  because 1  ) incoming c a l c i n e  and frit cannot r e a d i l y  

m ix  w i t h  t h e  me1 t, and 2) convec t i ve  heat  t r a n s f e r  i s  seve re l y  1  i m i t e d .  

These c o n d i t i o n s  combine t o  produce m e l t  temperatures i n  t he  lower  p a r t  o f  

t h e  m e l t e r  which approach furnace temperature w h i l e  t he  m e l t - c a l c i n e  su r f ace  

i 
i s  as much as 500°C coo le r .  W i th  a g i t a t i o n  the  m e l t  temperature i s  un i f o rm  

and m e l t e r  c a p a c i t y  i s  1  i m i t e d  by t he  r a t e  o f  hea t  t r a n s f e r  t o  t h e  m e l t e r  

c r u c i  b l  e. 

G r e a t l y  irr~proved p roduc t  homogeneity i s  a  second b e n e f i t  o f  m e l t  a g i t a -  

t i o n .  Wi thout  me1 t e r  a g i t a t i o n  heavy i n s o l u b l e  c r y s t a l  li tes  ma in l y  Ce02, 

tend  t o  s e t t l e  o u t  and, w i t h  t ime, even r e s t r i c t  t he  112- in.  m e l t  d ischarge 

tube. A g i t a t i o n  e f f e c t i v e l y  d isperses  t h e  c r y s t a l  1  i t e s  f a c i l  i t a t i n g  me1 t e r  

d r a i n i n g .  D r a i n i n g  t h e  m e l t e r  w h i l e  c a l c i n e  and f r i t  were be ing  added t o  i t  

d i d  n o t  adverse ly  e f f e c t  p roduc t  homogeneity. 

A g i t a t i o n  by b o t h  mechanical m i x i ng  and sparg ing was i n v e s t i g a t e d .  

Sparging w i t h  30 s c f h  o f  argon increased t h e  me1 t e r  c a p a c i t y  by 50% b u t  

i n t r oduced  sp lash ing  problems and would undoubtedly inc rease  Ru e v o l u t i o n  

f rom t h e  me1 t e r .  A f t e r  c a r e f u l  e v a l u a t i o n  i t  was concluded t h a t  use o f  t h e  

more complex mechanical  a g i t a t o r  i s  j u s t i f i e d  due t o  i t s  h i ghe r  a g i t a t i o n  

e f f i c i e n c y  and p o t e n t i a l  v o l a t i l e s  r e t e n t i o n  c a p a b i l i t y  compared t o  sparg ing.  

The PW-6 m e l t  f o r m u l a t i o n  used du r i ng  DSS-6 was very  co r ros i ve .  Severe 

p i t t i n g  as much as 3-mm deep occurred i n  t he  Incone l  690 m e l t e r  a f t e r  48 h r  

o f  con tac t  w i t h  t h e  PW-6 me1 t. The me1 t composi t ion i s  t h e r e f o r e  be ing 

changed and new m e l t  f o rmu la t i ons  a r e  p r e s e n t l y  be ing developed which w i l l  

reduce t h e  c o r r o s i o n  t o  acceptable l e v e l s .  



Product  

Three, 20-cm diameter cans were f i l l e d  w i t h  b o r o s i l i c a t e  g l ass  pro-  

duced from b o t h  PW-4b and PW-6 feeds. Can cond i t i ons  d u r i n g  f i l l i n g  were 

1  ) no e x t e r n a l  hea t ing ,  2 )  no e x t e r n a l  hea t i ng  du r i ng  f i l l i n g  f o l l owed  by 

hea t i ng  t o  900°C then c o o l i n g  a t  25OC/hr and 3) product  r e c e i v i n g  furnace 

ma in ta ined  a t  425OC du r i ng  can f i l l i n g  f o l l owed  by c o o l i n g  a t  2!j°C/hr. 

Product  f rom coo l  i n g  c o n d i t i o n  1  sha t t e red  d u r i n g  coo l  i n g  i n t o  1  t o  

2  i n .  s i z e  p ieces,  w h i l e  g l ass  cooled per  c o n d i t i o n s  2  and 3 remained i n  

cons ide rab l y  l a r g e r  p ieces.  The sur face  o f  these p ieces,  however, was 

covered w i t h  a  t h i n  l a y e r  o f  f i n e  dus t  which increases t h e  su r f ace  a v a i l -  

a b l e  f o r  l each ing .  

Thermocouples i n  t h e  p roduc t  showed t h a t  i n t e r n a l  temperatures remain 

a t  over  700°C f o r  as l o n g  as 2  h r  d u r i n g  coo l i ng .  A t  these temperatures 

mic roscop ic  c r y s t a l s  formed producing a  g ray  product  i n  t he  i n t e r i o r  o f  t he  

can. The p roduc t  had a  sh iny  b l ack  surface where i t  cooled more r a p i d l y .  

Inc lusdons i n  t he  p roduc t  d i f f e r e d ,  depending on me1 t composi t ion and 

a g i t a t i o n .  Product  f rom PW-6 feed con ta ined  many, approx imate ly  1-mm diame- 

t e r ,  i n c l u s i o n s  o f  b r i g h t  y e l l o w  NaMo03, b u t  was o therw ise  homogenious. 

Product  f rom PW-4b m e l t  dumped w i t h o u t  m e l t e r  a g i t a t i o n  conta ined c o l l e c t i o n s  

o f  Ce02 c r y s t a l l i t e s  up t o  2-cm i n  d iameter  and sharp product  composi t ion 

changes a t  t h e  m e l t e r  dump i n t e r f a c e s .  Glass produced f rom PW-4b f eed  t h a t  

was ag.itzi::r:(;;. ~rlh-ile 'in t h e  n ~ e l t e r  con ta ined  i n c l u s i o n s  which were < 1-mm i n  

d iameter  and widely separated. P i n p o i n t  vo ids were observed throughout  a1 1  

o f  t h e  borosil i c a t e  product .  

Of  f-Gss Dacon t a m i  n a t i  on ------ 

Quench sc rubb ing  was proposed as a  method f o r  r e d u c t i o n  o f  r a d i o a c t i v e  

ru thenium i n  t h e  c a l c i n e r  o f f - gas .  Du r i ng  run  DSS-6, h o t  o f f - gas  f rom t h e  

f i l t e r s  was r o u t e d  d - i r e c t l y  t o  a  14- in .  diameter scrubber f i l l e d  w i t h  1 - i n .  

r a s c h i g  r i n g s .  I n  t h e  scrubber,  up f l ow ing  o f f - g a s  was quenched and scrubbed 

w i t h  cooled 5 M NaOH. Mass t r a n s f e r  p r ~ c e e d e d  norma l l y  and, as evidenced 

by readings f rom thermocouples p laced i n  t he  packed column, a l l  hea t  t r a n s f e r  

was accomyl ished i n  t h e  lower  few inches o f  packing. 



Decomposit ion p roduc ts  o f  t he  va r i ous  n i t r a t e  compounds i n  the  feed 

were observed t o  r e a c t  w i t h  and n e u t r a l i z e  t he  caus t i c .  About 2  moles o f  

NaOH c a u s t i c  were n e u t r a l i z e d  per  mole o f  HN03 i n  t h e  feed.  

Wiped F i l m  Evaporator  - R. D .  D ie rks ,  A. K. Postma 

Both PW-4b and PW-6 s imulated waste co~ .~ ipos i t ions  were success fu l l y  

concentrated i n  t h e  nonrad ioac t i ve ,  wiped f i l m  evaporator  t e s t  f a c i l i t y .  

E i g h t  runs, us ing  s imu la ted  waste composi t ions as feed, were completed t o  

eva lua te  t he  c h a r a c t e r i s t i c s  o f  t h e  t e s t  u n i t .  The f i r s t  two runs u t i l i z e d  

a  PW-4b feed and exp lo red  q u i c k l y  t h e  ope ra t i ng  v a r i a b l e s  o f  r o t o r  speed, 

paddle clearance, j a c k e t  steam pressure, and feed f l o w  r a t e .  The l a s t  s i x  

runs u t i l i z e d  a  PW-6 feed and t he  ope ra t i ng  v a r i a b l e s  were l i m i t e d  t o  t h e  

j a c k e t  steam pressure and t he  feed  f l o w  r a t e .  Wi th  a  450-rpm r o t o r  speed, 

and a  1132-in. paddle clearance, t he  h i ghes t  t o t a l  s o l i d s  concen t ra t i on  t h a t  

cou ld  be achieved i n  t he  concentrate,  w i t h  e i t h e r  feed m a t e r i a l ,  was about 

60 wt% t o t a l  so l  i d s .  With t h e  PW-4b composit ion, and 120 p s i g  steam on t h e  

j acke t ,  t h e  feed r a t e  t o  t h e  evaporator  was l i m i t e d  t o  about 30 i / h r  t o  

r e a l  i ze t h i s  max-inium concent ra te  composi ti on. However, wi  t h  t he  PW-6 compo- 

s i  t i o n ,  60 i / h r  o f  feed  were evaporated t o  t h i s  same maximum t o t a l  s o l  i d s  

con ten t ,  w i t h  o n l y  80 p s i g  steam i n  t he  j acke t .  

P r i o r  t o  t he  l a s t  t h r e e  runs, WFE-6, 7 and 8, a  heat exchanger and a  

temperature c o n t r o l  system were added t o  t h e  feed  system t o  enable t he  

temperature o f  t h e  feed e n t e r i n g  t h e  evaporator  t o  be c o n t r o l  l e d  a t  a  va lue 

about  1°C (+0.5'C) below i t s  b o i l i n g  p o i n t .  T h i s  e l im ina ted  another  oper- 

a t i n g  v a r i a b l e  and s i ~ i i p l i f i e d  t he  c a l c u l a t i o n  o f  hea t  t r a n s f e r  c o e f f i c i e n t s .  

The performance o f  t he  u n i t  i n  evapora t ing  the  s imu la ted  PW-6 waste i s  

shown i n  F igures  1  and 2. F i gu re  1  shows t h e  r e l a t i o n s h i p  between t h e  j a c k e t  

steam pressure ( o r  temperature)  and t he  f r a c t i o n  ( i n  percen t )  o f  t he  l i q u i d  

p o r t i o n  o f  t h e  feed t h a t  was evaporated, a t  va r ious  feed  r a t e s .  These curves 

i n d i c a t e  t h a t  about 80% o f  t h e  i n i t i a l  l i q u i d  p resen t  i n  a  PW-6 waste can be 

removed i n  t h i s  evaporator ,  regard less  o f  t he  feed r a t e ,  when i t  i s  operated 

a t  450 rpm w i t h  a  1132-in. c learance between t h e  paddle and t h e  evaporator  

b a r r e l .  Phys i ca l l y ,  t h i s  maximum i s  cha rac te r i zed  by a  dense cak ing of s o l i d s  

on t h e  evaporator  b a r r e l  and a  subsequent' over1 oad-ing o f  t he  r o t o r  d r i v e  u n i t  
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as t h e  paddles scrape t h e  t o p  o f f  o f  t h e  t i g h t l y  adher ing cake. A t  lower  

volume r e d u c t i o n  va lues,  about 70% l i q u i d  removal o r  l ess ,  t h e  b a r r e l  w a l l s  

remain f r e e  o f  i n c r u s t a t i o n s .  A 70-80% r e d u c t i o n  i n  t h e  l i q u i d  con ten t  o f  

PW-6 a t  a feed  r a t e  o f  100 R/hr appears t o  be f e a s i b l e  w i t h  t h i s  u n i t  oper-  

a t i n g  a t  t h e  maximum a v a i l a b l e  p ressure  o f  120 ps i g .  

The hea t  t r a n s f e r  c h a r a c t e r i s t i c s  o f  t h e  u n i t ,  f o r  t h e  ope ra t i ng  cond i -  

t i o n s  o f  these l a t e r  experiments, a r e  presented i n  F i g u r e  2, and show q u i t e  

c l e a r l y  t h e  decrease i n  t h e  hea t  t r a n s f e r  c o e f f i c i e n t  i n  t h e  r e g i o n  where 

t h e  hea t  t r a n s f e r  su r f ace  i s  beg inn ing  t o  become covered w i t h  t h e  dense, 

nonconduct ing sca le .  

A d d i t i o n a l  exper iments  a r e  planned t o  c l a r i f y  t h e  v a r i a b l e  e f f e c t  o f  

feed r a t e  on t h e  hea t  t r a n s f e r  c o e f f i c i e n t  va lues and t o  c l a r i f y  t h e  low 

and e r r a t i c  heat t r a n s f e r  c o e f f i c i e n t s  observed a t  low evapora t ion  r a t e s .  

F l u i d i z e d  Bed C a l c i n e r  - W. J. B jo rk lund ,  D. H. Siemens 

The des ign  work f o r  a f l u i d i z e d  bed c a l c i n e r ,  t o  be i n s t a l l e d  i n  

324 B u i l d i n g  eng ineer ing  l a b o r a t o r y  i s  completed and f a b r i c a t i o n  i s  t o  beg in  

a t  t h e  end o f  t h e  pe r i od .  The u n i t  i s  a p r o t o t y p e  f o r  a c a l c i n e r  t o  be 

i n s t a l l e d  i n  t he  h o t  c e l l .  A m a j o r i t y  o f  t h e  des ign c r i t e r i a  f o r  t h i s  

equipment was p rov ided  by A1 l i e d  Chemical Corporat ion,  Idaho Fa1 l s ,  Idaho. 

The d e t a i l e d  equipment des ign  was completed a t  P a c i f i c  Northwest Labo ra to r i es .  

The u n i t  i s  designed f o r  t h e  process ing o f  PW-4b waste a t  a r a t e  o f  

15 R/hr a t  500°C. Process hea t  w i l l  be supp l i ed  by  t h e  in-bed combustion 

o f  oxygen and kerosene. F i x a t i o n  of t h e  s o l i d  waste p roduc t  i n  b o r o s i l i c a t e  

g l a s s  w i l l  be done by connec t ing  t h e  c a l c i n e r  u n i t  t o  an e x i s t i n g  m e l t e r  and 

me1 t r e c e i v e r .  

The c a l c i n i n g  vessel  i s  a 6.75-in.-square spool  p i ece  w i t h  a 

9- in . -square d isengaging sec t i on .  A 12- in . -d iameter  f i l t e r  chamber, con- 

t a i n i n g  seven 36- in . - long  by 2 3 /4- in . -d iameter  s i n t e r e d  meta l  f i l t e r s  i s  
L 

used t o  remove e n t r a i n e d  f i n e s  f rom t h e  process o f f -gas .  The f i l t e r s  a r e  

blown back p e r i o d i c a l l y  by a p u l s e  o f  h i g h  pressure a i r .  The f i l t e r e d  

off-gas then  passes th rough  an e x i s t i n g  condenser and scrubber  system f o r  

c lean-up. A f l owshee t  and m a t e r i a l  ba lance f o r  t h e  system a r e  shown on 

F i g u r e  3 and Table  2. 
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The f l u i d i z e d  bed c a l c i n e r  w i l l  p rov ide  t h e  o p p o r t u n i t y  t o  ( 1 )  so lve  

t h e  problems assoc ia ted  w i t h  coup l i ng  t o  a  me l t e r ,  (2 )  work o u t  p o t e n t i a l  

r e m o t a b i l i t y  problems assoc ia ted  w i t h  r a d i o a c t i v e  opera t ion ,  ( 3 )  g a i n  oper- 

a t i n g  exper ience p r i o r  t o  r a d i o a c t i v e  "ho t "  c e l l  use, and ( 4 )  a l l o w  addi -  

t i o n a l  exper iment ing w i t h  process ing concepts t o  s o l  ve p o t e n t i a l  " ho t "  c e l l  

ope ra t i ng  problems. Some o f  t he  a l t e r n a t i v e  means o f  ope ra t i on  t h a t  may be 

cons idered a r e  ( 1 )  new and more e f f i c i e n t  means o f  product  w i thdrawa l ,  

( 2 )  use o f  an i n e r t  bed, (3 )  improved and a1 t e r n a t i v e  process hea t i ng  

methods, (4 )  r e c y c l  i n g  o f  o f f -gas ,  and ( 5 )  steam f l u i d i z a t i o n .  

Ceramic E lec t rode  Heated M e l t e r  - R. B. Daken, C. C .  Chapman, 

and A. K. Postma 

Two ceramic m e l t e r s  were b u i l t  and operated d u r i n g  t h i s  qua r te r ,  each 

us ing  molybdenum e lec t rodes  f o r  hea t ing .  ( a )  A  schematic view o f  t h e  me1 t e r s  

i s  shown i n  F igu re  4. 'The r e s u l t s  o f  t e s t  runs made w i t h  these me1 t e r s  pro-  

v ided  s i g n i f i c a n t  i n f o r m a t i o n  necessary f o r  des ign ing  a  re1  i a b l e  u n i t .  

Whi le t h e  performance o f  these f i r s t  me l t e r s  po in ted  up a  number o f  des ign  

and c o n s t r u c t i o n  problems which need t o  be reso lved,  a  ceramic e l e c t r o d e  

heated me1 t e r  i s  a  v i a b l e  a1 t e r n a t i v e  t o  meta l  1  i c  me1 t e r s .  

The m e l t e r s  were t e s t e d  r e l a t i v e  t o  t h e i r  a b i l i t y  t o  m e l t  bo th  g l ass  

fri t and a  f r i t - c a l c i n e  m i x t u r e  ( r a t i o  3 : l ) .  Impor tan t  cons ide ra t i ons  

i d e n t i f i e d  t o  da te  and deemed necessary are:  

A  safe,  r e 1  i a b l e  s t a r t u p  technique s u i t a b l e  f o r  remote s t a r t i n g  

An e l e c t r o d e  m a t e r i a l  w i t h  h i g h  c o r r o s i o n  r e s i s t a n c e  

A  ceramic m a t e r i a l  w i t h  h i g h  c o r r o s i o n  r e s i s t a n c e  

A means o f  e l i m i n a t i n g  unnecessary metal  c o n s t i t u e n t s  f rom the  me1 t e r .  

Each o f  t h e  above problems i s  under i n v e s t i g a t i o n ;  t he  ceramic m a t e r i a l  

problem i s  discussed elsewhere i n  t h i s  r epo r t .  A  second genera t ion  m e l t e r  

t h a t  w i l l  be coupled t o  a  c a l c i n e r  o r  evaporator  i s  c u r r e n t l y  be ing  designed. 

( a )  q u a r t e r l y  Progress Report, BNWL-1788, October 1973. 





Ceramic M a t e r i a l s  Mo l ten  Glass C o m p a t i b i l i t y  - J. L. Bates 

Ceramic r e f r a c t o r i e s  a r e  be ing  t es ted  i n  a  h i g h  temperature waste g l a s s  

t o  determine t h e  c o m p a t i b i l i t y  f o r  use i n  a  ceramic - l i ned  waste g l ass  m e l t e r .  

A  number o f  r e f r a c t o r y  ox ides and s i l i c o n  carb ide  were tes ted .  I n i t i a l  

r e s u l t s  and a  d e s c r i p t i o n  o f  these t e s t s  were repo r ted  i n  t h e  p rev ious  

q u a r t e r l y  r e p o r t .  ( a )  

The waste g l ass  was mel ted i n  a i r  i n  a  p la t inum c r u c i b l e  t o  1450°C w i t h  

t h e  sample suspended i n  t h e  h o t  zone o f  t h e  furnace d i r e c t l y  above t h e  

g lass .  Each sample was a  p a r a l l e l p i p e d  approx imate ly  0.4 i n .  square and 

1  112 t o  2  i n .  long.  On reach ing  t h e  des i r ed  temperature, t h e  sample was 

lowered i n t o  t h e  g l ass  on a  p l a t i num w i re .  One h a l f  o f  t h e  sample was 

immersed w h i l e  t h e  o t h e r  h a l f  remained o u t  o f  t h e  l i q u i d .  Each sample was 

i n i t i a l l y  exposed f o r  48 h r  i n  t h e  mo l ten  g lass ,  q u i c k l y  removed w i t h i n  

approx imate ly  20 sec, and wrapped i n  a  r e f r a c t o r y  wool t o  reduce thermal 

shock. The samples were then sec t ioned  and examined ceramographica l ly .  

S i b l i n g  samples o f  t h e  composit ions which e x h i b i t e d  t h e  l e a s t  amount o f  

i n t e r a c t i o n  w i t h  t h e  mo l ten  g l ass  were heated a t  1450°C f o r  168 h r  and 

exami ned . 
The s imu la ted  waste g l ass  (73-109) composi t ion was composed o f  51.1 wt% 

Si02, 12.5 w t %  Zn02, 6.3 wt% Zr02, and 30 wt% PW-6 waste c a l c i n e .  (The 

waste g l a s s  con ta ined  approx imate ly  8.5 w t %  Na20). 

A  number o f  commercial r e f r a c t o r i e s  were t es ted .  These i nc l ude :  

Chrome ( fused)  - 79% Cr203 
Alumina-Chrome - 27% Cr203-60% A1203 

( fused)  

e Zr02 - 95% z i rcon ium ox ide  

( a )  Q u a r t e r l y  Progress Report, BNWL-1788, pp. 7-9, October 1973. 



48 h r  a t  1450°C 

ZAS (S in te red )  - A1 203.Zr02-Si02 

ZAS ( fused)  - A1203mZr020Si02 

S i02  ( fused)  - 96% Si02 w i t h  some A1203 

Z i r c o n  - S in te red  Zr02-S i02  

S i c  - S i c  

Zr02 ( c a s t )  - 95% Zr02 cas tab le  

Chrome ( i sopressed)  - 79.5% Cr203 

Chrome ( fused  c a s t )  - 79.5% Cr203 

A1 umi na-C hrome ( fused)  - 60% A1 203-27% Cr203 

Alumina ( fused)  - 95% A1 203 

Four o f  t h e  r e f r a c t o r i e s  e x h i b i t e d  supe r i o r  r es i s tance  t o  a t t a c k  by 

mol ten waste g l ass  i .e., Z i rcon,  Zr02, fused and isopressed chrome o r e  and 

s i l i c o n  carb ide .  The r e s i s t a n c e  o f  these r e f r a c t o r i e s  was s i g n i f i c a n t l y  

b e t t e r  than f o r  any o f  t h e  o t h e r  r e f r a c t o r i e s  tes ted .  One should no te  t h a t  

t h e  r e s i s t a n c e  o f  t h e  fused c a s t  chrome r e f r a c t o r y  was n o t i c e a b l y  b e t t e r  

than t h a t  f o r  t h e  isopressed r e f r a c t o r y .  The z i r con ,  Zr02 and S i c  e x h i b i t e d  

s l i g h t l y  b e t t e r  r e s i s t a n c e  than the  chrome ores, however, f u r t h e r  e v a l u a t i o n  

i s  r equ i red .  

The r e s u l t s  i n d i c a t e  t h a t  t h e  A1203 i n  t h e  r e f r a c t o r y  reac ted  w i t h  t he  

ZnO i n  t h e  waste g l ass  r e s u l t i n g  i n  d e t e r i o r a t i o n  o f  t h e  r e f r a c t o r y  surface. 

The da ta  show: 

A l l  r e f r a c t o r i e s  which con ta ined  A1203 i n  s i g n i f i c a n t  amounts appeared 

t o  r e a c t  w i t h  t h e  waste g l ass  (73-109), w i t h  perhaps t h e  excep t ion  of 

t h e  fused, h i g h  d e n s i t y  chrome ore. (The reason i s  n o t  known.) 

Breakup o f  t h e  su r f ace  r e s u l t e d  w i t h  l i m i t e d  p e n e t r a t i o n  i n t o  t he  

r e f r a c t o r y .  

Oxide c r y s t a l s  were found i n  t h e  g lass  ad jacen t  t o  t h e  r e f r a c t o r y  sur -  

face. There were bo th  l a r g e  c r y s t a l s  ($0.01 2 cni) and smal l  ($0.0005 cm) 

p a r t i a l l y  c r y s t a l l i n e  p a r t i c l e s .  
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An i n t e n s i v e  e l e c t r o n  scanning microscope and microprobe a n a l y s i s  was 

conducted on t h e  60% A1203-27% Cr203. The'se r e s u l t s  demonstrated t h a t :  

C r y s t a l s  i n  t h e  g l ass  were b a s i c a l l y  Zr02.Si02 w i t h  l i t t l e  z i nc ,  

sodium, o r  a1 umi num present .  

The g lass  immediate ly  ad jacen t  t o  t h e  r e f r a c t o r y  was dep le ted  o f  z i n c  

b u t  h i g h e r  i n  z i rconium. 

The r e a c t i o n  area had a  h i g h  concen t ra t i on  o f  z inc ,  aluminum, and 

chromium w i t h  m inor  amounts o f  i r o n .  

The r e f r a c t o r y  was two phase as i t  was o r i g i n a l l y .  

The m a t r i x  was h igh  i n  aluminum and chromium and conta ined minor  

amounts o f  s i l i c o n  and sodium. The l i g h t e r ,  b u t  s u b s t a n t i a l  second 

phase was h i g h e r  i n  chromium and con ta ined  s u b s t a n t i a l  aluminum b u t  

l e s s  than i n  t h e  m a t r i x .  There were a l s o  moderate amounts o f  i r o n ,  

z i nc ,  and sodium. 

The f o l l o w i n g  mechanism o f  r e a c t i o n  between t h e  r e f r a c t o r i e s  which 

c o n t a i n  A1203 and t h e  (73-109) mo l ten  waste i s  suggested. The z i n c  i n  t h e  

g l ass  and t h e  A1203 i n  t h e  r e f r a c t o r y  r e a c t  forming ZnO-A1203. [The 

repo r ted  phase diagram o f  ZnO and A1 203 i n d i c a t e  a  z i nc  a1 uminate composi- 

t i o n  i n  equal mo la r  composi t ion. ]  The z i n c  i s  removed from t h e  waste ad ja -  

c e n t  t o  t h e  r e a c t i o n  area. T h i s  d e p l e t i o n  r e s u l t s  i n  t h e  c r y s t a l l i z a t i o n  o f  

z i r c o n  c r y s t a l s  (Z r02 -S i02 )  s i nce  i t  appears t h a t  t h e  z i n c  i s  r e q u i r e d  t o  

keep t h e  Zr02 i n  s o l u t i o n .  

A  niore complete d e s c r i p t i o n  o f  t h e  r e s u l t s  f o r  t h e  b e t t e r  r e f r a c t o r i e s  

i s  descr ibed  below. The r e s u l t s  f o r  those which e x h i b i t e d  ex tens i ve  reac-  

t i o n s  w i t h  t h e  g l ass  were s i m i l a r  t o  t h e  r e s u l t s  descr ibed  i n  t h e  p rev ious  

q u a r t e r l y  r e p o r t  (BNWL-1788). 

ZAS ( S i n t e r e d  and fused)  - Both t h e  s i n t e r e d  and t h e  fused c a s t  alumina 

z i r c o n i a  s i l i c a t e  reac ted  w i t h  t h e  g l ass  a t  t h e  m e l t - r e f r a c t o r y  i n t e r -  

face.  Large c r y s t a l s  were found i n  t h e  g l ass  ad jacen t  t o  t h e  r e f r a c t o r y  

sur face .  



Si02  ( fused)  - The Si02 reac ted  o n l y  i n  se lec ted  areas near t h e  sur face .  

Th i s  r e a c t i o n  was n o t  ex tens i ve  bu t '  appeared as a  change i n  m ic ros t ruc -  

t u r e  which penet ra ted  as sp ikes  i n t o  t he  ox ide .  T h i s  ox ide  con ta ined  

%I% Al2O3 Small c r y s t a l s  were found i n  t he  g l a s s  immediate ly  ad jacen t  

t o  t h e  surface. 

Z i r con  - The g l a s s  d i d  n o t  r e a c t  w i t h  t he  z i rcon ium s i l i c a t e .  The low 

d e n s i t y  (26-38% p o r o s i t y )  a l lowed t he  l i q u i d  t o  pene t ra te  t he  i n t e r -  

connect ing pores b u t  no r e a c t i o n  cou ld  be seen. 

S i l i c o n  Carbide - The s i l i c o n  carb ide,  ob ta ined  f rom an unused, broken 

"glow-bar" hea t ing  element d i d  n o t  r e a c t  w i t h  t h e  g l ass .  The mo l ten  

g l ass  penetrated t he  ca rb ide  s l i g h t l y  because o f  t h e  smal l  i n t e r con -  

n e c t i n g  p o r o s i t y .  

Resu l ts  f o r  t h r e e  ox ides  subsequent ly t e s t e d  f o r  longer  per iods  of  

168 h r  are:  

Fused Alumina-Chrome - The fused alumina-chrome was t e s t e d  a t  l onge r  

per iods  i n  an a t tempt  t o  de f ine  t he  r e a c t i o n  mechanism which appeared 

t o  r e l a t e  t o  t h e  presence of A1203 i n  the  r e f r a c t o r y .  

Zr02 - The 95% Zr02 c a s t  r e f r a c t o r y  s t i l l  e x h i b i t e d  unusual r e s i s t a n c e  

t o  chemical a t t a c k  by t he  waste g lass .  The mol ten g lass  pene t ra ted  t h e  

i n t e r c o n n e c t i n g  pores of t he  low d e n s i t y  Zr02. A  t h i n  r e a c t i o n  l a y e r  

was observed on t h e  ou te r  su r face  of t h e  ox ide .  Th i s  l a y e r ,  0.001 - 
0.002 cm t h i c k  was dense and d i d  n o t  pene t ra te  i n t o  t he  pores o f  t he  

r e f r a c t o r y .  No r e a c t i o n  was observed beyond t h e  rough sur face  o f  

t he  Zr02. 

Fused Chrome - Th i s  h i g h  chrome, fused r e f r a c t o r y  showed o n l y  minor  and 

perhaps ques t ionab le  evidence o f  r e a c t i o n  w i t h  t he  waste g lass .  The 

g lass  d i d  n o t  pene t ra te  i n t o  t h e  ox ide  because o f  t he  h i g h  d e n s i t y  and 

l i m i t e d  c losed  p o r o s i t y .  The m i c r o s t r u c t u r a l  examinat ion i n d i c a t e d  a  

s l i g h t  poss ib l e  change i n  t h e  r e f r a c t o r y  a t  t h e  sur face.  Th i s  was seen 

as a  p o s s i b l e  e l i m i n a t i o n  o f  a  second, l i g h t e r  phase immediate ly  a t  t he  

sur face,  which was observed through t he  remainder o f  t h e  r e f r a c t o r y .  

There a l s o  appeared t o  be a  s l i g h t ,  non-uni form breakup of t he  ox ide  a t  



t h e  sur face .  Both o f  these e f f e c t s  were d i f f i c u l t  t o  i d e n t i f y ,  s i n c e  

t h e  r e a c t i o n  area had t h e  i den t i ca l - appea r i ng  s t r u c t u r e  as t h e  m a t r i x  

o f  t h e  ox ide.  

Cost of  Improved Heat T rans fe r  i n  Rad ioac t i ve  Waste Can is te rs  - G. Jansen 

and J .  D. Kaser 

I n  t h e  a n a l y s i s  o f  hea t  t r a n s f e r  f rom r a d i o a c t i v e  waste c a n i s t e r s ,  

t he re  a r e  two a d d i t i v e  temperature d i f f e r e n c e s  t o  cons ider .  The f i r s t  i s  

t h e  temperature r i s e  from t h e  surroundings t o  t h e  sur face  o f  t h e  c a n i s t e r .  

T h i s  i s  h i g h l y  dependent on t he  environment -in which t h e  c a n i s t e r  i s  found 

and i s  o f t e n  s u f f i c i e n t  i n f o r m a t i o n  i f  the  sur face  temperature i s  t h e  con- 

t r o l l i n g  des ign f a c t o r .  I f  t h e  des ign l i m i t a t i o n  i s  a t  t h e  can c e n t e r l i n e ,  

t h e  i n t e r n a l  r i s e  f rom t h e  su r f ace  t o  t h e  cen te r1  i n e  must be added t o  t h e  

e x t e r n a l  r i s e  t o  d e f i n e  des ign cond i t i ons .  The r e l a t i v e  importance o f  t h e  

two temperature r i s e s  v a r i e s  w i t h  t h e  e x t e r n a l  c o n d i t i o n s .  For  d i r e c t  

b u r i a l  i n  t h e  s o i l  t h e  i n t e r n a l  r i s e  i s  secondary; i n  s to rage  i n  water  

bas ins i t  i s  c o n t r o l l i n g .  

The i n t e r n a l  temperature r i s e  and t he  e f f e c t  on c a n i s t e r  c o s t  o f  

a t tempts  t o  reduce i t  were analyzed. Three assumptions a r e  made i n  t h i s  

t reatment :  ( 1 )  t h e  thermal p r o p e r t i e s  o f  t h e  waste a r e  temperature indepen- 

dent,  ( 2 )  t h e  temperature r i s e  f rom c a n i s t e r  su r face  t o  waste c e n t e r l i n e  i s  

f i x e d ,  and ( 3 )  t h e r e  a r e  no heat  losses due t o  end e f f e c t s .  

The i n i t i a l  phases o f  t he  s tudy  were repo r ted  i n  t h e  f i n a l  r e p o r t s  o f  

t h e  Waste Sol i d i f  i c a t i o n  Program. ( a )  A  r e c e n t  summary o f  f u r t h e r  work was 

presented a t  t h e  Win te r  1973 AlVS meeting. ( b )  

The f i r s t  s t ep  i n  t h e  s tudy  was t o  s e t  up a  m a t r i x  o f  v a r i a t i o n .  T h i s  

m a t r i x  i nc l uded  p l a i n  c y l  i n d r i c a l  can i s te r s ,  annu la r  c a n i s t e r s ,  and 

c a r t r i d g e - t y p e  i n t e r n a l  f i n s  w i t h  m a t e r i a l s  o f  c o n s t r u c t i o n  be ing  s t a i n 1  ess 

s t e e l  and carbon s t e e l .  The c a n i s t e r  l e n g t h  was 10 f t  and t h e  d iameter  

( a )  WSEP Re=, BNWL-1667, v o l .  11, pp. 8.83-8.95, J u l y  1972. 

( b )  G. Jansen and J. D. Kaser, "Improved Heat T rans fe r  i n  Rad ioac t i ve  
Waste Can i s te r s  ," BNWL-SA-4753, November 1973. 



ranged from 6  i n .  t o  4 ft. Standard p ipe  s izes  were used i n  a l l  cases. Two 

inner - to -ou ter  annulus r a t i o s  were used f o r  the annular  can i s te rs ,  and 3, 

5  and 7 f i n s  were i n  the  f i n  ca r t r i dges .  

The second s tep  i nvo l ved  ob ta in ing  c o s t  est imates from vendors and 

a r c h i t e c t  engineers f o r  each geometry presented f o r  a  f i xed  t o t a l  volume o f  

waste ( u s u a l l y  500 t o  1000 can i s te rs ) .  Three vendors and one a r c h i t e c t  

engineer ing f i r m  made est imates. A t y p i c a l  cos t  es t imate  range i s  g iven i n  

F igure  5 f o r  f i nned  can i s te rs .  

The f i n a l  s tep  i n  the  ana l ys i s  was t o  make c o s t  comparisons o f  annular  

and f i nned  c a n i s t e r s  w i t h  p l a i n  can i s te rs  a t  f i x e d  volumetr ic  heat generat ion 

r a t e  and a t  f i x e d  t o t a l  c a n i s t e r  rad ius .  

A c o s t  comparison could imp ly  a  f i x e d  rad ius  when changing from a  p l a i n  

c y l i n d r i c a l  c a n i s t e r  t o  one w i t h  improved heat t r a n s f e r .  I n  r e a l i t y  as 

shown i n  F igu re  6  f o r  annular  can i s te rs  t he re  i s  no such l i m i t a t i o n .  I n  the  

upper f i g u r e  the  heat generat ion r a t e  r a t i o  i s  g iven  as a  f u n c t i o n  o f  t he  

inner - to -ou ter - rad ius  r a t i o .  The comparison w i t h  p l a i n  c y l  inders  migh t  be 

made i n  e i t h e r  o f  two ways. I n  S i t u a t i o n  I (middle l e f t )  t he  waste f i x a t i o n  

process i s  una l te red  so t h a t  the  vo lumet r ic  heat generat ion r a t e  i s  f i x e d  

and t h e  rad ius  o f  the  annular  c a n i s t e r  must be increased t o  take advantage 

o f  t h e  increased a l lowab le  heat generat ion per  c a n i s t e r .  I n  S i t u a t i o n  I 1  

(middle r i g h t )  t he  c a n i s t e r  rad ius  i s  f i x e d  and the waste f i x a t i o n  process 

i s  mod i f i ed  t o  increase the  vo lumet r ic  heat generat ion r a t e  f o r  the  annular  

c a n i s t e r .  C lea r l y ,  t he  annular  c a n i s t e r s  o f  S i t u a t i o n  I 1  are cheaper b u t  

processing cos ts  may be h igher .  Shipping cos ts  may be e i t h e r  h igher  o r  lower 

dependiqg on t r a d e o f f s  between cos ts  o f  phys ica l  handl ing, s h i e l d i n g  and 

heat removal. The c o n t r a s t  between the  t w o . s i t u a t i o n s  i s  most apparent when 

comparing the  sur face heat  f l u x e s  as shown i n  t h e  lower f i g u r e  (F igure 6 ) .  

I n  S i t u a t i o n  I 1  t h e  heat f l u x  r a t i o  increases w i thou t  l i m i t  as the c e n t r a l  

ho le  ge ts  b igger  and s lab  behavior i s  approached, w h i l e  i n  S i t u a t i o n  I the 

heat f l u x  r a t i o  approaches &? as s lab  behavior i s  approached f o r  the  annulus. 

I n  F igu re  7 a r e  g iven ac tua l  c o s t  comparisons f o r  annular  c a n i s t e r s  

based on est imates supp l ied  by a r c h i t e c t  engineers and vendors. These a re  . f o r  q u a n t i t i e s  of 100 t o  1000 can is te rs ,  10 f t  long, f o r  use w i t h  ca l c i ned  
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2 waste w i t h  k=0.2 B tu / (h r )  (ft ) ( " F / f t )  and a  surface-to-maximum-waste 

temperature r i s e  o f  800°C. There i s  o n l y  a  s l i g h t  c o s t  advantage i n  terms 

o f  c o s t  pe r  k i l o w a t t  f o r  annu la r  c a n i s t e r s  w i t h  cons tan t  c a n i s t e r  r ad ius .  

The co~i ipar ison i s  r e l a t i v e l y  independent of t he  r a d i u s  of t he  annu la r  can i s -  

t e r s  i n  t h e  r e g i o n  of i n v e s t i g a t i o n .  Standard p i p e  s i zes  were used f o r  

bo th  i n n e r  and o u t e r  w a l l s  o f  t h e  annu la r  c a n i s t e r s ;  use o f  non-standard 

p i pe  s i zes  would g r e a t l y  inc rease  c a n i s t e r  cos t s .  

The comparison o f  c o s t  per  k i l o w a t t  between f i n n e d  and p l a i n  c a n i s t e r s  

a t  cons tan t  vo lume t r i c  heat  genera t ion  r a t e  i s  g i ven  i n  F igure  8. To make 

t h i s  comparison, t he  e f f e c t  o f  non-standard p i pe  s i z e  con ta ine r  r a d i u s  on 

c o s t  was omi t ted .  Can i s te r s  w i t h  t h r e e  f i n s  c o s t  more than p l a i n  c a n i s t e r s  

per  k i l o w a t t  b u t  5 f i n s  and 7 f i n s  have an advantage. More than 7 f i n s  seem 

t o  be i n d i c a t e d  as be ing  s t i l l  cheaper. I n  F igu re  8  comparison on t h e  bas i s  

o f  f i x e d  c a n i s t e r  r a d i u s  g i ves  an advantage f o r  a l l  t he  f i n n e d  c a n i s t e r s .  

The number o f  v a r i a b l e s  t h a t  a r e  p resen t  i n  t h e  c o s t  comparisons a r e  

r e l a t i v e l y  l a rge ,  r e s u l t i n g  i n  a  l a r g e  volume o f  t a b l e s  o f  r e s u l t s .  The 

range o f  t h e  waste c h a r a c t e r i s t i c s  cons idered a r e  presented i n  Table 3 f o r  

annu la r  c a n i s t e r s  and i n  Table 4 f o r  f i n n e d  c a n i s t e r s .  A t y p i c a l  computer 

p r i n t o u t  f o r  f i n n e d  c a n i s t e r s  and cons tan t  vo lume t r i c  hea t  genera t ion  r a t e  

i s  g iven  i n  Table 5 .  

Ana l ys i s  o f  vendor c o s t  es t imates  i n d i c a t e s  t h a t  t he  f a b r i c a t e d  can i s -  

t e r  c o s t  i n  d o l l a r s  p e r  square f o o t  o f  su r face  area i s  r e l a t i v e l y  cons tan t  

f o r  each c a n i s t e r  t ype  as shown i n  Table 6. Th i s  m igh t  be a  good bas is  f o r  

e s t i m a t i n g  cos t s .  The f i n s  and annu la r  c a n i s t e r s  seem t o  be cheaper pe r  

square f o o t  than  p l a i n  c a n i s t e r s  f o r  bo th  s t a i n l e s s  s t e e l  and m i l d  s t e e l ,  b u t  

t h e r e  a r e  a1 so d i f f e r e n c e s  between es t imato rs .  

PRODUCT CHARACTERIZATION 

M e l t  Development - E f f e c t  o f  Glass Composit ion on L e a c h a b i l i t y  - W .  A. Ross 

The p r o p e r t i e s  o f  a  g l ass  a r e  determined p r i m a r i l y  by composi t ion and 

hea t  t reatment .  The p r o p e r t i e s  o f  g r e a t e s t  importance i n  waste c o n t a i n i n g  

g lasses a r e  1  each res i s tance ,  u n i f o r m i t y ,  v i s c o s i t y  and s t a b i  li ty. 





TABLE 3. Cost Comparison o f  Annular Can is te rs  
M i  t h  P l a i n  Can is te rs  

Comparison a t  F ixed  Pot  Radius 

Vendor C, S t a i n l e s s  Annular Pots k=0.3, AT=1800°F 
Es t imato r  D, S t a i n l e s s  Annular Pots k=0.3, AT=1800°F 
Vendor C, M i l d  S tee l  Annular Pots k=0.3, AT=1800°F 

Corr~parison a t  F i xed  Vo lumet r i c  Heat Generat ion Rate 

k=0.2 Vendor C,  S t a i n l e s s  Annular  Pots 
k=0.2 Es t ima to r  D, S ta i n1  ess Annular  Pots 
k=0.2 Vendor C ,  M i  l d  S tee l  Annular  Pots 

k=0.3 Vendor C,  S t a i n l e s s  Annular Pots 
k=0.3 Es t ima to r  D, S t a i n l e s s  Annular Pots 
k=0.3 Vendor C, M i l d  S tee l  Annular  Pots 

k=0.7 Vendor C,  S t a i n l e s s  Annular  Pots 
k=0.7 Es t ima to r  D, S t a i n l e s s  Annular  Pots 
k=0.7 Vendor C, M i l d  S tee l  Annular  Pots 

k=0.2 Vendor C, S t a i n l e s s  Annular  Pots 
k=0.2 Es t imato r  D, S t a i n l e s s  Annular Pots 
k=0.2 Vendor C,  M i l d  S tee l  Pots 

k=0.7 Vendor C,  S t a i n l e s s  Annular  Pots 
k=0.7 Es t ima to r  D, S t a i n l e s s  Annular  Pots 
k=0.7 Vendor C, M i l d  S tee l  Pots 



TABLE 4. Cost Camparison o f  I n t e r n a l l y  Finned 
Can is te rs  Wi th  P l a i n  Can is te rs  

Comparison a t  F ixed Pot  Radius 

Vendor C, S ta i n l ess  Finned Pots k=0.3, AT=I 8 0 0 ' ~  
Es t imato r  D, S t a i n l  ess Finned Pots k=0.3, AT=I~OO'F 
Vendor C, M i l d  S tee l  Finned Pots k=0.3, A T = ~ ~ O O ~ F  
Es t imato r  D , M i  1  d S tee l  Pots w i t h  k=0.3, A T - 1 8 0 0 ~ ~  

S t a i n l e s s  F ins 

Com~ar i son  a t  F ixed Vo lumet r i c  Heat Generat ion Rate 

k=0.2 Vendor C, S t a i n l e s s  Finned Pots 
k=0.2 Es t imato r  D, S t a i n l e s s  Finned Pots 
k=0.2 Vendor C, M i l d  S tee l  Finned Pots 
k=0.2 Es t imato r  D, M i l d  S tee l  Pots w i t h  

S t a i n l e s s  F ins  

k=0.3 Vendor C, S t a i n l e s s  Finned Pots 
k=0.3 Es t imato r  D, ~ t a - i ' r 1 1  ess Firmed Pots 
k=0.3 Vendor C, M i l d  S tee l  Finned Pots 
k=0.3 Es t imato r  D, M i l d  S tee l  Pots w i t h  

S t a i  n l  ess F ins 

k=0.7 Vendor C, S t a i n l e s s  Finned Pots 
k=0.7 Es t imato r  D, S t a i n l e s s  Finned Pots 
k=0.7 Vendor C, M i l d  S tee l  
k=0.7 Es t imato r  D, M i l d  S tee l  Pots w i t h  

S t a i n l e s s  F ins  

k=0.2 Vendor C, S t a i n l e s s  S tee l  
k=0.2 Es t imato r  D, S t a i n l e s s  S tee l  
k=0.2 Vendor C, M i l d  S tee l  
k=0.2 Es t imato r  D, M i l d  S tee l  Pots w i t h  

S t a i n l  ess F ins  

k=0.7 Vendor C, S t a i n l e s s  S tee l  
k=0.7 Es t imato r  D, S t a i n l e s s  S tee l  
k=0.7 Vendor C, M i l d  S tee l  
k=0.7 Es t imato r  D, M i l d  S tee l  Pots w i t h  

S t a i n l e s s  F ins  



TABLE 5. Cost Comparison f o r  F ixed Volumetr ic Heat Generation Rate 
o f  S ta in less  Steel  Pots With and Without F ins 

WASTE IS  CALCINE, KO= .20, BTU-FT/(SQ.FT.-HR.-F.) 

METAL THERMAL C~JNDUCTIVIN, K I  =26.00, BTU-FT/(SQ.FT.-HR.-F.) 

MAX. WASTE TEMP. = 1652. F., PBT SURFACE TEMP. = 212. 
DELTA TEMP. = 1440. DEGREES FAHRENHEIT. 

P~JT HEIGHT I S  10.0 FEET. 

RADIUS FINS WATTS KILfh WATTS/ $ PER COST, S RATIO 
I NCHES PER WATTS SQUARE SQUARE $ PER FINS 

LITER TrlTAL FuUT * F~JIJT K K - W  ti0 FINS 

FINS 2.880 3 324.1 15.68 789.0 41.060 52.04 
PLAIN 2.302 0 324.1 10.60 879.9 44.680 50.78 1.0249 
FINS 2.880 5 416.5 19.37 839.4 34.544 41.15 
PLAIN 2.030 0 416.5 10.60 997.5 46.550 46.67 .8819 
FINS 2.880 7 508.8 22.70 864.0 31.646 36.63 
PLAIW 1.837 0 508.8 10.60 1102.5 48.244 43.76 .8371 

FI NS 
PLAI N 
FI NS 
PLAIN 
FI NS 
PLAI N 

FI NS 
PLAI N 
FI NS 
PLbI N 
F1 NS 
PLAIN 

FI NS 
PLAIN 
FI NS 
PLAI N 
FI NS 
PLAI N 

FINS 11.625 3 18.0 14.79 184.4 38.004 206.13 
PLAIN 9.774 0 18.0 10.60 207.3 39.188 189.13 1.0899 
FINS 11.625 5 21.9 17.88 191.9 29.050 151.35 
PLAIN 8.849 0 21.9 10.60 228.9 38.655 168.91 .~1960 
FINS 11.625 7 25.6 20.68 194.9 25.132 128.94 
PLAIN 8.191 0 25.6 10.60 247.2 38.432 155.45 .I3295 

FINS 14.625 3 11.1 14.56 144.2 43.868 304.21 
PLAIN 12.414 0 11.1 10.60 163.1 42.652 261.441.1636 
FINS 14.625 5 13.5 17.48 149.2 32.023 214.70 
PLAIN 11.287 0 13.5 10.60 179.4 40.784 227.30 .9446 
FINS 14.625 7 15.6 20.13 150.8 26.969 178.82 
PLAIN 10.480 0 15.6 10.60 193.2 39.808 205.99 .8681 

FINS 17.625 3 7.5 14-35 117.9 46.664 395.75 
PLAIN 15.085 0 7.5 10.60 134.3 48.630 362.22 1.0926 
FINS 17.625 5 9.1 17.12 121.2 35.654 294.13 
PLAIN 13.766 0 9.1 10.60 147.1 45.558 309.67 09498 
FINS 17.625 7 10.5 19.64 122.1 29.265 239.69 
PLAIN 12.815 0 10.5 10.60 158.0 43.450 274.94 .8718 

* VERTICAL SURFACES A N D  ~JNE SIDE IJF FINS IN FINNED POTS. 





Three ox ide  systems were examined t o  no te  e f f e c t s  o f  composi t ion on 

l e a c h a b i l i t y .  The systems a r e  (1) Si02-A1203-B203-30 wt% PW-6 c a l c i n e ,  

(2)  S i  02-Zn0-B203-Ca0-Mg0-30 wt% PW-6 c a l c i n e  and (3)  S i  02-B203-Na20-Ca0- 

Mg0-45 wt% PW-4c c a l c i n e .  

The g lasses i n  t h e  f i r s t  ox ide  system were me l ted  a t  1150°C f o r  3  h r  

a f t e r  which observa t ion  and measurements were made on t he  g lass .  The l each  

t e s t i n g  was performed by t h e  Soxh le t  method f o r  per iods  o f  24 h r .  The 

r e s u l t s  o f  t h e  l each  t e s t s  a r e  shown i n  F igures  9 and 10. 'The g lasses 

t e s t e d  i n  F igu re  9 were prepared w i t h  var ious  amounts o f  B203, e i t h e r  15% o r  

32% A1203, S i02  t o  balance and 30% PW-6 c a l c i n e d  ox ides which can be 

subdiv ided as 8.6 wt% Na20, 5.6 wt% Fe203, 12.5 wt% f i s s i o n  product  ox ides 

and 3.3 wt% o t h e r  ox ides.  The g lasses t e s t e d  i n  F igu re  10 were c o n s t i t u t e d  

s i m i l a r l y  except  A1203 was v a r i e d  w h i l e  B203 was he ld  a t  e i t h e r  5, 10 o r  

20 wt%. 

F igu re  9 shows t h a t  t h e r e  i s  an optimum c o n t e n t  o f  5-10 wt% B203 which 

t h e  g l ass  should have f o r  minimum l e a c h a b i l i t y .  F i gu re  10 shows t h a t  t h e  

optimum amount o f  A1203 which should be added appears t o  inc rease  w i t h  B203 

concen t ra t i on .  F igures  9 and 10 i n d i c a t e  t h a t  t o  o b t a i n  mimimum l e a c h a b i l i t y  

f o r  system (1 ) t h e  concent ra t ions  o f  B203 and A1203 should be about 5-10 wt% 

each o f  A1203 and B 2 0 3  Longer term t e s t i n g  would be r e q u i r e d  t o  more accu- 

r a t e l y  determine t h e  minimum. The g lasses prepared i n  t h i s  system were a l s o  

observed f o r  homogeneity and v i s c o s i t y .  As migh t  be expected w i t h  t he  l ow  

m e l t i n g  temperature and h i g h  A1203 con ten t ,  t h e  g lasses were very  v iscous 

and con ta ined  some r e s i d u a l  c r y s t a l s .  The h ighe r  B203 g lasses had t he  lower  

v i s c o s i t y  and b e s t  homogenei t y  o f  t he  system. 

Due t o  t h e  problems of v i s c o s i t y  w i t h  t h e  f i r s t  ox ide  system, work was 

begun on t h e  second system. The ZnO system i s  ve ry  s i m i l a r  t o  t h a t  developed 

p r e v i o u s l y ( a )  f o r  t h e  PW-4b g lasses which form me1 t s  o f  s u i t a b l e  v i s c o s i t y  

a t  1150°C. The base composi t ion f rom which i n d i v i d u a l  v a r i a t i o n s  a re  be ing 

made i s  31 wt% Si02, 23.5 wt% ZnO, 11.5 wt% B203, 2.5 wt% MgO, 1.5 wt% CaO 

( a )  Q u a r t e r l y  Progress Report, BNWL-1741, p. 3, A p r i l  1973. 
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and 30 wt% PW-6 c a l c i n e .  The s tudy  i s  i n  i t s  e a r l y  s tages and o n l y  ZnO-Si02 

v a r i a t i o n s  a re  t es ted .  As can be noted from F i g u r e  11 t h e  i n d i c a t i o n s  a r e  

t h a t  inc reased  ZnO reduces l e a c h a b i l i t y .  Longer term t e s t s  a r e  be ing  con- 

duc ted  t o  c o n f i r m  t h e  i n d i c a t i o n .  

The t h i r d  system i nc l udes  PW-4c c a l c i n e  which i s  a  waste compos i t i on  

c a l c i n e d  on alumina p a r t i c l e s  and con ta i ns  about 60-75 wt% A1203. Due t o  

t h e  h i g h  A1203 c o n t e n t  a l l  me l t s  were prepared a t  1400°C. The base compo- 

s i t i o n  f r om  which i n d i v i d u a l  v a r i a t i o n s  were made con ta ined  5  wt% B203, 

5  w t %  Na20, and 5 wt% CaO. When MgO was added no CaO was inc luded .  The 

i n d i v i d u a l  ox ides  were v a r i e d  w i t h  Si02. The 24-hr Soxh le t  l e a c h a b i l i t i e s  

a r e  shown i n  F i g u r e  12. The da ta  show t h a t  a d d i t i o n  of any of  t h e  f o u r  

ox ides  inc reases  l e a c h a b i l i t y .  The most i n t e r e s t i n g  p a r t  o f  t h e  d a t a  i s  

t h a t  Na20 and B203 appa ren t l y  i nc rease  l e a c h a b i l i t y  l e s s  than CaO o r  MgO. 

Oxide con ten ts  o f  g r e a t e r  than  5 wt% CaO, MgO, Na20 o r  B203 a l s o  appear t o  

g r e a t l y  i nc rease  l e a c h a b i l i t y  and should  t h e r e f o r e  be avoided. B203 con ten t  

was n o t  v a r i e d  as w i d e l y  i n  t h i s  t e s t  as i n  f i r s t  system (F igu re  9 )  b u t  

should  behave q u i t e  s i m i l a r l y  as bo th  have about 32% A1203. Most g l ass  

prepared f rom t h i s  sys tem con ta ined  some r e s i d u a l  p a r t i c l e s ,  p robab ly  A1 203. 

The amount o f  t h e  r e s i d u a l  p a r t i c l e s  decreases w i t h  inc reased  a d d i t i o n s  o f  

any o f  t h e  a d d i t i v e s .  I t  t h e r e f o r e  appears t h a t  l e a c h a b i l i t y  and homogeneity 

a r e  opposing c r i t e r i a  and t h e  f i n a l  compos i t i on  must be a  ba lance o f  t h e  two 

p r o p e r t i e s .  

C h a r a c t e r i z a t i o n  o f  C r y s t a l l i t e s  i n  PW-4b Me1 t s  - W. A. Ross 

The PW-4b m e l t  compos i t i on  72-68 (a )  when formed r a p i d l y  and i n  smal l  

q u a n t i t i e s  appears t o  be homogenious t o  t he  eye. M e l t i n g  o f  l a r g e r  q u a n t i -  

t i e s  and more d e t a i l e d  examinat ion show c r y s t a l l i t e s  a r e  d ispersed  through-  

o u t  t h e  g l ass .  A t  l e a s t  two c r y s t a l l i n e  phases can be observed due t o  t h e i r  

l a r g e  d i f f e r e n c e  i n  s i z e .  Some r e s i d u a l  bubbles o r  pores can a l s o  be 

observed as b l a c k  spots .  

T h i s  s tudy  was under taken t o  i d e n t i f y  t h e  cha rac te r  and o r i g i n  of t he  

c r y s t a l l i t e s .  Methods used i n  t h e  s tudy  i n c l u d e d  meta l log raphy ,  x - ray  

( a )  Q u a r t e r l y  Progress Report, BNWL-1761, p. 4, A p r i l  1973. 







d i f f r a c t i o n ,  and m ic roana l ys i s  w i t h  t h e  Scanning E l e c t r o n  Microscope (SEM) . 
Metal 1  o rg ra  phy shows t h a t  t he  c r y s t a l  1  i tes  a r e  o f  severa l  types (F igu re  13 ) . 
The g ray  m a t r i x  i s  g lass.  

X-ray d i f f r a c t i o n  and the  SEM were success fu l l y  used t o  i d e n t i f y  t h e  

c r y s t a l l i n e  phases. F igures  14 and 15 a re  micrographs obta ined w i t h  t he  SEM. 

F i g u r e  15 i s  h i g h e r  m a g n i f i c a t i o n  o f  t h e  area o u t l i n e d  i n  F igu re  14. A t  t h e  

h i ghe r  magn i f i ca t i on ,  i t  becomes apparent t h a t  t h e  f i n e  b r i g h t  phase i s  

i n d i v i d u a l  c r y s t a l s  which have agglomerated. The est imated c r y s t a l  s i z e  i s  

of t h e  o rde r  o f  1  um. X-ray f luorescence pa t t e rns  were obta ined on t h e  

t h ree  c r y s t a l s  i d e n t i f i e d  by arrows i n  F igure  15. The upper c r y s t a l  i s  

p r i m a r i l y  Fe, C r ,  N i ,  and p o s s i b l y  Zn, a l though t h e  Zn may have been from 

t h e  g l ass  m a t r i x .  T h i s  t ype  o f  c r y s t a l  i s  probably  t h e  sp ine l  s t r u c t u r e  

observed i n  t h e  x - ray  d i f f r a c t i o n  pa t t e rns .  

The c r y s t a l  i d e n t i f i e d  by t h e  ar row near t h e  cen te r  o f  t h e  micrograph 

was i d e n t i f i e d  as p r i m a r i l y  c e r i u ~ i i  w i t h  some m a t r i x  background. One type  o f  

x - ray  d i f f r a c t i o n  pa t t e rns  observed was s i m i l a r  t o  e i t h e r  a  Ce02 o r  a  r a r e  

e a r t h  z i r c o n a t e  s t r u c t u r e .  The SEM data con f i rms  t h e  Ce02 type  c r y s t a l s ,  

which were a l s o  observed i n  t h e  ca l c i nes  prepared i n  t h e  l abo ra to r y .  Appar- 

e n t l y  Ce02 i s  n o t  complete ly  s o l u b l e  a t  t he  temperatures used t o  process t h e  

p resen t  PW-4b g lass,  a1 though i t  does have a  f i n i t e  s o l u b i l i t y  as i t  was 

observed i n  t h e  m a t r i x  g lass .  

The l a r g e s t  c r y s t a l s  observed i n  bo th  F igures  13 and 14 and noted by 

t h e  ar row near t h e  bottom o f  F i gu re  15 appear t o  be z i r c o n  (ZrSi04) .  Z i r c o -  

nium and s i l i c o n  were t h e  dominant elements observed from t h e  SEM data and 

one s t rong  ZrSi04 peak was noted i n  t h e  x - ray  d i f f r a c t i o n  data.  Since z i r c o -  

nium i s  i n  t h e  c a l c i n e  and s i l i c o n  i s  i n  t h e  frit, the  z i r c o n  c r y s t a l s  must 

form i n  t h e  me1 t e r .  The x - ray  d i f f r a c t i o n  r e s u l  t s  would a l s o  i n d i c a t e  t h a t  

i n  t h e  sample examined, t h e  Ce02 type  s t r u c t u r e  i s  t h e  predominant t ype  

c r y s t a l  form and i s  much h ighe r  i n  concen t ra t i on  than t h e  sp ine l  o r  z i r c o n  

type  c r y s t a l s .  

One a d d i t i o n a l  i n t e r e s t i n g  f e a t u r e  which can be noted i n  F igure  16 was 

a l s o  observed. Th i s  i s  a  p o s s i b l e  phase separa t ion  which may be occu r r i ng  







i n  t he  g l ass  d u r i n g  coo l i ng .  A  corrlparative a n a l y s i s  o f  a  w h i t e  s p o t  and 

m a t r i x  showed some d i f f e r e n c e  i n  t h e  s i l i c o n / z i n c  r a t i o  b u t  no o t h e r  d i f f e r -  

ence was noted. 

Leach t e s t i n g  o f  second phase areas such as i n  F igu re  13 do n o t  show 

a  s i g n i f i c a n t  d i f f e r e n c e  f rom t h e  b u l k  m a t e r i a l .  Th is  m igh t  be expected 

s i n c e  t h e  cont inuous phase and t h e  phase most l i k e l y  t o  be exposed f o r  leach  

t e s t i n g  would be t he  b u l k  g l ass  phase. 

To reduce o r  e l i m i n a t e  t h e  e f f e c t s  o f  t he  c r y s t a l l i t e s  severa l  op t i ons  

can be cons idered i n c l u d i n g :  (1  ) i n c r e a s i n g  t he  me1 t e r  temperature,  

( 2 )  a g i t a t i n g  t h e  m e l t  t o  p reven t  s e t t l i n g  o f  t h e  c r y s t a l s ,  ( 3 )  m o d i f i c a t i o n  

o f  t h e  m e l t  composi t ion t o  promote g r e a t e r  Ce02 s o l u b i l i t y ,  and ( 4 )  reduc ing  

t h e  concen t ra t i on  o f  the  c a l c i n e  and i t s  assoc ia ted  Ce02 i n  t he  g l ass .  

The f i r s t  o p t i o n  was i n v e s t i g a t e d  i n  t he  l a b o r a t o r y  by hea t i ng  me l ts  

t o  1150, 1200 and 1250°C. Comparison o f  t h e  me l t s  showed t h a t  t he  c r y s t a l  

phases were s h a r p l y  reduced a t  1200°C and n e a r l y  e l i m i n a t e d  a t  1250°C. 

A g i t a t i o n  o f  t h e  m e l t  was successfu l  i n  d i s p e r s i n g  t h e  c r y s t a l s  as can be 

seen i n  F igu re  17, b u t  i t  does n o t  appear t o  a i d  i n  d i s s o l v i n g  them. 

M o d i f i c a t i o n  o f  t he  m e l t  composi t ion was n o t  at tempted because t h e  

Ce02 c o n c e n t r a t i o n  i n  t h e  non rad ioac t i ve  s tand in  waste i s  n e a r l y  double t h a t  

which w i l l  be p resen t  i n  ac tua l  r a d i o a c t i v e  waste. Th i s  r e s u l t s  f rom t h e  

use o f  a  n a t u r a l  r a r e - e a r t h  mix r a t h e r  than i n d i v i d u a l  a d d i t i o n s  o f  t he  much 

more expensive separated r a r e  ear ths .  Tests  o f  g lasses which wi 11 c o n t a i n  

more t y p i c a l  concen t ra t i ons  o f  r a r e  ea r ths  a r e  planned f o r  t he  n e x t  qua r te r .  

Waste Vapo r i za t i on  S tud ies  - W. J. Gray 

The purpose o f  t h i s  s tudy  i s  t o  i n v e s t i g a t e  t h e  v a p o r i z a t i o n  behav io r  

of f i s s i o n  p roduc t  c o n t a i n i n g  wastes. Acc iden t  c o n d i t i o n s  i n v o l v i n g  h i g h  

terrlperatures and breach o f  t h e  con ta ine r  d u r i n g  shipment and s to rage  a r e  of 

p a r t i c u l a r  i n t e r e s t .  

Vapo r i za t i on  data a r e  presented here f o r  two types o f  wastes; f l u i d i z e d  

bed PW-4b c a l c i n e d  waste and t h e  waste-contai  n i  ng bo ros i  1  i c a t e  g l ass  72-68, 

(BNwL-1 761, p. 4 )  h e r e a f t e r  r e f e r r e d  t o  as PW-4b and 72-68 r e s p e c t i v e l y .  A1 1  

samples were heated i n  a  p l a t i num c r u c i b l e  i n  a  f l o w i n g  stream o f  d r y  a i r  



(3.5 x  mg o f  water pe r  1  i t e r  o f  a i r ) .  The cross sec t i ona l  area o f  t h e  

c y l i n d r i c a l  p l a t i num c r u c i b l e  was 1.98 cm2 i n  a l l  cases. Sample we igh t - loss  

r a t e s  were found t o  be independent of a i r  f l o w  r a t e  a t  l e a s t  over t h e  range 
3  3  1  t o  3  ft / h r  STP; a  f l o w  r a t e  o f  1  ft / h r  STP was used i n  most cases. 

Waste PW-4b r e a d i l y  absorbs and desorbs mo i s tu re  from t h e  room atmo- 

sphere. To p reven t  weigh ing ambigu i t ies ,  t he re fo re ,  t h i s  m a t e r i a l  was main- 

t a i n e d  i n  an atmosphere o f  cons tan t  r e l a t i v e  hum id i t y  ( ~ 3 8 % )  p r i o r  t o  heat -  

i n g  and i n  a  vacuum des i cca to r  w h i l e  c o o l i n g  upon removal f rom t h e  furnace. 

A l l  weighings were then made r a p i d l y  upon removal o f  t h e  sample f rom t h e  

des i cca to r  o r  cons tan t  hum id i t y  atmosphere. 

The amount o f  water  and n i t r o g e n  ox ides  i n  PW-4b was es tab l i shed  as 

1.68 wt% and was found t o  be independent o f  sample mass. Th i s  was d e t e r -  

mined by heat-ing samples i n  vacuum a t  500°C t o  cons tan t  weight .  A c t u a l l y ,  

most i f  n o t  a l l  t he  H20 and NOx was l o s t  a t  temperatures as low as 300 t o  

400°C and t he  same r e s u l t s  were obta ined by hea t i ng  i n  d r y  a i r  a t  500°C as 

were observed by hea t i ng  i n  vacuum. F i n a l l y ,  t h e r e  was no evidence o f  any 

l o s s  f rom these samples o t h e r  than H20 and NOx a t  temperatures up t o  500°C. 

F igu re  18 shows t he  we igh t  l o s s  f o r  PW-4b a t  va r i ous  temperatures; a l l  

samples were t h e  same s ize .  The two t y p i c a l  runs a t  1200°C show t h a t  t h e  

reproduc i  b i  li ty  i s  good. F igu re  19 shows da ta  a t  1200°C f o r  samples of 

d i f f e r e n t  th ickness .  The r a t h e r  abrup t  s lope  changes near 15% we igh t  l o s s  

f o r  t h e  t h i n n e r  samples appa ren t l y  i n d i c a t e  t h a t  t he  vapo r i za t i on  o f  some 

component i s  near  complet ion.  The curve  f o r  t he  t h i n n e s t  sample shows 

another  change i n  s l ope  near 17%. 

The data shown i n  F i g u r e  19 i n d i c a t e  t h a t  t he  r a t e  l i m i t i n g  f a c t o r  i s  

d i f f u s i o n  o f  t h e  vapor through t h e  powdered sample r a t h e r  t han  v a p o r i z a t i o n  

from t h e  i n d i v i d u a l  p a r t i c l e s .  However, because these data apply  t o  t h e  

as -ca lc ined  m a t e r i a l  r a t h e r  than t h e  f l u i d i zed -bed  c a l c i n e d  m a t e r i a l  which 

i s  depos i ted  on alumina p a r t i c l e s ,  i t  i s  n o t  p o s s i b l e  t o  use these da ta  t o  

p r e d i c t  v a p o r i z a t i o n  behavior  f o r  t h i c k  samples o f  t he  l a t t e r .  

Vapor f rom a  0.64 cm t h i c k  sample o f  PW-4b heated a t  1200°C was depos- 

i t e d  on a  water-cooled c o l d  f i n g e r  and q u a n t i t a t i v e l y  analyzed by x - ray  
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FIGURE 18. Volatil ization Weight Loss from PW-4b Calcine 





f luorescence. Two samples were taken; one from the  f i r s t  30 min o f  heat ing 

and t h e  second f o r  t he  per iod  between 2 a i d  6 h r  o f  heat ing a t  1200°C. 

Resul ts  a re  shown i n  Table 7. - I t should be emphasized t h a t  these r e s u l t s  

a re  p re l im ina ry  and no at tempt w i l l  be made here toward i n t e r p r e t a t i o n .  

F igure  20 shows weight- loss curves f o r  0.16 cm t h i c k  samples o f  waste 

72-68 a t  var ious  temperatures. F igure  21 shows data a t  1200°C f o r  72-68 

samples o f  d i f f e r e n t  thickness. 

TABLE 7. X-ray Fluorescent Analyses o f  Vapor Deposits From 
a 0.64 cm Thick Sample of PW-4b Heated a t  1200°C 

F rac t i ona l  w t %  o f  the  Vol a t i  1  i zed  Ma te r ia l  (2 )  

El  ement (1) 1 s t  112 h r  2-6 h r  

Notes: 1 )  Other elements presented i n  PW-4b were n o t  detected 
i n  t h e  vapor deposi t .  Detec t ion  l i m i t s  a r e  0.1% 
o r  less .  

2)  Accuracy i s  % + 10% o f  t h e  values 1 i s t e d .  

3 )  Oxygen cannot be detected bu t  i s  expected t o  make up 
most o f  t h e  d i f f e r e n c e  t o  100%. NOx and Hz0 may a l s o  
c o n t r i b u t e  t o  the  d i f f e rence .  This  i s  t o  be resolved.  

F igure  22 shows t h e  e f f e c t  o f  sample th ickness on weight- loss r a t e s  a t  

1200°C f o r  bo th  PW-4b c a l c i n e  and 72-68 g lass.  For PW-4b, weight- loss r a t e s  

were taken as the  average s lope o f  t h e  curves i n  F igure  19 between 2 and 

10 h r  (between 1 and 5 h r  f o r  t he  t h i n n e s t  sample). For 72-68, weight- loss 

r a t e s  were taken as the  average s lope o f  t h e  curves i n  F igure  21 f o r  the 
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FIGURE 21 . V o l a t i  1 i z a t i o n  Weight Loss f rom Composit ion 
72-68 Samples o f  D i f f e r e n t  Thickness a t  1 200°C 
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f i r s t  12 h r .  Whi le  F igu re  22 shows t he  we igh t - loss  r a t e s  o f  72-68 a r e  o n l y  

about  a  f a c t o r  o f  two l e s s  than f o r  PW-4b, a  l a r g e  f r a c t i o n  o f  t h e  we igh t  

l o s s  f o r  72-68 may be due t o  t h e  g l ass  fr it a d d i t i v e .  I f  so, v a p o r i z a t i o n  

of t h e  f i s s i o n  p roduc ts  f rom 72-68 may be s u b s t a n t i a l l y  l e s s  than f o r  PW-4b. 

Hel ium Generated St resses and Bubbles i n  Waste Glass - W.  A. Ross 

and D. F. Newman 

Hel ium gas formed by a lpha p a r t i c l e  emission f r a n  a c t i n i d e  nuc l i des  i n  

h i gh - l eve l  waste g lasses can produce l a r g e  i n t e r n a l  s t resses  i n  t h e  g lass .  ( a )  

I n  a  p e r f e c t  g lass ,  gas atoms probab ly  occupy i n d i v i d u a l  i n t e r s t i t i a l  pos i -  

t i o n s .  The i n t e r n a l  s t r e s s  o r  gas pressure which can be con ta ined  on t h i s  

atomic l e v e l  can be v e r y  h igh.  Th i s  was demonstrated by t he  a b i l i t y  o f  

F a i l e  and ~ o y ( ~ )  t o  produce g lass  samples sa tu ra ted  w i t h  gas a t  120,000 p s i .  

Waste g lasses w i t h  r e s i d u a l  c r y s t a l  l i t e s  and pores may n o t  have t he  same 

c a p a b i l i t y  as a more " p e r f e c t "  g lass .  

P o r o s i t y  can p rov ide  s i t e s  f o r  gas accumulat ion. To determine t he  

concen t ra t i on  o f  p o r o s i t y  i n  a  t y p i c a l  waste c o n t a i n i n g  g lass ,  a  sample was 

ob ta ined  f r om t h e  c o l d  p i l o t  p l a n t  spray c a l c i n e r  r u n  DSS-8. The sample 

and i t s  p o r o s i t y  i s  shown i n  F igu re  23. The cracks i n  the  sample were 

p robab ly  i n t r o d u c e d  when t h e  sample was ch ipped from t h e  i n t e r i o r  o f  t h e  

8 i n .  c a n i s t e r .  The pores a r e  t he  dark  c i r c u l a r  areas; q u a n t i t a t i v e  measure- 

ments show t h a t  t h e  p o r o s i t y  i s  about  0.22% o f  t h e  sample volume. 

The pores a c t  as smal l  pressure vessels  i n t o  which t h e  he l ium can 

d i f f u s e .  W i th i n  t h e  g l ass  surrounding each pore t he  gas produces a r a d i a l  

and a t a n g e n t i a l  o r  "hoop" t ype  s t r ess .  ( c )  The r a d i a l  s t r ess ,  equal t o  t h e  

i n t e r n a l  p ressure  and compressive i n  na tu re ,  i s  n o t  no rma l l y  d e s t r u c t i v e  t o  

g lass.  The t a n g e n t i a l  s t r ess ,  approx imate ly  P/2 and t e n s i l e  i n  nature,  i s  

t y p i c a l l y  t h e  most 1  i k e l y  t o  cause r u p t u r e  i n  a  g lass.  Both compressive and 

(a )  D. F. Newman and D. C .  Qu-imby, "Hel ium Bu i ldup  i n  Waste Glass," Waste 
F i x a t i o n  Program, Q u a r t e r l y  Progress Report ,  BNWL-1788, October 1973. 

( b )  S. P .  F a i l e  and D. M. ROY, " S o l u b i l i t i e s  o f  Ar, N2, Co2 and He i n  Glasses 
a t  Pressures t o  10  k  bars," J. Am. Cer. Soc., v o l .  49, [12], pp. 638-643, 
1  966. 

( c )  S. P .  Timoshenlco and J. N. Goodier, Theory o f  E l a s t i c i t y ,  McGraw-Hil l ,  
( t h i r d  e d i t i o n ) ,  p. 395, 1970. 



FIGURE 23. 8x Photomicrograph o f  a  Sample o f  Glass 
from the  DSS-8 Me l te r  Run. Pores o r  
Bubbles can be Noted as the  Dark 
C i r c u l a r  Areas. 

3 t e n s i l e  s t resses a re  maxima a t  the glass-gas i n t e r f a c e  and decrease as (a/R) , 
where a  i s  t h e  rad ius  o f  t h e  pore and R i s  the r a d i a l  d is tance from the  pore 

center  t o  the  p o i n t  o f  s t ress  i n  t h e  surrounding glass; assuming the  g lass 

i s  a  homogeneous ma te r ia l  surrounding an i s o l a t e d  spher ica l  pore. 

The l o c a l i z e d  maximum stresses w i t h i n  the  g lass near a  pore may be much 

lower than t h a t  produced on the  atomic l e v e l  by he1 ium atoms f i l l i n g  i n d i -  

v idua l  i n t e r s t i t i a l  pos i t i ons ,  bu t  they  are  more l i k e l y  t o  cause rup tu re  o f  

t he  g lass  due t o  t h e  presence o f  small imper fec t ions  and t h e i r  c rack  propa- 

ga t i on  e f f e c t s .  Since there  i s  no s i g n i f i c a n t  leakage o f  hel ium from glass 

i n  a  waste can is te r ,  t h e  amount o f  gas i n  t he  g lass a t  any t ime i s  equal t o  

the  cumulat ive alpha product ion, and the  i n t e r n a l  s t ress  o f  gas pressure i s  

dependent on t h e  volume o f  p o r o s i t y  w i t h i n  t h e  g lass.  

The e f f e c t  o f  t he  volumetr ic  p o r o s i t y  on the  t e n s i l e  s t ress  a t  t he  

bubble-glass i n t e r f a c e  i n  100-year-01 d  h igh- leve l  waste g lass  i s  shown i n  



Figure  24. The gas pressure i n  t he  pores was ca l cu la ted  a t  a mean tempera- 

t u r e  o f  325OC us ing  the  Beat t ie-Br idgemanequat ion o f  s t a t e ( a )  which f i t s  

experimental  va lues w i t h i n  0.15% f o r  d e n s i t i e s  l ess  than 5 moles per  2 .  

As shown i n  F igure  24, t he  p o r o s i t y  p resen t l y  a v a i l a b l e  i n  t he  t y p i c a l  

sample ( ~ 0 . 2 % )  i s  s u f f i c i e n t  t o  reduce the  s t ress  t o  about 600 p s i  -in t he  

U02 fuel  waste. The Pu r e c y c l e  waste would r e q u i r e  an increase i n  p o r o s i t y  

t o  about 3% i f  the  s t r e s s  i s  t o  be reduced t o  1000 p s i .  

I f  the  p o r o s i t y  a v a i l a b l e  i s  n o t  s u f f i c i e n t  as t he  hel ium concentra- 

t i o n  b u i l d s  w i t h i n  the  g lass  i n t e r s t i  t i a l s ,  a d d i t i o n a l  bubbles may nucleate.  

The r a t e  o f  fo rn ia t ion  o f  gas bubble nuc lea t i on  s i t e s  i s  very  dependent upon 

temperature and he1 i um concentrat ion.  Fai l e  and Roy (Reference 2 )  found 

t h a t  nuc lea t i on  o f  gas bubbles would occur w i t h i n  20 h r  i n  a K20 4Si02 

g lass  a t  about 250°C w i t h  6.2 mole % argon, b u t  i f  the  argon concent ra t ion  

was reduced t o  1.5% temperatures of Q 350°C were requ i red  f o r  bubble nuclea- 

t i o n .  They a l s o  i n d i c a t e d  t h a t  h igher  temperatures were requ i red  f o r  

nuc lea t i on  o f  he l ium bubbles i n  t h e  same type g lass .  The i n i t i a l  nuc leated 
0 

bubble s i z e  i s  very  small ( i n  t h e  range of 10-100 A). Once nucleated, 

however, bubbles grow i n  s i z e  very s l o w l y  unless the g lass  i s  a t  a h igher  

temperature. The minimum temperature requ i red  f o r  nuc lea t i on  and growth i n  

waste g lass  i s  n o t  known b u t  ternperatures o f  l e s s  than 500°C may be s u f f i -  

c i e n t .  The nuc lea t i on  of new bubbles as w e l l  as growth o f  t he  new and 

r e s i d u a l  bubbles i n  the g lass  cou ld  cause the  waste t o  swe l l  i n t o  the  plenum 

reg ion  o f  t h e  c a n i s t e r  i f  the  temperature and gas concent ra t ion  a r e  s u f f i -  

c i e n t .  The Pu-recycle waste would have the  g rea tes t  tendency t o  swe l l  w i t h  

i t s  h igher  concent ra t ion  of gas, w h i l e  as seen above and f r a n  F igure  24, 

t he re  may be s u f f i c i e n t  p o r o s i t y  i n  t he  LWR U02 f u e l  waste t o  accommodate 

'he1 ium and prevent  swe l l  i ng . 
Several a1 t e r n a t i v e s  cou ld  be exerc ised t o  accommodate o r  e l  i m i  nate 

t h e  p o t e n t i a l  swel l i n g  o f  waste glasses due t o  hel ium bubble nuc lea t i on  and 

growth. 

( a )  0. A. Hougen, K. M. Watson and R. A. Ragatz, "Chemical Process P r i n c i -  
ples," P a r t  I I, 'Thermodynamics, John W i  1 ey and Sons, New York, (second 
e d i t i o n )  p .  563, 1959. 
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FIGURE 24. E f f e c t  of t h e  Volumetr ic P o r o s i t y  of S o l i d i f i e d  High-Level 
Waste on t h e  Maximum Tens i l e  Stress Induced by Helium Gas 



The g lass  specimens cou ld  be loaded i n  a waste c a n i s t e r  as an a r r a y  
o f  close-packed spheres which would have s u f f i c i e n t  i n t e r s t i t i a l  vo ids  
t o  accommodate swe l l  ing .  

A foaming agent cou ld  be added t o  t h e  g lass  me1 t be fo re  t h e  waste i s  
poured i n t o  i t s  c a n i s t e r  and cooled. The l a r g e  vo lumet r i c  p o r o s i t y  o f  
t h e  g lass  cou ld  accommodate t h e  hel ium gas a t  r e l a t i v e l y  low pressure. 

The a c t i n i d e  nuc l i des  which produce he l ium by a lpha emiss ion cou ld  be 
separated from the  h igh - l eve l  waste t h a t  i s  s o l i d i f i e d  i n  g lass.  The 
a c t i n i d e s  would be s o l i d i f i e d  i n  a d i f f e r e n t  m a t r i x  than t h e  f i s s i o n  
p roduc t  wastes. 

Experiments a r e  planned f o r  waste g lasses con ta in i ng  curium, which w i l l  

p rov ide  i n f o r m a t i o n  about he l ium induced bubble n u c l e a t i o n  and growth. Th is  

exper imenta l  da ta  w i l l  be use fu l  f o r  t h e  safety  analyses o f  waste g lass  

c a n i s t e r s  used f o r  100-year s to rage o f  h i gh - l eve l  r a d i o a c t i v e  wastes. 

I n t e r i m  Storage o f  WSEP Rad ioac t i ve  Waste Can is te rs  

Composit ion o f  Gas I n s i d e  WSEP Can is te rs  - J. E. Mendel 

Gas samples were taken from severa l  WSEP waste c a n i s t e r s  and analyzed 

by mass spect rometry .  Resu l ts  a r e  repo r ted  i n  Table 8. A l l  o f  t he  can is -  

t e r s  con ta ined  a i r  when sealed, b u t  a f t e r  storage, t he  oxygen i n  most o f  

t he  c a n i s t e r s  was dep le ted  t o  va ry ing  degrees. Helium and hydrogen were 

below de tec tab le  l i m i t s  i n  a l l  cases. Hel ium was n o t  expected s i nce  t h e  

concen t ra t i on  o f  i so topes  which decay by alpha emission was very  low i n  t h e  

WSEP c a n i s t e r .  There was a p o s s i b i l i t y  t h a t  small amounts o f  hydrogen, 

generated by r a d i o l y s i  s o f  r e s i d u a l  water,  cou ld  be present,  p a r t i c u l a r l y  

i n  t he  c a n i s t e r s  con ta in i ng  po t  c a l c i n e  and phosphate g lass.  

The p o t  c a l c i n e  (PC) product  conta ined t races  o f  r e s i d u a l  v o l a t i l e s ,  

some o f  which a re  thought  t o  have been t i g h t l y  bound water .  The outgass ing 

o f  t h e  v o l a t i l e s  i n t e r f e r e d  w i t h  vacuum l e a k  checkiug o f  t he  PC c a n i s t e r s  

t o  such an e x t e n t  t h a t  o n l y  one PC c a n i s t e r  was success fu l l y  vacuum 

leak-checked ( a f t e r  3 weeks vacuum pumping), and l eak  check ing o f  many was 

n o t  even attempted. PC-6 c a n i s t e r ,  t h e  PC c a n i s t e r  which was s u c c e s s f u l l y  

leak-checked, was found t o  con ta in  e s s e n t i a l l y  unreacted a i r .  I n  con t ras t ,  

most o f  t he  oxygen i s  gone from PC-8, where r e s i d u a l  water  p robab ly  promoted 



TABLE 8. Composit ion of Gas Phase Samples from WSEP Can is te rs  

C o n s t i t u e n t  

C02 

Ar 

O2 

N2 

co 

He 

CH4 

NzO 

N O ~  

Mass Spec t romet r i c  Gas Ana lys is  (Mole % )  

PG-3 - PG-9 PG-10 PC-6 PC-8 

4.51 11.9 0.28 0.20 0.85 0.14 

M a t e r i a l  o f  
Cons t ruc t ion  M i l d  s t e e l  304L SS M i l d  s t e e l  304L SS 304L SS 304L SS 304L SS 304L SS 

Diameter 12 i n .  8 i n .  8 i n .  6 i n .  6 i n .  8 i n .  6 i n .  8 i n .  

Waste Type. PG PW-2 PG PW-2 PG PW-2 PG PW-4m PG PW-4m PC PW-2 PC PW-4m SS PW-4m 

Storage H i s t o r y  1.5 y r  H20 1.5 y r  H20 1.5 y r  H20 1.5 y r  H20 2.6 y r  amb a i r ( b )  3.8 y r  400°C 2 y r  400PC 2.5 y r  H ~ O ( ~ )  
a i r  a i r  

4.2 y r  amb a i r  4.1 y r  amb a i r  4.1 y r  amb a i r  2.5 y r  amb a i r  

Core D r i l l e d  No No No No Yes No No Yes 

Most Recent Leak Leaked 1.8 x lo-' 3.4 x lo- '  3 x 10" Leaked 5 x lo -e  5.4 1 0 ‘ ~  
Test,  atm cm3/sec 

(a )  ND = n o t  de tec ted  

(b )  Since core  d r i l l i n g  

( c )  Not l e a k  checked because outgassing occurred under vacuum 



o x i d a t i o n  reac t i ons ,  a l though,  as d iscussed below, t h e  a n t i  foam agent  used 

i n  t h i s  r u n  p robab ly  c o n t r i b u t e d  t o  oxygen d e p l e t i o n  a1 so. Some, b u t  a 

l e s s e r  amount o f  ox i da t i on ,  a l s o  occur red  i n  t he  SS-10 phosphate ceramic 

c a n i s t e r .  

The f i v e  phosphate g l ass  c a n i s t e r s  sampled were s to red  on t h e  f l o o r  of 

A - c e l l  i n  a i r  a t  t h e  ambient a i r  temperature.  Subsequent l e a k  checks showed 

two o f  t h e  c a n i s t e r s  had leaks a t  t h e i r  thermowel ls.  The gas f rom these 

two c a n i s t e r s  (PG-1 and PG-10) had t he  same composi t ion as a i r ,  i n d i c a t i n g  

e q u i l i b r i u m  was ma in ta ined  w i t h  o u t s i d e  a i r  through t h e  leaks .  

I n  t h e  c a n i s t e r s  w i t h o u t  leaks  t h e  oxygen was depleted and cons ider -  

ab le  C02 was present .  The source o f  t he  carbon i s  presumably r e s i d u a l  purex 

s o l  ven t  degrada t ion  products  and/or s i  1 i cone  a n t i  foam agent.  A n t i  foam 

agent  was used i n  r u n  PC-8 and n o t  i n  r un  PC-6, and t h e  C02 con ten t  o f  t h e  

PC-8 gas was 4 t imes  t h a t  o f  t he  PC-6 gas. Ant i foam agent was used i n  r u n  

PG-9 and n o t  i n  runs PG-2 and 3, and aga in  t he  C02 con ten t  was severa l  t imes 

h ighe r  i n  t h e  c a n i s t e r  f rom t h e  r u n  i n  which an t i f oam agent  was used. It 

may be concluded t h a t  decomposit ion o f  an t i f oam agent i s  a f a c t o r  i n  C02 

f o rma t i on  i n  b o t h  PC and PG c a n i s t e r s .  

I n  t h e  phosphate g l ass  c a n i s t e r s  , however, ve ry  s i g n i f i c a n t  a~nounts o f  

C02 (2.76 and 4.51%) were found i n  c a n i s t e r s  f rom runs  i n  which t h e  an t i f oam 

agent was n o t  used (PG-2 and PG-3). Thus, r e s i d u a l  purex s o l v e n t  must a l s o  

be p resen t  i n  t h e  phosphate g l ass  c a n i s t e r s .  The C02 concen t ra t i on  o f  PG-2 

and PG-3 may be corr~pared wi t h  those o f  PC-6 and SS-10, where a n t i  foam was 

a l s o  n o t  used, b u t  where presumably t he  feed s o l u t i o n s  should have con ta ined  

a comparabl e amount o f  r e s i d u a l  purex s o l  ven t  degrada t ion  products .  The 

C02 concen t ra t i ons  a r e  over  a f a c t o r  o f  t e n  lower  i n  the  PC and SS c a n i s t e r s .  

I t  may be concluded t h a t  t h e  "a1 1 wet" phosphate g lass  process tends t o  

preserve t h e  o rgan ics  whereas t h e  c a l c i n a t i o n  s teps o f  t h e  p o t  c a l c i n e  and 

spray s o l i d i f i e r  "burn"  t h e  o rgan ic  a lmost  complete ly .  

Gas samples f rom two o f  t he  phosphate g lass  c a n i s t e r s  con ta ined  s i g n i f i -  

can t  q u a n t i t i e s  o f  n i t r o g e n  ox ide,  mos t l y  i n  t he  form o f  N 2 0  Obvious ly ,  

t h e  phosphate g l ass  p roduc t  f rom these two runs (PG-2 and 3 )  con ta ined  

r e s i d u a l  n i t r a t e  f rom the  h i g h  sodium PW-2 waste. Ample evidence i n d i c a t e s  



t h a t  t h e  r a d i o l y s i s  o f  NaN03 y i e l d s  NaN02 and 02, w i t h  o n l y  t r aces  o f  o t h e r  

products,  and t h a t  NaN02 i s  ve ry  s tab le '  i n  a  r a d i a t i o n  f i e l d .  To o b t a i n  

t he  amount o f  n i t r o g e n  ox ide  p resen t  i n  t h e  PG-2 and 3 gas samples, e i t h e r  

r a t h e r  l a r g e  amounts o f  n i t r a t e  had t o  be present,  o r  t h e  products  of r a d i o -  

l y s i s  o f  n i t r a t e  i n  phosphate g l ass  a re  d i f f e r e n t  f rom those formed by 

r a d i o l y s i s  o f  pure NaN03. 

The evidence i n d i c a t e s  t h e  r e s i d u a l  o rgan ics  and n i t r a t e  were p resen t  

i n  t h e  phosphate g lass,  which would imp l y  t he  presence o f  r e s i d u a l  water  

a lso ,  y e t  no r a d i o l y t i c  hydrogen was found i n  t he  c a n i s t e r  gas. Poss ib l y  

t h e  hydrogen combined w i t h  oxygen i n  t he  h i gh  beta-gamma f l u x  w i t h i n  t he  

c a n i s t e r .  
I 

ALTERIVATIVE WASTE FIXATION SCHEMES 

Coat ing o f  Waste Ca l c i ne  - J. L. Bates 

The purpose o f  t h i s  s tudy  i s  t o  develop a waste s to rage  geometry i n  

which t h e  r a d i o a c t i v e  waste i s  coated w i t h  a  nonreact ive,  impervious coa t -  

i n g ( ~ ) ,  thereby  making t h e  waste r e s i s t a n t  t o  chemical and thermal 

degreda ti on. 

Th i s  p a r t i c u l a r  s tudy  i s  t o  eva lua te  t h e  f e a s i b i l i t y  o f  c o a t i n g  f l u i d -  

i z e d  bed c a l c i n e  p a r t i c l e s  w i t h  p y r o l y t i c  carbon, (PyC) and p y r o l y t i c  carbon 

and s i l i c o n  ca rb ide  (PyC-Sic). PyC has t h e  p o t e n t i a l  as a c o a t i n g  f o r  fused 

waste g lasses o r  waste c a l c i n e  i f  t h e  coa t i ng  cou ld  be a p p l i e d  and reniain 

imperv ious t o  water  o r  gases. The PyC coated p a r t i c l e s  cou ld  a l s o  be made 

r e s i s t a n t  t o  o x i d a t i o n  by coa t i ng  t h e  PyC w i t h  S i c .  The PyC and S i c  coa t -  

i ngs  can bo th  p rov ide  impervious coa t i ngs  w i t h  good heat  t r a n s f e r  p rope r t i es .  

Waste p a r t i c l e s  produced i n  a  f l u i d i z e d  bed were coated(a)  w i t h  pyro-  

l y t i c  carbon and w i t h  s i l i c o n  carb ide .  Approx imate ly  300 granis o f  c a l c i n e  

were coated w i t h  a  p y r o l y t i c  carbon coa t ing ,  and 300 grams were coated w i t h  

p y r o l y t i c  carbon and s i l i c o n  ca rb ide  coat ings.  

(a )  Coat ings were a p p l i e d  by G u l f  Energy and Environmental Systems, 
San Diego, C a l i f o r n i a .  



The c o a t i n g s  were a p p l i e d  us i ng  a  f l u i d i z e d  bed. The p y r o l y t i c  carbon 

c o a t i n g  s t a r t e d  a t  %900°C and was completed a t  % l l O O ° C  i n  success ive l a y e r s .  

Methane was used as t h e  carbon source. The S i c  c o a t i n g  was a p p l i e d  t o  t he  

PyC coated p a r t i c l e s .  An i n i t i a l  c o a t i n g  of S i c  was depos i ted  below l l O O ° C  

w i t h  t h e  f i n a l  d e p o s i t i o n  a t  1350°C. S i l a n e  was used as t h e  s i l i c o n  source. 

The non-coated and coated p a r t i c l e s  were examined meta l  1  ograph ica l  l y  t o  

determine t h e  s t r u c t u r e  o f  t h e  coated waste (F igures  25-27). The c a l c i n e  

waste i s  coated on crushed a-A1203 p a r t i c l e s  which appear t o  be s i n g l e  

c r y s t a l  (F i gu re  25) .  The waste c o a t i n g  t h i c kness  v a r i e s  between 0.0004 and 

0.0008 i n .  (0.001-0.002 cm) t h i c k .  It i s  porous and f r i a b l e .  The A1203 

p a r t i c l e s  a r e  v e r y  i r r e g u l a r  i n  shape w i t h  sharp co rners .  The waste tends 

t o  r ound -o f f  t h e  sharp angles.  The es t imated  average s i z e  of t h e  p a r t i c l e s  

coated w i t h  c a l c i n e  i s  lL0.0165 cm wide and 0.0315 cm long.  The c a l c i n e  

p a r t i c l e s  were c l a s s i f i e d  before c o a t i n g  t o  remove f i n e s  and o v e r s i z e  pa r -  

t i c l e s .  I nc l uded  i n  t h e  coa t i ngs  a r e  o n l y  those p a r t i c l e s  which passed a  

70 mesh (0.210 mm opening) screen and those r e t a i n e d  on a  200 mesh (0.074 mm 

s i eve  opening)  screen. A1 though 90% of t h e  c a l c i n e  used f o r  c o a t i n g  would 

pass a  100 mesh (0.149 m opening)  screen i t  would n o t  pass t h e  200 mesh 

(0.074 mm opening)  screen. 

The es t imated  s i z e s  o f  t h e  p y r o l y t i c  carbon coated p a r t i c l e s  a r e  

0.0315 cm i n  w i d t h  and 0.0445 cm i n  l eng th .  (F i gu re  26) The carbon c o a t i n g  

v a r i e s  i n  t h i c kness  from 0.004 t o  G.006 cm (40-60 mic rons) .  The c o a t i n g  

appears t o  be b u i l t  up i n  subsequent l a y e r s ,  w i t h  some l a y e r s  e x h i b i t i n g  

some p o r o s i t y .  

The carbon appears t o  be bonded s t r o n g l y  t o  t h e  c a l c i n e  w i t h  a  v e r y  

s l i g h t  i n d i c a t i o n  o f  a  r e a c t i o n  l a y e r  a t  t h e  ca lc ine -carbon  i n t e r f a c e .  

M e t a l l i c  l o o k i n g  p a r t i c l e s  which a r e  found i n  t he  c a l c i n e  l a y e r  a r e  n o t  p res -  

e n t  i n  t h e  non-ccated p a r t i c l e s  and suggest a  p o s s i b l e  p a r t i a l  r e d u c t i o n  o f  

some elements i n  t h e  c s l c i n e  by t h e  carbon a t  these temperatures.  

The S i c  c o a t i n g  on t h e  carbon i s  r e l a t i v e l y  un i f o rm  be ing  about  

0.00175 cm (17.5 m i c rons )  t h i c k  ( F i g u r e  27) .  The average carbon-Sic coa ted  

p a r t i c l e s  a r e  approx i rnate ly  0.038 cm i n  w i d t h  and 0.057 cm i n  l eng th .  A  









small percentage (2%) o f  t he  p a r t i c l e  coat ings  appear t o  e x h i b i t  some crack-  

ing, both r a d i a l l y  and d iagona l ly .  This  i s  a t t r i b u t e d  t o  t h e  hard and 

b r i t t l e  na ture  o f  the  S ic  coa t i ng  which was p a r t i a l l y  f r a c t u r e d  du r ing  the  

g r i n d i n g  and po l  i s  h ing procedures requ i red  du r ing  metal lograph ic  preparat ion.  

Bonding between the  carbon and Sic i s  genera l l y  good w i t h  some p a r t i c l e s  

showing some p o r o s i t y  a t  t h e  i n t e r f a c e .  The c a l c i n e  i n  these p a r t i c l e s  a l s o  

show evidence o f  reduct ion.  The amount o f  reduc t ion  appears t o  be approxi -  

mately t he  same as t h a t  f o r  t h e  p y r o l y t i c  carbon coated p a r t i c l e s .  

The carbon coated p a r t i c l e s  which were coated w i t h  S ic  were coated 

separa te ly  from those coated w i t h  carbon alone. The coat ing  was t h i c k e r ,  

being approximately 0.01 cm t h i c k .  There was more p o r o s i t y  i n  the l a t e r  

carbon coat ing  than t h a t  observed i n  t h e  f i r s t  coat ing  processes. The 

coated p a r t i c l e s  a r e  c u r r e n t l y  being evaluated t o  determine t h e i r  physical  

c h a r a c t e r i s t i c s ,  pr-iniari l y  the  leach r a t e .  Some o f  the  coated p a r t i c l e s  wi 11 

be incorporated i n  a  mat r ix ,  such as quar tz .  This  w i l l  probably be accom- 

p l i shed  by h o t  pressing. The m a t r i x  ma te r i a l  w i l l  serve as a  b inder  f o r  t he  

p a r t i c l e s  and w i l l  a l s o  serve as an a d d i t i o n a l  b a r r i e r  t o  d ispers ion .  

Advanced Product Forms Research - G. J. McCarthy, Penn S ta te  

The M a t e r i a l s  Research Laboratory a t  t h e  Pennsylvania Sta te  U n i v e r s i t y ,  

U n i v e r s i t y  Park, PA, was g iven a  subcontract  t o  i n v e s t i g a t e  advanced waste 

product  forms, e. g. , forms o the r  than me1 t- formed glasses o r  g l  ass-ceramics. 

The i n v e s t i g a t i o n ,  being coordinated by D r .  G. J. McCarthy, s t a r t e d  October 1, 

1973, and i s  d i v i d e d  i n t o  th ree  tasks which a re  described i n  t he  f o l l o w i n g  

t e x t .  

Redundant P ro tec t i on  o f  Radioact ive Wastes (The Russian D o l l )  - 
G. J. McCarthy, W. B. White, R. Roy and K. E. Spear 

A Russian D o l l  i s  the  f a m i l i a r  t o y  i n  which each d o l l  opens up t o  reveal  

another smal ler  one i ns ide .  The term i s  adopted t o  represent  any m u l t i p l e  

b a r r i e r  p r o t e c t i o n  scheme f o r  r a d i o a c t i v e  wastes. I n  t h e  f i r s t  " l a y e r "  of 

p ro tec t i on ,  waste ions  a re  s u b s t i t u t e d  i n t o  appropr ia te  s t ruc tu res  t o  g i v e  

h i g h l y  i n s o l u b l e  products. Subsequent " l aye rs "  o f  p r o t e c t i o n  can mean i s o l a -  

t i o n  o f  these s o l i d  s o l u t i o n  g ra ins  i n  i n e r t  matr ices by ho t  pressing and/or 

s torage of t h e  products i n  ho t  pressed cement conta iners.  



The research i nvo l ves  f i r s t  t he  s e l e c t i o n  o f  candidate low s o l u b i l i t y  

phases based on c r y s t a l  chemical and thermodynamic parameters. Where re1  e- 

van t  data a re  n o t  a v a i l a b l e  t h e  phases w i l l  be synthesized and t h e i r  leacha- 

b i  1  i ty  determined. 

Next, t h e  a b i l i t y  t o  prepare t h e  phases by a d j u s t i n g  the  composit ion 

o f  t h e  l i q u i d  o r  ca l c i ned  waste w i t h  appropr ia te  add i t i ons  fol lowed by f i r i n g  

w i l l  be ascer ta ined.  The s o l i d  s o l u t i o n  l i m i t s  o f  t h e  waste ions  i n  t he  

phases f o r  a  g iven  temperature and t ime o f  f i r i n g  w i l l  be determined us ing 

x- ray d i f f r a c t i o n  as the  c h i e f  phase ana l ys i s  t o o l .  

I s o l a t i o n  o f  Radioact ive Wastes i n  Ceramic Mat r i ces  by Hot Pressing - 
G. J. McCarthy 

I n  a  research program a t  Penn S ta te  i n  1970-72 supported by the  

Nat iona l  Science Foundation i t  was found t h a t  by us ing the  ceramic process- 

-ing technique "ho t  press-ing" o r  "pressure s i n t e r i n g " ,  a  dense, low p o r o s i t y  

compact cou ld  be made o u t  o f  mixed powders o f  r a d i o a c t i v e  wastes and a  

s u i t a b l e  m a t r i x .  Quar tz ,  one o f  t h e  l e a s t  1  eachable o f  na tu ra l  ma te r i a l s ,  

was found t o  be a  p a r t i c u l a r l y  des i rab le  ma t r i x .  (a )  The key element i n  

i n s u r i n g  the  i ne r tness  o f  the  product  i s  p revent ing  ex tens ive  r e a c t i o n  and 

homogenization o f  t h e  waste and m a t r i x  such as happens i n  a  m e l t  forming 

process. 

The c u r r e n t  program i s  aimed a t  exp lo r i ng  the  f e a s i b i l i t y  o f  us ing  t h i s  

process f o r  an advanced product  form. The s imulated wastes a re  t h e  "clean" 

PW-4b and h igh  sodium PW-6 composit ions. I n i t i a l  e f f o r t s  w i l l  u t i l i z e  

s i l i c a  as a  mat r i x ,  added e i t h e r  as c r y s t a l l i n e  qua r t z  t o  t he  waste powder 

o r  as s i l i c a  so l  t o  t h e  waste l i q u i d .  Parameters t o  be va r i ed  i n c l u d e  

temperature and t ime o f  waste c a l c i n i n g ,  ho t  press ing temperature, t ime, 

pressure and waste t o  m a t r i x  r a t i o .  The products w i l l  be charac ter ized  f o r  

degree o f  waste-matr ix reac t i on ,  m ic ros t ruc tu re  and chemical homogeneity, 

p o r o s i t y  and l e a c h a b i l i t y .  The l a t t e r  two t e s t s  w i l l  be c a r r i e d  ou t  a t  PNL. 

( a )  G. J. McCarthy, "Quar tz  M a t r i x  I s o l a t i o n  o f  Radioact ive Wastes," J. o f  
M a t e r i a l s  Science, vo l .  8, pp. 1358-1359, 1973. 



High D e n s i t y  Hot Pressed Cement M a t e r i a l s  i n  Rad ioac t i ve  

Waste Management - D. M. Roy and G.  R .  Gouda 

Cement i t i ous  m a t e r i a l s  hav ing s u b s t a n t i a l l y  improved p r o p e r t i e s  over  

those  of normal cement and conc re te  were prepared u s i n g  normal cements 

as s t a r t i n g  m a t e r i a l s ,  and cou ld  be e x c e l l e n t  candidates f o r  nuc lea r  waste 

s t o rage  a p p l i c a t i o n s .  By employ-ing "ho t -p ress ing"  techniques, i .e . ,  mod- 

e r a t e  p ressure  a t  v e r y  modest temperatures i n  t h e  range 100-250°C, s t r e n g t h s  

an o r d e r  o f  magnitude h i ghe r  (100,000 p s i  vs. 10,000 p s i  compressive 

s t r e n g t h ) ,  and p o r o s i t i e s  an o r d e r  o f  magnitude lower  ( t 2  versus app rox i  - 
ma te l y  25%) t han  i n  no rms l l y  hardened cement pastes a re  achieved. F u r t h e r -  

more, t h e  m a t e r i a l  s have ve ry  low p e r m e a b i l i t y ,  h i g h  volume s t a b i l i t y ,  and 

a r e  r e l a t i v e l y  s t a b l e  thermal  l y .  

The c u r r e n t  research  program has as i t s  goal  e x p l o r i n g  t h e  p o t e n t i a l  

o f  such mate r . ia l s  f o r  Rad ioac t i ve  Waste Management t o  determine t h e  most 

d e s i r a b l e  combinat- ion o f  m a t e r i a l s  performance c h a r a c t e r i s t i c s  under t h e  

most f e a s i b l e  o p e r a t i n g  c o n d i t i o n s .  The p o s s i b l e  methods of a p p l i c a t i o n  

env is ioned  i n c l u d e  t he  f o l l o w i n g :  

a I n c o r p o r a t e  s o l j d i f i e d  wastes, which m igh t  be i nc l uded  as "aggregate" 

(m i c ro  o r  macro) i n  a  "concre te "  employing t h e  cementi t i o u s  m a t e r i a l  

as a  m a t r i x  b i nde r ,  

a Forrn smal l -moderate s i z e  c y l i n d r i c a l  specimens w i t h  t h e  r a d i o a c t i v e  

waste encapsula ted as t h e  co re  d u r i n g  t h e  f a b r i c a t i o n  process, 

a Use as. an o u t e r  c o n t a i n e r  o f  r e 1 a t i v e l . y  l a r g e  s i z e ,  depending on 

devel  opment o f  f a b r i c a t i o n  techniques.  

The i n f o rmz t . i on  yajned th rough  t h i s  research  i s  expected t o  be i m p o r t a n t  a l s o  

i n  o t h e r  a p p l i c a t i o n s  o f  conc re te  technology t o  r a d i o a c t i v e  waste management. 

( a )  Do M. Roy, G. R .  Gouda and A. Bobrowsky, "Very H igh  S t r e n g t h  Cement 
Pastes prepared by Ho t  Press ing and Other  High Pressure Techniques," 
Cement and Concrete  Research, v o l  . 2, pp. 349-366, 1972. 

(b )  D.  M. Roy and G. R. Gouda, "Po ros i t y -S t reng th  R e l a t i o n  i n  Cement i t i ous  
 ater rials w i t h  Very High s t rengths, "  J .  ~ m e r .  Ceram. Soc., v o l .  56, 
pp. 543-550, 1973. 

( c )  D. M. Roy and G.  R .  Gouda, "High S t reng th  Generat ion i n  Cement Pastes," 
Cement -- arid Concrete  Research, v o l .  3, pp. 807-820, 1973. 



C r y s t a l l i n e  Phase Format ion i n  Calc ined PW-6 and PW-4b - G. J. McCarthy 

It i s  impo r tan t  t o  a l l  o f  t he  tasks  i n  t h i s  program t o  know what 

c r y s t a l  1  i n e  phases form o n  f i r i n g  t h e  wastes a t  a  p a r t i c u l a r  temperature 

and du ra t i on .  Table 9 g i ves  t h e  atomic abundances f o r  PW-6 and PW-4b. 

Two approaches a r e  used t o  suggest what c r y s t a l l i n e  phases t o  expect 

i n  t h e  x - ray  powder p a t t e r n s  a f t e r  f i r i n g .  F i r s t ,  data f o r  ox ide  phases 

made up o f  one t o  t h r e e  o f  t h e  major waste c a t i o n s  were c o l l e c t e d  f rom t h e  

Powder D i f f r a c t i o n  F i l e  and compared w i t h  t h e  observed data.  The second 

approach examined a v a i l a b l e  phase diagrams o f  two o r  more o f  t h e  major  waste 

c a t i o n  ox ides  f o r  compound o r  s o l i d  s o l u t i o n  f o rma t i on  and thermal 

s t a b i  1  i ty. 

PW-6 ca l c i ne ,  as rece i ved  from BPNL, had been f i r e d  a t  500°C f o r  1  h r .  

A d d i t i o n a l  f i r i n g s  o f  PW-6 were c a r r i e d  o u t  f rom 750" t o  1050°C f o r  2  t o  

24 h r .  The c r y s t a l  l i n e  phases i d e n t i f i e d  i n  t h e  products  t o  date ( i n  add i -  

t i o n  t o  NaN03 which was p resen t  i n i t i a l l y  b u t  decomposed a t  750°C) a re :  

Na2Mo04. Cubic s p i n e l  s t r u c t u r e  phase. I t  f i r s t  shows up a f t e r  2  h r  

a t  750°C and grows i n  i n t e n s i t y  w i t h  a d d i t i o n a l  750°C hea t  t reatment .  

It i s  p resen t  o n l y  i n  some o f  t h e  remain ing pa t t e rns .  

NaFe02. Orthorhombic 6-phase. Present  t o  about t he  same e x t e n t  i n  

every  f i r i n g  f rom 750-1 050°C. 

~ l u o r i t e ' ~ )  s t r u c t u r e  s o l i d  s o l u t i o n  (Fss) .  T h i s  i s  t he  o n l y  recog- 

n i z a b l e  phase i n  "as rece ived"  PW-6 except NaN03. Very broad r e f l e c -  

t i o n s  i n d i c a t e  t h a t  i t  i s  p o o r l y  c r y s t a l l i z e d .  I t  i s  a  ma jo r  phase i n  

a l l  f i r i n g s  w i t h  t h e  r e f l e c t i o n s  becoming sharper w i t h  each h ighe r  

temperature o r  t ime.  The composi t ion o f  t h i s  s o l i d  s o l u t i o n  c o n s i s t s  

p r i m a r i l y  of  Ce02 w i t h ,  as y e t  undetermined, amounts of t he  l a r g e r  RE 3+ 

i ons  s u b s t r a t i n g  f o r  ce4+ w i t h  accompanying oxygen defects .  There may 

a l s o  be come Zr02 s o l u t i o n  i n  t h e  Ce02. The u n i t  c e l l  parameter o f  
0 0 

Fss i s  approx imate ly  %5.425Ay s l i g h t l y  l a r g e r  than 5.411A f o r  pure Ce02. 

( a )  F l u o r i t e  i s  t he  minera l  name f o r  CaF2. Large c a t i o n  ox ides  A02 have t h i s  
s t r u c t u r e  e.g., UO2, CeO2, Tho2. Pure Zr02 has two polymorphs w i t h  
d i s t o r t e d  f l u o r i t e  s t r u c t u r e s .  

6  3 



TABLE 9. Atomic Concentrat ions i n  Wastes A f t e r  
I n i t i a l  Dry ing  ( i n  Order  o f  Abundance) 

Na 
Fe 
RE* 
Mo 
Z r  
U 
C s  
N  i 
C r 
S r 
Ba 
? e 
K 
C 0 
P 
Ag 
C d  

PW-6 - 
60.5 
16.9 

6.4 
3.5 
3.2 
1.9 
1.6 
1.6 
1.4 
0.8 
0.8 
0.4 
0.3 
0.3 
0.2 
0.1 
0.1 

100 atomic % 

PW-4b 

RE* 27.8 
M o  15.4 
Fe 14.3 
Z r  13.9 
C s  7.1 
N  i 4.8 
S r 3.6 
Ba 3.6 
U 2.6 
Te 1.6 
C r 1 .5  
K 1.3 
Co 1.3 
P 0.6 
Ag 0.3 
Cd 0.3 

100 atomic % 

* RE = r a r e  ear ths ,  c h i e f l y  Ce, Nd, La, P r  and Sm 

Another f l u o r i t e  and one o r  two pe rovsk i t e  s t r u c t u r e  s o l i d  s o l u t i o n s  

a r e  t e n t a t i v e l y  i d e n t i f i e d  i n  t he  h i ghe r  ter r~perature f i r i n g s  b u t  these 

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

PW-4b c a l c i n e s  as rece ived,  was p o o r l y  c r y s t a l l i z e d  and showed o n l y  a  

few ve ry  d i f f u s e  r e f l e c t i o n s  i n  t h e  r e g i o n  o f  f l u o r i t e  s o l i d  s o l u t i o n s .  It 

was f i r e d  f rom 750 t o  1400°C f o r  2  t o  24 h r .  A t  t h e  lower  temperatures t h e  

major  r e f l e c t i o n s  i n  t h e  x - ray  p a t t e r n s  a re  d i f f u s e  and can be a t t r i b u t e d  

t o  two f l u o r i t e  s t r u c t u r e  s o l i d  s o l u t i o n s .  The f i r s t ,  w i t h  an a, of approx i -  
0 0 

mate l y  5.41A, appears t o  be mos t l y  Ce02 and t h e  second, w i t h  a. = 5.34A, 

c01~1d  be mos t l y  RE2Zr207. The cub i c  c e l l  parameter r epo r ted  i n  t h e  Powder 

D i f f r a c t i o n  F i l e  f o r  Nd2Zr207 i s  10.64 i  ( 2  x  5 . 3 ~ i ) . ( ~ )  A t  the  h i g h e r  

(a)  Nd2Zr20 i s  r e p o r t e d  t o  have a  py roch lo re  s t r u c t u r e .  I n  t h i s  s t r u c t u r e  
type  a1 C o f  t h e  s t r ong  r e f l e c t i o n s  can be a t t r i b u t e d  t o  a  d e f e c t  f l u o -  
r i t e  s t r u c t u r e  w i t h  a  ha lved c e l l  parameter. 



f i r i n g  temperatures t he  two phases r e a c t  t o  form a s i n g l e  phase w i t h  sharp 
0 

r e f l e c t i o n s  and a. = 5.35A. Several weak r e f l e c t i o n s  i n  each o f  t he  pa t -  

t e rns  a r e  n o t  y e t  a s s i g n e d - t o  any phase o r  phases. 

Hot Press ing  o f  PW-6/Quartz M ix tu res  - G. J .  McCarthy and M. Davidson 

I n  t he  e a r l i e r  Penn S t a t e  work i t  was shown t h a t  a  hard dense compact 

cou ld  be made f rom equal weights  o f  qua r t z  and t h e  waste PW-4111 ( s - i n i i l a r  i n  

composi t ion t o  PW-4b). Thus, i n i t i a l  e f f o r t  was on h o t  p ress ing  PW-6/quartz 

m ix tu res .  

S ince PW-6 i s  so r i c h  i n  Na, i t  was expected t h a t  a  g rea te r  r a t i o  o f  

q u a r t z  t o  waste would have t o  be used t o  avo id  ex tens i ve  m e l t i n g .  A v a i l -  
, . 

a b l e  phase diagrams(a) i n d i c a t e  t h a t  t he  f i r s t  l i q u i d  forms i n  t h e  system 

Na20-Si02 a t  ~ 7 8 0 ° C  and i n  Na2-Fe203-Si02 a t  ~760°C .  By s imp ly  f i r i n g  

p e l l e t s  o f  quartz-PW-6 m ix tu res  i n  a i r  a t  1000°C ( t h e  h o t  pressirrg tempera- 

t u r e )  i t  cou ld  be determined t h a t  a  r a t i o  o f  3  q u a r t z  t o  1  PW-6 was neces- 

sary  t o  p reven t  s i g n i f i c a n t  de fo rmat ion  o f  t h e  p e l l e t s  due t o  me l t i ng .  

P a r t i c u l a r s  o f  two runs  us ing  t h i s  r a t i o  a r e  g iven  i n  Table 10. 

TABLE 10. 3  Si02: 1  PW-6 Hot Press ing Runs 

HP-1 HP-2 

C e l l  1"  g r a p h i t e  1"  g r a p h i t e  
Pressure 3000 p s i  3000 p s i  
Time t o  Temperature 26 min t o  1000°C 18 min t o  ~ 7 5 0 ° C  
Time a t  Temperature 10 min a t  1000°C 10 min a t  ~ 7 5 0 ° C  
Coo l ing  Time 3 - 5 h r  3 - 4 h r  

I n  HP-1 t h e  d e n s i f i c a t i o n  versus t ime c h a r t s  i n d i c a t e d  t h a t  s i g n i f i c a n t  

compaction began a t  ~ 7 5 0 ° C  so t he  second run  was taken  o n l y  t o  t h i s  tempera- 

t u re .  I t  i s  l i k e l y  t h a t  a  smal l  amount o f  a  l i q u i d  phase i s  fo rming  a t  

about t h i s  temperature and i s  r espons ib l e  f o r  t h e  bonding between waste and 

m a t r i x .  Th is  w i l l  be cons idered i n  i n t e r p r e t i n g  upco~ii'ing e l e c t r o n  mic ro -  

probe and scanning e l e c t r o n  microscope measurements. 

( a )  E. M. Lev in ,  C. R. Robbins and H. F. McMurdie, "Phase Diagrams f o r  
Ceranii s t s  ," A~i ier ican Ceramic Society ,  Columbus, Ohio, 1964 and 1969. 



HP-1 was hard  and dense and cornpared f a v o r a b l y  w i t h  quartz-PW-4m-com- 

pac ts .  HP-2 was somewhat l e s s  dense and more e a s i l y  f r a c t u r e d .  

Hot Press ing  o f  Cement and Cement: P I -6  M i x tu res  - D .  M. Roy 

and G. R .  Gouda 

Equipment. A  1 /2 - in .  d iameter  h o t  p ress i ng  c e l l  was used t o  prepare a  

s e r i e s  o f  h o t  pressed cement and cement: PW-6 specimens. A  l a r g e r  1  i n .  

d iameter  c e l l  was designed and t he  m a t e r i a l s  f o r  c o n s t r u c t i o n  acqu i red .  

Cement Composi t ion.  Seven common cement corr~posi t i o n s  ( o f  which t h r e e  

were s t u d i e d  f o r  t h e  f i r s t  t ime )  were h o t  pressed under a  v a r i e t y  o f  cond i -  

t i o n s .  A1 1  produced dense r e l a t i v e l y  impermeable specimens, f o r  which 

t y p i c a l  da ta  a r e  g i v e n  i n  Table 11. 

Cement: Waste M i x tu res .  PW-6 c a l c i n e  was used as r ece i ved  f r om PNL 

( f i r e d  1  h r  a t  500°C). I n i t i a l  h o t  p ress i ng  exper iments used w a t e r / s o l i d s  

r a t i o  o f  0.095, b u t  because o f  t h e  h i g h  v o l a t i l e  con ten t  o f  PW-6 ( c h i e f l y  

NaN03) l a t e r  m i x t u r e s  used w/s r a t i o  = 0.03 and 0.02, and t h e  r e s u l t a n t  

compacts have v e r y  accep tab le  p r o p e r t i e s .  I n  such ma te r i  a1 s  any p o t e n t i a l  

e f f e c t s  o f  r a d i o l y s i s  o f  OH- would the reby  be reduced a l s o .  Data summa- 

r i z i n g  some exper iments a r e  g i ven  i n  Table  11. 

Mechanical  Proper- t ies .  Corr~pressive s t r eng ths  o f  h o t  pressed cement 

compacts ( d i r e c t l y  f rom t h e  ho t  press c e l l  ) range i n  t h e  v i c i n i t y  o f  

50,000 p s i  o r  h i ghe r  (Tab le  11, Sample No. 9 ) .  Compressive s t r e n g t h s  o f  

Cement: PM-6 m i x t u r e s  appear t o  be somewhat lower  (Table  11, Sample No. F-1 ),  

a l t hough  t h e y  are  s t i l l  ve r y  h i g h  s t r eng th ,  and ve ry  dense. One t e n s i l e  

s t r e n g t h  measurement ('Table 11, Sample No. C-1) was about 8 t imes t h a t  o f  

normal cement. 

Phys i ca l  i n d  Chemical C h a r a c t e r i s t i c s  

Dens i t y .  Measured on a  few samples, i t  was always h i g h e r  w i t h  cement 

PW-6 m ix tu res ,  than  w i t h  cement alone, i n d i c a t i n g  good compaction. 

Thermal s t a b i l i t y .  A l l  cements used a r e  q u i t e  s t a b l e  i n  t h e  range up 

t o  500 - 600°C. However, Fondu cement, as expected had unusual thermal  

s t a b i l i t y .  When pressed a t  250°C, 50,000 p s i ,  1/2 h r  (Table  11, 



TABLE 1 1 .  Hot Press ing o f  Cements 

HOT P R E S S I N G  OF C E M E N T S  A N D  C E M E N T - P W - 6  M I X T U R E S  

SAMPLE CEMENT COMPOSITIONS T 
NUMBER WT. % MAJOR COMPONENTS - 

P TIME OTHER 
(psi) (hrs) PARAMETERS OBSERVATIONS - 
l atm 24 wlc = 0.22 REFERENCE 1 PORTLAND TYPE l 25O 

65 CaO. 22 SiOp, 5.5 A1203. SO3 = 2.6 

2 PORTLAND TYPE l 2500 
65 CaO. 22 5102, 5.5 AI2Oj. 5 0 3  = 2.6 

4 PORTLAND TYPE ll l 25O 
63 CaO, 22 SIOz, 5.2 A1203, 5 0 3  = 3.8 

5 0 . W  1 wlc = 0.095 GOOD CYLINDER 

1 atm 24 wlc = 0.22 REFERENCE; 
MODERATE AClD 
DAMAGE 

50.003 112 wic - 0.095 GOOD CYLINDER 
HIGH RESISTANCE 
TO ACID 

5 PORTLAND TYPE l l l 250O 
63 CaO. 22 5102, 5.2 AI&. SO3 = 3.8 

8 FONDU 25O 1 atm 24 wlc = 0.16 REFERENCE 
38 CaO, 25 Sl02, 40 A1203, 11 Fez03 DISINTE2RATES RAPIDLY 

I N  A C l D  

9 FONDU 250O 50, WO 112 wic = 0.095 GOOD STRONG CYLINDER 
DENSITY = 2.M gmlcc 
o c o ~ p  51.400 
REACTS MORE SLOWLY 
I N  ACIDTHAN 8: 
CYLINDER REMAINS 

REFERENCE SERCAR 250 
26 CaO, 0.2 SiOz, 72 A1203 

SERCAR 250 

REGULATED SET 
58 CaO, 16 Slop, 10A1203, 6.4 SO3 

REGULATED SET 
58 CaO. 16 Si02. 10 A120j, 6.4 SOj 

M P A N S I V E  CEMENT 

M P A N S I V E  CEMENT 

PO N P E  I CEMENT 
10 PW-6 

wlc = 0.22 

50. O M  

1 atm 

wlc = 0.095 

wic = 0.22 

GOOD CYLINDER 

REFERENCE 

wic = 0.095 GOOD CYLINDER 

1 atm 

50. 

50. m) 

wic = 0.22 

wlc = 0.095 

wls . 0.12 

REFERENCE 

GOOD CYLINDER 

PISTONS STICK 

BO TYPE I CEMENT 
20 PW-6 

wls = 0.01 YELLOW PPT ON PISTONS: 
EASILY REMOVABLE 

DENSITY = 2.96 

?ENS I LE = jM) Psi 

90 TYPE I CEMENT 
10 PW-6 

BO FONDU 
20 PW-6 

Lls = 0.07 

wls = 0.03 GOOD CYLINDER; LITTLE 
YELLOW PPT. 
DENSITY = 2.97 
ocOMp = 33, M) psi 
REACTS MORE RAPIDLY 
THAN 9 

WHITE P P T ~  CAUSES 
STICKING 
GOOD CYLINDER 

W H I T E P P T ~  
GOOD CYLINDER. LIGHT 
BROWN 

H - l  75 FONDU 
20 PW-6 
5 ZEOLITE 

2500 50, WO 112 wls = 0.03 

1-1 B O T Y P E l l l  2500 50. WO 112 wis = 0.03 
20 PW-6 

J-1  BO WHITE CEMENT (LOW Fel 250" 50. WO 112 wls = 0.02 
20 PW-6 

GOOD CYLINDER, LIGHT 
BROWN, DARK SPOTS 

K - 1  80REG. SET 250" 50. m) 112 wls = 0.02 
20 PW-6 

GOOD CYLINDER, BROWN 
COLOR. DARK SPOTS. 
EASY TO REMOVE FROM 
CELL 
MORE PPT 

GOOD CYLINDER 
WHITE PPT: FOAMY 
YELLOW PPT OUTSiDE 
CELL 
RAPID DISINTEGRATION 
I N  HCI 

ABBREVIATIONS: 

W ~ C  = WATER:CEMENT RATIO lWTl 

WlS - WATER:SOLIDS RATIO IWTI 

Us - L A T M  SUSPENSION (505bSOLIDSl:SOLIDS (CEMENT t WASTE1 

oCOMp - COMPRESSIVE STRENGTH 

oTENSILE = TENSILE STRENGTH 

a . .HCI 1:l ACID 

b = PPT (PRECIPITATE) - NaN03 



Sample No. 9) ,  no d i s i n t e g r a t i o n  was observed on heat ing the compact 

t o  1200°C, w h i l e  Por t land cement compacts underwent some f r a c t u r i n g .  

Safety Analys is  - W. K. Winegardner, T. H. Smith and G. Jansen 

The purpose of the  safety ana lys is  task i s  t o  de f ine  and i n v e s t i g a t e  

waste management systems i n  r e l a t i o n  t o  the  containment, immobi l izat ion,  

and i s o l a t i o n  of hazardous wastes and t o  evaluate the  r a d i o l o g i c a l  sa fe ty  

imp1 i c a t i  ons o f  these sys tems. 

Work resumed on the  d e f i n i t i o n  o f  a  reference, s ta te -o f -a r t  system f o r  

the  100-year management of h igh- leve l  waste. The system, discussed pre- 

v i o u s l y  i n  the  Apr i l -June 1973 Q u a r t e r l y  repor t , (a )  i s  the  bas is  f o r  c u r r e n t  

r i s k  (sa fe ty )  analyses. Work dur ing  the r e p o r t  per iod  centered on the  

development o f  system a c t i v i t y  l e v e l s  and the  d e f i n i t i o n  of waste charac- 

t e r i s t i c s .  Risk i s  defined as the  product of the  p r o b a b i l i t y  of pos tu la ted 

re lease inc iden ts  and the  r a d i o l o g i c a l  consequences o f  these inc iden ts .  

A c t i v i t y  l e v e l s  must be es tab l ished t o  est imate p r o b a b i l i t y ,  wh i l e  a  

v a r i e t y  o f  waste c h a r a c t e r i s t i c s  i s  needed t o  evaluate consequences. 

Add i t i ona l  s tud ies  a re  i n  progress on establ  i sh ing  the  popul a t i o n  d i s t r i  bu- 

ti on surrounding the  reprocessing p l a n t  and the  Ret r ievab le  Surface Storage 

f a c i l i t y  and on es tab l i sh ing  p re l im ina ry  f a u l t  t rees  fo r  pa r t s  o f  the 

system. 

A c t i v i t y  Levels 

The reference system i s  based on pro jec t ions ,  t o  the  year 2000, of 

wastes from the U.S. Nuclear Power Indust ry .  (b )  Probabi 1  i t i  es , and there-  

f o r e  r i s k ,  w i l l  be estimated from a c t i v i t y  l e v e l s  associated w i t h  the year 

2000, as shown i n  Figure 28. 

(a)  W. K. W i  negardner, "Safety Analysis," Q u a r t e r l y  Progress Report, 
Research and Development A c t i v i t i e s ,  Waste F i x a t i o n  Program, Apr i  1  - 
June 1973, BNWL-1761, J u l y  1973. 

(b)  J. P. Nichols, e t  a l . ,  "Pro jec t ions  of Fuel Reprocessing Requirements 
and High Level Wastes from the U.S. Nuclear Power Industry,"  ORNL-TM-3965 
( d r a f t ) ,  t o  be published. 

- - 



1. LIOLI I D  STORAGE - 5 YEAR INVENTORY FROM 1996-2000 
REPROCESS1 NG (3.4~106 GAL) 

2. LlQU I D TRANSFER - 5.0~105 GAL PER YEAR 
3. SOLIDIFICATION AND CANNING - 750 CANISTERS PER YEAR 
4. CAN1 STER 'TRANSFER - 750 CAN I STERS PER YEAR 
5. SOL1 D STORAGE - 3,100 CAN1 STERS, 5 YEAR INVENTORY FROM 

1991-1995 REPROCESSING 

I----------- 
6. CASK LOADING - 500 CANISTERS PER YEAR ' 7. SHIPPING - 55 SHIPMENTS OF 10 YEAR OLD WASTE PER YEAR 

I 8. CASK UNLOADING - 500 CANISTERS PER YEAR 
9. SOL1 D STORAGE - 24.W CAN I STERS, 18 YEAR l NVENTORY FROM 

I 1973-1990 REPROCESS I NG 
1 10. CASK LOADING - 5,000 CANISTERS PER YEAR 
I 11. SHIPPING - 450 SHIPMENTS OF 100 YEAR OLD WASTE PER YEAR 
1 12. M I N E  (BEDDED SALT) EMPLACEMENT - 5,000 CANISTERS PER YEAR 

I 
I 

FUEL REPROCESSING PLANT 
BOUNDARY 

1. A C T l V l T l  ES 1-8 REFLECT ONLY 15% OF THE TOTAL 
NUCLEAR INVENTORY. IT  I S  ASSUMED THAT THERE - . .  @ 
ARE 10 REPROCESS l NG PLANTS I N  THE YEAR 2000 
BUT THAT THE "REFERENCE" PLANT CAN REPROCESS 
UP TO 15% OF LWR, LMFBR, OR HTGR SPENT FUEL 
AVAILABLE (2200 MTIY R, 1600 MTNR,  AND 1300 MTlYR 
I N  2000, 1995, AND 1990, RESPECTIVELY). 

2. ACT1 V l  TY LEVELS FOR 1-9 ARE FOR YEAR 2000 

3. ACTIVITY LEVELS FOR 10-12 ARE FOR YEAR 2085 

FIGURE 28. 100-Year Reference Waste Management System 
( A c t i v i t y  Leve ls )  



Waste C h a r a c t e r i s t i c s  

I nven to r i es .  L i q u i d  and s o l i d  i n v e n t o r i e s  a r e  based on t h e  f o l l o w i n g  

va l  ues : 

L i q u i d  Sol i d  
Reactor Type (1 i ters/MT) (1  i ters/MT 

LWR 378 5  7  

HTGR 3785 170 

LMFBR 1249 85 

L i q u i d  Waste Cons t i tuen ts .  Cons t i tuen ts  o f  h i g h - l e v e l  1  i q u i d  wastes 

( o t h e r  than a  d e t a i l e d  l i s t i n g  o f  f i s s i o n s  products)  assoc ia ted  w i t h  t h e  

system a r e  summarized i n  Table 12. 

Sol i d  Wastes - Physica l  P rope r t i es .  Physi c a l  p r o p e r t i e s  a r e  summarized 

be1 ow. 

Bulk  Dens i ty  Thermal C o n d u c t i v i t y  Heat Ca a c i  ty 
g / m ~  W /  (m2) ( o c / ~ )  c a l l  (gy (oC) 

Cal c i n e  ( g r a n u l a r )  1.5 0.25 0.20 

Sol i d  Wastes - Release P rope r t i es .  Values t h a t  w i l l  be used f o r  e s t i -  

mat ing re lease  t o  water  a r e  t abu la ted  below. 

G l  ass-Cerami cs Cal c ines  
(gm/cm2-day) (gm/cm2-day) 

25OC 100°C 
Water Water 

Sho r t  term (day l ong )  1  l o m 4  5  1  .O 
re1  ease 

Long term (year  l o n g )  5  l o -6  3 1  .O 
re1  ease 

The e x t e n t  o f  v o l a t i l e  re1  ease w i  11 be est imated us ing  t h e  conserva t i ve  

curves o f  F igure  29. I n fo rma t i on  t o  a i d  i n  e s t i m a t i n g  re lease  as t h e  r e s u l t  

of impact o r  exp los ion  i s  needed. 

Sh ipp ing  Form. T ranspo r ta t i on  r i s k  analyses a r e  be ing  based on waste 

i n  t he  form o f  a  g lass  o r  ceramic, c l a d  w i t h  a u s t e n i t i c  s t a i n l e s s  s t e e l .  It 



- -J - VALUES TO BE USED FOR SAFETY AIVALYS I S  
- - - - - WSEP PROGRAM CS RELEASE DATA, 

FIG. 5.15, BlVWL-1666 
- - - 
- Te o CS RELEASE DATA FROM A. E. ALBRUHSEN AlVD 1 

L C. SCHWEIVDINIAN, "VOLATI L I  ZATI  OIV OF - 

FISSIOIV PRODUCTS FROM HIGH LEVEL CERAMIC: 
WASTES", BNWL-338, FEBRUARY, 1967 - 
PREI-IMIIVARY DATA, W. J. GRAY, - 

- - - - 
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FIGURE 29. D a t a  f o r  V o l a t i l i z a t i o n  f r o m  S o l i d i f i e d  H i g h  
L e v e l  Was te  



TABLE 12. Const i tuents o f  High-Level L i q u i d  Wastes 

Const i tuent  

Tota l  F i ss ion  
Products 

Tota l  Ac t i n ides  

Gramslmetric t o n  (MT) from 
Reactor Type 

L W R ( ~ )  H T G R ( ~ )  LMFBR(C) 

a. U-235 enr iched PWR, us ing  378 l i t e r s  o f  aqueous waste per  m e t r i c  ton, 
33,000 MWd/MT exposure. 

b. Combined waste from separate reprocessing o f  " f resh "  f u e l  and f e r t i l e  
p a r t i c l e s ,  us ing 3,785 l i t e r s  o f  aqueous waste per  m e t r i c  ton, 
94,200 MWdIMT exposure. 

c. Mixed core  and b lanket ,  w i t h  boron as so lub le  poison, 10% o f  c ladd ing  
d issolved,  1,249 1 i t e r s  per  m e t r i c  ton, 37,100 MWd/MT exposure. 

d. 0.5% product  l o s s  t o  waste. 



i s  assumed t h a t  t h e  waste i s  shipped i n  12 i n .  I D  x  10 f t long  x  0.38 i n .  

w a l l  c a n i s t e r s  hav ing welded c losures .  Waste volume pe r  c a n i s t e r  w i l l  be 

6.28 ft3 ( 8  f t  f i l l  ). For  U-enr iched f u e l  w i t h  33,000 MWD/MT exposure and 
3 a waste concen t ra t i on  o f  2  f t  /MT, c a n i s t e r  heat  genera t ion  would be 5.6 kW, 

3.4 kWy and 0.4 kW a f t e r  5, 10, and 100 years,  r e s p e c t i v e l y .  

AEC WASTE FIXATION 

Ceramic M a t e r i a l  s-Mol t e n  AEC Waste Compatibi 1  i ty  - J. L. Bates 

Ceramic r e f r a c t o r i e s  a r e  be ing  t e s t e d  i n  a  s imulated mol ten AEC waste 

g lass  t o  determine t h e i r  c o m p a t i b i l i t y  f o r  use i n  an e l e c t r i c ,  ce ramic - l i ned  

waste g lass  m e l t e r .  The s t a t i c  t e s t  used i n  t h i s  s tudy i s  i d e n t i c a l  t o  t h a t  

descr ibed f o r  t h e  commercial waste c o m p a t i b i l i t y  s t ud ies  descr ibed  elsewhere 

i n  t h i s  r e p o r t  and i n  a  p rev ious  q u a r t e r l y  r e p o r t .  ( a )  

The s imu la ted  mol ten AEC waste was composed o f  70 wt% b a s a l t  and 30 wt% 

s imu la ted  s a l t  cake. The s imu la ted  s a l t  cake was made up o f  67 wt% NaN03, 

15 wt% Na2A1204, 15 wt% Na2C03, and 3 wt% NaOH. The mol ten m i x t u r e  was 

heated a t  1450°C i n  a  p l a t i num c r u c i b l e  i n  a i r  and t h e  r e f r a c t o r y  ox ide  

saniple was p a r t i a l l y  immersed f o r  48 h r .  

Tests  were performed f o r  

Fused c a s t  S i02  

Fused c a s t  ZAS (zirconium-a1 uminum-si 1  i c a t e )  

Zr02 cas tab le  (95% Zr02)  

Fused c a s t  chrome o r e  (79% Cr203 from two d i f f e r e n t  sources) 

S i c  (g low b a r )  

S i n t e r e d  Z i r c o n  (Zr02-Si02)  

Isopressed chrome o r e  (79% Cr203) 

The Zr02 and fused c a s t  chrome o re  (from two d i f f e r e n t  s u p p l i e r s )  were 

t he  o f l l y  r e f r a c t o r i e s  which d i d  n o t  r e a c t  e x t e n s i v e l y  w i t h  t h i s  waste 

compos i t ion .  

( a )  Q u a r t e r l y  Progress Report, BNWL-1788, pp. 7-9, October 1973. 
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The Zr02 and fused chrome o r e  d i d  e x h i b i t  some smal l  areas which d i d  

r e a c t  w i t h  t h e  mo l ten  waste g l ass .  Other .areas d i d  n o t  r e a c t .  These v a r i -  

a t i o n s  cou ld  r e s u l t  f rom t h e  inhomogeneity i n  t h e  r e f r a c t o r i e s .  

The isopressed chrome o re  was exposed f o r  120 h r  t o  t h e  waste g l ass  

and f r a c t u r e d  d u r i n g  removal f rom t h e  furnace. It was subsequent ly removed 

when t h e  g l ass  was cooled and broken. The r e a c t i o n  was g r e a t e r  t han  t h a t  

f o r  t h e  fused c a s t  Cr203 ore,  b u t  l e s s  than t h a t  f o r  those samples which 

e x h i b i t e d  ex tens i ve  r e a c t i o n .  

The s i l i c o n  ca rb ide  was comple te ly  d i sso l ved  i n  t h e  waste g lass .  

P r e l i m i n a r y  r e s u l t s  suggest t h a t  t h e  c o r r o s i o n  o f  t h e  r e f r a c t o r i e s  

r e s u l t s  f rom t h e  r e a c t i o n  between t he  sodium i n  t h e  waste g lass  (app rox i -  

mate ly  23 wt%) and t h e  S i02  i n  t h e  r e f r a c t o r i e s .  For  example, t h e  degree 

of r e a c t i o n  was most severe w i t h  t h e  fused Si02. Lesser, b u t  s i g n i f i c a n t  

r e a c t i o n  was observed i n  t h e  ZAS and Z i rcon .  The fused c a s t  Cr203 o r e  

con ta ins  o n l y  smal l  amounts of S i03  (1.1.3 wt%)  and t h e  Zr02 con ta ins  l e s s  

than 1% Si02. The r e s i s t a n c e  o f  S i c  t o  o x i d a t i o n  i s  dependent upon t h e  

su r f ace  f o rma t i on  and o x i d a t i o n  r e s i s t a n c e  of Si02. I f  t h e  g l ass  d i sso l ved  

t h e  Si02, t h e  S i c  would be r e a d i l y  a t tacked  by t h e  l i q u i d  g l ass .  

The me ta l l og raph i c  examinat ion o f  these r e f r a c t o r i e s  i s  con t inu ing ,  and 

more ex tens i ve  q u a n t i t a t i v e  c h a r a c t e r i z a t i o n s  w i l l  be made. Those exhib-  

i t i n g  t h e  bes t  r e s i s t a n c e  t o  a t t a c k  w i l l  be heated f o r  a  l onge r  p e r i o d  o f  

t ime.  I n  a d d i t i o n ,  t e s t s  w i l l  be made u s i n g  another  proposed waste compo- 

s i t i o n  c o n t a i n i n g  65 wt% b a s a l t ,  30 wt% s imulated s a l t  cake, and 5 wt% B203. 
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