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. 
FOREWORD 

Th is  volume c o n t a i n s  t h e  f o u r  q u a r t e r l y  r e p o r t s  o f  t h e  High-Level Waste I m m o b i l i z a t i o n  

Program f o r  1978. 
q u a r t e r l y  r e p o r t  has been assigned i t s  own PNL number. The 1978 HLWIP Q u a r t e r l i e s  have been 

bound t o g e t h e r  o n l y  t o  exped i te  t h e i r  re lease .  
be issued as i n d i v i d u a l  documents. 

The accomplishments o f  each q u a r t e r  are desc r ibed  separa te l y ,  and each 

I n  t h e  f u t u r e  ou r  q u a r t e r l y  r e p o r t s  will again 

_ _ _ ~ .  

NOTICE 

sponsored by the United States Government. Nelther the 
United Stater nor the Uruted Stater Department of 
Enera,  nor any of thex employees, nor any of their 
contractors, subcontractors, or their employees, makes 
any warranty; express or implied, or assumes any legal 
liability or responribllity for the accuracy, completeness 
or usefulness of any mformatton, apparatus, product or 
process disclosed. or reprcwnt. that i t s  UY would not 
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SUMMARY 

Through t h e  High-Level  Waste I m m o b i l i z a t i o n  Program, t h e  P a c i f i c  Nor thwest  L a b o r a t o r y  

A ma jo r  goal i s  conduc t ing  research  on t h e  s o l i d i f i c a t i o n  of h i g h - l e v e l  r a d i o a c t i v e  waste. 

of t h i s  program i s  t o  develop waste g lass  composi t ions and r e l i a b l e  processes f o r  t h e i r  

manufacture. 

January th rough  March of 1978: 
T h i s  progress r e p o r t  desc r ibes  t h e  research  and development a c t i v i t  es f o r  

0 Approx ima te l y  9000 kg  o f  defense waste g lass  were processed th rough  t h e  l i q u  d- fed 

ceramic m e l t e r  and d r a i n e d  i n t o  s i x  c a n i s t e r s  2 f t  i n  d i a  by  9.5 f t  t a l l ,  u s i n g  e i t h e r  

s tandard  t i l t - p o u r  o p e r a t i o n  o r  a newly developed a i r - l i f t  d r a i n i n g  technique.  

A c r y s t a l l i n e  s ludge l a y e r  o f  NiFe204 s p i n e l  ( w i t h  Mn and T i  i n  s o l i d  s o l u t i o n )  

has accumulated on t h e  bot tom o f  t h e  ceramic m e l t e r .  

d u r i n g  normal o p e r a t i o n  were unsuccessfu l .  

0 

E f f o r t s  t o  f l u s h  o u t  t h e  s ludge  

M i c r o s t r u c t u r a l  examinat ion o f  d e v i t r i f i e d  specimens o f  f o u r  d i f f e r e n t  f u l l y  

r a d i o a c t i v e  g lasses r e v e a l e d  minor  d i f f e r e n c e s  i n  c r y s t a l l i n e  species f r o m  those  

o c c u r r i n g  i n  n o n r a d i o a c t i v e  c o u n t e r p a r t s  o f  t he  g lasses.  

i n  t h e  r a d i o a c t i v e  g lasses were found  t o  be 2 t o  3 t imes  those  planned, and t h a t  i s  

b e l i e v e d  t o  account f o r  a l l  o f  t h e  d i f f e r e n c e s .  

The uranium c o n c e n t r a t i o n s  

0 ~ Co r ros ion  coupons taken f rom t h e  l a b o r a t o r y  sp ray  c a l c i n e r  a f t e r  o p e r a t i o n  w i t h  

f l u o r i d e - c o n t a i n i n g  s imu la ted  Thorex waste showed accep tab le  c o r r o s i o n  r a t e s  o f  

0.2 mi l /mo o r  l e s s  f o r  300 -se r ies  s t a i n l e s s  s t e e l s ,  and 0.6 mi l /mo o r  l e s s  f o r  

I nconel s . 
Cesium v o l a t i l i t y  f r o m  superca lc ine  was found t o  be about 25 t imes  lower  than  i t  was 

f rom waste g lass.  

0 

iii 
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QUARTERLY PROGRESS REPORT 

RESEARCH AND DEVELOPMENT ACTIVITIES 

HIGH-LEVEL WASTE IMMOBILIZATION PROGRAM 
JANUARY THROUGH MARCH 1978 

INTROOUCTIN 

The High-Level  Waste I m m o b i l i z a t i o n  Program (HLW1P)--formerly t h e  Waste F i x a t i o n  

Program--is conducted by t h e  P a c i f i c  Northwest Labora to ry  (PNL), operated by  B a t t e l l e  

Memorial I n s t i t u t e  f o r  t h e  Department o f  Energy (DOE). Under t h i s  program, PNL i s  

conduc t ing  research  t o  conver t  h i g h - l e v e l  r a d i o a c t i v e  waste t o  s tab le ,  n o n d i s p e r s i b l e  

forms. 

b a r r i e r  waste forms. The HLWIP i s  designed t o  be a means th rough  which t h e  government and 

use rs  o f  t h e  techno logy  can cooperate t o  e f f e c t i v e l y  handle n u c l e a r  waste. 

t h e  comprehensive program i n c l u d e :  

equipment and process development; and design, c o n s t r u c t i o n ,  and demonstrat ion o f  

f u l l - s c a l e  process equipment. 

a c t i v i t i e s  i n  r a d i o a c t i v e  waste f i x a t i o n  f o r  t h e  pas t  q u a r t e r l y  r e p o r t i n g  p e r i o d .  

Candidate waste forms i n c l u d e  s i l i c a t e  g lasses  and v a r i o u s  c r y s t a l l i n e  and m u l t i -  

O b j e c t i v e s  o f  

t h e  development and c h a r a c t e r i z a t i o n  o f  waste forms; 

The f o l l o w i n g  s e c t i o n s  desc r ibe  research  and development 

1 
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SECTION 1 - WASTE FIXATION PROCESS DEVELOPMENT 

The purpose of t h i s  task i s  t o  develop processes and equipment for converting 
l iqu id  high- leve 2 radioact ive  waste into a s table ,  r e l a t i v e l y  nondispersible form 
for storage and, u l t imate ly ,  disposal .  This  purpose is generally being accomplished 
by the  development of a two-step approach--calcination or concentration followed by 
melting t o  form a boros i l ica te  glass .  

JOULE-HEATED CERAMIC MELTER - C. C. Chapman and J. L. B u e l t  

D u r i n g  t h e  l a s t  q u a r t e r ,  progress toward comp le t i on  o f  t h e  c a l c i n e - f e d  ceramic m e l t e r  

coupled t o  t h e  f u l l - s c a l e  spray c a l c i n e r  has proceeded on schedule. The d i f f e r e n c e s  i n  

waste g lasses  t h a t  a re  b e i n g  processed i n  l a r g e - s c a l e  e n g i n e e r i n g  equipment have i n d i c a t e d  

t h a t  m e l t i n g  and g lass  chemis t r y  should r e c e i v e  g r e a t e r  emphasis. Problems w i t h  r e b o i l ,  

foaming a t  t h e  r e a c t i o n  i n t e r f a c e ,  and s ludge f o r m d t i o n  i n  process equipment o f  newly 

proposed g lasses  f o r  t h e  v a r i o u s  e x i s t i n g  r a d i o a c t i v e  wastes and a n t i c i p a t e d  wastes have 

i n d i c a t e d  t h a t  c e r t a i n  sc reen ing  t e s t s  need t o  be completed f o r  newly proposed waste g l a s s  

composi t ions b e f o r e  t h e y  are committed t o  l a r g e - s c a l e  t e s t s .  A new a c t i v i t y  area, "Process 

C h e m i s t r y "  has become an impor tan t  p a r t  of t h e  process and equipment development program. 

Newly proposed g l  asses w i  11 be eva l  uated from a process p e r s p e c t i v e  p r i o r  t o  o r d e r i n g  1 arge 

q u a n t i t i e s  o f  chemicals  and i n i t i a t i n g  l ong - ie rm experiments. D u r i n g  t h e  p e r i o d  o f  January 

th rough  March 1978, t h e  l i q u i d - f e d  ceramic m e l t e r  (LFCM) has been - t e s t e d  w i t h  v a r i o u s  

composi t ions.  A t o t a l  o f  9000 kg o f  g l a s s  has beeri processed, and s i x  c a n i s t e r s  2 f e e t  i n  

d i a  and 9.5 f e e t  t a l l  have been f i l l e d .  

same f i n a l  g l a s s  compos i t i on  was produced by adding seve ra l  d i f f e r e n t  chemical b lends  t o  t h e  

m e l t e r .  

v a r i o u s  chemical b lends  i n  a con t inuous  m e l t e r .  S i g n i f i c a n t  v a r i a t i o n s  (as  much as a f a c t o r  

o f  t h r e e )  were noted between va r ious  chemical blends. The use o f  an a i r - l i f t  concept t o  

d r a i n  g l a s s  has been demonstrated t o  be an e f f e c t i v e  a l t e r n a t i v e  t o  t i l t - p o u r  ope ra t i on .  

Flow r a t e s  ob ta ined  u s i n g  a i r l i f t i n g  f o r  t h e  g i ven  geometry i n  t h e  LFCM showed t h a t  r a t e s  as 

h i g h  as 260 kg/hr  c o u l d  be mainta ined,  and a pump-clown o f  one t h i r d  t h e  dep th  o f  t h e  m e l t e r  
was demonstrated. 

A s e t  o f  exper iments wds completed i n  which t h e  

The r e s u l t s  o f  these sho r t - te rm exper iments a re  i n d i c a t i v e  o f  t h e  m e l t a b i l i t y  of 

As a r e s u l t  o f  c l o s e r  examinat ion o f  g lasses processed i n  t h e  l a s t  qua r te r ,  we have 
d i scove red  t h a t  some o f  t h e  g l a s s  compos i t i ons  processed have a r e l a t i v e l y  h i g h  l i q u i d i o u s  

temperature. 

l l O O ° C .  

sp ine l - s ludge  o r  c r y s t a l s  occu r red  over  seve ra l  months o f  ope ra t i on .  

cool,  s ludge- laden f l o o r  has caused problems i n  t h e  s t a b l e  o p e r a t i o n  o f  t h e  LFCM d u r i n g  

p rocess ing  t e s t s .  

o f  t h e  f l o o r  begins t o  i nc rease  s low ly .  

r e l e a s e  o f  gas i n  t h e  g lass.  

g lass ,  o r  a gas r e l e a s e  when t h e  c r y s t a l s  d i s s o l v e  back i n t o  t h e  g lass.  

b l a n k e t  covers t h e  e n t i r e  sur face '  of t h e  m e l t e r ,  an accumulat ion of gas bubbles r e s u l t s  

beneath t h e  b l a n k e t .  

foaming g l a s s  e n g u l f s  unreacted m a t e r i a l  i n  t h e  b l a n k e t  and causes f u r t h e r  gas re lease .  

T h i s  y i e l d s  f u r t h e r  foaming and f r o t h i n g .  

A s imu la ted  Savannah R i v e r  waste g l a s s  y i e l d e d  3% t o  6% NiFe203 s p i n e l  a t  

Because t h e  f l o o r  o f  t h e  LFCM operated below 1000°C,an accumulat ion o f  t h e  

Out-gass ing f rom t h e  

A f t e r  a s h o r t  p e r i o d  o f  f e e d i n g  t o  t h e  system, t h e  o p e r a t i n g  temperature 

T h i s  i n c r e a s e  i n  temperature a p p a r e n t l y  causes a 

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

If t h e  ba tch  

U l t i m a t e l y ,  t h e  r e l e a s e  o f  t h e  gas occurs through t h e  b lanke t .  The 

At tempts t o  remove t h i s  s ludge by i n c r e a s i n g  t h e  

3 



f l o o r  temperature, a g i t a t i o n  by a i r  bubbles, o r  f l u s h i n g  w i t h  f r i t s  has improved t h e  con- 

d i t i o n .  The exper ience w i t h  r e b o i l  i n  t h e  LFCM has n o t  been d u p l i c a t e d  i n  t h e  l a b o r a t o r y .  

However, i t s  procedure o f  m a i n t a i n i n g  t h e  f l o o r  and t h e  body o f  t h e  mo l ten  g lass  a t  t h e  

h i g h e s t  p o s s i b l e  temperature w h i l e  n o t  p rocess ing  has s i g n i f i c a n t l y  m i t i g a t e d  t h e  ou t -  

gass ing or r e b o i l  d u r i n g  process t e s t s .  F u r t h e r  e v a l u a t i o n  o f  t h i s  phenomenon i s  needed. 

The p rocess ing  o f  seve ra l  s i g n i f i c a n t l y  d i f f e r e n t  waste g lasses i n  t h e  same m e l t e r  may be 

t h e  source o f  t h e  r e - b o i l  problem and needs t o  be cons ide red  i n  t h e  e v a l u a t i o n  and 

i d e n t i f i c a t i o n  o f  t h e  ou t -gass ing  problem. 

D u r i n g  a process exper iment  w i t h  a s imu la ted  defense waste g lass,  d i f f i c u l t i e s  w i t h  

The cause of t h i s  sur face foaming has been 

foaming a t  t h e  f u s i o n  l a y e r  were encountered. 

l a y e r  d r a m a t i c a l l y  reduced t h e  process r a t e .  

a t t r i b u t e d  t o  t h e  decomposi t ion o f  sodium carbonate i n  t h e  h i g h l y  v iscous g l a s s  fr it 

a d d i t i v e .  
r e s u l t e d  i n  improved process r a t e  w i t h o u t  foaming i n  t h e  r e a c t i o n  zone. 

advantages o f  v a r i o u s  chemical b lends  o f  m i n e r a l s  and/or g l a s s  f r i t s ,  a s e r i e s  o f  e i g h t  

s h o r t  exper iments were developed. 

g i v e n  i n  Tab le  1. 

LF ceramic m e l t e r s  u s i n g  s i m i l a r  o p e r a t i n g  procedures. 
quent  melt-down t imes  a f t e r  t e r m i n a t i o n  o f  f eed ing  were determined f o r  each o f  t h e  chemical 

blends. 

The g e n e r a t i o n  o f  gas bubbles i n  t h e  r e a c t i o n  

A s h o r t  f o l l o w - u p  exper iment  u s i n g  g l a s s - f o r m i n g  chemicals  o r  a chemical b lend  

To assess t h e  

The l i s t i n g  o f  s imu la ted  c a l c i n e  and g l a s s  fo rmers  i s  

I n  each o f  t h e  e i g h t  experiments, over  400 kg  o f  m a t e r i a l  were f e d  t o  t h e  

The c o l d  cap t h i c k n e s s  and subse- 

T o t a l  g l a s s  p r o d u c t i o n  f o r  each of t h e  t e s t s  was as f o l l o w s :  SRP-3, 2990 kg; 

SRP-4, 390 kg; SRP-5, 400 kg; SRP-6, 400 kg; SRP-7, 450 kg; SRP-8, 400 kg; SRP-9, 370 kg; 

SRP-10, 440 kg. 

A t y p i c a l  f e e d  r a t e  schedule and power consumption a re  g i v e n  i n  F i g u r e  1, a c o l d  cap 

diagram i s  i l l u s t r a t e d  i n  F i g u r e  2, and t h e  r e s u l t i n g  c o l d  cap th i cknesses  and melt-down 

t imes  a re  g i v e n  i n  Tab le  2. 

end o f  t h e  f e e d i n g  and t h e  r e q u i r e d  melt-down t i m e  a f t e r  feed t e r m i n a t i o n  v a r y  by a f a c t o r  

o f  f rom t h r e e  t o  f i v e .  These r e s u l t s  a re  i n d i c a t i v e  o f  t h e  m e l t a b i l i t y  f o r  t h e  v a r i o u s  

chemical blends, and demonstrate t h a t  a g l a s s  compos i t i on  can be produced from many d i f f e r e n t  

chemical b lends  and t h a t  t h e  p r o c e s s a b i l i t y  o f  d i f f e r e n t  b lends  can v a r y  s i g n i f i c a n t l y .  

As can be noted, d i f f e r e n c e s  i n  t h e  c o l d  cap th i cknesses  a t  t h e  

BATCH CHEMISTRY - J. M. Lukacs and C. C. Church 

A c r y s t a l l i n e  s ludge l a y e r  has accumulated on t h e  f l o o r  o f  t h e  ceramic m e l t e r .  

menta l  a n a l y s i s  and x - ray  d i f f r a c t i o n  (XRD) o f  s ludge samples i d e n t i f y  a NiFe204 s p i n e l  

w i t h  manganese and t i t a n i u m  i n  s o l i d  s o l u t i o n .  

Savannah R i v e r  P l a n t  (SRP) ceramic m e l t e r  t r i a l s  (8/77 t o  10/77). 

SRP "average1' g l a s s  c l e a r l y  show t h e  f o r m a t i o n  o f  t h e  i n s o l u b l e  c r y s t a l l i n e  phase a f t e r  1 h r  

a t  l l O O ° C .  
accounts f o r  t h e  s e t t l i n g  observed a f t e r  158 hours. 

2 v o l %  w i l l  d i s s o l v e  i n  77-268, 76-107, and 76-199 f r i t s  a f t e r  1 h r  a t  l l O O ° C .  

t r o p i c  v i s c o s i t y  behav io r  o f  c r y s t a l / g l a s s  me l t s ,  c r y s t a l  s e t t l i n g ,  and foaming s e v e r e l y  

l i m i t  t h e  removal o f  s ludge d u r i n g  normal m e l t e r  ope ra t i on .  

c o l l e c t e d  d u r i n g  a v a r i e t y  o f  s t i r r i n g  and p o u r i n g  o p e r a t i o n s  d i d  n o t  c o n t a i n  any 

c r y s t a l  1 i ne m a t e r i  a1 . 

E l e -  

T h i s  phase i s  a remnant f r o m  t h e  p r e v i o u s  

L a b o r a t o r y  m e l t s  o f  t h e  

The l a r g e  d e n s i t y  d i f f e r e n c e  (5.2 g/cc vs 2.7 g /cc )  between c r y s t a l s  and g l a s s  

A l though  t h e  c r y s t a l l i n e  phase i s  i n s o l u b l e  i n  t h e  SRP "average" glass, app rox ima te l y  

Thixo-  

M e l t e r  o v e r f l o w  samples 
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TABLE 1. Savannah River Ceramic Melter Batch Melting Tests 

'It 

Final Glass Compositions Slass Batch, wt% 
Test T est es es est es est es es s ?S es 

:RP!5 SR;-6ta) SR;-7(a) SRi-Slb) :PP-9 SiP-:0 I3 :o :ip lRPFq S:P-:0 ~ _ _ _ -  . _ _  SRP-3 Slip-4 
~ __ 

( c )  32.2 
:3. 1 
21.5 
36.1 

5 .4 

1.3 
0.4 

31.8 48.5 
19.2 

6.0 9.2 
6.0 
9.9 
2.3 
0.5 

E,.6 

10.7 16.4 
5.7 s.1 
5.9 9.1 

32.2 32.2 32.2 
3.1 3.1 4.5 3.1 
21.5 21.5 31.7 21.5 
36.1 36.1 53.3 36.1 
5.4 5.4 7.9 5.4 
1.3 1.3 2.0 1.3 
0.4 0.4 n.fi  0.4 

44.9 60.4 57.5 60.4 
5.3 18.5 6.3 
11.5 10.0 11.5 
5.7 4.9 5.7 
4.6 4.0 4.5 

10.5 11.5 19.0 11.5 

1.7 

15.3 
13.7 
11.3 

37.7 21.1 
3.1 3.7 

21.5 24.0 
36.1 40.0 
5.4 R . 7  

1.3 ?.fi 

0.4 0.4 

5F.3 60.4 
7.1 fi.3 

12.0 11.5 
6.4 L.7 
5.2 4.6 
11.5 11.5 

( a )  Frit added in oremelted forin. 
( b )  Frit added in premelted form, except that T i n ?  was mixed as a separate powder. 
(c) Fed as dry chemicals. 

30.4 42.fi 40.7 
1 3 . O  15.0 10.1 
7.5 ?..I 7.7 
4.f i  @.9 4.7 

3.2 3.1 3.0 
7.6 7.7 
8.4 4.1 9.5 
12.1 13.3 17.4 

2.F 3.0 4.1 
0.6 0.5 1.9 

100 1- 

5 60 1 
Y 

UPPER I I 
ELECTRODES I 

ELECTRODES 
I 

I I , I I I J 
3 4 5 6 7 8 9 0 1 2 

T I M E  hr  

200 

160 

n 
Y W 

80 

40 

0 

FIGURE 1. Typical Feed Rate Schedule and Power Consumption 
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FIGURE 2. Co ld  Cap Thickness Diagram 

TABLE 2. Co ld  Cap Thicknesses and Melt-Down Time 

Mol t e n  
Co ld  Cap Glass  

Run Thickness, Depth, Meltdown 
Number i n .  i n .  Time, h r  

SRP-4 16 15.5 3.6 

SRP-5 6.5 19.5 1.8 

SRP-6 8 18 1.5 

SRP-7 9 17  2 
SRP-8 12.5 16 ( a )  

SRP-9 20.5 15.5 5.5 

SRP-10 19.5 11.5 10.3 

( a )  Run SRP-9 f o l l o w e d  SRP-8 w i t h o u t  a 
meltdown o f  t h e  c o l d  cap. 

Samples o f  t h e  SRP "composi te" g l a s s  ba tch  t o  be used i n  f u t u r e  ceramic  m e l t e r  t r i a l s  

were examined f o r  p o t e n t i a l  problems. 
r a p i d l y  and foam l e s s  than  t h e  p r e v i o u s  SRP "average" g l a s s  batches. The m e l t  v i s c o s i t y  o f  

t h e  as - rece ived  m a t e r i a l  was comparable t o  va lues  r e p o r t e d  by SRP. There was no i n d i c a t i o n  

o f  c r y s t a l l i n e  p r e c i p i t a t i o n  and s e t t l i n g ,  as had been n o t e d  f o r  t h e  "average" compos i t ion .  

Labora to ry  t e s t s  showed t h i s  compos i t i on  t o  m e l t  more 

Progress  t h i s  q u a r t e r  was marked by comp le t i on  o f  f i v e  sp ray  c a l c i n e r  runs .  The main 

emphasis o f  t hese  r u n s  was t o  e s t a b l i s h  t h e  a b i l i t y  o f  t h e  spray  c a l c i n e r  t o  process defense 

waste f e e d  compos i t ions .  
c o n d i t i o n s  t h a t  p e r m i t  c a l c i n a t i o n  o f  complete g lass  compos i t ions  has been done. 

P r e l i m i n a r y  work t o  deve lop  compa t ib le  feed  s o l u t i o n s  and process 

IN-CAN MELTING - H. T. B l a i r  

The o r i g i n a l  in -can m e l t e r  (ICM) concept had t h e  c a n i s t e r  suspended i n  t h e  fu rnace  f rom 

b a i l s  on t h e  t o p  o f  t h e  can. 
access t o  t hese  b a i l s .  T h i s  p laced  t h e  t o p  o f  t he  can i n  a thermal  g rad ien t ,  which r e s u l t e d  

i n  t h e  accumula t ion  o f  u n v i t r i f i e d  c a l c i n e  i n s i d e  t h e  can above t h e  m e l t  l e v e l .  I n  t h e  PNL 

f u l l - s c a l e  (FS) I C M  t h e  can i s  suppor ted  a t  t h e  bo t tom and t h e  e n t i r e  can i s  i n s i d e  t h e  

The can extended th rough  t h e  t o p  o f  t h e  fu rnace  t o  p r o v i d e  

fu rnace  chamber. 

Loose m a t e r i a l  was c o l l e c t e d  f r o m  t h e  s u r f a c e  o f  t h e  p r o d u c t  o f  FS ICM-17 and t e s t e d  f o r  

l each  r e s i s t a n c e  t o  de termine whether o r  n o t  l o c a t i n g  t h e  complete can i n s i d e  t h e  fu rnace  

6 
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has e l i m i n a t e d  t h e  e x i s t e n c e  o f  u n v i t r i f i e d  c a l c i n e  i n  t h e  can f o l l o w i n g  t h e  I C M  process. 

The m a t e r i a l  c o l l e c t e d  i s  s p a l l  f r o m  t h e  i n s i d e  w a l l s  o f  t h e  can and t h e  su r faces  o f  t h e  
f i n s ,  which ex tend  above t h e  m e l t  su r face .  Because t h i s  s p a l l  c o n t a i n s  i r o n  o x i d e  f r o m  t h e  

can m a t e r i a l ,  a magnet was used t o  separate t h e  sample i n t o  magnet ic  and nonmagnetic f r a c -  

t i o n s  t o  reduce t h e  e f f e c t s  o f  t h i s  v a r i a b l e .  The r e s u l t s  o f  t h e  72-hr Soxh le t  l each  t e s t  

are r e p o r t e d  i n  Table 3. 

TABLE 3. Soxh le t  Leach Test  Resu l t s  f o r  Spa11 
f r o m  I n s i d e  FS ICM-17 

Sample I D  W t %  L o s t  i n  72 h r  

FS ICM-17 Bulk  Sample 4.1 
FS ICM-17 Nonmagnetic 2.4 

FS ICM-17 Magnet ic  5.7 

These r e s u l t s  i n d i c a t e  t h a t  t h e  s p a l l  p resen t  i n  t h e  t o p  o f  cans f i l l e d  i n  t h e  FS I C M  has 

l each  r e s i s t a n c e  o f  t h e  same magnitude as t h a t  o f  t h e  b u l k  o f  t h e  v i t r i f i e d  p roduc t  i n  t h e  

can. 

D u r i n g  t h e  ten-day con t inuous  demonstrat ion o f  t h e  I C M  process l a s t  year ,  we became 

aware o f  t h e  need t o  develop and demonstrate a s a t i s f a c t o r y  method o f  r e m o t e l y  p o s i t i o n i n g  

t h e  c a n i s t e r  i n  t h e  fu rnace  and making and b r e a k i n g  t h e  connec t ion  between t h e  c a n i s t e r  and 

t h e  c a l c i n e r  when exchanging empty c a n i s t e r s  w i t h  f u l l  ones. The r e s p o n s i b i l i t y  f o r  i d e n t i -  

f y i n g  a concept and des ign ing  and b u i l d i n g  a demonst.ration u n i t  f o r  i n c o r p o r a t i o n  i n t o  t h e  

f u l l - s c a l e  spray ca l c ine r / ICM was accepted by  P h i l i p  S. Gor ton o f  t h e  Eng ineer ing  Phys ics 

Department. 

s e c t i o n  and c a n i s t e r  suppor t  system: 

P h i l  has d e f i n e d  t h e  f o l l o w i n g  des ign  c r i t e r i a  f o r  t h e  remote connec t ing  

1. The remote connec t ing  s e c t i o n ' s  f u n c t i o n  i s  t o  convey a c a l c i n e  and f r i t  m i x t u r e  f r o m  

t h e  d i v e r t e r  i n t o  t h e  can and t o  convey a coun te r  f l o w  o f  o f f  gas f rom t h e  I C M  t o  t h e  

d i v e r t e r .  The f u n c t i o n  o f  t he  I C M  can-suppor t  system i s  t o  p o s i t i o n  and suppor t  t h e  
can i n  t h e  f u r n a c e  and t o  m o n i t o r  t h e  we igh t  and r a t e  o f  we igh t  change o f  t h e  can 
c o n t e n t s  d u r i n g  t h e  I C M  process. 

The o p e r a t i o n s  t h a t  a re  t o  be performed by t h i s  equipment are as f o l l o w s : ( a )  2. 

lower empty can i n t o  open I C M  fu rnace  and c e n t e r  on t h e  bot tom suppor t  

disengage h a n d l i n g  b a i l  f r o m  can 

p l a c e  i n s u l a t i n g  cap on fu rnace  

r o t a t e  connec t ing  s e c t i o n  i n t o  p o s i t i o n  over  fu rnace  

lower  f i l l  spout i n t o  mouth o f  can 

app ly  s e a l i n g  f o r c e  between can and spout  w i t h o u t  compromising l o a d  c e l l  f u n c t i o n  

open cone va l ve  a t  end o f  spout 

6d ( a )  These o p e r a t i o n s  are n o t  n e c e s s a r i l y  l i s t e d  i n  t h e  o rde r  i n  which t h e y  must be 
performed, and o p e r a t i o n s  may be combined. 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

proceed w i t h  I C M  process i n c l u d i n g  heatup, d i v e r t i n g  ba tch  i n t o  can, f i l l i n g  w i t h  
me l t ,  d i v e r t i n g  ba tch  away f r o m  can, and c o o l i n g  

c l o s e  cone va l ve  - 

r e l e a s e  s e a l i n g  f o r c e  between can and spout  

r e t r a c t  spout  f rom mouth o f  can 

r o t a t e  connec t ing  s e c t i o n  away f rom t o p  o f  f u rnace  

remove i n s u l a t i n g  cap f r o m  fu rnace  

engage h a n d l i n g  b a i l  i n  mouth o f  can 

remove can f rom fu rnace .  

A l l  o f  t h e  o p e r a t i o n s  l i s t e d  i n  I t e m  2 are t o  be accomplished r e m o t e l y  w i t h o u t  t h e  a i d  

o f  mas te r -s lave  man ipu la to rs .  

crane a re  a v a i l a b l e  f o r  r o u t i n e  opera t i ons .  

The can t o  be used i s  a r i g h t - c i r c u l a r  c y l i n d e r  w i t h  a f l a t  o r  concave bot tom and a 

f l a t  top, hav ing  approx ima te l y  a 5 - i n . - d i a  opening i n  t h e  cen te r .  

has a t h r e e - l u g  t w i s t  l o c k  around t h e  opening. 

A m e t a l l i c  E - r i n g  sea l  w i l l  be used in t h e  mouth o f  t h e  can, and i t  w i l l  r e q u i r e  a 
s e a l i n g  fo rce  of 2 5  f t - l b / c i r . - i n .  t o  be a p p l i e d  t o  i t  i n  o r d e r  t o  e f f e c t  a seal  between 

t h e  can and t h e  spout. 

The can i s  t o  be suppor ted f r o m  t h e  bot tom i n  t h e  fu rnace  by be ing  s e t  on a r e f r a c t o r y  

m a t e r i a l  Plug; t h e  p l u g  r e s t s  on l o a d  c e l l s  so t h a t  t h e  we igh t  o f  t h e  c a n ' s  c o n t e n t s  may 

be moni tored.  

The connec t ing  s e c t i o n  must have a f l e x i b l e  j o i n t  i n  it, such as a be l l ows  o r  

t e l e s c o p i n g  s leeve,  t o  a l l o w  t h e  can t o  r e s t  u n r e s t r a i n e d  on t h e  l o a d  c e l l s .  

The fu rnace  i s  t o  be f i x e d  i n  p o s i t i o n  i n  t h e  c e l l  so t h a t  a l l  s e r v i c e  l eads  t o  i t  and 

t h e  l o a d  c e l l  system can be made s t a t i o n a r y .  

The connec t ing  s e c t i o n  t h a t  w i l l  j o i n  t h e  o u t l e t  f r o m  t h e  d i v e r t e r  t o  t h e  mouth o f  t h e  

can must r o t a t e  t o  one s i d e  o f  t h e  fu rnace  when disengaged f rom t h e  c a n ' s  mouth t o  

p e r m i t  cans t o  be exchanged th rough  t h e  t o p  o f  t h e  fu rnace .  

The e n t i r e  can w i l l  be p laced  w i t h i n  t h e  f u r n a c e  so t h a t  t h e  t o p  o f  t h e  can w i l l  be 

between f o u r  and s i x  inches below t h e  t o p  o f  t h e  heated chamber o f  t h e  furnace.  

The spout a t  t h e  end o f  t h e  connec t ing  s e c t i o n  which engages i n  t h e  mouth o f  t h e  can 

must pass th rough  t h e  i n s u l a t e d  cap on t h e  f u r n a c e  and i s  s u b j e c t e d  t o  an extreme 
thermal  g r a d i e n t ,  r a n g i n g  between 3OO0C and 1O5O0C. 

t o  p r e v e n t  b a t c h  from m e l t i n g  on i t s  lower  end. 

The spout  must be sea led  c losed  whenever i t  i s  n o t  engaged i n t o  t h e  mouth o f  a can. 

A d i s p e r s e r  ( p r e s e n t l y  cone-shaped) must be a v a i l a b l e  i n  t h e  spout  so t h a t  i t  can be 

lowered th rough  t h e  mouth o f  t h e  can d u r i n g  ba tch  c h a r g i n g  t o  d e f l e c t  ba tch  away f r o m  

t h e  cen te r  o f  t h e  can. 

m e l t i n g  on it. 

An overhead crane and an a i r  wrench suspended f r o m  t h e  

The p resen t  des ign  

The spout must be water-cooled 

Th is  d i s p e r s e r  must a l s o  be water-cooled t o  p reven t  ba tch  f r o m  
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14. The dev i ces  used t o  pe r fo rm these o p e r a t i o n s  shou ld  be made as s imp le  as p o s s i b l e  t o  

reduce f a i l u r e  p o t e n t i a l  and s e r v i c e  requi rements.  

15. A l l  m a t e r i a l s  o f  c o n s t r u c t i o n  i n c l u d i n g  sea ls ,  l u b r i c a n t s ,  and e l e c t r i c a l  i n s u l a t i o n  

must be a b l e  t o  w i t h s t a n d  g a m a  r a d i a t i o n  l e v e l s  o f  10 r a d / h r  and neu t ron  l e v e l s  o f  

200 rad /h r .  

6 

16. A l l  m a t e r i a l s  o f  c o n s t r u c t i o n  must be a b l e  t o  w i t h s t a n d  n i t r i c  ac id-contaminated a i r  

environments, h i g h  humid i t y ,  and s u s t a i n e d  temperatures as h i g h  as 12OoC. 

C o n t r o l  o f  t h e  I C M  process r e q u i r e s  a knowledge o f  where t h e  m e l t  l e v e l  i s  a t  a l l  t imes  

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

l a t i n g  i n  t h e  can and where i t  i s  b e i n g  deposi ted.  

i n f o r m a t i o n  be determined u s i n g  m o n i t o r i n g  dev ices o u t s i d e  o f  t h e  m e l t e r .  

method o f  m o n i t o r i n g  t h e  f i l l i n g  o f  t h e  I C M  i s  t o  scan t h e  gamma r a d i a t i o n  f r o m  t h e  waste i n  

t h e  c a n i s t e r .  D r .  Ronald L. B r o d z i n s k i  o f  t h e  P h y s i c a l  Sciences Department has demonstrated 

t h a t  by d o i n g  t h i s  we can d i s c r i m i n a t e  between me l ted  and unmelted ba tch  and l o c a t e  a m e l t  

s u r f a c e  t o  2 1/2 inch.  We a re  now p r e p a r i n g  t o  demonstrate t h i s  techn ique  d u r i n g  t h e  a c t u a l  

I C M  p rocess ing  o f  two c a n i s t e r s  o f  v i t r i f i e d  waste f o r  t h e  Nuc lea r  Waste V i t r i f i c a t i o n P r o j e c t .  

S i x  h o l e s  w i l l  be d r i l l e d  f r o m  t h e  o u t s i d e  i n  t h e  w a l l s  o f  t h e  process c e l l  f o r  t h e  

We a l s o  d e s i r e  t o  know when unmelted b a t c h  i s  accumu- 

Fu r the r ,  i t  i s  d e s i r a b l e  t h a t  t h i s  

One p r o m i s i n g  

placement o f  c o l l i m a t o r s  t o  be used w i t h  t h e  gamma d e t e c t o r .  

t h e  s t a i n l e s s  s t e e l  l i n e r  o f  t he  c e l l ,  no r  t h e  l a s t  2 i n .  o f  conc re te  i n  t h e  w a l l .  The d i -  

ameters o f  t h e  ho les  w i l l  be 1-1/2 i n .  f o r  3 f t  i n t o  t h e  w a l l  and 3/4 i n .  f o r  t h e  rema in ing  

d i s tance .  Four o f  t h e  ho les  w i l l  be l o c a t e d  i n  t h e  west basement w a l l  t o  p r o v i d e  access t o  

t h e  ICM.  The o t h e r  two holes w i l l  be l o c a t e d  i n  t h e  f i r s t  f l o o r  n o r t h  w a l l  so t h a t  t h e  
f i l t e r  housing and cone under t h e  c a l c i n e r  can be moni tored.  

by c a s t i n g  l e a d  i n  3 - f t  l eng ths  of 1 -1 /2 - in . -d ia  schedule 40 p ipe.  

The ho les  w i l l  n o t  p e n e t r a t e  

The c o l l i m a t o r s  w i l l  be made 

A l l  p r e s e n t l y  used f r i t s  a re  manufactured by  a water  quenching process.  

t h i s  dep le tes  t h e  s u r f a c e  l a y e r s  o f  t h e  f r i t  o f  a l k a l i  ( m a i n l y  sodium) and generates numer- 

ous m ic roc racks  i n  t h e  sur face,  which a l l o w  a r a t h e r  h i g h  water  adso rp t i on .  

cannot e a s i l y  be d r i v e n  o f f ,  even a t  e l e v a t e d  temperatures. As a r e s u l t ,  such f r i t  tends t o  
foam upon r e m e l t i n g  and t h u s  slows t h e  m e l t i n g  process, b o t h  by t h e  l a c k  o f  sodium and by  

t h e  presence o f  t h e  t h e r m a l l y  i n s u l a t i n g  foam laye rs .  

t i c e  i n  such s i t u a t i o n s  t o  add e x t r a  a l k a l i n e  t o  t h e  m e l t ,  t h u s  compensating f o r  t h e  sodium 

l o s s  d u r i n g  t h e  water  quenching. A fr i t w i t h  ai? e x t r a - h i g h  sodium c o n t e n t  would presumably 

compensate f o r  sodium d e p l e t i o n ,  even though foaming would n o t  be a f f e c t e d .  

U n f o r t u n a t e l y ,  

Such water  

It has been common i n d u s t r i a l  prac-  

FLUIDIZED-BED CALCINATION - J. C. H a r t 1  

Two runs  have been made w i t h  t h e  m o d i f i e d  f l u i d i z e d - b e d  c a l c i n e r  (FBC) d u r i n g  t h i s  

The r e s u l t s  o f  FBC-11-1 i n d i c a t e d  a h i g h e r  than  expected 

The nex t  r u n  (FBC-11-2) was done w i t h  s imu la ted  Redox 

r e p o r t i n g  pe r iod .  

r u n  u s i n g  an a c i d - t y p e  waste. 

f r a c t u r i n g  r a t e  i n  bed m a t e r i a l .  

waste. 

mater  i a1 f r a c t u r i n g  . 

T h i s  FBC i s  shown i n  F i g u r e  3. The f i r s t  r u n  (FBC-11-1) was a shakedown 

A l a r g e r - s i z e d  bed m a t e r i a l  was used, and appears t o  have compensated f o r  bed 
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FIGURE 3. Modified Fluidized-Bed Calciner 
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EFFLUENT STUDIES - M. S. Hanson 

The laboratory spray calciner was operated this quarter with a fluoride-containing 
Off-gas simulated Thorex waste. 

sampling, condensate monitoring, and corrosion coupons placed strategically throughout the 
system all indicated that fluoride volatility was sufficiently low to prevent unacceptably 
high corrosion rates. 
mils/mo or less, while the Inconel metals had 0.6 mil/mo rates. Microscopic examination o f  

316 SS sintered metal filter samples showed no significant corrosion. 

The op<ration produced dry, easily vitrified calcine. 

Stainless steels of the 300 series showed corrosion rates of 0.2 

A candidate material for the adsorption of volatilized ruthenium from calciner off gas 
has been defined and produced. 
and fired, producing a 4-wt% iron oxide adsorbent. The adsorbent is being tested in the 
off-gas train of the laboratory-scale spray calciner during a long-term (50-hr) run at this 
time. 

The material is a glass frit (76-199) coated with Fe203 

A pilot-scale spray calcination run was made with simulated PW-9 feed containing 50% of 
the nominal ruthenium concentration. Ruthenium and tellurium losses were 0.044% and 0.039%, 
respectively. There was no detectable loss of cesium from the calciner. 
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SECTION 2 - WASTE FORM CHARACTERIZATION 

lo+ 

I 

The purpose of waste form characterizat ion is to measure the  propert ies  of can- 

The measurements are 
didate  s o l i d i f i e d  products and containers ( s o l i d i f i e d  waste and can i s t e r )  as func t ions  
of composition, processing parameters, and storage condi t ions.  
used t o :  
f o r  sa fe t y  analyses o f  high-level  waste management. 
t e r i za t ion  i s  t o  characterize the physical and chemicaZ propert ies  of t he  waste forms 
so thoroughly t h a t  when they are placed i n  re t r ievable  storage, and la t e r  i n  a fimZ 
disposal s i t e ,  we ma;, be f u l l y  conf ident  tha t  t h e i r  behavior i s  understood and tha t  
any changes or  in terac t ions  wi th  t h e i r  environments are wholly predictable .  

1 )  ensure operabi l i ty  of the  v i t r i f i c a t i o n  processes and 2) provide data 
The u l t imate  goal of waste charac- 

.- 

THERMAL EFFECTS UPON STORED GLASS - J. H. Westsik, Jr. 

D e n s i t y  and t o t a l  open p o r o s i t y  o f  specimens o f  77-26O[PW-7c-3( 1:2)77-269) and 77-107 

[PW-9-3(1:2)77-268] g lasses  were measured a f t e r  s to rage  f o r  2 mo a t  300°, 400°, 500°, 600°, 

700°, 800' and 900°C. 

as a r e s u l t  o f  t h e  l o n g  s to rage  p e r i o d  a t  e l e v a t e d  temperatures.  P o r o s i t y  was always l e s s  

than  1%. 

N e i t h e r  g lass  showed s i g n i f i c a n t  v a r i a t i o n  i n  d e n s i t y  o r  p o r o s i t y  

3 The average d e n s i t y  o f  b o t h  g lasses i s  3.06 g/cm . 
Glass l each  r a t e s  o f  76-68 [PW-8a-3(1:2)76-101] based on cesium and s t r o n t i u m  a re  

p l o t t e d  i n  F i g u r e s  4 and 5. 

as-melted g lass  and o f  t he  sample w i t h  t h e  h i g h e s t  c r y s t a l l i n i t y ,  o b t a i n e d  by h o l d i n g  t h e  

sample f o r  2 mo a t  75OoC. 

l e a c h a b i l i t y  i s  rema in ing  r e l a t i v e l y  cons tan t .  

i nc rease  i n  t h e  l each  r a t e  o f  t h e  g lass.  

g l a s s  are shown i n  F i g u r e  6. 
c a l c u l a t e d  f rom cesium o r  s t r o n t i u m .  

The curves i n  each f i g u r e  r e p r e s e n t  t h e  l each  r a t e s  o f  t h e  

A f t e r  an i n i t i a l  r a p i d  decrease i n  t h e  l each  r a t e ,  t h e  g lass  

The inc reased  c r y s t a l l i n i t y  causes a sma l l  

Leach r a t e s  based on uranium o f  t h e  as-melted 

The leach  r a t e s  are a f a c t o r  o f  t h r e e  lower  t h a n  those  
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FIGURE 4. Long-Term Leach Rates o f  76-68 Glass Based on Cesium 
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FIGURE 5.  Long-Term Leach Rates o f  76-68 Glass Based on S t r o n t i u m  
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FIGURE 6. Leach Rate Based Upon Uranium o f  76-68 [PW-8a-3 (1:2) 76-1011 Glass 

PHASE BEHAVIOR - J. W. Wald 

T h i s  q u a r t e r  we conducted analyses on two a d d i t i o n a l  g l a s s  waste composi t ions,  b r i n g i n g  

t h e  t o t a l  under examinat ion t o  f o u r .  These g lasses a re  desc r ibed  i n  Table 4. Measurements 

o f  r e l a t i v e  pe rcen t  c r y s t a l l i n i t y  based on i n t e g r a t e d  areas o f  the x - r a y  d i f f r a c t i o n  ( X R D )  

t r a c e s  f o r  samples s low-cooled (%6'C/hr) f r o m  t h e  m e l t  temperature were: 

77-260 = 27%, 77-107 = 35%, and 72-68 = 43%. The major  phase observed i n  77-260 g l a s s  was 

found t o  be a r a r e  e a r t h  t i t a n a t e ,  w h i l e  i n  77-107 g l a s s  t h e  major  phase was a M02 phase 

o f  t h e  f l u o r i t e  s t r u c t u r e  type.  

76-68 = 8%, 

. 

. 

Stud ies  on f o u r  f u l l y  r a d i o a c t i v e  g l a s s  composi t ions s i m i l a r  t o  the  ones above (excep t  

f o r  h i g h e r  than  normal uranium c o n c e n t r a t i o q )  i n d i c a t e d  t h e  presence o f  some phases n o t  seen 

i n  t h e  s imu la ted  p roduc ts  processed under t h e  same t ime/ temperature c o n d i t i o n s .  The 
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TABLE 4. P r i n c i p a l  C h a r a c t e r i s t i c s  o f  Glasses Undergoing Comparative 
M i c r o s t r u c t u r a l  Examinat ion 

Glass C h a r a c t e r i s t i c s  

72-68 High Zn g lass  frit; c l e a n  waste stream 

76-68 High Fe + Na waste stream 

77-107 Clean waste s t ream 

77-260 High T i  + Cu g l a s s  fr it; h i g h  Gd + Na 
waste stream 

uranium con ten t  ( 2  t o  3 t imes  expected c o n c e n t r a t i o n s )  causes a d d i t i o n a l  u ran ium-con ta in ing  

phases t o  form; though n o t  f u l l y  c h a r a c t e r i z e d  as y e t ,  t h e y  have been found by  microprobe 

a n a l y s i s  t o  c o n t a i n  Zn, Cay and S i  as p r i m a r y  c o n s t i t u e n t s .  A l though t h e  f u l l - l e v e l  

r a d i o a c t i v e  g lasses were n o t  i d e n t i c a l  i n  compos i t i on  t o  t h e i r  n o n r a d i o a c t i v e  coun te rpa r t s ,  

t h e  m i c r o s t r u c t u r e  o f  b o t h  v i t r e o u s  and d e v i t r i f i e d  samples were e q u i v a l e n t  t o  o r  b e t t e r  

t han  t h e  n o n r a d i o a c t i v e  g lasses.  

Cont inued q u a n t i t a t i v e  s t u d i e s  on t h e  76-68 g l a s s  s t i l l  show t h a t  t h i s  g lass  i s  q u i t e  

s t a b l e  t h e r m a l l y ,  w i t h  low concen t ra t i ons  o f  d e v i t r i f i c a t i o n  p roduc ts .  

s i m u l a t e d  and f u l l - l e v e l  r a d i o a c t i v e  76-68 g l a s s  w i t h  f o u r  t imes  t h e  expected uranium 

c o n t e n t  suggest a d e s i r a b l e  i n s e n s i t i v i t y  t o  broad compos i t i ona l  d i f f e r e n c e s  w i t h  l i t t l e  

e f f e c t  upon o v e r a l l  q u a l i t y .  T h i s  was t h e  o n l y  g l a s s  prepared t h a t  was i n s e n s i t i v e  t o  t h e  

h i g h  uranium load ing .  

Comparisons o f  

THERMAL AND MECHANICAL SHOCK - L. R. Bunnel l  

Samples o f  g lass  compos i t i on  77-260 were prepared i n  b o t h  t h e  v i t r e o u s  s t a t e  (poured 

i n t o  g r a p h i t e  mold a t  l l O O ° C  and fu rance -coo led  f r o m  50OoC) and a f t e r  d e v i t r i f i c a t i o n  

( c o o l e d  f r o m  l l O O ° C  a t  GoC/hr). 

d e v i t r i f i e d  specimen con ta ined  s u b s t a n t i a l l y  more c r y s t a l l i n e  phases, p r i n c i p a l l y  Ru02, 

m e t a l l i c  Pd, and Gd2Ti207. 

phases t o  be ~ 2 7 % ,  as compared w i t h  3% i n  t h e  v i t r e o u s  s t a t e .  

Examination by me ta l l og raphy  con f i rmed  t h a t  t h e  

X-ray d i f f r a c t i o n  showed t h e  percentage o f  c r y s t a l l i n e  

Standard (1.1 cm i n  d i a  x 1.3 cm h i g h )  co res  were d r i l l e d  f r o m  t h e  two g lass  types, and 

were impact t e s t e d  a t  160 f t - l b  (217 j o u l e s ) .  

t h e r e  i s  no d i f f e r e n c e  between t h e  p a r t i c l e  s i z e s  produced i n  t h e  two c o n d i t i o n s ,  a t  l e a s t  

above 37 urn. 

The s i e v i n g  r e s u l t s  a re  p l o t t e d  i n  F i g u r e  7; 

Impact exper iments performed on t h i s  g lass  and on o t h e r  composi t ions sub jec ted  t o  a 

s imp le  s low-cool  d e v i t r i f i c a t i o n  appear t o  show no b e n e f i t s  f r o m  a toughness p o i n t  o f  view; 

t h e  s low-cool  i s  a l s o  e q u i v a l e n t  t o  t h e  c y c l e  l i k e l y  i n  t h e  case o f  a c t u a l  hea t -p roduc ing  

waste. 

I n  an a t tempt  t o  p r o v i d e  a s imp le  t e s t  f o r  c h a r a c t e r i z i n g  waste g l a s s  s t r e n g t h  t h a t  i s  

e a s i l y  adaptable t o  h o t - c e l l  work, t h e  B r a z i l i a n  ( o r  d i a m e t r a l )  compression t e s t  was t r i e d .  

Since t h e  p rev ious  da ta  base was smal l  and t h e  s c a t t e r  h igh,  t h e  t e s t  was used on a l a r g e r  

number o f  s o d a - l i m e - s i l i c a  and ICM-11 g lass  samples. Samples were prepared by  diamond- 

d r i l l i n g  and diamond-sawing, w i t h  no f u r t h e r  p repara t i on ,  and were handled i d e n t i c a l l y .  

R e s u l t s  a re  t a b u l a t e d  i n  Table 5. 
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FIGURE 7. S ieve S i z e  A n a l y s i s  f o r  V i t r e o u s  and D e v i t r i f i e d  77-260 Glass Tested 
a t  an Impact  Energy o f  160 f t - l b  

TABLE 5. T e n s i l e  S t r e n g t h  of I C M - 1 1  and Soda-L ime-Si l ica Glass 

Averaqe Standard 
Number o f  S t reng th ,  Dev ia t i on ,  

Glass Type Samples Tested p s i  p s i  

I C M - 1 1  29 5393 1017 

Soda-Lime- 
S i l i c a  32 6913 1820 

V a r i a b i l i t y  i s  s t i l l  h i g h e r  than  des i red,  b u t  t h e  above r e s u l t s  p robab ly  a re  about what 

can be expected i n  p r a c t i c e .  

o f  t h i s  type, and changes i n  t h e  g l a s s  ( i .e . ,  as a r e s u l t  o f  r a d i a t i o n  damage) w i l l  have t o  
be q u i t e  l a r g e  t o  be s t a t i s t i c a l l y  s i g n i f i c a n t .  

A f a i r l y  l a r g e  number o f  specimens w i l l  be r e q u i r e d  f o r  work 

VAPORIZATION STUDIES - W. J. Gray 

V a p o r i z a t i o n  r e s u l t s  f o r  t h e  waste g lass  72-68 have been p u b l i s h e d  (Gray, 1976) t o -  

ge the r  w i t h  a d e s c r i p t i o n  o f  t h e  apparatus, exper imen ta l  procedures, and t rea tmen t  o f  data. 

As a c o n t i n u a t i o n  o f  t h i s  s tudy,  t h e  e f f e c t  o f  a d d i t i v e s  on t h e  v o l a t i l i t y  o f  cesium and 

o t h e r  elements i s  be ing  i n v e s t i g a t e d .  

F i g u r e  8 shows we igh t  l o s s  r e s u l t s  a t  l l O O ° C  f o r  72-68 g l a s s  c o n t a i n i n g  A1203 a d d i t i o n s  

i n  t h e  range o f  0 t o  15 w t % .  

t h e  a d d i t i o n  of 15% A1203. I f  i t  i s  assumed t h a t  t h e  compounds MA1Si04 and MA1Si206 (where 

M r e p r e s e n t s  an a l k a l i  e lement)  a re  formed, then  about 10.7 w t %  A1203 i s  r e q u i r e d  t o  accom- 

modate a l l  t h e  a l k a l i  elements i n  72-68 g lass .  

Weight l o s s  r a t e s  were reduced by a f a c t o r  o f  about 2.7 w i t h  
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FIGURE 8. Weight Loss i n  Dry A i r  a t  l l O O O C  f o r  72-68 Glass C o n t a i n i n g  
Var ious Amounts o f  A1203 

F igu res  9 and 10 show t h e  e f f e c t  o f  10% A1203 on t h e  we igh t  loss o f  i n d i v i d u a l  

elements. Use o f  c o n s e r v a t i v e  data t rea tmen t  methods i s  r e f l e c t e d  i n  F i g u r e  8 by  t h e  

i n d i c a t i o n  o f  100% loss o f  Cs f r o m  72-68 g lass  a f t e r  4 h r  a t  1200°C. 

l e s s  than  100% o f  t h e  Cs i s  vapor i zed  under these  c o n d i t i o n s .  Aluminum o x i d e  had l i t t l e  
e f f e c t  upon B, Nay and Ru losses,  w h i l e  t h e  loss o f  each o f  t h e  o t h e r  elements was reduced 

by f a c t o r s  o f  2 t o  3. These r e s u l t s  suggest mechanisms o t h e r  t h a n  t h e  f o r m a t i o n  o f  a l k a l i  

alumino s i l i c a t e s  must be r e s p o n s i b l e  f o r  t h e  reduced we igh t  loss r a t e s .  

I t  i s  known t h a t  

F i g u r e  11 shows gross w e i g h t ' l o s s  r e s u l t s  a t  l l O O ° C  f o r  76-183 g l a s s  w i t h  v a r i o u s  

amounts o f  T i 0 2  s u b s t i t u t e d  f o r  Si02. 

Again, t h e  e f f e c t  on B, Na and Ru was s m a l l e r  t h a n  f o r  t h e  o t h e r  elements. 

Table 6 shows t h e  e f f e c t  on i n d i v i d u a l  elements. 

The e f f e c t  o f  A1203 and T i02  on v o l a t i l i t y  was i n  o p p o s i t e  d i r e c t i o n s ,  b u t  was 

r a t h e r  modest i n  b o t h  cases. 

un i form,  w h i l e  a t  t h e  same t i m e  sodium was a f f e c t e d  i n  a d i f f e r e n t  way than were the  o t h e r  

a l k a l i  elements. A l l  t h i s  seems t o  suggest a mechanical r a t h e r  than  chemical e f f e c t  upon 

v o l a t i l i t y .  There i s  p o s s i b l y  a c o r r e l a t i o n  w i t h  v i s c o s i t y .  The e f f e c t  o f  T i02  on 

v i s c o s i t y  i s  n o t  as w e l l  es tab l i shed ,  a l t hough  i t  i s  though t  t o  reduce i t  somewhat. 

The e f f e c t  on elements o f  d i s s i m i l a r  chemis t r y  was remarkably  

1 7  
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TABLE 6. Percentage Weight Loss o f  I n d i v i d u a l  Elements Fro 
76-183 Glass C o n t a i n i n g  Var ious Amounts o f  TiO2(aT 

Element 

B 
Na 

K 

Rb 

MO 

Ru 

cs 

No T i02  

2.7 

0.6 

5.2 

7.0 

0.8 

14.6 

14.6 

Weight Loss,% 
6 w t %  Ti02- 

2.6 

0.7 

6.8 

7.8 
0.8 

18.8 

18.9 

12 w t %  T i02  

3.3 

0.7 

8.0 

9 .1  
1.1 

43.6 

24.2 

( a )  Samples were heated f o r  4 h r  a t  l l O O ° C  i n  d r y  a i r .  

A 
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SECTION 3 - ALTERNATIVE WASTE FIXATION PROCESSES 

The goal of t h i s  task i s  t o  develop a l t e rna t i ve  waste f i x a t i o n  procedures tha t  
w i l l  serve as  v iable  backup processes. 
processes and products are t o  be compared t o  those o f  the current reference process 
and product - - s i l i ca te  glass  cast ings i n  large metal canis ters .  
processes are being developed on the laboratory sea&. 
emphasized the  waste is formed i n t o  small granules or p e l l e t s  t ha t  are coated wi th  
nonradioactive, i n e r t  materials  t o  provide containment and leach res i s tance .  The 
coated waste shapes a m  then incorporated i n t o  a metal matrix t ha t  provides impact 
res i s tance  and increased tkermal conduct iv i ty .  

Cost and sa fe t y  fac tors  of t he  a l t e rna t i ve  

These a l t e rna t i ve  
In the  concept current ly  

GLASS MARBLE DEVELOPMENT - J. M. Rusin 

Corn ing  Glass Works, Corning, New York, has a pa ten ted  process f o r  t h e  v i b r a t o r y  form- 

i n g  o f  g lass  marb les . (a )  
r a t h e r  than  t h e  shear ing  o f  a v iscous stream t o  f o r m  "gobs" o f  g lass.  

process would be adaptable t o  a remote f a c i l i t y .  

Corn ing t o  produce 1 t o  4 tons o f  s imu la ted  waste g lass  marb les f o r  process demonstrat ion 

and t o  o b t a i n  l a r g e  q u a n t i t i e s  o f  marbles f o r  f u l l - s c a l e  encapsu la t i on .  

viewed t h e  f e a s i b i l i t y  o f  p roduc ing  marb les f r o m  waste g lass.  

t ank  r e f r a c t o r y  c o r r o s i o n  and v i s c o s i t y  d e t e r m i n a t i o n  were made. 

t h a t  marb le p r o d u c t i o n  from s imu la ted  waste g lasses was f e a s i b l e .  

num c o r r o s i o n  d u r i n g  the  seven-day r e f r a c t o r y  t e s t ,  which caused some concern.) 

o f  manpower and resource  l i m i t a t i o n s ,  Corn ing cannot do t h e  demonstrat ion--at  l e a s t  n o t  i n  

C Y  1978. 

The process i s  unique, i n  t h a t  a d i r e c t  g lass  stream i s  used 

Such a d i r e c t  c a s t i n g  

D iscuss ions  have been conducted w i t h  

Corn ing  has r e -  

Tests  i n c l u d i n g  crown and 

I n  genera l ,  Co rn ing  found  

(They d i d  observe p l a t i -  

But because 

Produc t ion  o f  g l a s s  marb les by the  conven t iona l  process i s  a l s o  an o p t i o n  t o  o b t a i n  

l a r g e  q u a n t i t i e s  o f  marb les f o r  encapsu la t i on ,  even though t h e  process i s  n o t  r e a d i l y  

adaptable t o  h o t - c e l l  ope ra t i ons .  

THE PENNSYLVANIA STATE UNIVERSITY SUPERCALCINE INVESTIGATIONS - G. J .  McCarthy, 

Program Leader 

Leach T e s t i n g  of Superca lc ine  - G. J. McCarthy and D. E. P f o e r t s c h  

Because U-con ta in ing  s u p e r c a l c i n e  (SPC) m a t e r i a l s  a re  n o t  c u r r e n t l y  b e i n g  handled a t  

PNL, we have made Soxh le t  l e a c h a b i l i t y  measurements on a b a t c h  o f  SPC-4 + U p repared  
acco rd ing  t o  t h e  procedure desc r ibed  i n  t h e  October-December 1977 Q u a r t e r l y  Repor t  (McElroy 

e t  al. ,  1979). 

f o r  2 h r  a t  1225OC. 

was mon i to red  a f t e r  3, 7, and 14 days o f  l each ing .  

we igh t  loss occur red  i n  t h e  f i r s t  3 days. 

analyzed f o r  Cs and S r  con ten t .  
i n  I A E A  u n i t s  a re  g i ven  i n  Table 7. 

The -42t60 mesh powder was ground f r o m  0.5- in .  p e l l e t s  t h a t  had been f i r e d  
Three separate specimens o f  t h i s  SPC-4 t U were t e s t e d .  Weight loss 

I n  each case, more than  90% o f  t h e  

A f t e r  14 days t h e  l e a c h i n g  s o l u t i o n s  were 

L e a c h a b i l i t y  data expressed b o t h  as f r a c t i o n  e x t r a c t e d  and 

( a )  U.S. Pa ten t  3,254,979, "Method f o r  Forming B a l l s  f rom Thermo-Plast ic  M a t e r i a l s . "  
Warren R. Knapp and Elmer R. Smith, assigned t o  Corn ing Glass Works, August 1962. 
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TABLE 7. SPC-4 + U L e a c h a b i l i t y  i n  t h e  14-Day Soxhlet  Test  

-- F r a c t i o n  E x t r a c t e d  I Leach Rate, g/cmz-day(a) 
Specimen Bu 1 k cs S r  Bulk  cs S r  

1 3.8-E3 3.3-E3 2.5-E3 8.4-E7 7.3-E7 5.5-E7 

2 7.7-E3 1.4-E2 1.1 E2 1.9-E6 3.5-E6 2.8-E6 

3 5.7-E3 5.2-E3 4.0-E4 1.7-E6 1.3-E6 1.0-E7 

2 

Specimen weights :  1 = 1.619, 2 = 1.489, 3 = 1.419. 
S r  = 3.6 wt%,  Cs = 4.3 wt%.  

( a )  Assumes 200 cm /gm s u r f a c e  area f o r  t h e  -42+60 mesh f r a c t i o n .  
I n  SPC-4, 

Thermal S t a b i  1 i t y  o f  Scheel i t e - S t r u c t u r e  Sol i d  S o l u t i o n  (Sss)  Phases - 
R. G. Johnston, D. E. P foe r t sch ,  and G. J. McCarthy 

I n  t h e  s u p e r c a l c i n e  f o r m u l a t i o n s  SPC-2 and SPC-4, Mo has been shown t o  be one o f  t h e  

p r i m a r y  waste species v o l a t i l i z e d  i n  p a r t  d u r i n g  p ro longed  h igh- temperature experiments. 

I n  superca lc ine ,  Mo i s  i n c o r p o r a t e d  i n t o  t h e  s c h e e l 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 s s ) ,  

(Sr,Ba,Ca)Mo04. Consequently, we have begun t o  examine t h e  thermal  s t a b i l i t y  o f  a l k a l i n e  

e a r t h  (AE) molybdate s o l i d  s o l u t i o n  phases i n  o r d e r  t o  a s c e r t a i n  t h e  r e l a t i o n s h i p  between 
composi t ion and thermal  s t a b i l i t y ,  b o t h  a t  s u p e r c a l c i n e  p rocess ing  temperatures and a t  even 

h i g her  temper a t  u res.  

We began by s t u d y i n g  t h e  pure end-members o f  t h e  system: SrMo04-BaMo04-CaMo04. The 

we igh t  l o s s  behav io r  and s t a b i l i t y  o f  t hese  ox ides  were examined by b o t h  dynamic and i s o -  

t he rma l  t he rmograv ime t r i c  a n a l y s i s  (TGA). O r i g i n a l l y ,  commercial specimens o f  each phase, 

n o m i n a l l y  o f  v e r y  h i g h  p u r i t y ,  were examined by  TGA and XRD. 

some we igh t  losses b e g i n n i n g  a t  %8OO0C, w i t h  t h e  l a r g e s t  b e i n g  7 w t %  f o r  CaMo04), and 

suggested t h a t  most o r  a l l  o f  t h e  we igh t  l osses  were a t t r i b u t a b l e  t o  i m p u r i t y  phases. One 

would expect t h a t  any " f r e e "  Mo o r  Mo o x i d e  ( i . e . ,  n o t  combined i n  AEMo04) would beg in  t o  

v o l a t i l i z e  f rom the  specimen a t  . ~ 8 0 0 ~ C ,  near t h e  m e l t i n g  p o i n t  o f  Moo3. 

A l l  o f  these specimens showed 

Phase-pure CaMo04, SrMo04, and BaMo04 were subsequent ly  syn thes i zed  and t h e  TGA 

measurements a re  now b e i n g  repeated.  

y i e l d e d  o n l y  m a r g i n a l l y  d e t e c t a b l e  we igh t  losses o f  0.2 w t %  o r  l e s s .  

The Ru Phase i n  Superca lc ine  - R. G. Johnston and G. J .  McCarthy 

Dynamic TGA (3.Z°C/min) t o  132OoC on each phase 

One o f  t h e  l ong -s tand ing  ques t i ons  i n  s u p e r c a l c i n e  c r y s t a l  c h e m i s t r y  has been t h e  phase 

i n  which Ru c r y s t a l l i z e s .  Because o f  t h e  expense, a f u l l  l o a d i n g  o f  Ru ( t y p i c a l l y  3 t o  4 
w t X )  i s  n o t  i n c l u d e d  i n  SPC spray c a l c i n e r  runs.  The 10% o f  t h i s  amount t h a t  i s  i n c l u d e d  

means t h a t  t h e  Ru phase would be p resen t  i n  c r y s t a l l i z e d  SPCs a t  a c o n c e n t r a t i o n  below t h e  

l e v e l  o f  d e t e c t i o n  by XRD. 

g raph ic  and SEM/EDX techniques,  b u t  because o f  t h e  m e t a l l i c  n a t u r e  o f  Ru02, i t  i s  n o t  

p o s s i b l e  t o  d i s t i n g u i s h  between i t  and Ru meta l .  

(as Ru02) t o  b o t h  SPC-2 and SPC-4 sp ray  superca lc ines .  

atmosphere c r y s t a l l i z a t i o n - c o n s o l i d a t i o n  t rea tmen ts  on each, i t  c o u l d  be c l e a r l y  seen i n  

A n e a r l y  pure Ru phase i s  observed i n  these  p roduc ts  by  m e t a l l o -  

Recent ly ,  we added t h e  f u l l  l o a d i n g  o f  Ru 

A f t e r  pe r fo rm ing  t h e  usual  a i r  
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h i g h - s e n s i t i v i t y  XRD d i f f r a c t o g r a m s  t h a t  t h e  Ru phase i n  t h e  ten-phase assemblage was Ru02. 

T h i s  e s t a b l i s h e s  t h a t  Ru02 i s  t h e  phase o f  Ru compa t ib le  w i t h  t h e  o t h e r  n i n e  superca lc ine  

phases d u r i n g  c r y s t a l l i z a t i o n  t rea tmen ts  i n  a i r .  

Hot P ress ing  o f  SPC-4 - J. M. B ind  

Samples o f  t h e  as-received SPC-4 s u p e r c a l c i n e  were hot -pressed under t h e  c o n d i t i o n s  l i s t e d  
i n  Table 8. 

TABLE 8. Hot-Press ing Cond i t i ons  f o r  As-Received SPC-4 Superca lc ine  

Temperature,oC Pressure, p s i  Time, min. Atmosphere 

9 00 3000 75 vacuum 

1000 3000 45 vacuum 

1100 3000 40 vacuum 

1200 3000 30 vacuum 

N2 

N2 

900 3000 60 

1100 3000 30 

Average g r a i n  s i z e  o f  t h e  powder was 6.7 urn; however, numerous l a r g e  aggregates up t o  53 pm 

were found. The hot -pressed samples were i n  t h e  fo rm o f  d i s c s  3/4 i n .  i n  d i a  and about 

3/16 i n .  t h i c k .  The h o t - p r e s s i n g  t i m e  corresponds t o  t h e  end o f  d e n s i f i c a t i o n ,  which was 

i n d i c a t e d  by t h e  measuring equipment a t tached  t o  t h e  rams. 

above, t h e  h i g h e r  t h e  temperature, t h e  s h o r t e r  t h e  t i m e  needed t o  achieve t h e  f i n a l  dens i t y .  

As can be seen f r o m  t h e  t a b l e s  

M i c r o s t r u c t u r a l  analyses were made w i t h  an SEM on f r a c t u r e d  sur faces.  Only  t h e  

samples hot -pressed i n  vacuum have been c h a r a c t e r i z e d  t o  date. Three genera l  obse rva t i ons  

can be made: 

Samples hot -pressed below l l O O ° C  c o n t a i n  an a p p r e c i a b l e  amount o f  

p o r o s i t y - - e s p e c i a l l y  t h e  one f i r e d  a t  900°C. 

The average g r a i n  s i z e  was about 5 t o  10 pm, i n d i c a t i n g  t h a t  no s u b s t a n t i a l  g r a i n  
growth occu r red  d u r i n g  h o t  p ress ing .  

0 

Some o f  t h e  l a r g e  aggregates o f  t h e  o r i g i n a l  powder were found th roughou t  t h e  

s t r u c t u r e .  
sugges t ing  t h a t  t h e y  m i g h t  have s l i g h t l y  d i f f e r e n t  chemical  composi t ions.  Also, 

m i c r o c r a c k i n g  was n o t i c e d  around these agregates. 

They were always e x t r e m e l y  dense, compared t o  t h e  su r round ing  m a t e r i a l ,  

SUPERCALCINE VAPORIZATION STUDIES - W. J. Gray 

Superca lc ine  p e l l e t s  1.47 cm i n  d i a  x 0.37 cm h i g h  and we igh ing  2.0 g were prepared by  

V o l a t i l i t y  measurements on these p e l l e t s  were conducted 

c o l d  p r e s s i n g  and s i n t e r i n g  f o r  1 h r  a t  l l O O ° C .  
( b a t c h  SPC-2) i s  g i ven  i n  Table 9. 
u s i n g  equipment desc r ibed  ‘ e a r l i e r  (Gray, 1976). 

about t h e  same h e i g h t  b u t  s l i g h t l y  l a r g e r  in diameter  than  t h e  p e l l e t s  f o r  t hese  s t u d i e s .  

The compos i t i on  o f  t h e  s u p e r c a l c i n e  

The p e l l e t s  were h e l d  i n  a p l a t i n u m  pan 
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TABLE 9. Composi t ion of Superca lc ine  (SPC-2) 

Waste Waste 
Oxide fi -- Oxide w t %  A d d i t i v e s  wt% 

B a0 

C dO 

Cr203 

Fe203 
Moo3 

cs20 

N a20 
N i O  

p04 
R b20 

R u02 

2.4 

0.2 

0.5 

4.5 

4.7 

8 .O 

0.2 
0.2 

4.2 

0.5 

0.5 ' 

S r O  1.6 C a0 4.9 

Zr02 7.6 S r O  1.2 

Ce02 16.3 A1203 4.4 

La203 9 .o S i02  19 .o 
Nd203 6.1 

Pr6011 1.8 

Y203 0.1 

Sm203 1.1 
Gd203 0.7 

H0203 0.1 

Gross w e i g h t - l o s s  da ta  were g i v e n  e a r l i e r  (McElroy e t  a l . ,  1978) and a re  reproduced 

The da ta  a re  more s c a t t e r e d  than  has been found f o r  here i n  F i g u r e  12 f o r  completeness. 
o t h e r  waste forms. Perhaps s l i g h t  v a r i a t i o n s  i n  d e n s i t y  o r  su r face  area f o r  t h e  d i f f e r e n t  

p e l l e t s  a re  respons ib le .  The anomalously low p o i n t s  a t  115OOC and 24 h r  a re  r e p r o d u c i b l e ,  

and these p e l l e t s  came o u t  a d i f f e r e n t  c o l o r  t han  a t  h i g h e r  o r  lower  temperatures.  Appar- 

e n t l y  t h e  f o r m a t i o n  o r  decomposi t ion o f  some phase t h a t  r e s u l t s  i n  lower  v o l a t i l i t y  occurs 

a f t e r  l o n g  t i m e  p e r i o d s  over  a narrow temperature range. 

Vapors were c o l l e c t e d  a f t e r  4, 12, and 24 h r  a t  1050°, 1150°, and 125OoC and were 

c h e m i c a l l y  analyzed. 

p r o b a b l y  be cons ide red  t o  be &20% o r  ?30% o f  t h e  va lues l i s t e d .  

t h e  i n d i v i d u a l  elements d u r i n g  t h e  f i r s t  f o u r  hours and f o r  t h e  p e r i o d  f rom 12 t o  24 h r  a r e  

shown i n  F i g u r e s  13 and 14, r e s p e c t i v e l y .  

amounts o r i g i n a l l y  p resen t  a re  shown i n  F i g u r e s  15 and 16. F i n a l l y ,  F i g u r e  17 shows we igh t  

l o s s e s  o f  elements f r o m  72-68 g l a s s  (Gray, 1976) f o r  comparison. Losses shown i n  F i g u r e  17 

are a l s o  r e l a t i v e  t o  t h e  amounts o r i g i n a l l y  p resen t .  

t h e  d a t a  shown i n  F i g u r e s  13 th rough  17: 

Each a n a l y s i s  was r u n  o n l y  once; u n c e r t a i n t i e s ,  t h e r e f o r e ,  shou ld  

Abso lu te  we igh t  l osses  o f  

Weight l osses  o f  t h e  elements r e l a t i v e  t o  t h e  

Severa l  t h i n g s  shou ld  be no ted  about 

On an abso lu te  bas i s ,  Cs and Mo are t h e  dominant elements i n  t h e  vapor f rom 

s u p e r c a l c i n e  and a re  p r e s e n t  i n  about equal amounts. 

Because Cs and Mo are t h e  ma jo r  elements i n  t h e  vapor, t h e i r  l osses  should be 

r e l a t i v e l y  low a t  115OOC t o  account f o r  t h e  low t o t a l  we igh t  l o s s  a f t e r  24 hours. 

F i g u r e  14 shows t h i s  i s  t h e  case, b u t  a l l  o f  t h e  elements except  Ru e x h i b i t  about t h e  

same behavior .  Thus, t h e r e  i s  no r e a l  c l u e  here t o  suggest why t h e  t o t a l  we igh t  l o s s  

a t  115OoC and l o n g  t imes  i s  so low. 

R e l a t i v e  l osses  o f  a l k a l i  elements f r o m  72-68 g lass  ( F i g u r e  17)  a re  i n  t h e  o rde r  Cs > 

Rb < Na. Perhaps t h i s  i n d i c a t e s  t h a t  R b > K  > Na. 

t h e  h e a v i e r  a l k a l i  alumino s i l i c a t e s  a re  more s t a b l e .  

I n  s u p e r c a l c i n e  t h e  o rde r  i s  Cs 
n 
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The relative losses of Cs and Mo are C s > > M o  from 72-68 glass and Cs = Mo from 
supercalci ne. 

Gross weight-loss rates from supercalcine are roughly a factor of five less than from 
72-68 glass, but Figures 15 and 17 show Cs volatility from supercalcine is a factor of 
about 25 less than from 72-68 glass. 

Some x-ray characteristics were performed on supercalcine pellets that had been heated 
for 24 hr at llOOo, 1150°, and 12OO0C. 
monotonically from the lowest to highest firing tempratures. That is, the percentage of 
crystalline phases and the number of different crystalline phases decreased more or less 
uniformly from llOOo through 1150' to 12OO0C. 
the anomalous behavior at 115OoC is still lacking. 

Differences observed between pellets occurred 

Therefore, an adequate explanation for 

Interestingly, 72-68 glass also exhibited anomalously low weight loss behavior at 
115OoC (Gray, 1976). 
similarly anomalous behavior. 
phenomenon, there are no plans to do so, as there is little practical incentive. 

It seems strange for two such different materials to exhibit 
But although it would be of academic interest to pursue this 
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i i i  

SUMMARY 

Through the High-Level Waste Immobilization Program, the Pacific Northwest Laboratory 
A major goal is conductinq research on the solidification of high-level radioactive waste. 

of this program is to develop waste glass compositions and reliable processes for their 
manufacture. 
April through June of 1978: 

This progress report describes the research and development activities for 

0 A new ceramic melter was coupled directly to the large-scale spray calciner. The results 
of initial tests showed the unit can produce in excess of 50 kg waste glass/hr. 

0 Several successful spray calciner runs were made in which all of the borosilicate glass 
batch was mixed with the liquid feed to the calciner, thereby simplifying the spray 
calcination/vitrification process. 

Waste glass leaching tests were performed at 350°C and approximately 2000 psi in salt 
brine and distilled water. 
brine and distilled water, respectively. 

In one week the reaction zones were 0.7 mm and >6 mm i n  salt 

0 Four 1-liter stainless steel canisters of four different multibarrier products have been 
produced to demonstrate feasibility of the multibarrier concept. Based on an assessment 
of processing complexity, glass marbles in a metal matrix are most promising; 
supercalcine particles coated with PyC/A1203 potentially have the most inertness, but 
processing is much more complex. 
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QUARTERLY PROGRESS REPORT 

RESEARCH AND DEVELOPMENT ACTIVITIES 
HIGH-LEVEL WASTE IMMOBILIZATION PROGRAM 

APRIL THROUGH JUNE 1978 

INTRODUCTION 

The High-Level  Waste I m m o b i l i z a t i o n  Program (HLW1P)--formerly t h e  Waste F i x a t i o n  Program-- 

i s  conducted by t h e  P a c i f i c  Northwest Labora to ry  (PNL), operated by B a t t e l l e  Memorial 

I n s t i t u t e  f o r  t h e  Department o f  Energy (DOE). 

t o  c o n v e r t  h i g h - l e v e l  r a d i o a c t i v e  waste t o  s tab le ,  n o n d i s p e r s i b l e  forms. Candidate waste 

forms i n c l u d e  s i l i c a t e  g lasses and v a r i o u s  c r y s t a l l i n e  and m u l t i b a r r i e r  waste forms. The HLWIP 

i s  designed t o  be a means th rough  which t h e  government and users o f  t h e  technology can 

cooperate t o  e f f e c t i v e l y  handle n u c l e a r  waste. 

i n c l u d e :  t h e  development and c h a r a c t e r i z a t i o n  o f  waste forms; equipment and process 

development; and design, c o n s t r u c t i o n ,  and demonstrat ion o f  f u l l - s c a l e  process equipment. The 

f o l l o w i n g  s e c t i o n s  desc r ibe  research and development a c t i v i t i e s  i n  r a d i o a c t i v e  waste f i x a t i o n  

f o r  t h e  pas t  q u a r t e r l y  r e p o r t i n g  p e r i o d .  

Under t h i s  program, PNL i s  conduc t ing  research  

O b j e c t i v e s  o f  t h e  comprehensive program 
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SECTION 1 - WASTE FIXATION PROCESS DEVELOPMENT 

The purpose of this task is to deveZop processes and equipment f o r  converting 
Ziquid high- Zevel radioactive waste into a stabZe, reZativeZy nondispersibZe form 
for storage and, uZtimateZy, disposaZ. This purpose is generaZZy being accompZished 
by the deveZopment of a two-step approach--calcination or concentration foZZowed by 
meZting to form a borosiZicate glass. 

CERAMIC MELTER - C. C. Chapman, J .  L. Bue l t ,  R. D. D i e r k s  

The c a l c i n e - f e d  ceramic m e l t e r  (CFCM) has been coupled t o  t h e  f u l l - s c a l e  spray c a l c i n e r  

and has been s t a r t e d  up. A d i f f e r e n t  technique f o r  s t a r t i n g  up a con t inuous  m e l t e r  was 

employed; i t  made use o f  s i l i c o n - c a r b i d e  glow-bars i n  t h e  m e l t i n g  chamber t o  m e l t  a p a t h  

between t h e  two top  e n t e r i n g  e l e c t r o d e s .  The CFCM was s u c c e s s f u l l y  s t a r t e d  up i n  A p r i l .  

T e s t i n g  w i t h  t h e  u n i t  has shown some problems i n  t h e  s e c t i o n  c o u p l i n g  t h e  c a l c i n e r  t o  t h e  

m e l t e r .  

p i p e  when t h e  s u r f a c e  o f  t h e  con t inuous  m e l t e r  i s  n o t  more than  h a l f - c o v e r e d  by  unmelted 

m a t e r i a l .  

m a i n t a i n s  t h e  temperature o f  t h e  t r a n s i t i o n  p i p e  above t h e  s t i c k  p o i n t  of  t h e  
frit and s t i c k i n g  t o  t h e  w a l l s  occurs. 

temperature i s  reduced by g r e a t e r  coverage o f  t h e  mo l ten  g lass  su r face ,  smooth o p e r a t i o n  

r e s u l t s .  

Glass- forming a d d i t i v e s  are sometimes me l ted  and s t i c k  t o  t h e  w a l l  o f  t h e  t r a n s f e r  

When i n  t h e  incomplete co ld-cap s u r f a c e  c o n d i t i o n ,  t h e  heat  f rom t h e  mo l ten  g l a s s  

Above a c e r t a i n  f e e d  r a t e  a t  which t h e  plenum 

T e s t i n g  has shown t h e  c a l c i n e - f e d  u n i t  t o  have a c a p a c i t y  i n  excess o f  50 kg /h r .  

The LFCM con t inued  t o  assess aqueous feeding,  as w e l l  as s imu la ted  powder t e s t s .  Over 

4000 kg o f  g l a s s  have been produced i n  t h e  LFCM i n  t h e  p a s t  q u a r t e r ,  and a t t e n t i o n  has been 

focused upon t h e  removal o f  any r e s i d u a l  sludges, a comp le t i on  o f  ru then ium and cesium 

v o l a t i l i t y  t e s t s  f o r  n i t r i c  a c i d  s o l u t i o n  w i t h o u t  d e n i t r a t i o n ,  and t h e  assessment o f  wear on 

t h e  t h r o a t  o f  t h e  o v e r f l o w  s e c t i o n .  R e s u l t s  o f  t h e  ru then ium v o i a t i l i t y  are n o t  back f r o m  

chemical a n a l y s i s .  

LFCM by  means o f  a f e e l e r  gauge was w i t h i n  t h e  accuracy o f  t h e  measurement dev i ce  and 

suggested t h a t  l i t t l e  o r  no wear had occurred.  

The measurement o f  t h r o a t  wear a f t e r  p r o d u c t i o n  o f  2500 kg o f  g l a s s  i n  t h e  

SPRAY CALCINATION - W.J. M i k o l s  

Progress t h i s  q u a r t e r  has been marked by t h e  comp le t i on  o f  n i n e  sp ray  c a l c i n e r  runs.  O f  

t hese  n ine ,  f i v e  r u n s  were made u s i n g  l a r g e - s c a l e  spray c a l c i n a t i o n  equipment. 

o f  t hese  l a r g e - s c a l e  r u n s  i n c l u d e d  system demonstrat ion u s i n g  cyc lone  separa t i on ,  spray 

o f  a c a l c i n e r / c e r a m i c  me l te r - coup led  system. 

l h e  o b j e c t i v e s  

c a l c i n a t i o n  of Savannah R i v e r  P l a n t  h i g h - i r o n  and high-aluminum feeds, and demons t ra t i on  

The rema in ing  f o u r  r u n s  were made on p i l o t - s c a l e  equipment. The main emphasis o f  t hese  

r u n s  was t o  demonstrate t h e  f e a s i b i l i t y  o f  s p r a y - c a l c i n i n g  complete g l a s s  ba tch  composit ions. 

Development of t h i s  concept w i l l  c o n s i d e r a b l y  s i m p l i f y  t h e  spray-calcination/vitrification 
p r o c e  ss . 

I N - C A N  MELTING DEVELOPMENT - H. T. B l a i r  

F i v e  t e s t s  were made i n  t h e  p i l o t - s c a l e  in-can m e l t e r  u s i n g  s p r a y - c a l c i n e d  s i m u l a t i o n s  o f  

t h e  defense wastes s t o r e d  a t  Savannah R i v e r  and f r i t s  developed a t  t h e  Savannah R i v e r  P l a n t  (SRP). 
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The r e s u l t s  showed t h a t  these g lass  compositions foamed when melted and t h a t  this foam reduced 
the  melting r a t e  t ha t  could be sustained. 

I n  the  l a s t  report  we presented the  c r i t e r i a  f o r  a remote connecting section and f o r  
can i s t e r  support and a weighing system. During t h i s  quar te r  a concept was conceived t h a t  
would s a t i s f y  these c r i t e r i a  by adequately aligning a bottom-supported can i s t e r  t o  f a c i l i t a t e  
spout engagement and to allow f o r  thermal expansion without i n t e r f e r ing  w i t h  the in-process 
weight monitoring of material  delivered to  the  can i s t e r .  The concept mechanically i s o l a t e s  
v e r t i c a l  alignment of the  can i s t e r  from the  furnace by means o f  an ex terna l ,  c rad le- l ike  
frame, and provides a " f loa t ing"  spout in the  connecting section t o  accomnodate the  to le rance  
of can i s t e r  alignment. 
located near the opening i n  the furnace. 
the  ex i s t ing  twist-lock opening of the  can i s t e r  pr ior  t o  l i f t i n g  the can i s t e r  t o  the furnace. 
As the  assembly is lowered i n t o  the  furnace,  the cover engages the  guides t o  center the 
can i s t e r  on the support base and t o  l imit  can i s t e r  t i l t .  Because the can i s t e r ,  cradle-frame, 
and cover/locking c o l l a r  are weighed, can i s t e r  posit ion and/or t i l t  do not a f f ec t  weight 
measurements. The locking co l l a r  guides and centers the  " f loa t ing"  spout with respect t o  the  
can i s t e r  sea l .  The spout i s  weighted t o  provide the desired sea l ing  force.  F lex ib le  j o i n t s  
and bellows in the delivery tube of the  connecting section accommodate the  " f loa t ing"  spout, 
extension and r e t r ac t ion  of the  spout, and thermal expansion o f  the  connecting section and 
can i s t e r .  The spout-valve actuator i s  mounted to  the  frame of the  " f loa t ing"  spout, and 
thereby maintains a sea l  w i t h  t he  spout independent of spout movement. A combination 
expansion and swivel j o i n t  is located between the  d ive r t e r  and the delivery tube t o  
accomnodate expansion of the  ca lc iner  and t o  permit the  connecting sec t ion  t o  be ro ta ted  t o  
one s ide  so tha t  can i s t e r s  may be exchanged in the  furnace. 

The c rad le - l ike  frame connects the  canis te r  support base w i t h  guides 
A combination cover/locking c o l l a r  i s  engaged with 

Detailed design work was s t a r t e d  on a connecting section t o  demonstrate t he  technical 
f e a s i b i l i t y  of the  concept described. This demonstration hardware is being designed f o r  use 
with the  f u l l - s c a l e  spray calciner/in-can melter system a t  PNL.  
f o r  completing the design, having the equipment f ab r i ca t ed ,  and i n s t a l l i n g  i t ,  so tha t  a 
demonstration may be performed i n  March, 1979. 

A schedule was es tab l i shed  

Five in-can melting t e s t s  were made in the  p i lo t - sca l e  melter using spray calcined, 
simulated wastes and f r i t s  of various compositions spec i f ied  by Savannah River Laboratories. 
The runs are summarized in Table 1. 
melting behavior of these compositions and to determine the  maximum melting r a t e  t h a t  would be 
sustained i n  a reference ICM setup f o r  comparison w i t h  previous r e s u l t s .  

The main objec t ives  of the  t e s t s  were t o  evaluate the 

The cans and f i n  assemblies used f o r  t h e  t e s t s  were a l l  o f  t he  same design and s i z e .  
Only the  can wall material  was varied to  permit melting a t  115OOC. 
produce low l eve l s  of heat generation, t h e  gap between the  edges of the  f i n s  and the  can wall 
could be reduced from the 1 / 2 - i n .  gap used f o r  commercial wastes; t h i s  smaller gap adequately 
assures an acceptable heat d i s t r i b u t i o n  on t he  surface of cans containing defense waste. 

Because defense wastes 

The r e s u l t s  o f  these  t e s t s  showed t h a t  the  s ign i f i can t  melting c h a r a c t e r i s t i c  of these 
batch compositions, as f a r  as process equipment was concerned, was the  evolution of gas a f t e r  
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TABLE 1. Summary o f  In-Can Melting Sums SRP ICM-3, 4 ,  5 ,  and 6 

Run Number and C h a r a c t e r i s t i c s  
SRP ICM-6 SRP ICM-5h SRP ICM-3 SRP ICM-4 SRP ICM-5a I n f o r m a t i o n  Summary Ca tegor ies  

Run 

Date of Run 

Coupled t o  

Off-Gas Treatment 

C a n i s t e r  

Diameter ,  i n .  

Length, i n .  
Wall  Th ickness,  i n .  

M a t e r i  a1 

F i n s  

Batch 

Waste Type 
Waste Form 

Waste O x i d e - t o - F r i t  R a t i o  

F r i t  Type 
F r i t  Form, mesh 

A d d i t i v e s  
Batch P r e p a r a t i o n  

Opera t i ng  Parameters 

Time a t  M e l t  Temperature, h r  

Su r face  Temperature Range, OC 

Nominal M e l t  Temperature, OC 

Batch Feed Method 

Max. Ba tch  Feed Rate, k g / h r  

M e l t i n g  Rate, kg /h r  

Max. Power Consumption, kw 

Glass C o o l i n g  Rate, OC/hr 

- 

__ 

1025OC t o  75OoC 

75OoC t o  5OO0C 

5OO0C t o  100°C 

Produc t  

Type 
Weight, kg 
Vo 1 ume 

Bu lk  Dens i t y ,  g/cc 

5/16/78 
Vibra-Screw Feeder 

P i l o t  Spray C a l c i n e r  

5/18/78 

Vibra-Screw Feeder 

P i l o t  Spray C a l c i n e r  

5/22/78 

Vihra-Screw Feeder 

P i l o t  Spray C a l c i n e r  

5 / 2 2 / 7 8 

Same as 5a 

Same 

5/25/78 
Vibra-Screw Feeder 

P i l o t  Spray C a l c i n e r  

8 Schedule 10s 

60 

0.148 

304L SST 
8 (36 i n .  l onq )  

8 Schedule 10s 
60 

0.148 

304L SST 
8 (36 i n .  l onq )  

8-3/8 1.0. 

60 
0.125 

Incone l -601  

8 (36 i n .  l o n q )  

8 Schedule 10s 
50 

0.148 

304L S S T  

8 (36 i n .  l o n n )  

Same 
Same 

Same 

Same 

Same 

TNX Sludge 

Spray C a l c i n e  FSSC-9 
1:1.87 

SRP 218 

-10/+80 

None 
Mixed 

No Na Composite 
Spray C a l c i n e  FSSC-11 

1:3 

SRP 21 

-20/+80 
None 
Mixed 

No Na Composite 
Sprav C a l c i n e  FSSC-11 

1:3 

SRP 21 

-20/+80 
None 
Mixed 

Composi t e  
Sprav C a l c i n e  FSST-10 

1:1.87 

SRP 218 

-20/+80 
None 
Mixed 

Composite' 

Spray C a l c i n e  FSSC-IO 

1:1.87 
SRP 218 

-20/+80 
None 
Mixed 

9-1/2 

1045 t o  1055 

1050 
Con t i  nuous(a)  

21 

12.5 
21 

11-1/2 

1050 

1050 

Con t i  nuous(a)  

38.6 

10.5 
20 

13 

1090 t o  1155 

1130 t o  1150 
Continuous(')  

17.8 

17.8 
36 

Same 

Same 

Same 
Same 

19.5 

14 t o  17 

23 

9-1/4 
1045 t o  1055 

1050 
Cont i nuous (a )  

7 

7 

15 

55 

A i r  Quenched 

A i r  Quenched 

57 

A i r  Quenched 

A i r  Ouenched 

53 

A i r  Quenched 

A i r  Quenched 

Same 

Same 

Same 

69 

67 

A i r  Quenched 

TNX (1:1.87)218 

57.5 
22.7 

2.53 

No Na Comp. (1 :3 )218  

58.7 
23.2 

2.53 

No Na Comp. (1 :3 )21  

53.6 
21.0 

2.55 

SRP Comp. (1 :1.87)21B 

Same 

Same 

Same 

SRP Comp. (1 :1.87)218 

18.6 

7.4 

2.52 

( a )  R i s i n g  l e v e l  m e l t  



t h e  ba tch  had become a m e l t  b u t  before t h e  v i s c o s i t y  o f  t h i s  m e l t  was low enough t o  exped i te  

t h e  r e l e a s e  of t h e  gas from t h e  m e l t  ( i . e . ,  these ba tch  composi t ions foamed as t h e y  me l ted ) .  

The foam reduced t h e  r a t e  a t  which ba tch  c o u l d  be me l ted  by a c t i n g  as an i n s u l a t i n g  l a y e r  
between t h e  heated su r faces  of t h e  can and f i n s  and t h e  m a t e r i a l s  t o  be melted. It a l s o  

r a p i d l y  f i l l e d  t h e  volume o f  t h e  can where m e l t i n g  was t o  t a k e  p lace.  The f i n s  he lped i n  
r a p i d l y  d i s s i p a t i n g  t h e  foam by improv ing heat  t r a n s f e r  i n t o  it, so t h a t  t h e  recove ry  from an 

over-foamed c o n d i t i o n  took o n l y  15 t o  30 minutes a f t e r  ba tch  cha rg ing  was stopped. Opera t i ng  
t h e  m e l t e r  a t  h i g h e r  temperatures improved t h e  r a t e  o f  foam d i s p e r s a l ,  b u t  t h e  r a t e s  sus ta ined  
were s t i l l  o n l y  60% of t h e  30 kg/h r o u t i n e l y  achieved w i t h  ba tch  composi t ions t h a t  r e l e a s e  a l l  
v o l a t i l e s  b e f o r e  t h e y  m e l t .  

temperature a l s o  improved t h e  m e l t i n g  r a t e ,  b u t  t h i s  e f f e c t  w i l l  be l i m i t e d  by t h e  f a c t  t h a t  

t h e  escaping gas must always pass through t h e  s u r f a c e  o f  t h e  m e l t  where f r e s h  batch i s  keeping 
i t  c o o l  and v iscous.  

shou ld  be charged i n t e r m i t t e n t l y  so t h a t  t h e  s u r f a c e  may become heated arid f l u i d .  

Reducing t h e  v i s c o s i t y  o f  t h e  m e l t  w i th  respec t  t o  t h e  m e l t i n g  

To t a k e  advantage of t h i s  e f f e c t  of a compos i t i ona l  change, t h e  ba tch  

The f i r s t  t h r e e  cans were coo led  i n  t h e  fu rnace  t o  between 755OC and 77OoC, and were then  

removed f rom t h e  fu rnace  and a i r - c o o l e d  i n  a w i r e  mesh cage t o  c o l l e c t  t h e  s p a l l .  

c o l l e c t e d  360 g o f  s p a l l  f r om t h e  o u t s i d e  su r faces  o f  t h e  can used f o r  r u n  SRP ICM-3 and 107 g 

from t h e  can used f o r  r u n  SRP ICM-4. No s p a l l  f e l l  f r om t h e  can t h a t  was made f rom 
Inconel -601.  Why t h e  l a r q e  d i f f e r e n c e  between t h e  amounts o f  s p a l l  c o l l e c t e d  f rom t h e  two 

s t e e l  cans i s  unknown. The o u t s i d e  s u r f a c e  areas and process temperatureswere t h e  same f o r  
b o t h  cans, and t h e  process t imes  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

We 

EFFLUENT CONTROL - M. S. Hanson 

A s i n t e r e d  s t a i n l e s s  s t e e l  f i l t e r  t h a t  had been used t o  separate c a l c i n e  f rom t h e  system 

o f f  gas was d e s t r u c t i v e l y  t e s t e d  t o  f i n d  o u t  i f  ru then ium was p l a t i n g  o u t  i n t e r n a l l y  i n  t h e  
f i l t e r .  I f  t h e  phenomenon occurred,  t h e  d e p o s i t i o n  o f  ru then ium i n  t h e  f i l t e r  c o u l d  i nc rease  

t h e  f i l t e r  p ressu re  drop. Microprobe a n a l y s i s  o f  t h e  c ross  s e c t i o n  o f  t h e  f i l t e r  showed no 

c o n c e n t r a t i o n  p o i n t s  o f  ru thenium. 

than  0.5% i n  any 1-urn-dia spot. 

The a n a l y s i s  found no ru then ium i n  c o n c e n t r a t i o n s  g r e a t e r  

BATCH/PROCESS CHEMISTRY - J. M. Lukacs, C. C. Church 

S p i n e l  C r y s t a l  S i ze  and Volume D i s t r i b u t i o n - - S R P  "Average" Glass 

T h i s  q u a r t e r  we examined two samples o f  SRP "average" waste g l a s s  me l ted  a t  l l O O ° C  f o r  

1 h r  and 153 h r  t o  determine t h e  s i z e  and volume d i s t r i b u t i o n s  o f  t h e  NiFe20 s p i n e l  phase. 

Micrographs o f  t hese  samples were i n c l u d e d  i n  t h e  l a s t  q u a r t e r l y  (McElroy, Mendel, Bonner and 

Henry 1979) .  

The c r y s t a l  r e g i o n s  i n  t h e  158-hr  sample were d i v i d e d  i n t o  two s e c t i o n s  t o  separate t h e  s m a l l e r  

number of l a r g e  c r y s t a l l i t e s  (Area A) f rom t h e  b u l k  o f  t h e  c r y s t a l l i t e s  t h a t  had s e t t l e d  f rom 

t h e  g l a s s .  

R e s u l t s  as determined by a Quantamet Image Analyzer  a r e  summarized i n  Table 2. 

C r y s t a l  s i z e  and volume d i s t r i b u t i o n s  were comparable f o r  1 - h r  and 158-hr samples. 

Ho ld ing  t h e  sample f o r  158 h r  a t  o p e r a t i n g  temperature i nc reased  t h e  c r y s t a l  l o a d i n g  near  t h e  
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TABLE 2. 

- C harac t e r i  s t i c s S t  u d i  ed- 

Volume% C r y s t a l l i n e  Phase 

Average C r y s t a l  Dia (vm)  
Median C r y s t a l  Dia (urn) (based on d i a )  

Median C r y s t a l  D ia  (un)  (based on v o l )  

Maximum C r y s t a l  D ia  Observed (urn) 

Number o f  Features Measured 
Fo r  D i s t r i b u t i o n  Data 

SRP-1 "Average" Waste G1 ass 

M e l t i n g  Time 
Area A Area B 

1 h r  158 h r  158 h r  
+ 
+ + 

+ + 
+ + 

+ + 

4.1 - 1.0 17.8 14.3 2 3.0 
8.6 - 1.3 17.4 8.0 - 1.1 

12.0 7.3 - 1.4 8.2 - 1.2 
55.0 14.7 - 1.5 13.5 - 1.5 

23.2 - 1.6 75.0 30.3 - 6.3 

1440 141 1616 

bot tom o f  t he  c r u c i b l e  f rom approx ima te l y  4 v o l %  up t o  14 ~ 0 1 % .  

were observed a f t e r  158 hr ,  t h e  m a j o r i t y  o f  c r y s t a l s  d i d  n o t  e x h i b i t  s i g n i f i c a n t  growth. 

Product  E v a l u a t i o n  D u r i n g  M e l t e r  Opera t i on  

Al though a few l a r g e  c r y s t a l s  

Dur ing  the  p e r i o d  3/9/78 t o  4/19/78 we c o l l e c t e d  g lass  samples f rom t h e  o v e r f l o w  d u r i n g  

m e l t e r  o p e r a t i o n .  Over 8000 kg o f  s imu la ted  waste g l a s s  were produced. I n i t i a l  r e s u l t s  

i n d i c a t e  t h a t  t h i s  sampling technique i s  s u i t a b l e  f o r  m o n i t o r i n g  g l a s s  p r o p e r t i e s  and 

composi t ion.  R e l i a b l e  compos i t i on  data were produced by x - r a y  f l uo rescence  a n a l y s i s  f o r  t h e  

heav ie r  atomic c o n s t i t u e n t s .  

v i s c o s i t y ,  m i c r o s t r u c t u r e ,  and l e a c h a b i l i t y  as a f u n c t i o n  o f  m e l t e r  o p e r a t i n g  t i m e  and g l a s s  

composi t ion.  

I t  was p o s s i b l e  t o  m o n i t o r  g lass  p r o p e r t i e s  such as dens i t y ,  

Idaho N a t i o n a l  Eng ineer ing  Labora to ry  (INEL) M e l t e r  Development Program 

r e s u l t s  w i l l  determine whether t h e  d e f i n e d  g lasses  a r e  compa t ib le  w i t h  i n -can  and con t inuous  

m e l t i n g  processes. 

A pre1:liiinary program t o  c h a r a c t e r i z e  INEL-developed waste g l a s s  has been i n i t i a t e d .  The 

CANISTER DEVELOPMENT - S. C. S l a t e  

One of the most important objectives of this work is a reference design and a detailed 

d e s c r i p t i o n  o f  a l l  t h e  p rocess ing  o p e r a t i o n s  f o r  waste s to rage  c a n i s t e r s .  

o b j e c t i v e  we have made a n a l y t i c a l  s tud ies ,  c r e a t e d  conceptual  des igns f o r  p rocess ing  

equipment, and have t e s t e d  f u l l - s c a l e  c a n i s t e r s .  

t h a t  desc r ibes  PNL r e f e r e n c e  c a n i s t e r  des igns and t h e  p rocess ing  o p e r a t i o n s  f rom f a b r i c a t i o n  

th rough  t r a n s p o r t a t i o n  t o  d i s p o s a l .  

progresses and w i l l  b e  i ssued  a t  a l a t e r  date. 

To achieve t h i s  

A d r a f t  r e p o r t  was prepared t h i s  q u a r t e r  

Th is  r e p o r t  w i l l  be r o u t i n e l y  updated as our  work 

We d i scuss  t h e  des igns and p rocess ing  o p e r a t i o n s  f o r  c a n i s t e r s  used i n  b o t h  t h e  in-can 

m e l t i n g  (ICM) and con t inuous  m e l t i n g  v i t r i f i c a t i o n  processes. 

d i f f e r e n t  requi rements f o r  t h e  c a n i s t e r s .  

Both processes have seve ra l  

From p r e p a r i n g  t h i s  d r a f t  r e p o r t  we have concluded t h a t  t h e  des ign  o r  p rocess ing  o f  waste 

c a n i s t e r s  i s  n o t  l i m i t e d  by major  t e c h n i c a l  problems. Once t h e  s p e c i f i c  requi rements f o r  t h e  

o v e r a l l  waste management systems have been e s t a b l i s h e d ,  a h i g h l y  r e l i a b l e  waste c a n i s t e r  can 

be designed and used. 
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SECTION 2 - WASTE FORM CHARACTERIZATION 

The purpose of waste form characterization i s  t o  measure the  proper t ies  o f  candi- 
date s o l i d i f i e d  products and containers (So l id i f i ed  waste> and can i s t e r )  as  func t ions  
o f  composition, processing parameters, and storage condi t ions.  The measurements are 
used to :  
f o r  sa f e t y  analyses of high-levet waste management. 
t e r i z a t i o n  i s  t o  characterize the physical and chemicat proper t ies  o f  the  waste forms 
SO thoroughly tha t  when they are placed i n  re t r ievable  storage, and la t e r  in a f i n a l  
disposal s i t e ,  we may be f u l l y  confident t h a t  t h e i r  behavior is understood and t h a t  
any changes or in terac t ions  wi th  t h e i r  environments are ~ ~ h o l t g  predictabte .  

1 )  ensure operabi l i ty  of the  v i t r i f i c a t i o n  processes and 2) provide data 
The u l t imate  goal o f  waste ckarac- 

ENVIRONMENTAL REACTIONS OF WASTE GLASSES - J. H. Westsik, Jr. 

IS0 Soxhlet Leach Test 

A proposed standard Soxhlet leach test procedure has been written and forwarded to the 
International Standards Organization ( ISO)  for their consideration. The procedure calls for 
leaching a block of waste material for 72 hr in continuously redistilled water. Weight loss 

2 is used to calculate the leach rate in kg/m . 
round-bottom flask, and a commercially available Soxhlet extractor. 

The apparatus includes a glass condenser, a 

Concentration Effects on Leachability 

Waste glasses can withstand large variations in the frit-to-calcine ratio without losing 
leach resistance. However, changes in leach rates caused by variations o f  individual fission 
product concentrations have not been determined. 
times the defined cesium and strontium concentrations, leach rates remain constant. 

We found that in the range from 0.5 to 5.0 

Samples o f  76-68 glass in which the cesium and strontium concentrations deviated by 
ratios of 0.1, 0.5, 1.0, 2.0. 5.0, and 10.0 from the defined concentrations were leached using 
the modified IAEA method. The average leach rates based on cesium from 7 through 119 days are 
plotted in Figure 1. In the range from 0.5 to 5.0 times the defined concentrations, leach 
rates remain constant. This means that more ion is released from the higher-concentration 
glasses, but that the fraction released of the total amount of the ion in the glass remains 
constant. When the ion concentrations vary by a factor o f  > l o  from the defined amount in the 
glass, the leach rates increase significantly. 

High-Temperature and High-pressure Leachability 

We are studying the hydrothermal reactions of 76-68 [PW-8a-3(1:2)76-101] glass. Powdered 
glass and a solid core were heated together at 35OoC in deionized water for one week. 
Powdered salt and -100 mesh 304 stainless steel were added to the system to determine their 
effects upon the reaction products. 
Table 3 shows the leach rates based on weight loss of the glass cores. 

The ratio of glass to salt to water was 1:10:12.5. 

Metallographic examination of the cores revealed that the two exposed to salt brine 
developed a reaction zone 0.7 mm thick as shown in Figure 2. Figure 3 reveals that the core 

9 



10-7 

10-8 

FIGURE 1. Leach Rates o f  76-68 Glass Based Upon Cesium as a 
Func t i on  o f  t h e  Cesium Concen t ra t i on  i n  t h e  Glass 

-42 + 60 

- 

I ' 1  I 1 8 1 I I I I I I  I I I 1 1 1 1 I I  I I I 

TABLE 3. Hydrothermal  Glass Reac t ion  Resu l t s  

Test  
Number Tes t  C o n s t i t u e n t s  - Leach Rates 

Test  2 g l a s s  + s a l t  t s t e e l  + wa te r  4.0 x g/cm -day 

Test  3 g l a s s  t s a l t  + wa te r  4.7 x g/cm -day 

Test  4 g l a s s  + wa te r  5.3 x g/cm -day 

2 
2 

2 

exposed t o  de ion i zed  water  r e a c t e d  through i t s  e n t i r e  13-mm diameter .  

c o n c e n t r a t i o n  p r o f i l e  through t h e  r e a c t i o n  zone.of  t h e  sample t r e a t e d  i n  s a l t  b r i n e .  

f l uo rescence  o f  t h e  c o r e  s u r f a c e  and chemical a n a l y s i s  o f  t h e  leach s o l u t i o n s  show t h a t  

cesium, rub id ium, and molybdenum a re  removed f rom t h e  g lass  s u r f a c e  i n  s a l t  b r i n e  and t h a t  

more i s  leached f r o m  t h e  g l a s s  i n  s a l t  b r i n e  than i n  de ion i zed  water .  

F i g u r e  4 shows t h e  

X-ray 

From t h e  d a t a  we conclude t h a t  t h e  c a n i s t e r  m a t e r i a l  does n o t  a f f e c t  t h e  hydrothermal  

r e a c t i o n .  S a l t  i n h i b i t s  t h e  r a t e  o f  a l t e r a t i o n  o f  t h e  g lass,  b u t  i t  increases t h e  amount o f  

cesium re leased .  
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FIGURE 2. Reac t ion  Zone i n  g6-68 Glass Exposed t o  
S a l t  B r i n e  a t  350 C 

FIGURE 3 .  Reac t ion  Zone i n  76-68 Glass Exposed t o  
Deionized Water a t  35OoC 

1 1  
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F i g u r e  4 Concen t ra t i on  P r o f i l e  th rough  t h e  Reac t ion  Zone o f  
Glass Exposed t o  S a l t  B r i n e  

FULL-SCALE CANISTER IMPACT TESTS - S. C. S l a t e  

I n  December 1977 impact  t e s t s  were conducted u s i n g  f u l l - s c a l e  c a n i s t e r s  c o n t a i n i n g  

s imu la ted  waste g lass.  

r e p o r t  t h i s  q u a r t e r .  

c a n i s t e r  t h a t  was impacted d u r i n g  a h a n d l i n g  o r  t r a n s p o r t a t i o n  acc iden t .  

a t  PNL were p r i m a r i l y  concerned w i t h  c h a r a c t e r i z i n g  t h e  e f f e c t  o f  t h e  impacts on t h e  g l a s s  

(Smi th and ROSS 1975).  

Data f r o m  these  t e s t s  have been analyzed and compi led i n t o  a d r a f t  

The purpose o f  t hese  t e s t s  was t o  e v a l u a t e  t h e  behav io r  o f  a waste 
E a r l i e r  impact t e s t s  

A t o t a l  o f  t h i r t e e n  c a n i s t e r s  were tes ted .  These c a n i s t e r s  ranged f rom 12 i n .  t o  24 i n .  

i n  d i a  and t h e y  were dropped f r o m  h e i g h t s  r a n g i n g  f r o m  20 f t  t o  100 ft. 

c o n s i s t e d  o f  a 7 - i n . - t h i c k  s t e e l  p l a t e  s e t  i n  a 4 x 4 x 10 f t  conc re te  b lock .  

t h a t  were b u i l t  acco rd ing  t o  t h e  r e f e r e n c e  PNL des ign  f a i l e d  i n  any o f  t h e  t e s t s .  

n o n - p r o t o t y p i c  c a n i s t e r  r e l e a s e d  g l a s s  a f t e r  i t  was dropped two t imes  f rom t h i r t y  f e e t .  

have concluded f rom these t e s t s  t h a t  c a n i s t e r s  can be s i m p l y  designed t o  s u s t a i n  severe 

impacts  t o  t h e  bot tom o r  s ides.  

behav io r  o f  c u r r e n t  c a n i s t e r - t o p  designs. 

a t  a l a t e r  date,  

The t e s t  pad 

No c a n i s t e r s  

On ly  one 

We 

F u r t h e r  t e s t s  w i l l  be necessary t o  demonstrate t h e  impact  

S p e c i f i c  r e s u l t s  from these t e s t s  w i l l  be p u b l i s h e d  

THERMAL AND MECHANICAL SHOCK - L. R. Bunne l l  

I n  o rde r  t o  e v a l u a t e  t h e  i n c r e a s e  i n  s u r f a c e  area caused by  i n t e r n a l  c r a c k i n g  of 

s imu la ted  was te -con ta in ing  g lasses poured i n t o  l a r g e  (up t o  36 - in . -d ia )  c a n i s t e r s  by t h e  

ceramic me l te r ,  samples were sub jec ted  t o  s i e v e  analyses. Some t y p i c a l  r e s u l t s  p resen ted  i n  

terms o f  screen s i z e  vs cumu la t i ve  we igh t  pe rcen t  a re  shown i n  F i g u r e  5. The l o g - l o g  paper i s  
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FIGURE 5. P a r t i c l e  S izes Observed i n  an As-Fabr icated 36 - in . -d ia  Waste Canister--Run 2-H 

used o n l y  t o  span t h e  necessary decades; no exponen t ia l  r e l a t i o n s h i p  i s  n e c e s s a r i l y  imp l i ed .  

I f  t h e  s i z e  i n f o r m a t i o n  i s  used t o  c a l c u l a t e  t h e  i nc rease  i n  s u r f a c e  area over  and above 

geometr ic  su r face ,  t h e  r a t i o s  i n  Table 4 r e s u l t .  These a re  f o r  a 3 6 - i n . - d i a  can f rom 

r u n  2-H. The h i g h e s t  s u r f a c e  area i s  c r e a t e d  a t  t h e  bo t tom o f  t h e  c a n i s t e r ,  presumably 

because t h e  quench c o n d i t i o n s  d u r i n g  p o u r i n g  a re  t h e  wors t  t he re .  

end a re  a l t e r e d  by  c o n s i d e r a t i o n s  o f  t h e  end, which i s  why those are lower  than  i n  t h e  

m idd le  of t h e  c a n i s t e r .  S i m i l a r  c a l c u l a t i o n s  w i l l  be done w i t h  da ta  f rom seve ra l  o t h e r  cans 

The area r a t i o s  a t  each 

Glass compos i t i on  77-260 c o n t a i n i n g  2 w t %  244Cm was impacted a t  160 f t - l b .  The g l a s s  
was prepared i n  t h r e e  d i f f e r e n t  s t a t e s  o f  c r y s t a l l i n i t y  by c o n t r o l l e d  c o o l i n g  f rom t h e  

m e l t .  F i g u r e  6 shows t h e  s i e v i n g  r e s u l t s ,  and i n c l u d e s  an i d e n t i c a l  s o d a - l i m e - s i l i c a  g lass  

specimen impacted under t h e  same c o n d i t i o n s .  A t  l e a s t  i n  t h e  +37 p m  s i z e  range, it appears 

t h a t  a l l  o f  t h e  g lasses  are s i m i l a r  t o  and s l i g h t l y  b e t t e r  t han  s o d a - l i m e - s i l i c a  g lass.  

Furthermore, t h e y  are a l l  s i m i l a r  t o  each o the r .  Both o f  t h e  d e v i t r i f i e d  g lasses appear t o  

be s l i g h t l y  b e t t e r  t han  t h e  v i t r e o u s ,  b u t  d i f f e r e n c e s  a re  smal l .  The p o s s i b i l i t y  o f  do ing  

sed imen ta t i on  s i z e  a n a l y s i s  on t h e  f i n e  m a t e r i a l  ( -37 urn) i s  b e i n g  examined. These same 

g lass  types w i l l  be impacted again a f t e r  t h e  cu r ium has produced self-damage i n  t h e  g lass.  
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TABLE 4. 

L o c a t i o n  

Bottom 

Midd le  
( L o n g i t u d i n a l )  

TOP 

RADIATION DAMAGE - W. J. Weber, 

L. R. Bunne l l  

C a l c u l a t e d  Sur face Area R a t i o s  
f o r  36 - in . -d ia  C a n i s t e r  2 - H  

C a l c u l a t e d  Sur face  R a t i o  t o  E x t e r n a l  
Area, cmz/g Sur face Area 

1 
0.5 

9.4 

27.6 

0.5 5.9 

R. P. Tu rco t te ,  F. P. Roberts, J. H. Westsik, Jr. and 

An exper iment  t o  " q u a n t i t a t i v e l y "  show t h e  r e l a t i v e  changes i n  m i c r o s t r u c t u r e  and o t h e r  

p r o p e r t i e s  o f  t h e  77-260 waste g l a s s  compos i t i on  caused by r a d i a t i o n  damage has been 

undertaken. The r a d i a t i o n  damage i n  t h i s  exper iment  w i l l  be induced by t h e  a lpha decay o f  

244Cm, which i s  added as a dopant t o  t h e  waste g lass .  

c o o p e r a t i v e  e f f o r t  o f  s e v e r a l  c o n t r i b u t o r s  i n  o rde r  t o  measure and eva lua te  t h e  changes i n  

m i c r o s t r u c t u r e ,  dens i t y ,  s t o r e d  energy, l each  r a t e s ,  and impact s t r e n g t h  t h a t  r e s u l t  f r o m  

r a d i a t i o n  damage. 

Th is  s tudy  w i l l  i n v o l v e  t h e  

As a p r e l i m i n a r y  s t e p  i n  t h i s  experiment, samples o f  77-260 waste g l a s s  were doped w i t h  

te rb ium i n s t e a d  o f  curium. T h i s  p r e l i m i n a r y  exper iment  served t o  i d e n t i f y  problems i n  sample 

p r e p a r a t i o n  and t o  c h a r a c t e r i z e  t h e  m i c r o s t r u c t u r e  o f  t h e  g l a s s  t ypes  t o  be s tud ied .  

Waste g l a s s  77-260 has now been doped w i t h  2 w t %  244Cm t o  induce damage by  a lpha  

decay. 

f r o m  t h e  doped g lass.  

Three g l a s s  t ypes  t h a t  t y p i f y  p o t e n t i a l  s t a t e s  o f  d e v i t r i f i c a t i o n  have been prepared 

The t h r e e  g l a s s  t ypes  and t h e  t rea tmen t  each r e c e i v e d  a re  as f o l l o w s :  

1. 

2. 

d e v i t r i f i e d  a t  7OO0C f o r  1 week t o  produce a u n i f o r m  d i s p e r s i o n  o f  v e r y  f i n e  c r y s t a l s  

d e v i t r i f i e d  by slow c o o l i n g  f rom 1050°C a t  -6.25OC/hr t o  produce a d i s p e r s i o n  o f  

l a r g e  c r y s t a l s  

v i t r e o u s  (excep t  f o r  c l u s t e r s  o f  R u O z  and p a l l a d i u m  m e t a l ) .  3. 

The above g lasses  have been d i s t r i b u t e d  t o  a l l  c o n t r i b u t o r s  f o r  p r o p e r t y  measurements and 

e v a l u a t i o n .  

I n i t i a l  r e s u l t s  a t  r e l a t i v e l y  low f l u e n c e s  (1.5 x 1017 a/g) i n d i c a t e  t h a t  t h e  d e n s i t y  

change i n  b o t h  d e v i t r i f i e d  g lasses  i s  i n  t h e  nega t i ve  d i r e c t i o n .  No s i g n i f i c a n t  change has 

been observed i n  t h e  d e n s i t y  o f  t h e  v i t r e o u s  g lass .  I n  a d d i t i o n ,  no changes have been 

observed i n  t h e  x - r a y  d i f f r a c t i o n  p a t t e r n s  of t h e  t h r e e  g l a s s  t ypes  a t  t h i s  e a r l y  s tage o f  t h e  

exper iment .  
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FIGURE 6. P a r t i c l e  S izes Produced by a 160 f t - l b  Impac t  on 244Cm- 
Loaded Glass, Compared t o  Soda-L ime-Si l ica 

PHASE BEHAVIOR - R .  P. T u r c o t t e  and J. W. Wald 

D e t a i l e d  s t u d i e s  o f  a high-sodium, h i g h - i r o n  g lass  compos i t i on  (76-68) a re  n e a r i n g  

complet ion,  i n c l u d i n g  anhydrous d e v i t r i f i c a t i o n  s t u d i e s  f o r  p e r i o d s  up t o  one yea r  and some 

hydrothermal  work a t  35OOC. 

Anhydrous D e v i t r i f i c a t i o n  
Tab le  5 summarizes o u r  unders tand ing  o f  d e v i t r i f i c a t i o n  i n  g l a s s  76-68 a f t e r  i so the rma l  

t rea tmen ts  a t  between 300' and 1000°C f o r  up t o  one y e a r .  

1 - y r  t r e a t m e n t  i s  NaFeSi206, reach ing  ~ 3 0  w t %  a t  75OOC. A t  6OO0C and lower  temperatures,  no 
significant increase in crystallinity was observed over that present at the time of vitrifi- 

c a t i o n  ( ' ~ 6  w t %  t o t a l ,  Ru02, Pd, NiFe204). 

The ma jo r  phase found a f t e r  t h e  

TABLE 5. C r y s t a l l i n e  Phases Present  i n  Glass 76-68 

Phase D e s c r i p t i o n  

(Ce,U,RE)02 

N i  Fez04 

Ru02 

NaFeSizO6 Major d e v i t .  phase, appears a f t e r  60 da, max conc. 

CaMoOq 

(Ce ,RE) PO4 

F l u o r i t e  s t r u c t u r e  type, e x i s t s  1 da -+ 1 yr, rnax. conc. 
@ Q 2  w t %  * 

P r imary  s p i n e l ,  e x i s t s  1 da -+ 1 yr, max. conc.QL5 w t %  

M e l t  i n s o l u b l e ,  conc. ~2 w t %  

Q30 w t %  a f t e r  1 y r  

Minor  phasehrace ,  e x i s t s  1 da + 1 yr 

Monazi te  m i n e r a l  type--SEM i n d i c a t e s  t r a c e  presence @ 1 yr 
t ime, x - r a y  v e r i f i e s  
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Hydrothermal A1 teration 
The 76-68 glass composition is also being studied under hydrothermal conditions in salt 

brine. The objective of this work is to define alteration kinetics, establishing both the 
composition/structure of solid products and defining elements that may enter the solution 
phase. At 35OoC the reaction is quite rapid, with NaFeSi206 being the major alteration 
product, as also found after long-time, high-temperature treatment under anhydrous conditions. 
X-ray fluorescence analyses of completely reacted glass powder shows that only cesium, 
rubidium, and molybdenurli are leached in measureable quantities. 
elements analyzed for remain as solid products in phases yet to be identified. 

Strontium and 15 other 

GEOLOGIC MATERIALS: IMPLICATIONS FOR RADIOACTIVE WASTE DISPOSAL - 
R. C. Ewing, University of New Mexico 

A detailed report of the long-term stability o f  naturally occurring glasses (volcanic 
glasses, tektites, and lunar glasses) has been completed and submitted to PNL for review. The 
report details the age distributions of these natural glasses, as well as alteration, devitri- 
fication and hydration effects. 

Volcanic glasses, the most comnon of the naturally occurring glasses, are very often 
altered by weathering and leaching (crystalline phases may show similar effects) and 
recrystallize to their fine-grained compositional equivalents (rhyolites and felsites). 
oldest reliably dated volcanic glasses are 40 million years old, but the majority of the dated 
glasses are much younger. Experimental studies of volcanic glasses have produced devitrifi- 
cation textures; and laboratory experiments, as well as empirical measurements, have determined 
hydration rates for volcanic glasses as a function of composition, temperature, and climate. 
The presence of water and the temperature are the most important rate-control ling variables. 
Even material that still may be described as glassy often exhibits evidence of alteration and 
recrystallization. 
be described as pristine. 

The 

Of the volcanic glasses that are preserved in the geologic record, few may 

Despite the comnon alteration and recrystallization effects observed in volcanic glasses, 
tektites and lunar glasses (which are glasses formed as a result o f  impact) may occur in a 
substantially unaltered form. In the case of tektites, their resistance to- alteration is a 
result of their high Si02 content and low alkali content. 
for hundreds of millions of years because they exist in an environment with a low oxygen 
fugacity and at extremely low water vapour partial pressures. Thus, one might expect glasses 
of particular compositions or in specific types of environments to be stable for long periods 
of time. 

Lunar glasses have been preserved 

It is difficult and inappropriate to make direct comparisons between naturally occurring 
glasses and glass waste forms, as their compositions and thermal histories are very different; 
however, natural glasses may serve as standards of comparison for laboratory experiments 
designed to evaluate the long-term stability of synthetic glass waste forms. 

q 

A similar report evaluating the long-term stability of natural analogues to crystalline . 
waste forms is in progress. 
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SECTION 3 - ALTERNATIVE WASTE FIXATION PROCESSES 

The goal of t h i s  task i s  t o  deveZop a l t e rna t i ve  waste f i x a t i o n  procedures tha t  
w i l l  serve as v iable  backup processes. 
processes and products are t o  be compared t o  those of the  current  reference process 
and product - - s i l i ca te  glass  cast ings i n  large metal canis ters .  These a l t e rna t i ve  
processes are being developed on the ?laboratory scale .  
emphasized the waste i s  formed i n t o  small granules or p e l l e t s  t ha t  are coated wi th  
nonradioactive, i n e r t  materials  t o  provide containment and leach res i s tance .  The 
coated waste shapes are then incorporated i n t o  a metal matrix t ha t  provides impact 
res i s tance  and increased thermal conduct iv i ty .  

Cost and sa fe ty  fac tors  o f  t he  a l t e rna t i ve  

I n  the concept current ly  

MULTIBARRIER WASTE FORM DEVELOPMENT - J. M. Rus in  

Four  1 - l i t e r  s t a i n l e s s  s t e e l  c a n i s t e r s  have been produced t o  demonstrate t h e  m u l t i b a r r i e r  

concept, The concepts, i n  o rde r  o f  i n c r e a s i n g  t e c h n o l o g i c a l  comp lex i t y ,  were: 

uncoated s i n t e r e d  superca lc ine  p e l l e t s  encapsulated i n  an A1-12Si vacuum-cast m a t r i x  

g lass -coa ted  s i n t e r e d  superca lc ine  p e l l e t s  encapsulated i n  an A1-12Si vacuum-cast m a t r i x  

chemical vapor d e p o s i t i o n  (CVD)-coated s u p e r c a l c i n e  [coated w i t h  a P y r o l y t i c  Carbon 
(PyC)/a l  umi num-oxide combinat i  on] encapsulated i n  a copper g r a v i  t y - s i n t e r e d  m a t r i x .  

s imu la ted  waste-g lass marb les encapsulated i n  a Pb-1OSn vacuum-cast m a t r i x  

C h a r a c t e r i z a t i o n  o f  these m u l t i b a r r i e r  waste forms i s  d iscussed i n  P a r t  I 1  o f  t h e  

" M u l t i b a r r i e r  Waste Forms" r e p o r t  (Rusin, e t  a1 ., 1979). 

I t  i s  recommended t h a t  t h e  m u l t i b a r r i e r  concept o f  g lass  marb les encapsulated i n  a 

vacuum-cast l e a d  a l l o y  be pursued f o r  f u r t h e r  development. 

i n e r t n e s s  w i t h  a minimum inc rease  i n  t e c h n o l o g i c a l  comp lex i t y .  The performance o f  g lass  as an 

acceptable waste fo rm has been documented (Mendel, e t  al. ,  1977). 

T h i s  concept p r o v i d e s  i nc reased  

F u t u r e  development o f  t h e  marb le  m u l t i b a r r i e r  concept would o n l y  r e q u i r e  demonstrat ion o f  

marb le manufacture and m a t r i x  encapsu la t i on .  I f  it were d e s i r a b l e  t o  develop a c r y s t a l l i n e  

m u l t i b a r r i e r  waste form, uncoated s i n t e r e d  s u p e r c a l c i n e  p e l l e t s  would o f f e r  i nc reased  
i n e r t n e s s  a t  a much lower  l e v e l  o f  t e c h n o l o g i c a l  c o m p l e x i t y  than  would g laze-  o r  CVO-coated 

superca lc ines .  Chemical vapor d e p o s i t i o n  c o a t i n g  o f  superca lc ine  shou ld  be pursued o n l y  i f  a 

v e r y  h i g h  l e v e l  of i n e r t n e s s  i s  requ i red .  

A l though  t h e  f o r m u l a t i o n  and p r o d u c t i o n  o f  s i n t e r e d  s u p e r c a l c i n e  (an assemblage o f  

c r y s t a l l i n e  s o l i d  s o l u t i o n  &phases) has been demonstrated on a l a b o r a t o r y  sca le,  f u r t h e r  

development i s  r e q u i r e d  t o  e s t a b l i s h  t h e  performance o f  c r y s t a l l i n e  waste forms. For  example, 

phase f o r m u l a t i o n  models have been s u c c e s s f u l l y  demonstrated f o r  a low-sodium re fe rence  waste 

(PW-7) a t  waste l o a d i n g  l e v e l s  o f  between 60% and 80%. 

demonstrate t h e  a p p l i c a b i l i t y  o f  t h e  s u p e r c a l c i n e  concept t o  t h e  r e f e r e n c e  high-sodium- and 
h igh-phosphate-conta in ing wastes and t o  t h o r i u m  f u e l  c y c l e  wastes, which c o n t a i n  t h e  

a d d i t i o n a l  elements aluminum, potassium, f l u o r i n e ,  and thor ium. The o v e r a l l  thermal  s t a b i l i t y  

o f  superca lc ines  must be demonstrated ( e s p e c i a l l y  f o r  t h e  s c h e e l i t e  phase) a long w i t h  a 

d e t e r m i n a t i o n  o f  t h e  degree o f  n o n - c r y s t a l l i n i t y  i n  superca lc ines .  

superca lc ines  a l s o  needs t o  be determined. 

p r e f e r r e d  over  superca lc ines  a t  t h i s  t ime. 

F u r t h e r  development i s  needed t o  

R a d i a t i o n  s t a b i l i t y  of 

I t  i s  f o r  t hese  reasons t h a t  g lass  marb les a re  
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The f o l l o w i n g  recommendations are made f rom t h e  con ten ts  o f  t h e  r e p o r t ,  M u l t i b a r r i e r  
Waste Forms P a r t  I :  Development (Rusin, e t  a l . ,  1978): 

s e l e c t i o n  o f  g l a s s  marb les encapsulated i n  a vacuum-cast l e a d  a l l o y  as t h e  m u l t i b a r r i e r  
concept f o r  f u r t h e r  development 

s e l e c t i o n  o f  uncoated s i n t e r e d  s u p e r c a l c i n e  p e l l e t s  encapsulated i n  a vacuum-cast 

aluminum a l l o y  f o r  f u r t h e r  development i f  a c r y s t a l l i n e  m u l t i b a r r i e r  concept i s  d e s i r e d  

demonstrat ion o f  f u l l - s c a l e  p r o d u c t i o n  o f  g l a s s  marb les by  a marb le c a s t i n g  process 

i n t e g r a t e d  w i t h  t h e  PNL t i l t - d r a i n  con t inuous  ceramic m e l t e r  

demonstrat ion o f  f u l l - s c a l e  encapsu la t i on  by vacuum c a s t i n g  f o r  g lass  marb les i n  a l ead  

a l l o y  and uncoated s u p e r c a l c i n e  phases 

i n v e s t i g a t i o n  o f  l ower -cos t  a l l o y s  f o r  vacuum c a s t i n g  

development o f  improved bonding i n  g r a v i t y - s i n t e r e d  m a t r i c e s  

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

d i s c o n t i n u a t i o n  o f  t h e  development o f  CVD c o a t i n g s  un less  maximum i n e r t n e s s  i s  r e q u i r e d  

use o f  t h e  d i s c  p e l l e t i z e r  w i t h o u t  scaleup, s i n c e  t h e  e x i s t i n g  16 - in .  u n i t  has s u f f i c i e n t  

c a p a c i t y  f o r  a l a r g e  PNL (2.50 l i t e r / h r )  spray c a l c i n e r .  

SINTERED AND HOT-PRESSED CERAMICS - J. M. Lukacs, L. R. Bunne l l  and W. J. Gray 

Prev ious  exper ience w i t h  s p r a y - c a l c i n e d  powders showed them t o  be x - ray  amorphous. 

Examinat ion o f  as-produced PW-9 showed t h e  presence o f  sodium molybdate ( Na2MO). Th is  phase 

remained even a f t e r  s i n t e r i n g  a t  temperatures above 8OO0C,  where an u n i d e n t i f i e d  c r y s t a l  l i n e  

phase was de tec ted .  

I n i t i a l  s i n t e r i n g  t r i a l s  have been completed w i t h  s e v e r a l  f r i t ,  ox ide,  and m i n e r a l  

a d d i t i o n s .  By u s i n g  we igh t  l o s s  and sh r inkage  data, optimum s i n t e r i n g  temperatures were 

i d e n t i f i e d  f o r  each c a l c i n e  m i x t u r e  t o  produce t h e  densest sample w i t h o u t  s i g n i f i c a n t  

de fo rma t ion  o r  m e l t i n g .  Th is  i n f o r m a t i o n  i s  be ing  used t o  f a b r i c a t e  s i n t e r e d  ceramic 

specimens f o r  v o l a t i l i t y ,  impact  r e s i s t a n c e ,  and leach r e s i s t a n c e  c h a r a c t e r i z a t i o n  t e s t s .  

Se lec ted  compos i t i ons  w i l l  be hot -pressed and h o t - i s o s t a t i c a l l y - p r e s s e d  (HIP)  t o  e v a l u a t e  

t h e  impact t h a t  p rocess ing  has upon waste s to rage  c r i t e r i a .  Samples o f  hot -pressed PW-9 

c a l c i n e  have been produced. 

t h i s  yea r .  

Arrangements w i t h  BCL have been made t o  HIP s e v e r a l  compos i t i ons  

THE PENNSYLVANIA STATE UNIVERSITY SUPERCALCINE INVESTIGATIONS - 
G. J. McCarthy, Program Leader 

Fo rmu la t i ons  f o r  High-Sodium Superca lc ine  

D u r i n g  t h e  l a s t  two months c u r r e n t  f o r m u l a t i o n s  f o r  h igh-sodium superca lc ines  have been 

op t im ized .  The b a s i c  phase f o r m a t i o n  model i s  l i s t e d  i n  Table 6 .  The c r y s t a l l i z a t i o n  and b’ 

A 

18 



TABLE 6. Phase Format ion Model f o r  High-Sodium Supercalc ines 

Waste I o n  Superca lc ine  Phase 

Na,Mo,Sr,Ba 

Cs,Rb 

R E (  La, P r y  Nd, Sm, Eu , Gd, Y )  , 

( Cay S r  , Ba) [NaAl S i  04 JgMo04 [Soss 3 
(Cs ,Rb)Al S i  206 [ P]  

(Cay S r  )2RE8 [Si041 602 [ A S s ]  
S r ,  PO4 REP04 [Mss l  

U, Ce, Zr 

Fe, N i  , C r  

Pd, Rh , Ru As me ta l s  

Te, Cd, Ag As mino: s o l i d  s o l u t i o n  s u b s t i t u t i o n s  i n  
o t h e r  phases 

e f f e c t i v e  c o m p a t i b i l i t y  o f  t h e  major phases [ A s s ,  Fss, Tss,  P, ( F e 2 0 3 ) S S l  have 
been con f i rmed  by x - ray  c h a r a c t e r i z a t i o n  of l a b o r a t o r y - s c a l e  s i m u l a t i o n s .  Three f o r m u l a t i Q n s  

(SPC-5A,B,C) based on t h i s  phase f o r m a t i o n  model have been developed. 

Thermal S t a b i l i t y  o f  (Ca,Sr,Ba)MoO, [Sss ]  Phases 

SPC-2 and SPC-4 d u r i n g  t h e  pro longed f i r i n g s  (12 t o  36 h r )  a t  h i g h  temperatures (1200' t o  

14OO0C). 

MOO, losses.  

Molybdenum o x i d e ( s )  c o n s t i t u t e  t h e  major  component(s) o f  t h e  species v o l a t i l i z e d  f rom 

A s tudy  was i n i t i a t e d  t o  determine whether t h e  S,, a lone  was r e s p o n s i b l e  f o r  t h e  

We have completed t h e  l i t e r a t u r e  survey f o r  p rev ious  work i n  t h i s  system. No i n d i c a t i o n  

has been found o f  any work hav ing  been performed on t h e  SrMo04-BaMo04-CaMo04 t e r n a r y  

system. 

has been loca ted .  

dynamica l l y  s t a b l e  a t  t h e i r  m e l t i n g  temperatures and t h a t  t h e y  do n o t  r e a c t  w i t h  MgO, A1203, 
MgA1304, and Zr02 ( s t a b i l i z e d  by 10% CaO) r e f r a c t o r i e s .  

i n d i c a t e s  v e r y  r e f r a c t o r y  p r o p e r t i e s  f o r  a l k a l i n e  e a r t h  molybdates, even above t h e i r  m e l t i n g  

p o i n t s .  

No l i t e r a t u r e  d e s c r i b i n g  work on the  SrMo04-BaMo04 and CaMo04-BaMo04 b i n a r i e s  
Matveeve and Maier  (1967) found t h a t  CaMo04 and SrMo04 a re  thermo- 

I n  summary, t h e  l i t e r a t u r e  

C r y s t a l l i n e  phase-pure end members (CaMo04, SrMo04, and BaMo04) and f o u r  t y p i c a l  Sss  
Each o f  t h e  end members had composi t ions were syn thes i zed  and then  c h a r a c t e r i z e d  by  TGA. 

v e r y  low we igh t  l o s s e s - - i n  no case more than 0.4 w t %  i n  24 h r  a t  13OO0C. 

t o r y  o f  t h e  t h r e e  was CaMo04. No ev idence o f  d i s s o c i a t i o n  o f  any o f  t he  pure molybdates 

was observed. 

100°C, so we can c o n f i r m  t h a t  t h e  pure end member AEMo04 s c h e e l i t e s  are q u i t e  r e f r a c t o r y  

under r e  l e v a n t  cond i t i ons. 

The l e a s t  r e f r a c -  

Th is  temperature i s  h i g h e r  than  proposed SPC p rocess ing  temperatures by about 

W i th  t h e  comp le t i on  o f  TGA s t u d i e s  on S,, phases, i t  has become e v i d e n t  t h a t  t h e  

sma l l  MOO, v o l a t i l i z a t i o n  l osses  i n  supercalc ine-ceramics heated a t  h i g h  temperatures f o r  

l o n g  d u r a t i o n s  cannot be a t t r i b u t e d  t o  poor thermal  s t a b i l i t y  of t h e  S s s  phase i t s e l f .  
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There are two other possibilities for these losses. 
marginally incompatible with another supercalcine phase so that it slowly reacts with it and 
releases MOO,. 
may be inadequate to fix all Mo as AEMo04 because other phases (e.g., Ass) incorporate 
more AE than is implied by their nominal stoichiometries. Both possibilities are being 
explored. 

First, the Sss phase could be 

Second, the level of alkaline earth (Ca,Sr) additives in the supercalcine 

Conventional Hot Pressing of SPC-4 

Our brief studies in this area are complete and a topical report has been prepared. 
The report describes the role of the spray supercalcine powder characteristics and hot- 
pressing temperature on densification/consolidation, microstructure, and crystallinity. It 
features characterization of the as-received and modified supercalcine powders and of the 
supercalcine-ceramic product by a computer-control led SEM. 

CHEMICAL VAPOR DEPOSITED COATINGS - M. F. Browning and R. W. Kidd, Battelle-Columbus 
Laboratories 

The experimental effort during this report period has been directed toward the 
fo 1 1  owing areas : 

preparation o f  A1203-coated SPC-4 (2 to 3 m) for evaluation at PNL 

preparation of duplex-coated (A1203 over PyC) PyC-2 (1 to 2 mm) 

continued development of a drum coating technique for applying A1203 coatings over 
PyC-coated SPC-4 in the 5- to 9-mm size range. 

In the current program, roughly 1450 g of 2- to 3-mm-dia A1203-coated SPC-4 
particles were produced in seven runs. Thickness of the A1203 coating varied from 20 to 
50 pm, depending upon run conditions. The coating rates were typically 9 pm/hr. The 
materials prepared in all but one run appeared to have smooth and dense coatings of good 
integrity. The coating on the product from this run appeared to have a rougher surface, 
presumably because of insufficient agitation near the end of the run. 

Roughly 330 g of duplex-coated (A1203 over PyC) SPC-2, 1- to 3-mm particles were 

Oxidation of a typical sample at 
produced in two runs. 
respectively. 
75OoC in air for 24 hr suggests that the A1203 coating was protective in that a weight 
loss of only 0.23 wt% was measured. Complete loss of the PyC layer would have given a 
weight loss of ~ 3 . 2  wt%. The coatings applied in these runs appeared to be of comparable 
quality to t b s e  previously produced for the one-1 iter demonstration. 

The PyC and A1203 coating thicknesses were 44 pm and 55 pm, 
The A1203 coating rate wasQ5 pm/hr. 

Larger supercalcine particles (5 to 9 mn) are more efficiently produced in the disc 
pelletizers and are easier to handle. In addition, since the coating occupies less of the 
total waste form volume for larger particles, the waste loading of the waste product is 
increased. Thus, a major objective of the CVD program is to demonstrate that a protective 

A1203/PyC coating can be applied to relatively large-sized (5- to 9-mm) SPC-4 material using 
a dr-um-coating technique, which is considered to be more practical than a fluidized bed or 
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crs v i b r a t i n g  bed f o r  c o a t i n g  t h e  l a r g e r - s i z e  subs t ra tes .  Th is  i s  c o n t i n u a t i o n  o f  work 
i n i t i a t e d  i n  t h e  p rev ious  program. Since i n  t h i s  e a r l i e r  work an a p p a r e n t l y  s a t i s f a c t o r y  

procedure f o r  a p p l y i n g  PyC c o a t i n g s  t o  l a r g e r  p a r t i c l e s  was developed u s i n g  a f l u i d i z e d - b e d  

technique,  t h e  i n i t i a l  e f f o r t  d u r i n g  t h i s  t ime  p e r i o d  was t o  app ly  o n l y  A1203 c o a t i n g s  

i n  a drum c o a t e r .  

Only a l i m i t e d  supp ly  of r e l a t i v e l y  l a r g e - s i z e d  SPC-4 m a t e r i a l  was on hand f o r  use: 

200 g o f  2.6- t o  4.6-mm p a r t i c l e s  and 300 g o f  5 -  t o  9-mm p a r t i c l e s .  Since t h e  l a r g e r  s i z e  

was u l t i m a t e l y  o f  more i n t e r e s t ,  t h e  s m a l l e r  m a t e r i a l  was used d u r i n g  t h e  c o a t i n g  parameter 

d e f  i n i t  i on phase. 

Progress has been made i n  d e f i n i n g  t h e  c o a t i n g  procedures t h a t  appear a t t r a c t i v e  f o r  

o b t a i n i n g  a duplex c o a t i n g  o f  A1203 over  PyC on t h e  l a r g e - s i z e  s u b s t r a t e ;  however, t h e  

o b j e c t i v e  was n o t  f u l l y  achieved. The major  problem i n  o b t a i n i n g  a duplex c o a t i n g  seems t o  

r e s t  i n  p roduc ing  a PyC c o a t i n g  t h a t  i s  a b l e  t o  s u r v i v e  t h e  A1203 ove rcoa t ing .  

c o a t i n g s  have t y p i c a l l y  e i t h e r  f l a k e d  o f f  when sub jec ted  t o  any mechanical abuse, o r  have 

been l o s t  by o x i d a t i o n  d u r i n g  t h e  A1203 ove rcoa t ing .  

PyC 

CARBON LEACH TESTING - W. J. Gray 

Carbon i s  expected t o  have a v e r y  low leach r a t e  and, t h e r e f o r e ,  i s  a t t r a c t i v e  as one 

o f  t h e  b a r r i e r s  o f  a m u l t i b a r r i e r  waste form. Tests t o  determine t h e  leach r a t e  o f  carbon 

a re  i n  progress.  Ox ida t i on ,  r a t h e r  than  leaching,  i s  p robab ly  a more accurate d e s c r i p t i o n  

of t h e  mechanism o f  carbon removal i n  aqueous systems. Never the less,  t h e  removal can be 

desc r ibed  i n  terms o f  g/cm -day and compared w i t h  t h e  leach r a t e s  o f  o t h e r  m a t e r i a l s .  2 

The exper imen ta l  approach has been t o  s t i r  powdered (-325 mesh) g r a p h i t e  and water  a t  

a95'C i n  a sea led  c o n t a i n e r .  Water i s  e x t r a c t e d  f rom t h e  c o n t a i n e r  th rough  a f i l t e r ;  

carbon i n  t h e  water  i s  o x i d i z e d  t o  C02, and t h e  C02 c o n t e n t  i s  determined u s i n g  i n f r a r e d  

a b s o r p t i o n  spect roscopy.  The d e t e c t i o n  l i m i t  f o r  t h e  carbon ana lyze r  i s  about 1 ppm. 

Considerable d i f f i c u l t y  has been exper ienced so f a r  i n  o b t a i n i n g  b lank  runs  w i t h  

e s s e n t i a l l y  no carbon. Only one carbon leach t e s t  has been made i n  which t h e  r e s u l t s  were 
cons ide red  t o  be v a l i d .  In t h a t  t e s t ,  l e s s  than  1 ppm carbon was de tec ted  a f t e r  a 90-hr  

t e s t  a t  a95OC i n  d i s t i l l e d  water. 

g/cm , assuming t h a t  a l l  carbon d i s s o l v e d  f rom t h e  g r a p h i t e  remained i n  t h e  water. 

D i s s o l v e d  carbon seems l i k e l y  t o  be i n  t h e  f o r m  o f  C02 o r  CO. Carbon d i o x i d e  would be 

about e q u a l l y  d i s t r i b u t e d  between t h e  l i q u i d  and gas phases, b u t  o n l y  about 2% o f  t h e  CO 

would remain i n  t h e  water. I f  a l l  t h e  d i s s o l v e d  carbon was CO, t h e  c a l c u l a t e d  leach r a t e  

shou ld  be m u l t i p l i e d  by about 50. Th is  i s  s t i l l  a v e r y  low r a t e .  

11 T h i s  i s  e q u i v a l e n t  t o  a l each  r a t e  o f  <1.4 x 10- 
2 

Some I 4 C - l a b e l e d  m a t e r i a l  has been o rde red  t h a t  w i l l  lower  t h e  l each  r a t e  d e t e c t i o n  

l i m i t  by  a f a c t o r  o f  between 100 and 1000. 

t r y i n g  t o  o b t a i n  b lank  r u n s  w i t h  e s s e n t i a l l y  no carbon. 

l i q u i d  and gas phases. 

temperature, pH, s a l t  o r  o t h e r  m i n e r a l  c o n t e n t  o f  water ,  and t ypes  o f  carbon. F i n a l l y ,  t h e  

e f f e c t  r a d i a t i o n  has upon leach r a t e s  w i l l  be i n v e s t i g a t e d .  

Using 1 4 C  a l s o  e l i m i n a t e s  t h e  problem o f  

Analyses w i l l  be made o f  b o t h  t h e  

Tests  are p lanned t o  determine leach  r a t e  dependence upon t ime, 
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SUMMARY 

Through t h e  High-Level Waste Immobil z a t i o n  Program, t h e  P a c i f i c  Nor thwest  Labora to ry  

A ma jo r  goal  i s  conduc t ing  research  on t h e  s o l i d i f i c a t  on o f  h i g h - l e v e l  r a d i o a c t i v e  waste. 

o f  t h i s  program i s  t o  develop waste g l a s s  composi t ions and r e l i a b l e  processes f o r  t h e i r  

manufacture.  T h i s  progress r e p o r t  desc r ibes  t h e  research  and development a c t i v i t i e s  f o r  

J u l y  th rough  September o f  1978: 

A power outage i n t e r r u p t e d  o p e r a t i o n  o f  t h e  c a l c i n e - f e d  ceramic m e l t e r  (CFCM) f o r  4.4 h r  

and t h e  l i q u i d - f e d  ceramic m e l t e r  (LFCM) f o r  2.5 hours. Opera t i on  o f  b o t h  m e l t e r s  was 

resumed w i t h o u t  a u x i l i a r y  hea t ing .  

LFCM may have been due t o  t h e  gas d i s s o l v e d  i n  t h e  mo l ten  g l a s s  d u r i n g  t h e  e l e c t r i c a l  
outage. 

The severe r e b o i l  t h a t  occu r red  subsequent ly  i n  t h e  

A gener i c  waste g l a s s  p r o p e r t i e s  s tudy  has been s t a r t e d .  The f u l l  s tudy  w i l l  e v a l u a t e  

t h e  i n f l u e n c e  o f  26 ox ide  components, i n c l u d i n g  g l a s s  formers, m o d i f i e r s  and 

i n t e r m e d i a t e s  on waste g lass  p r o p e r t i e s .  The method w i l l  be t e s t e d  f i r s t  on a s m a l l e r  

f i e l d  invoslving 10 o x i d e  components and narrowed compos i t i on  range. 

Curium was found t o  accumulate e q u a l l y  i n  two d e v i t r i f i c a t i o n  phases i n  a waste g lass - -  

Gd2Ti207 and a Complex phosphate r i c h  i n  gado l i n ium and ca lc ium. 

i s  undergoing a c rys ta l l i ne - to -amorphous  t r a n s f o r m a t i o n ;  t h e  former i s  a p p a r e n t l y  

u n a f f e c t e d  by  r a d i a t i o n .  

Development o f  s u p e r c a l c i n e  f o r  e v a l u a t i o n s  o f  Thorex waste compos i t i ons  has s t a r t e d .  

F l u o r i d e  can be con ta ined  i n  an a p a t i t e  phase, Ca4Nd6Si046F2, prepared a t  900' 

t o  1000°C. The phase decomposes s l o w l y  i f  h e l d  a t  these temperatures, however. 

The l a t t e r  phase 

0 
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QUARTERLY PROGRESS REPORT 

RESEARCH AND DEVELOPMENT ACTIVITIES 

HIGH-LEVEL WASTE IMMOBILIZATION PROGRAM 

JULY THROUGH SEPTEMBER 1978 

INTRODUCTION 

The High-Level Waste I m m o b i l i z a t i o n  Program (HLW1P)--formerly t h e  Waste F i x a t i o n  Program-- 

i s  conducted by t h e  P a c i f i c  Nor thwest  Labora to ry  (PNL), operated by  B a t t e l l e  Memorial 

I n s t i t u t e  f o r  t h e  Department o f  Energy (DOE) .  

t o  c o n v e r t  h i g h - l e v e l  r a d i o a c t i v e  waste t o  s t a b l e ,  n o n d i s p e r s i b l e  forms. Candidate waste 

forms i n c l u d e  s i l i c a t e  glmasses and v a r i o u s  c r y s t a l l i n e  and m u l t i b a r r i e r  was te . fo rms .  

i s  des igned t o  be a means th rough  which t h e  government and use rs  o f  t h e  technology can 

coopera te  t o  e f f e c t i v e l y  handle n u c l e a r  waste. 

i n c l u d e :  t h e  development and c h a r a c t e r i z a t i o n  o f  waste forms; equipment and process 

development; and des ign,  c o n s t r u c t i o n ,  and demons t ra t i on  o f  f u l l - s c a l e  process equipment. 

f o l l o w i n g  s e c t i o n s  d e s c r i b e  research  and development a c t i v i t i e s  i n  r a d i o a c t i v e  waste f i x a t i o n  

f o r  t h e  p a s t  q u a r t e r l y  r e p o r t i n g  p e r i o d .  

Under t h i s  program, PNL i s  conduc t ing  research  

The HLWIP 

O b j e c t i v e s  o f  t h e  comprehensive program 

The 
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SECTION 1 - WASTE FIXATION PROCESS DEVELOPMENT 

The purpose of this task is to develop processes and equipment for converting 
liquid high-level radioactive waste into a stable, relatively nondispersible f o r m  
fo r  storage and, ultimately, disposal. This purpose is generally being accomplished 
by the development of a two-step approach--calcination or concentration followed by 
melting to form a borosilicate glass. 

CERAMIC MELTERS - C. C .  Chapman, J. L. Buelt, R .  D .  Dierks 

The calcine-fed ceramic melter ( C F C M )  was tes ted  using the in te rna l  air-cooled passages 
in the e lec t rodes .  
r a t e s .  
b u l k  g lass  without d i f f i c u l t y .  
temperature g lass  compositions to  be produced in the lower-temperature e lec t rode  mater ia l ,  
Inconel-690. 

Control of the melter was s t ab le  even with large d i f fe rences  in cooling 
The e lec t rodes  could be cooled some ZOOo t o  25OoC below the  temperature of the 

The use of t h i s  e lec t rode  cool.ing may allow higher- 

In the  f i r s t  week of July,  power t o  the Engineering Development Laboratory was off for  
the  three  phases about 5-1/2 hr and the  CFCM was without power f o r  t h a t  time. 
return of normal power the unit  was able to  recover without auxi l ia ry  ass i s tance .  
l iquid-fed ceramic melter (LFCM)  has a single-phase power supply and is on a d i f f e r e n t  phase 
of the three-phase supply fo r  the  Engineering Development Laboratory. 
without power f o r  only 2-1 /2  hours. 
These r e s u l t s ,  although not planned, are an indication t h a t  some freedom e x i s t s  f o r  simple 
recovery of operation of a continuous ceramic melter,  s h o u l d  power be l o s t .  

After the 
The 

Therefore, i t  was 
I t  a l so  recovered without requiring auxi l ia ry  heating. 

As would be expected, the  g lass  temperature within the two continuous melters dropped 
rap id ly .  
However, the  core of the body or b u l k  of g lass  remained s u f f i c i e n t l y  conductive t o  allow 
cur ren t  flow upon return of power. 

Temperatures as low as 600' t o  700'C were present a t  the t o p  of each uni t .  

An aqueous feeding t e s t  was i n i t i a t e d  in the  LFCM one week a f t e r  the  power outage. A 

maximum process r a t e  of 145 (llhr of aqueous feed was being maintained. However, the t e s t  was 
in te r rupted  a f t e r  8 h r  of operation when the  g lass  re-boiled and bubbled g lass  foam through 
the  s in te red  c r u s t .  A large quant i ty  o f  material  (molten g l a s s  foam) came into contact with 
the aqueous hold-up and caused rapid heat exchange and evaporation of the hold-up. 
f lash ing  of feed to steam resu l ted  in the flooding and pressur iza t ion  of the off-gas system. 
The degree of re-boil  was la rger  than had been experienced in previous experiments. The 
reason f o r  the  increased re-boil e f f e c t  i s  believed to  be the power outage and the large 
decrease in temperature t h a t  took place. Gas s o l u b i l i t y  i s  higher a t  lower temperatures. 
Evaluation of dissolved gas can cause foaming ( r e - b o i l )  when the  temperature i s  increased. 
Some compositions are more vulnerable to  the  re-boil  phenomenon when re-heated than are 
o thers .  Because the g lass  contained in the  LFCM appeared to  be suscept ib le  to  the re-boil  
phenomenon, a flush-out r u n  was made so tha t  a composition l e s s  suscept ib le  to foaming could 
be used. During the  flush-out run, higher and higher production r a t e s  were achieved before 
re-boil  would again pump foam on t o p  of pre-melted f r i t s .  This flush-out experiment s t rongly  
suggested t h a t  re-boil would not occur un t i l  some previously achieved maximum temperature had 
been exceeded or un t i l  a region t h a t  i s  normally cold f i n a l l y  exceeds 5ome spec i f ied  

The rapid 
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temperature l i m i t .  
be p laced  upon e v a l u a t i n g  i t s  consequences. 

Th is  unusual behav io r  o f  g l a s s  suggests t h a t  a g r e a t e r  emphasis needs t o  

An exper imen ta l  method was developed t o  determine t h e  amount o f  v o l a t i l e  m a t e r i a l s  t h a t  

a re  re leased  f rom t h e  con t inuous  m e l t e r  d u r i n g  i d l i n g  c o n d i t i o n s .  The amount and compos i t i on  

o f  c o n s t i t u e n t s  coming o u t  o f  t h e  m e l t e r  d u r i n g  non-product ion modes, as shown i n  Table 1, 
w i l l  be o f  i n t e r e s t  t o  o p e r a t i o n a l  p l a n t  s t a f f s .  The exper iment  arrangement shown f o r  t h e  

LFCM i s  g i ven  i n  F i g u r e  1. 
and t h e  arrangement shown i n  F i g u r e  1 i s  p laced  on a f l a n g e  and used as t h e  o n l y  ou t -gass ing  

l i n e .  The water-cooled s t a i n l e s s  s t e e l  M i s t e r  Mesh i s  used t o  c o l l e c t  t h e  v o l a t i l e  m a t e r i a l  

t h a t  escapes f rom t h e  LFCM. The temperature o f  t h e  g l a s s  s u r f a c e  i n  t h e  LFCM was a l t e r e d  by  

changing t h e  power i n  t h e  m e l t e r .  Two s u r f a c e  temperatures were t e s t e d :  8OO0C and 675OC. 

A t o t a l  o f  t h r e e  days '  c o l l e c t i o n  was used i n  these exper iments.  The most v o l a t i l e  spec ies 

was sodium. 

Dur ing  i d l i n g  c o n d i t i o n s  t h e  normal o f f - g a s  l i n e  i s  va l ved  o u t  

8 

EFFLUENT CONTROL - M. S. Hanson, C. A. Knox and W. E. Sande 

A l a b o r a t o r y - s c a l e  spray c a l c i n e r  and in-can m e l t e r ,  designed p r i m a r i l y  f o r  e f f l u e n t  

s tud ies ,  has been c o n s t r u c t e d  and i n s t a l l e d  i n  EDL-102. 

designed f o r  f u l l y  remote opera t i on .  P r e l i m i n a r y  t e s t i n g  o f  t h e  c a l c i n e r  a t  low f e e d  r a t e s  
( l e s s  than  1 !L/hr) has proven i t s  o p e r a b i l i t y .  The feed  f o r  t h e  t e s t  was TW-3, a f l u o r i d e -  

c o n t a i n i n g  s imu la ted  Thorex waste. 

f ormu 1 a t i  on. 

The c a l c i n e r / m e l t e r  system i s  

A sma l l  amount o f  c a l c i n e  was produced f o r  g l a s s  

Design o f  remote- feed and o f f - g a s  systems i s  n e a r i n g  complet ion.  

S imulated Thorex waste TW-3 was f e d  t o  t h e  p i l o t - s c a l e  spray c a l c i n e r / i n - c a n  m e l t e r  w i t h  

t h e  p r i m a r y  i n t e n t  o f  s t u d y i n g  c o r r o s i o n  i n  t h e  o f f - g a s  system. 

o f f - g a s  system showed n e g l i g i b l e  we igh t  l o s s  and o p t i c a l  examinat ion r e v e a l e d  no unusual 

e f f e c t s .  

Coupons p l a c e d  th roughou t  t h e  

TABLE 1. V o l a t i l i t y  o f  Glass Components Dur ing  
I d l i n g  (SRP Glass Composi t ion)  

Ox ide  

Si02 
Na20 
Ti02 

'2'3 
CaO 

L i20  

Fe203 

2'3 
Mn02 
N i O  

~ 

G l a s s  
Composition, 

w t %  

39.4 
13.9 

7.5 

7.5 

4.6 

3.0 
a .4 

2 .8  

12.3 

0.6 

V o l a t i l i t y  
Rate f o r  
Hot  Glass 
Surface, 
g/day 
0.12 

5.3 ' 

Neg ' 1  
0.20 
Neg ' 1 

0.14 
Neg ' 1 

Neg ' 1 
Neg ' 1 

Neg ' 1 

V o l a t i l i t y  
R a t e  f o r  

Cool Glass 
Surface, 

g/day 
Neg I 1 

~ 0 . 0 2 4  

Neg ' 1 
c0.021 

Neg I 1 

Neg ' 1 
Neg ' 1 

Neg ' 1 

Neg'l 
Neg ' 1 

@ M i s t e r  Mesh i s  a p roduc t  of A.C.S. I n d u s t r i e s ,  71 V i l l a n o v a  S t . ,  Woonsocket, R I  02895 
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MANUAL COOLING WATER OUT 
CONTROL 

THERMOCOUPLES 

COOLING WATER IN 

FIGURE 1. P a r t i c u l a t e  C o l l e c t o r  

I N - C A N  MELTING DEVELOPMENT - H. T. B l a i r  

F i v e  i n -can  me1 t i n g  (ICM) t e s t s  were made i n  t h e  n o n - r a d i o a c t i v e  process demons t ra t i on  f a c i l -  

i t y  u s i n g  s imu la ted  waste compos i t i ons  d u r i n g  t h e  l a s t  r e p o r t i n g  p e r i o d .  
made i n  t h e  f u l l - s c a l e  i n -can  m e l t e r  u s i n g  a 2 8 - i n . - d i a  can t o  determine t h e  maximum m e l t i n g  

r a t e  t h a t  can be sus ta ined  i n  t h i s  s i z e  o f  m e l t e r .  The o t h e r  f o u r  r u n s  were made i n  t h e  

p i l o t - s c a l e  m e l t e r :  two were performed t o  eva lua te  t h e  o p e r a t i n g  f a c t o r s  t o  be used i n  t h e  
Nuclear Waste V i t r i f i c a t i o n  P r o j e c t ,  one was made t o  e v a l u a t e  t h e  m e l t i n g  behav io r  o f  a new 

SRP f r i t  composi t ion,  and t h e  f i n a l  t e s t  was made t o  demonstrate v i t r i f i c a t i o n  o f  an a l t e r n a t e  

f u e l  c y c l e  waste compos i t i on  u s i n g  t h e  i n -can  m e l t i n g  process.  

One o f  t h e  t e s t s  was 

A 117-kg/hr maximum m e l t i n g  r a t e  was sus ta ined  f o r  n e a r l y  6 h r  d u r i n g  t h e  t e s t  i n  t h e  

f u l l - s c a l e  I C M  w i t h  t h e  28- in . -d ia  can. The average m e l t i n g  r a t e  f o r  t h e  o v e r a l l  r u n n i n g  t i m e  

o f  15 h r  was 108 kg/hr .  These r a t e s  are p resen ted  i n  F i g u r e  2 along w i t h  p r e v i o u s  r e s u l t s  f o r  

comparison. The reason t h e  r a t e s  achieved i n  t h e  28 - in . -d ia  can a r e  so much b e t t e r  t han  those 

demonstrated i n  t h e  14 - in .  i s  because t h e  hea t  t r a n s f e r  p l a t e  assembly des ign used i n  t h e  

24- in .  can was n o t  as e f f i c i e n t  as was t h e  des ign used i n  b o t h  t h e  20 - in . -  and 28 - in . -d ia  cans. 

The r u n  was te rm ina ted  be‘fore t h e  can was comp le te l y  f i l l e d  because t h e  connec t ing  

s e c t i o n  became p lugged when a bag o f  wet frit was f e d  i n t o  t h e  system. 

c o n d i t i o n  was detected,  t h e  c a l c i n e r  and m e l t e r  were shu t  down so t h a t  t h e  cause cou ld  be 

determined. 

As soon as t h e  p lugged 

The wet f r i t  had caused m o i s t u r e  t o  c o l l e c t  i n  t h e  d i v e r t e r  v a l v e  and a p l u g  o f  
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CAN DIAMETER, inches 

FIGURE 2. In-Can M e l t i n g  Rate as a F u n c t i o n  o f  Can Diameter 

c a l c i n e  formed the re .  A c t i v a t i o n  o f  t h e  d i v e r t e r  d i s l o d g e d  t h e  p lug ,  which moved down t h e  

s l o p i n g  l e g  o f  t h e  connec t ing  s e c t i o n  and became lodged a g a i n s t  t h e  sheath around t h e  cone 

v a l v e  stem. 

movable. 

The p l u g  was v e r y  f r i a b l e  and c o u l d  have been e a s i l y  broken up i f  t h e  sheath were 

The two p i l o t - s c a l e  i n - c a n  m e l t i n g  runs  per formed i n  suppor t  o f  t h e  Nuc lea r  Waste V i t r i f i -  

c a t i o n  P r o j e c t  (NWVP) were made u s i n g  a r e t o r t  and t h e  i n s u l a t i n g  c o l l a r s  des igned f o r  use i n  

t h e  h o t - c e l l  f u rnace .  
duc ing  c a l c i n e  a t  t h e  r a t e  proposed f o r  t h e  c e l l  o p e r a t i o n .  F r i t  was p r o p o r t i o n a l l y  f e d  i n t o  

t h e  system by add ing  weighed q u a n t i t i e s  eve ry  10 m inu tes  th rough  t h e  f l a p p e r - g a t e - t y p e  a i r l o c k .  

The m e l t e r  was coupled d i r e c t l y  t o  t h e  spray c a l c i n e r ,  which was p r o -  

The fu rnace  was ma in ta ined  a t  1000°C d u r i n g  t h e  p rocess ing  o f  t h e  f i r s t  can. The most 
s i g n i f i c a n t  r e s u l t  of t h e  f i r s t  t e s t  i n  t h e  s e r i e s  f rom an o p e r a t i o n s  v i e w p o i n t  was t h a t  as 

t h e  m e l t  l e v e l  approached t o  w i t h i n  a f o o t  o f  t h e  t o p  o f  t h e  fu rnace  h o t  zone, t h e  ba tch  would 

no l onger  m e l t  as f a s t  as i t  was e n t e r i n g  t h e  m e l t e r .  The b a t c h  cha rg ing  r a t e  a t  t h a t  t i m e  

was o n l y  2.4 kg/hr .  Charging of t h e  I C M  was te rm ina ted  when a c o l d  cap had formed which was 

r i s i n g  above t h e  heated p a r t  of t h e  can. 

t h i s  c o l d  cap down. The low m e l t i n g  r a t e  i s  due t o  t h e  low o p e r a t i n g  temperature (lOOO°C) 
and t h e  l a r g e  heat  losses a t  t h e  top  of t h e  can caused by t h e  r e t o r t  and t h e  can ex tend ing  

th rough  t h e  i n s u l a t i o n  a t  t h e  t o p  of the  furnace,  where t h e  temperature was 900°C. We hope 
t h a t  we w i l l  be a b l e  t o  compensate f o r  some of t h i s  heat  l o s s  i n  t h e  h o t  c e l l ,  as i t  i s  a 

m u l t i z o n e  fu rnace  and t h e  t o p  zone may draw more power w i t h o u t  caus ing ove rhea t ing  lower  i n  

t h e  furnace.  

Four t o  f i v e  hours were r e q u i r e d  t o  c o m p l e t e l y  m e l t  
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D u r i n g  t h e  second r u n  i n  t h e  s e r i e s  t h e  fu rnace  temperature was inc reased  t o  1O5O0C, 

and 1.5 w t %  powdered s i l i c o n  me ta l  was added t o  t h e  ba tch  by b l e n d i n g  it w i t h  t h e  f r i t .  A l l  

o t h e r  o p e r a t i n g  f a c t o r s  were t h e  same as d u r i n g  t h e  f i r s t  t e s t .  

p r o p o r t i o n i n g  o f  f r i t  t o  c a l c i n e ,  t h e  f r i t  was added t o  t h e  m e l t e r  by weighing o u t  533-9 

q u a n t i t i e s  and dumping them through t h e  a i r l o c k  eve ry  10 minutes.  
and c a l c i n e  b lend ing ,  which r e s u l t e d  i n  poor  m e l t i n g .  

added u s i n g  a c o n t i n u o u s l y  o p e r a t i n g  screw feeder .  

To assure p roper  

The r e s u l t  was poor f r i t  

Toward t h e  end o f  t h e  r u n  t h e  fr it was 

The m e l t i n g  improved cons ide rab ly .  

The r u n  f o r  SRP was made i n  t h e  p i l o t - s c a l e  m e l t e r  u s i n g  an 8 - i n . - d i a  can c o n t a i n i n g  an 

8 - r a d i a l - f i n  assembly. 

composite waste w i t h  SRP F r i t  111. 
The cha rg ing  r a t e  was then  inc reased  t o  17.2 kg/hr .  W i t h i n  an hour t h e  ba tch  had t o  be shu t  

o f f  because a c o l d  cap had formed. 

was observed, a l t hough  t h e r e  was s i g n i f i c a n t  gas e v o l u t i o n  d u r i n g  t h e  m e l t i n g .  Batch was then  

charged f o r  a p e r i o d  o f  1 h r  a t  a r a t e  of 13.5 kg/hr .  

reached t h e  top o f  t h e  f i n  assembly by t h a t  t ime ,  and t h e  t e s t  was te rm ina ted .  

me l ted  r a p i d l y  and t h e  m e l t  appeared v e r y  f l u i d  as bubbles b u r s t  a t  i t s  su r face .  A l though 

t h i s  ba tch  compos i t i on  d i d  n o t  foam as i t  mel ted,  a m e l t i n g  r a t e  no g r e a t e r  t h a n  15 kg /h r  

c o u l d  be sus ta ined  under I C M  o p e r a t i n g  c o n d i t i o n s ,  whereas 30 kg /h r  i s  u s u a l l y  achieved u s i n g  

s imu la ted  commercial compos i t i ons  and f r i t s  developed a t  PNL. 

The ba tch  f o r  t h e  r u n  was a b l e n d  o f  sp ray -d r ied ,  s i m u l a t e d  SRP 

A m e l t i n g  r a t e  o f  15.2 kg /h r  was sus ta ined  f o r  2 hours. 

One ha l f -hou r  was r e q u i r e d  t o  m e l t  t h e  cap. No foaming 

An accumulat ion o f  unmelted ba tch  had 

The c o l d  cap 

The l a s t  t e s t  per formed d u r i n g  t h e  r e p o r t i n g  p e r i o d  was made t o  e v a l u a t e  t h e  m e l t i n g  

behav io r  and p r o d u c t  o f  v i t r i f y i n g  a l t e r n a t e  f u e l  c y c l e  waste. The excess i ve  o u t p u t  o f  t h e  

f r i t  feeder r e s u l t e d  i n  a h i g h e r  than d e s i r e d  f r i t  charg ing  r a t e  t o  t h e  ICM,  and we were 

unable t o  determine t h e  optimum m e l t i n g  r a t e  a t  t h e  d e s i r e d  f r i t - t o - c a l c i n e  r a t i o .  

i n t e r e s t i n g  t h i n g s  were observed d u r i n g  t h e  m e l t i n g ,  however. There was a dense fume i n  t h e  

m e l t e r  d u r i n g  m e l t i n g  and b l u e - w h i t e  f lames were f r e q u e n t l y  seen a t  t h e  m e l t  su r face .  The 

p r o d u c t  i s  a homogeneous g l a s s  except  f o r  some second phase m a t e r i a l  a t  t h e  ve ry  bo t tom o f  t h e  

can. Also, no s l a g  l a y e r  was found on t h e  top  o f  t h e  p roduc t .  

Several 

CANISTER DEVELOPMENT PROGRAM - S. C. S l a t e  

- S. C. S l a t e  and C. R. Hymas 

Dur ing  t h i s  pe r iod ,  s i x  c a n i s t e r s  were f i l l e d  w i t h  g lass  f r o m  t h e  spray c a l c i n e r / c a l c i n e -  

f e d  ceramic m e l t e r  system d u r i n g  t e n  days o f  con t inuous  opera t i on .  An SRP-composition g l a s s  

was used. A l l  o f  t h e  c a n i s t e r s ,  l i k e  t h e  one i n  F i g u r e  3, were made f rom A-53 carbon s t e e l ,  

and were 24 i n .  i n  d i a  w i t h  a 0.250-in. w a l l .  The c a n i s t e r s  were p laced  i n  an i n s u l a t e d  

enc losu re  d u r i n g  f i l l i n g  so t h a t  t h e  incoming g l a s s  would remain h o t  enough t o  f l o w  and 

p reven t  v o i d  fo rma t ion .  We removed t h e  s i d e  f rom one c a n i s t e r  and it appeared t h a t  i n s u l a t i n g  

t h e  c a n i s t e r  d i d  s i g n i f i c a n t l y  reduce t h e  l a y e r i n g  and v o i d s  t h a t  have been observed i n  

non insu la ted  c a n i s t e r s .  
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FIGURE 3. C a n i s t e r  i n  I n s u l a t e d  Enclosure 

A summary o f  t h e  t ype  o f  da ta  t h a t  was gathered on each o f  t h e  c a n i s t e r s  i s  shown i n  

Table 2. Dur ing  t h e  f i l l i n g  p e r i o d ,  which averaged about 36 hr ,  e x t e r n a l  and i n t e r n a l  

temperatures were moni tored.  D u r i n g  f i l l i n g ,  t he  maximum w a l l  temperature ranged between 

52OoC and 59OoC. 
o b t a i n  cooldown temperatures.  

c e n t e r l i n e  t o  t h e  w a l l  f o r  one o f  t h e  c a n i s t e r s .  

s e l e c t e d  and i s  n o t  when t h e  c a n i s t e r  was removed f rom t h e  enc losure. )  Th is  da ta  i s  i m p o r t a n t  

i n  unders tand ing  c r a c k i n g  and compos i t i ona l  d i f f e r e n c e s  t h a t  have been observed i n  t h i s  g lass.  

A f t e r  t h e  c a n i s t e r  was f i l l e d  i t  was connected t o  another  r e c o r d e r  t o  

F i g u r e  4 shows t h e  t i m e  v a r y i n g  temperature g r a d i e n t  f rom t h e  

(The t i m e  o f  0 hours was a r b i t r a r i l y  

We measured changes i n  t h e  c a n i s t e r  d iameter  u s i n g  a tape  and a micrometer. Some 

c a n i s t e r s  showed a s l i g h t  increase,  w h i l e  o t h e r s  showed a s l i g h t  decrease i n  d iameter .  The 

average change was u s u a l l y  l e s s  than  0.010 i n .  and was f r e q u e n t l y  l e s s  than  0.005 inches.  We 

can conclude f rom t h i s  data t h a t  t h e  amount o f  c a n i s t e r  de fo rma t ion  o c c u r r i n g  d u r i n g  c a n i s t e r  

f i l l i n g  and cooldown i n s i g n i f i c a n t .  

8 
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TABLE 2. Canister Data Summary 

Number of Number of 
Canister Canister F i l l ed  Fi l l ing External Special T/C Internal 

Order Number W t . ,  kg W t . ,  k q  Time, hr T/C's Arrangement T/C's 
1 71 27 2 2264 33.5 4 None 

3 73 277 1750 31.7 

4 74 27 1 1749 35.7 

2 72 28 1 1554 47 .O 9 4 ea.@ 36-in. 
level.  Equal- 
spaced. 

6 3 ea. 1.5-in. 
centers .  Ver- 
t i c a l  spacing. 

6 2 ea. 90' 
a p a r t  @ 1-f 
level .  

5 75 276 . 1740 33.5 13 4 ea. @ 36-in. 

level .  Eq.-Sp. 
2 ea. Inside & 

O u t  @ 56 in.  

\ 

6 78 274 1739 32.7 5 None 

Aver age 
Maximum Coolinq Average Wall 

Rate - Change Removed Mal 1 
Temp. , O C  O C / h  6) in Dia (yes/no) 
470 NA N A  no 

525 14 NA no 

595 

5 20 

550 

45 -0.008 no 

30 -0.003 no 

14 +0.005 Yes 

590 13 +O .003 no 

( a )  This i s  the cooling r a t e  t o  25OOC; the r a t e  from 250' t o  100°C averaged s 9 O C  fo r  a l l  can i s t e r s .  
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FIGURE 4. I n t e r n a l  Glass Temperatures i n  a C a n i s t e r  
as a Func t i on  o f  Time 

--_ 
High-Temperature S t r a i n  M o n i t o r i n g  o f  a Continuous M e l t i n g  C a n i s t e r  - R.  J .  K u r t z  and 

S. C. S l a t e  

I n  t h e  des ign  o f  waste c a n i s t e r s  i t  i s  h e l p f u l  t o  know t h e  s t r a i n  l e v e l s  i n  a c a n i s t e r  

t h a t  r e s u l t  from t h e  mechanical and thermal  l oad ings  t h a t  occur  d u r i n g  f i l l i n g .  E m p i r i c a l  

da ta  on t h e  s t r a i n  l e v e l s  are a l so  u s e f u l  i n  v e r i f y i n g  computer codes t h a t  are used t o  model 

c a n i s t e r  behav io r .  S t r a i n  measurements on l a r g e  s t r u c t u r e s  a re  o f t e n  q u i t e  complex, b u t  t e n d  

t o  produce data t h a t  i n d i c a t e  t h e  t r u e  s t r u c t u r a l  response t o  g i ven  mechanical and thermal  

l oad ing .  W i th  t h i s  i n  mind, h igh - tempera tu re  s t r a i n  measurements were made on a p r o t o t y p e  

c a n i s t e r  d u r i n g  f i l l i n g  o f  t h a t  c a n i s t e r  w i t h  s imu la ted  waste g lass .  

The s t r a i n  measurements were made w i t h  h igh- temperature ( t o  550OC) s t r a i n  gauges t h a t  

were spot  welded t o  t h e  e x t e r i o r  w a l l  o f  a m i l d  s t e e l  c a n i s t e r  24 i n .  i n  d i a  by 10  ft h igh ,  

as shown i n  F i g u r e  5. Chromel-Alumel thermocouples were a l s o  a t tached  t o  t h e  c a n i s t e r  i n  t h e  

v i c i n i t y  o f  each group of s t r a i n  gauges t o  enable temperature c o r r e c t i o n s  t o  t h e  data.  Data 

f rom the  n i n e  s t r a i n  gauges was taken eve ry  t e n  minutes th roughou t  t h e  d u r a t i o n  o f  t h e  t e s t .  

For each s t r a i n  gauge grouping,  a p p r o p r i a t e  temperature read ings  were made between each s t r a i n  

gauge measurement. 
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The sample p l o t  o f  s t r a i n  gauge d a t a  t h a t  i s  shown i n  F i g u r e  6 tends t o  p a r a l l e l  t h e  

temperature versus t h e  t i m e  h i s t o r y  t h a t  was observed, and which i s  p l o t t e d  i n  F i g u r e  7 .  Each 

s t r a i n  gauge group reached i t s  peak s t r a i n  r e a d i n g  when t h e  corresponding thermocouple reached 

maximum temperature.  

t h e  pour ing.  

y i e l d  s t r a i n .  Furthermore, a f t e r  reach ing  t h e  peak s t r a i n ,  a g radua l  s t r a i n  recove ry  was 
observed t h a t  g e n e r a l l y  c o i n c i d e d  w i t h  t h e  temperature decay caused by cooldown. 

e x p l a n a t i o n  o f  these r e s u l t s  i s  n o t  c l e a r  a t  t h i s  t ime .  

e a r l y  i n  t h e  p o u r i n g  o p e r a t i o n  cannot be a t t r i b u t e d  t o  t h e  mechanical l o a d i n g  o f  t h e  c a n i s t e r  

from t h e  s t a t i c  head o f  t h e  g lass,  s i n c e  o n l y  about 0.75 f t o f  g l a s s  had been poured i n t o  t h e  

c a n i s t e r .  
c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  s t r e s s i n g  o f  t h e  c a n i s t e r .  The i n f l u e n c e  o f  these l a r g e  

the rma l  g r a d i e n t s  i s  n o t  r e a d i l y  expla ined,  s i n c e  t h e  gauges were supposedly temperature-  

compensated. Perhaps u s i n g  t h e  mean thermal  expansion c o e f f i c i e n t  over  t h e  temperature range 

25OC t o  55OoC was r e s p o n s i b l e  f o r  t h i s  e f f e c t .  I f  t h e  da ta  are presumed t o  r e p r e s e n t  t h e  

The s t r a i n  da ta  a l s o  i n d i c a t e s  t h a t  t h e  c a n i s t e r  y i e l d e d  v e r y  e a r l y  i n  

A f t e r  f i l l i n g  f o r  about 90 min, t h e  bo t tom s e t  o f  s t r a i n  gauges exceeded t h e  

The 

The reason f o r  c a n i s t e r  y i e l d i n g  so 

Some v i s u a l  ev idence was ob ta ined  sugges t ing  t h a t  severe thermal  g r a d i e n t s  may have 
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FIGURE 7. Temperature Versus Time H i s t o r y  f o r  
Thermocouple Number 1 

t rue  behavior o f  the  can i s t e r ,  then a large amount o f  the s t r a i n  re laxa t ion  or reverse 

s t r a i n i n g  occu r red  d u r i n g  cooldown. 

a t  t h i s  t ime .  It may have been due t o  r e l a x a t i o n  o f  a p p l i e d  r e s i d u a l  s t resses .  It i s  h i g h l y  

p robab le  t h a t  t h e  c a n i s t e r  was n o t  s t r e s s - r e l i e v e d  p r i o r  t o  pou r ing .  

t h a t  t h e  p r i n c i p a l  s t r a i n  axes were r o t a t e d  coun te r -c lockw ise  about  2 2 O C  f r o m  t h e  a x i s  o f  

c a n i s t e r  r e v o l u t i o n ,  as shown i n  F i g u r e  8. Th is  r e s u l t  was n o t  cons ide red  unusual, due t o  t h e  

p o s s i b i l i t y  o f  non-uni form d imensional  d i s t o r t i o n s  i n  t h e  l a r g e  c a n i s t e r  s t r u c t u r e .  

The d r i v i n g  f o r c e  For t h i s  s t r a i n  r e l a x a t i o n  i s  n o t  c l e a r  

R e s u l t s  a l s o  i n d i c a t e d  

A l l  ’ t h e  s t r a i n  gauges were r e a d i n g  a f i n i t e  p o s i t i v e  va lue  once t h e .  c a n i s t e r  temperature 

r e t u r n e d  t o  ambient c o n d i t i o n s .  

temperature e f f e c t s  need t o  be considered.  These r e s u l t s  a l s o  i n d i c a t e  t h a t  t h e  c a n i s t e r  d i d  

y i e l d  a t  some p o i n t  i n  t h e  l o a d i n g  h i s t o r y  and t h a t  a l l  t h e  s t r a i n  was n o t  recove rab le .  

P o s t - t e s t  micrometer  and P i - t a p e  measurements v e r i f i e d  t h a t  i n  f a c t  t h e  c a n i s t e r  had y i e l d e d  

s l i g h t l y .  

These read ings  can be cons ide red  accurate,s ince no 
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SECTION 2 - WASTE FORM CHARACTERIZATION 

The purpose of waste form clzaracterization i s  t o  measure the proper t ies  of candi- 
date s o l i d i f i e d  products and containers ( s o l i d i f i e d  waste and c a n i s t e r )  as funct ions 
of composition, processing parameters, and storage condi t ions . The measurements are 
used to :  
for sa fe t y  analyses of high-level  waste management. 
t e r i za t ion  i s  t o  characterize the physical  and chemical propert ies  of the  waste forms 
SO thoroughly tha t  when they are placed i n  re t r ievable  storage, and l a t e r  i n  a f i n a l  
disposal s i t e ,  we may be f u l l y  conf ident  t h a t  t h e i r  behavior i s  understood and t k a t  
any changes or in terac t ions  wi th  t h e i r  envirownents are wholly predictable .  

2 )  ensure operabi l i ty  of the  v i t r i f i c a t i o n  processes and 21 provide data 
The ul t imate goal of waste charac- 

GENERIC WASTE GLASS PROPERTIES STUDY - L. A. Chick 

P lann ing  was completed t h i s  q u a r t e r  f o r  a new waste g l a s s  f o r m u l a t i o n  s tudy.  The 

o b j e c t i v e  o f  t h e  g e n e r i c  s tudy i s  t o  develop t h e  a b i l i t y  t o  p r e d i c t  t h e  i m p o t t a n t  p r o p e r t i e s  

o f  g lasses  w i t h i n  a wide range o f  compos i t i ons  cen te red  around those o f  Naste g lasses  f ro in  

seve ra l  n a t i o n a l  s i t e s .  

Ana lys i s  o f  35 p r e s e n t l y  developed waste g lasses  showed t h a t  56 elements occu r red  as 

components. E l i m i n a t i o n  o f  those elements never o c c u r r i n g  a t  more t h a n  0.1 mole%, and 

combinat ion o f  elements expected t o  a c t  s i m i l a r l y  i n  g lasses  reduced t h e  number o f  components 

t o  30. F l u o r i n e ,  c h l o r i n e ,  su lphu r ,  and carbon were p a r t i t i o n e d  o f f  f o r  a separate s tudy  

because these p r e s e n t  s p e c i a l  problems f o r  c o n t r o l  o f  exper imen ta l  compos i t i on  due t o  t h e i r  

h i g h  v o l a t i l i t y  f rom m e l t s .  

comprise t h e  independent v a r i a b l e s  o f  t h e  s tudy.  

inc luded,  as shown i n  Table 4. Each group w i l l  be rep resen ted  i n  t h e  s tudy  by t h e  f o o t n o t e d  

member. The minimum and maximum a l l owed  c o n c e n t r a t i o n s  (mole%) o f  t h e  s tudy  components are 

l i s t e d  as II-" and "+" l e v e l s .  

Table 3 l i s t s  t h e  rema in ing  26 elements (as  ox ides )  which 

Seven groups o f  s i m i l a r l y  a c t i n g  ox ides  are 

Exper i inenta l  des igns u t i l i z i n g  t e s t  composi t ions w i t h  most components a t  e i t h e r  t h e i r  

minimum o r  maximum values a re  b e i n g  developed. Sets o f  t e s t  compos i t i ons  composed o f  these 

extreme v e r t i c e s  and o t h e r ,  more c e n t r a l i z e d  composi t ions,  are b e s t  f o r  t h e  purpose o f  f i t t i n g  

mathemat ica l  app rox ima t ion  models t o  t h e  response o f  measured p r o p e r t i e s .  

The f o l l o w i n g  i s  a l i s t  o f  p r o p e r t i e s  t h a t  w i l l  be determined f o r  gener i c  s tudy:  

v i s c o s i t y  a t  1000°C and 1200°C 

r e s i s t i v i t y  a t  1000°C and 12OO0C 

l e a c h a b i l i t y :  Soxhlet  and pH4 

d e v i t r i f i c a t i o n :  pe rcen t  c r y s t a l s  on as-mel ted and on s low-cooled 

v o l a t i l i t y :  

q u a l i t y :  v i s u a l  rank ing .  

t o t a l  w t %  l o s s  a t  1000°C and 12OO0C a f t e r  3 h r  

F i g u r e  9 i s  a t e r n a r y  diagram showing p r e s e n t l y  developed waste g lasses  p l o t t e d  acco rd ing  

t o  t h e i r  s i m p l i f i e d  composi t ions o f  network formers, network m o d i f i e r s ,  and in te rmed ia tes .  

F o l l o w i n g  c l a s s i c a l  t h e o r y  o f  g l a s s  s t r u c t u r e ,  t h e  c o n c e n t r a t i o n s  o f  s i l i c a ,  boron oxide, and 

phosphorus ox ide  were summed as formers, t h e  a l k a l i  and a l k a l i n e  e a r t h  ox ides  were lumped as 

m o d i f i e r s ,  and a l l  o t h e r  ox ides  were considered in te rmed ia tes .  Glasses developed f o r  wastes 

a t  each o f  seve ra l  U.S. s i t e s  d e f i n e  an area on t h e  t e r n a r y  f i e l d .  The p o s i t i o n s  of these 

s p e c i f i c  g lass  f i e l d s  i s  somewhat i n d i c a t i v e  o f  t h e  comparat ive p r o p e r t i e s  o f  t h e  corresponding 



glasses.  

l o g i c a l ,  s i n c e  t h e  Rockwell  f i e l d  c o n t a i n s  more g lass- formers than  do t h e  o t h e r s .  

For instance,  R o c k w e l l ' s  g lasses  m e l t  a t  r e l a t i v e l y  h i g h  temperatures. Th is  i s  

The gener i c  s tudy  w i l l  b e  l i m i t e d  t o  g lasses  i n  t h e  l a r g e  f i e l d  d e f i n e d  by p o i n t s  a, b,  
c, d, e, and f. P r e d i c t a b i l i t y  f o r  p r o p e r t i e s  o f  g lasses  w i t h i n  t h i s  f i e l d  would s t r e a m l i n e  

t h e  development o f  g l a s s  f o r m u l a t i o n s  f o r  most n u c l e a r  wastes. Before a s tudy  o f  t h e  e n t i r e  

f i e l d  i s  attempted, t h e  method w i l l  be t e s t e d  on a s m a l l e r  f i e l d  i n v o l v i n g  approx ima te l y  t e n  

o x i d e  components w i t h  narrowed c o n c e n t r a t i o n  ranyes. 

TABLE 3. Twenty-Six Components f o r  Gener ic  Study 

Study Values, mole% 

Oxide 

Formers 

S i02  

'2'3 

'2'5 
M o d i f i e r s  

l i 2 0  
Na20 
K20(a)  

MgO 
CaO 

s r o ( a )  

cs20 

I n t e r m e d i a t e s  

*'2'3 
T i 0 2  

Zr02 

Cr203 
Mn02 

Fe203 
N i O  
zno(a)  
Moo3 ( a )  

RuO 

PdO(a) 

Te02 

Bi205 

Gd 0 
Ce02 2(3a) 
"3'8 

- - 

29 

6 

0 

0 
5 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

0 

t - 

70 

17 

2.6 

20 
24 

5.5 
8 

18 
6.5 

2 

22 

7.5 

4 

3.5 
5 

12 
4.5 

10 

2.8 
1.5 

1 
0.5 

3.3 

4.3 

1.8 

0.8 

( a )  Represen ta t i ve  o f  group. 
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TABLE 4. Grouped Oxides f o r  Gener ic  Study Represented 
b y  Major  Members 

Elementa l  Group Mean P r o p o r t i o n  i n  Group 

Potassium group 

K20(a) 

Rb20 

cs20 

S t r o n t i u m  group 

st-o(a) 

BaO 

Z inc  group 

CUO 

zno(a) 

73 

3 

24 

73 

27 

22 

78 

Molybdenum group 

MoOia) 89 

Tc207 11 

Rh20 21 

Pa l l ad ium group 

P dO (2) 79 

Gadol in ium group 

'2'3 8 

Nd203 30 

La203 20 

5 

37 

Cerium group 

CeOia) . 67 

Tho2 27 

NP02 6 

Pu02 1 

( a )  Represen ta t i ve  o f  group as 
v a r i a b l e  g e n e r i c  study. 

t 
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FIGURE 9. Waste Glass Regions and Exper imenta l  F i e l d s  

LEACH RATES AT H I G H  TEMPERATURES AND PRESSURES - J. H. Westsik, Jr. and R. P. T u r c o t t e  

Th is  q u a r t e r  we have been w r i t i n g  a PNL document e n t i t l e d  "Hydrothermal React ions o f  

Nuclear  Waste S o l i d s  - A P r e l i m i n a r y  Study." The summary f rom t h i s  r e p o r t  f o l l o w s .  

Rep o r  t Summary 

s o l i d s  were exposed t o  hydrothermal  c o n d i t i o n s  a t  3 5 O o C  and 2 5 O o C  f o r  t i m e  p e r i o d s  r a n g i n g  

f r o m  t h r e e  days t o  t h r e e  weeks. ( a )  

g l a s s  s tudy d i d  i n c l u d e  de ion i zed  water  t e s t s  so t h a t  t h e  i n f l u e n c e  o f  s a l t  c o u l d  be b e t t e r  

understood. 

A s i m u l a t e d  h i g h - l e v e l  waste g lass,  superca lc ine ,  and some common ceramic and m e t a l l i c  

Most o f  t h e  exper iments were done i n  s a l t  b r i n e ,  b u t  t h e  

Under t h e  extreme hydrothermal  c o n d i t i o n s  o f  these t e s t s ,  a l l  o f  t h e  m a t e r i a l s  examined 

underwent measurable changes. 

depending upon c o n d i t i o n s ,  g i v i n g  NaFeSi206 as t h e  p r i m a r y  a l t e r a t i o n  p roduc t .  

of a l t e r a t i o n  i s  h i g h e r  i n  de ion i zed  water  than  i n  s a l t  b r i n e ;  however, under e q u i v a l e n t  t e s t  

c o n d i t i o n s ,  66% o f  t h e  cesium o r i g i n a l l y  i n  t h e  g lass  i s  r e l e a s e d  t o  t h e  s a l t  b r i n e ,  w h i l e  

o n l y  6% i s  r e l e a s e d  t o  de ion i zed  water. Rubidium and molybdenum a re  t h e  o n l y  o t h e r  f i s s i o n  

p r o d u c t  elements s i g n i f i c a n t l y  leached f rom t h e  g lass .  Evidence i s  p resen ted  which shows t h a t  

s i n t e r e d  superca lc ine  undergoes chemical changes i n  s a l t  b r i n e  t h a t  a r e  q u a l i t a t i v e l y  s i m i l a r  

t o  those exper ienced by  g l a s s  samples. H igh  c o n c e n t r a t i o n s  o f  cesium e n t e r  t h e  aqueous phase, 

and s t r o n t i u m  and molybdenum are m o b i l i z e d .  

The g l a s s  i s  conve r ted  t o  a m i x t u r e  o f  c r y s t a l l i n e  phases, 

The r a t e  

( a )  These c o n d i t i o n s  were s e l e c t e d  t o  a c c e l e r a t e  t h e  hydrothermal  r e a c t i o n ;  a c t u a l  temperature 
d u r i n g  waste s torage,  even f o r  a h i g h - a c t i v i t y  waste, shou ld  be l e s s  than 2 0 0 O C  i f  water  
i s  p resen t  d u r i n g  t h e  f i r s t  100-yr t i m e  p e r i o d  f o l l o w i n g  c l o s u r e  o f  t h e  r e p o s i t o r y .  
1000 yr  t h e  temperature w i l l  be l e s s  than  lOOOC f o r  b o t h  wet and d r y  s torage.  

A t  
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Scouting t e s t s  were made with a var ie ty  of materials including commercial g l a s ses ,  
g ran i t e ,  U02, A1203, s t e e l ,  and waste g lasses .  
conditions are i n  a r e l a t i v e l y  narrow band, w i t h  g lass  and ceramic mater ia l s  showing 3 t o  20 
times grea te r  weight losses  than 304L s t a i n l e s s  s t e e l  in the  25OoC t e s t  used. 

Weight losses  under hydrothermal 

The conclusion from these s tud ie s  i s  t h a t  v i r t u a l l y  a l l  so l id  mater ia l s  show hydrothermal 
r e a c t i v i t y  a t  temperatures between 25OoC and 35OoC, and t h a t  these  extreme conditions are 
not des i rab le .  Further work i s  needed to  e s t ab l i sh  k ine t i c  parameters f o r  t he  hydrothermal 
reac t ions ,  

GEOLOGIC MATERIALS: IMPLICATIONS FOR RADIOACTIVE WASTE DISPOSAL - R .  C. Ewing  

Volcanic g lasses ,  the most comnon of the na tura l ly  occurring g lasses ,  are very often 
a l t e r ed  by weathering and leaching and r e c r y s t a l l i z e  t o  t h e i r  f ine-grained compositional 
equivalents ( r h y o l i t e s  a n d  f e l s i t e s ) .  
40 mill ion years  o ld ,  b u t  the majority of t he  dated g lasses  a re  much younger. Experimental 
s tud ie s  of volcanic g lasses  have produced d e v i t r i f i c a t i o n  tex tures .  
well as empirical measurements have determined hydration r a t e s  f o r  volcanic g lasses  as a 
function of composition, temperature and climate.  
a re  the  most important ra te -cont ro l l ing  var iab les .  Even material  t h a t  s t i l l  may be described 
as glassy often exhib i t s  evidence of a l t e r a t i o n  and r ec rys t a l l i za t ion .  

The o ldes t  r e l i a b l y  dated volcanic g lasses  are 

Laboratory experiments as 

The presence of water and the  temperature 

Despite the cornon a l t e r a t i o n  and r ec rys t a l l i za t ion  e f f e c t s  observed in volcanic g lasses ,  
g lasses  formed as a r e s u l t  of impact, t e k t i t e s  and lunar g lasses  may occur in a subs t an t i a l ly  
unaltered form. In the  case of t e k t i t e s ,  t h e i r  r e s i s t ance  to  a l t e r a t i o n  i s  a r e s u l t  of t h e i r  
h i g h  Si02 content and low a lka l i  content.  
mi l l ions  of years  because they e x i s t  in an environment with a low oxygen fugac i ty  and an 
extremely low water vapour p a r t i a l  pressure. T h u s ,  one might expect g lasses  of pa r t i cu la r  
compositions or in spec i f i c  types of environments t o  be s t ab le  fo r  long periods of time. 

Lunar g lasses  have been preserved f o r  hundreds of 

I t  i s  d i f f i c u l t  and inappropriate t o  make d i r e c t  comparisons between na tu ra l ly  occurring 
g lasses  and g l a s s  waste forms, as t h e i r  compositions and  thermal h i s t o r i e s  a re  very d i f f e r e n t ;  
however, natural glasses may serve as standards of comparison for laboratory experiments 

designed to evaluate the  long-term s t a b i l i t y  of synthe t ic  g l a s s  waste forms. 

I t  i s  i n t e re s t ing  to  speculate on the behavior of volcanic g lasses  when subjected to  
poten t ia l  waste repository conditions.  Data in the  l i t e r a t u r e  suggest the  following behavior 
f o r  conditions as spec i f ied ,  with an ac t iva t ion  energy equal t o  50 kcal/mole and a frequency 
f ac to r  of iozo microns/million years f o r  volcanic g lass :  

0 t o  30 Hours; 900°C t o  40OoC; Anhydrous 

Minimal d e v i t r i f i c a t i o n  e f f e c t s  observed. 
nucleation or  c r y s t a l l i t e  growth. 

Rate of cooling too grea t  f o r  subs t an t i a l  

30 Hours t o  20 Years; 4OO0C t o  30OoC; Anhydrous 
6 Complete d e v i t r i f i c a t i o n  in 1700 years a t  4OO0C or  10 years a t  30OoC. 

20 Years t o  200 Years; 3OO0C t o  6OoC: Hydrous 
8 Hydrothermal reconstruction in l e s s  than ten years a t  3OO0C or  10 

Extensive a l t e r a t i o n  as a r e s u l t  of cation exchange reac t ions .  

years a t  100°C. 
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RADIATION DAMAGE - W. J. Weber, R.  P. T u r c o t t e ,  L. R.  Bunne l l ,  F. P. Roberts, and 

J. H. Westsik, Jr. 

D u r i n g  t h e  pas t  r e p o r t i n g  p e r i o d  s t o r e d  energy, d e n s i t y ,  and x - r a y  d i f f r a c t i o n  

measurements have con t inued  on t h e  one v i t r e o u s  and two d e v i t r i f i e d  waste g lasses  (77-260 

waste g l a s s )  doped w i t h  2 w t %  244Cm. 

glass forms have a l s o  been conducted. A t  t h e  p r e s e n t  t i m e  t h e  accumulated a lpha  dose i s  

6 x 1017 a/g, e q u i v a l e n t  t o  app rox ima te l y  80 y e a r s '  s to rage .  

O p t i c a l  me ta l l og raphy  and SEM a n a l y s i s  o f  these waste 

The d e n s i t y  changes as a f u n c t i o n  o f  accumulated a lpha  dose are shown i n  F i g u r e  10. I n  
t h e  v i t r e o u s  g l a s s  t h e r e  i s  a sma l l  p o s i t i v e  change i n  d e n s i t y ;  i n  b o t h  d e v i t r i f i e d  g lasses  

t h e  d e n s i t y  changes are much l a r g e r  and are nega t i ve .  The g r e a t e s t  d e n s i t y  change observed 

has been i n  t h e  d e v i t r i f i e d  waste g l a s s  coo led  a t  -6.25OC/hr; i n  t h i s  g lass ,  t h e  d e n s i t y  

change has reached a v a l u e  o f  -0.75%. I n  t h e  g l a s s  d e v i t r i f i e d  a t  7OO0C f o r  1 week, t h e  

r e s u l t s  i n d i c a t e  t h a t  t h e  d e n s i t y  change may have reached s a t u r a t i o n  a t  -0.4%. 

Energy d i s p e r s i v e  x - r a y  a n a l y s i s  on t h e  SEM suggests t h a t  t h e  244Cm i s  u n i f o r m l y  

d i spe rsed  i n  t h e  v i t r e o u s  g lass .  S i m i l a r  a n a l y s i s  of each d e v i t r i f i e d  g l a s s  i n d i c a t e s  t h a t  

t h e  g lass  m a t r i x  i s  d e p l e t e d  i n  244Cm, w h i l e  t h e  d e v i t r i f i c a t i o n  p roduc ts  are en r i ched  i n  

244Cm. The r e s u l t s  a l so  show t h a t  t h e  d e v i t r i f i c a t i o n  p roduc ts ,  Gd2Ti207 and a phase 

h i g h  i n  gadol in ium, c a l c i u m  and phosphorous, ( l i k e l y  a complex phosphate) have approx ima te l y  
t h e  same 244Cm con ten t ;  t h e r e f o r e ,  t h e  p o t e n t i a l  r a d i a t i o n  damage o c c u r r i n g  i n  b o t h  

d e v i t r i f i c a t i o n  p r o d u c t s  shou ld  be t h e  same. 

2 

\ 
2 4 6 8 10 

ALPHA DOSE cdg (X  10-171 

FIGURE 10. Densi%y Change as a F u n c t i o n  o f  Alpha Dose i n  77-260 Waste Glass 
Doped w i t h  2 w t %  244Cm 

20 

n 



X-ray d i f f r a c t i o n  a n a l y s i s  o f  b o t h  d e v i t r i f i e d  waste g lasses  i n d i c a t e s  t h a t  t h e  

u n i d e n t i f i e d  Gd-Ca-P phase i s  undergoing a c r y s t a l l i n e - t o - a m o r p h o u s  t r a n s f o r m a t i o n  as a r e s u l t  

o f  r a d i a t i o n  damage. The decrease i ;  t h e  d i f f r a c t e d  i n t e n s i t y  r a t i o ,  I/Io, as a f u n c t i o n  o f  

a lpha  dose, i s  shown i n  F i g u r e  11 f o r  t h i s  p a r t i c u l a r  phase. 

F i g u r e  12 a l s o  shows t h e  severe d e t e r i o r a t i o n  o f  t h e  Gd-Ca-P phase. 

found t o  be r e l a t i v e l y  r e s i s t a n t  t o  r a d i a t i o n  damage, w i t h  no s i g n i f i c a n t  changes i n  t h e  

d i f f r a c t e d  x - r a y  i n t e n s i t y  observed t h u s  f a r .  I n  t h e  case o f  t h e  v i t r e o u s  g lass,  no changes 

i n  t h e  x - ray  d i f f r a c t i o n  p a t t e r n  have been observed. 

The o p t i c a l  micrograph shown i n  

The Gd2Ti207 i s  

Gd-Ca-P PHASE 
- 
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FIGURE 11. D i f f r a c t e d  X-Ray I n t e n s i t y  as a Func t i on  o f  Alpha Dose f o r  Gd-Ca-P Phase 
i n  D e v i t r i f i e d  77-260 Waste Glass Doped w i t h  2 w t %  244Cm 

w i t h  
a) 

FIGURE 12. M i c r o s  r c t u r e  o f  77-260 Waste Glass Doped 
2 w t %  34x Cm and Slow-Cooled a t  -6.250C/hr 

7 T h e  l i g h t  phase i s  GdzTi207; t h e  da rke r  phase i s  a 
phase which shows severe d e t e r i o r a t i o n .  The a lpha 

21  
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PHASE BEHAVIOR - J. W. Wald 

Q u a l i t a t i v e  phase a n a l y s i s  on a high-sodium, h igh -gado l i n ium g l a s s  ( compos i t i on  77-260) 

has been conducted over  t h e  l a s t  r e p o r t i n g  p e r i o d .  

compos i t i on  appear i n  Table 5. 
I n i t i a l  phase analyses f o r  t h i s  g l a s s  

TABLE 5. C r y s t a l l i n e  Phases I d e n t i f i e d  i n  Glass 77-260 

Phase D e s c r i p t i o n  

Ru02 M e l t  i n s o l u b l e  

N i  Fe204 

Gd2Ti 207 

M e l t  i n s o l u b l e  f r o m  c r u c i b l e  s p a l l a t i o n  

P r imary  d e v i t r i f i c a t i o n  phase a t  s h o r t  
t imes  and h i g h  temperatures 

a t  l ong  t imes  and low temperatures 
Gd/RE-Ca-Phosphate P r imary  d e v i t r i f i c a t i o n  phase ing row ing  

Leve ls  o f  p e r c e n t  c r y s t a l l i n i t y  as a f u n c t i o n  o f  annea l i ng  temperature f o r  t imes  

ex tend ing  t o  two months appear i n  F i g u r e  13. 
c o n t r o l l e d  by t h e  e a r l y  f o r m a t i o n  o f  Gd2Ti207 a t  s h o r t  t imes (1 da -+ 1 wk) i n  t h e  

temperature range 75OoC + 800°C and t h e  l a t e r  f o r m a t i o n  o f  t h e  Gd/RE-Ca-phosphate phase 

(60OOC) a t  t h e  expense o f  t h e  Gd2Ti20, phase (8OOOC). 

The p e r c e n t  c r y s t a l l i n i t y  va lues a r e  m a i n l y  

50 
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FIGURE 13. T o t a l  C r y s t a l  Y i e l d  f o r  Waste Glass 77-260 as a F u n c t i o n  o f  
Ho ld ing  Temperature f o r  1 Day, 1 Week, and 2 Months' Time 
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THERMAL AND MECHANICAL SHOCK - L. R.  Bunne l l  

S i ze  a n a l y s i s  o f  t h e  s imu la ted  waste g l a s s  i n  t h r e e  l a r g e  c a n i s t e r s  f i l l e d  by  t h e  ceramic 

m e l t e r  was completed. The c a n i s t e r s  were: 

CM-1  = 0.40 m i n  d i a  x 2.74 m l o n g  

CM-3 = (KT-23), 0.61 m i n  d i a  x 2.44 m l ong  

2-H = 0.91 m d i a  x 2.74 rn l ong  

The su r face -a rea - to -we igh t  r a t i o  o f  t h e  g lass  was computed u s i n g  an assumption o f  p e r f e c t  

spheres. 

and 0.56 cm /g f o r  2-H. The sur face-area-per-gram va lue  i s  a f a c t o r  o f  some i n t e r e s t ,  s i n c e  

i t  can i n  t u r n  be used t o  c a l c u l a t e  t h e  r a t i o  o f  t h e  su r face  area i n c l u d i n g  c racks  t o  t h a t  o f  

an uncracked body o f  t h e  same dimensions. Th is  r a t i o  was 18.1 f o r  CM-1, 27.4 f o r  CM-3 and 

33.9 f o r  2-H. The t r e n d  toward l a r g e r  r a t i o s  w i t h  c a n i s t e r  s i z e  r e s u l t s  f rom t h e  r e l a t i v e  

constancy o f  t h e  s u r f a c e  area pe r  gram, combined w i t h  t h e  lower  sur face/vo lume r a t i o  a t  l a r g e r  

c a n i s t e r  d iameters.  A g i v e n  r a t i o  o f  s u r f a c e  area t o  volume occurs a t  a s i n g l e  r a d i u s  f o r  a 

sphere. A t  a r a t i o  o f  0.63 cm /g(CM-1) t h e  r a d i u s  i s  1.6 cm. An e q u i v a l e n t  c a l c u l a t i o n  f o r  

2-H y i e l d e d  r = 1.8 cm. 

2 2 Th is  number was 0.63 cm /g f o r  CM-1, 0.91 cm /g f o r  t h e  o u t e r  p o r t i o n  o f  CM-3, 
2 

2 

The r e s p i r a b l e  p o r t i o n  o f  CM-3 was determined by sed imen ta t i on  s i z e  a n a l y s i s ,  and was 

2.71 x 
t h e  same d iameter  as CM-3, weighed 2000 kg, and was dropped 7.62 m on to  a conc re te  pad. 

r e s p i r a b l e  p o r t i o n  amounted t o  o n l y  0.13% o f  t h e  h i g h l y  damaged g lass  i n  t h e  impact zone, 

which was e s t i m a t e d  t o  comprise about 12% o f  t h e  t o t a l  g l a s s  volume. Examinat ion o f  another  

s i m i l a r l y  impacted c a n i s t e r  i s  proceeding t o  b e t t e r  determine t h e  e x t e n t  o f  t h e  damaged zone 

by weight .  Sedimentat ion s i z e  a n a l y s i s  was a l s o  done f o r  can KT-14, which was 
The 

Three n a t u r a l  g lasses  p r o v i d e d  by D r .  R. Ewing o f  t h e  U n i v e r s i t y  o f  New Mexico were 

impacted a t  160 f t - l b  (217 j o u l e s ) .  These g lasses a re  o f  t h r e e  d i f f e r e n t  ages, as shown i n  

Table 6 below. 

TABLE 6. Sample Des igna t ion  and Age o f  N a t u r a l  Glasses 

Sample No. Age, y r  

7 7 -GM - 01 500 
7 7 -OM- 01 5000 
7 2 - G- 004 670,000 

F i g u r e  14 shows t h e  s i e v e  a n a l y s i s  o f  t h e  g lass,  and a l s o  i n c l u d e s  s o d a - l i m e - s i l i c a  g lass  

as a comparison. 

cand ida te  waste g lasses) ,  w h i l e  t h e  t h i r d  was s u b s t a n t i a l l y  l e s s  f r i a b l e  than  t h e  r e s t .  

o l d e s t  g lass  ranks as l e a s t  f r i a b l e ,  though compos i t i on  d i f f e r s  l i t t l e  among t h e  th ree .  

S i l i c a  con ten t  i s  between 70% and 80%, as compared t o  72% f o r  s o d a - l i m e - s i l i c a  g lass .  

Two o f  t h e  t h r e e  a r e  q u i t e  s i m i l a r  t o  soda- l ime g l a s s  (and hence t o  
The 

, 
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SECTION 3 - ALTERNATIVE WASTE FIXATION PROCESSES 
The goal of t h i s  task i s  t o  devezop a l t e rna t i ve  uas te  f i x a t i o n  procedures t h a t  

wiZ1 serve as v iable  backup processes. 
processes and products are t o  be corpared to  those of t he  current reference process 
and product--siZicate glass  cast ings i n  large metal canis ters .  
processes are being developed on the  laboratory scale .  
emphasized the waste i s  formed i n t o  small granules or p e l l e t s  t ha t  are coated wi th  
nonradioactive, i n e r t  materials t o  provide containment and Zeach res i s tance .  
coated waste shapes are then incorporated i n t o  a metaZ matrix t ha t  provides impact 
res i s tance  and increased thermal conduct iv i ty .  

Cost and sa fe t y  fac tors  o f  the  a l t e rna t i ve  

These a l t e rna t i ve  
In t he  concept current ly  

The 

THE PENNSYLVANIA STATE UNIVERSITY SUPERCALCINE INVESTIGATIONS - G. J. McCarthy, Program Leader 

The nature of the Penn State participation in the Advanced Waste Forms Program and the 
supercalcine-ceramics concept have been described in previous reports. During the last 
quarter, much of the principal investigator's time was committed to a special writing 
assignment for the Department of Energy. Research progress during this period included 
initiation of crystal chemical and comoatibility studies for Thorex waste supercalcine 
development, completion of thermal stadility runs on the sodalite structure solid-solution 
phase [So,,], and completion of phase behavior studies in several sub-systems of the 
fluorite structure solid-solution system U-Th-Ce-Zr-0. 

Thorex Waste Supercalcine-Ceramics - G. J. McCarthy and D .  E. Pfoertsch 

Development of the Thorex waste supercalcine-ceramics was initiated during the last 
quarter. In reviewing Thorex high-level liquid waste (HLLW) compositions, it was noted that 
the only elements not included in current supercalcine formulations are potassium, thorium, 
and fluorine. There are about 6 mole% potassium, 4 mole% thorium and 22 mole% fluorine in 
formulation TW-3. Potassium should crystallize in the pollucite phase. Thorium should 
crystallize in one of the U or R E  supercalcine host phases and is not  expected to present any 
difficulty. Nature offers us two refractory and low-solubility minerals of fluorine--fluorite 
( CaF2) and fluorapatite ( Calo[P04],F2). 
with current supercalcine host phases, so the possibility of mutual solid solutions looks 
promising. Much o f  our early work on Thorex waste supercalcines will be focused upon finding 
a suitable host phase f o r  fluorine that can be prepared by routine supercalcine processing. 
This will involve crystal chemical investigations o f  the solid solution between oxide and 
fluoride Fss and A,, phases, as well as compatibility studies. 

Both of these minerals are isostructural 

Three potential F-fixation roles are currently being studied: 

i. 

ii. 

crystallization as fluorite (CaF2) by appropriate additions o f  calcium, 

crystallization in the halide sites of alkaline earth-rare earth-silicate apatite 
solid solution [Ass] phases, 

crystallization as fluorapatite (Calo[PO4I6F2) by appropriate additions of 
calcium and phosphate. 

iii. 

The first and third phases are, of course, well known minerals, and the second phase has been 
reported. However, the two relevant questions here are: 

Can the phases be formed by typical supercalcine-ceramics processing (calcination, 
pelletization, air firing at 1000° to 12OO0C for crystallization-consolidation)? 

i. 
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ii. W i l l  these phases be compa t ib le  w i t h  o t h e r  e s t a b l i s h e d  superca lc ine  phases (e.g., 

t h e  p o l l u c i t e ,  s c h e e l i t e ,  monozi te  phases)? 

These ques t i ons  a re  b e i n g  addressed and p rog ress  w i l l  be desc r ibed  below. 

w i l l  be seve ra l  c o m p a t i b i l i t y  runs  i n v o l v i n g  t h e  monozi te  [ M s s ]  phase and an examinat ion o f  

t h e  p o l l u c i t e  phase as i t  would be formed i n  t h e  h igh-potass ium Thorex waste superca lc ines .  

A l s o  desc r ibed  

C o m p a t i b i l i t y  o f  CaF2 w i t h  E s t a b l i s h e d  Superca lc ine  Phases. 

C l e a r l y ,  t h e  s i m p l e s t  way t o  f i x  f l u o r i n e  i n  supercalc ine-ceramics would be as CaF2, 

a r e f r a c t o r y  (m.p. = 1423OC) and l o w - s o l u b i l i t y  (K 

However, CaF 

doubts about i t s  p o t e n t i a l  f o r  c o m p a t i b i l i t y  w i t h  key  s u p e r c a l c i n e  phases such as p o l l u c i t e .  

Therefore, c o m p a t i b i l i t y  s t u d i e s  were t h e  f i r s t  requi rement  i n  e v a l u a t i n g  t h i s  F - f i x a t i o n  

phase. 

= 4 x lo-'' m / l  a t  26OC) phase. 
SP 

i s  a w e l l  known m e t a l l u r g i c a l  and ceramic f l u x  f o r  ox ides  and t h i s  r a i s e s  2 

The f o l l o w i n g  c o m p a t i b i l i t y  p a i r s  were t e s t e d  a t  1050' and 1200°C f o r  4 and 48 h r  i n  

a i r :  

CaF2 + (K0.7C~0.3)A1si206 [ P I  
CaF2 + (SR0.4Ba0.3Ca0.3)Mo04 1 CaF2 + Fe203 

CaF2 + REP04 [M,,] 

CaF2 + Zr02 

CaF2 + (Th0.6U0.1Ce0.3)02+x [Fss] .  

The a p p r o p r i a t e  amounts o f  Cay K, Cs, A l ,  S r ,  Bay Thy RE,  Ce, (Z r02 ) ,  (U02) and Fe 

n i t r a t e s ,  c o l l o i d a l  s i l i c a  (Ludox), and NH4F s o l u t i o n s  were mixed, d r i e d  and c a l c i n e d  a t  

60OOC. 
a t  1050' and e s p e c i a l l y  12OO0C, many o f  t h e  p e l l e t s  had e i t h e r  me l ted  o r  vapor i zed  ( t h e  

p e l l e t  was gone). 

complete, b u t  i t  can be s t a t e d  t h a t  i n  no case was t h e  CaF2 phase present .  

The c a l c i n e d  powder was ground, p e l l e t i z e d  and f i r e d  i n  smal l  P t  cups. A f t e r  f i r i n g  

I n t e r p r e t a t i o n  o f  t h e  x - r a y  d i f f r a c t i o n  r e s u l t s  on t h e  p roduc ts  i s  n o t  

The f l u o r i t e  a p p a r e n t l y  has assumed i t s  usual  r o l e  as a f l u x  and i s  c l e a r l y  u n s u i t a b l e  as 

a F - f i x a t i o n  phase i n  superca lc ines .  

Calcium-Rare E a r t h - S i l i c a t e - F l u o r a p a t i t e .  

One v e r y  l i k e l y  c r y s t a l  chemical r o l e  f o r  Thorex waste f l u o r i n e  i n  superca lc ine -ce ramics  

i s  t h e  h a l i d e  s i t e  o f  t h e  a p a t i t e  s t r u c t u r e  s o l i d  s q l u t i o n  phase [A,.]. 
l i t e r a t u r e  r e p o r t s  o f  syntheses o f  AE4La6[Si04] - 6F 

methods i n v o l v i n g  t h e  m i x i n g  and f i r i n g  of powders. 

t h e r e  would be any d i f f i c u l t y  i n  p r e p a r i n g  such an A,, phase by  the  usual  s u p e r c a l c i n e  

process ing.  

There a re  seve ra l  

(AE = Cay Sr) by  f a m i l i a r  ceramic 

A s c o u t i n g  exper iment  was made t o  see i f  

. 
S o l u t i o n s  o f  Ca(N03)*, Nd(N03)3, Ludox and NH4F i n  t h e  molar  r a t i o  f o r  Ca Nd [Si04] 6F2 

4 6  
were d r i e d  a t  l l O ° C  and c a l c i n e d  a t  60OoC. 

p e l l e t i z e d  and f i r e d  a t  900°, 1000°, l l O O o  and 1200°C f o r  6 and 24 h r  i n  a i r .  

A,, x - ray  d i f f r a c t o g r a m  was ob ta ined  f rom t h e  900 

weak r e f l e c t i o n s  were noted i n  24-hr f i r i n g .  

A,, and an as y e t  u n i d e n t i f i e d  second phase. 

Ca Nd [SiO,] - 6F 

l i z a t i o n  temperature o f  900' t o  1000 C y  b u t  t h i s  phase may decompose s l o w l y  d u r i n g  a d d i t i o n a l  

f i r i n g  a t  these temperatures. 

The r e s u l t i n g  powder was ground, 

A phase-pure 

and 1000 C, 6 -h r  f i r i n g s  b u t  a few e x t r a  
0 0 

The l l O O o  and 1200°C f i r i n g s  gave a m i x t u r e  o f  

These r e s u l t s  i n d i c a t e  t h a t  t h e  phase 

can be syn thes i zed  by s u p e r c a l c i n e  p rocess ing  methods u s i n g  a c r y s t a l -  

The phase i s  n o t  s t a b l e  under these c o n d i t i o n s  a t  llOOo t o  

. 
4 6  0 
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a 

12OO0C. 
could be the mechanism for the instability at llOOo to 1200°C. 
tended to Ass phases with AE = Sr, Ba and RE = La, Gd, Y, and to phosphate-silicate Ass 
so 1 id so 1 uti ons . 

Specimens are currently being analyzed for fluorine to see whether its volatilization 
This study will be ex- 

Monazite Solid Solution EMss]. 

With the possibility that Thorex supercalcines will involve substantial phosphate addi- 
tions, as well as the potential desi-rability of crystallizing rare earths and actinides in 
this phase to avoid radiation effects, it is necessary to examine the formation, solid- 
solution behavior and compatibility of the monazite solid-solution phase. 

One important compatibility question is: which RE phase is more stable, the silicate 
Ass phase or the phosphate Mss phase? 
always form in aluminosilicate supercalcines no matter how much phosphate was added. The 
compatibility study can be expressed as follows: 

If the silicate were more stable, then i t  would 

8 REP04 [Mss] + Ca-silicates 

8RE + 8[P04] + 2Ca + 6Si02 / 
'Ca2RE8[Si04]602 [Ass]+ 4P205 . 

0 0 The experiments, using the usual supercalcine processing conditions and 1050 and 1200 C/G-hr 
and 48-hr firings demonstrated unambiguously that the RE has a greater affinity to crystallize 
in the monazite than in the apatite phase. This means that phosphate-rich supercalcine formu- 
lations can be developed for either Purex or Thorex wastes as required. 

Pollucite-Leucite in Thorex Waste Supercalcines. 

Thorex wastes are richer in potassium than in cesium. Our first phase formation models 
would call for co-crystallization of cesium and potassium in a solid solution phase inter- 
mediate in composition between pollucite (CsA1Si206) and leucite (KA1Si206). A typical thorex 
waste formulation indicates that this phase would have the approximate 

(k0.65 "0.25 Rb0.07 Na0.03)A1Si206* 

We have modeled this phase with the composition (K0.7C~0.3)A1Si206 and 
the usual supercalcine processing conditions. The x-ray diffractogram 

composition: 

synthesized it by 
of the product strongly 

resembled pure cubic pollucite, except that some splittings and extra reflections indicated 
the Presence o f  the lower symmetry that would be expected from substitution of the smaller 
potassium for cesium. 

Thermal Stability o f  Molybdate-Containing Sodalite Phase - R. G. Johnston and G. J. McCarthy 

The background and methodology for these thermal stability measurements were covered in 
previous quarterly reports. 

A sodalite phase having the composition Ca2Na6Al6Si6OZ4MoO4 was synthesized and studied 
by thermo-gravimetric analysis (TGA). 
13OO0C at a rate of 3.3OC/minute and then left at 13OO0C for 12 hours. 

The specimen was heated from room temperature to 
No significant 
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w e i g h t  l o s s  was noted up t o  *l25O0C. 

t h e  dynamic and i so the rma l  TGA was about 1.9%. 

r e f r a c t o r y  hos t  f o r  molybdate i n  superca lc ine .  

Phase R e l a t i o n s  i n  t h e  System U-Th-Ce-Zr-0 i n  A i r  - J. G. Pepin and G. J. McCarthy 

A f t e r  12 hours a t  13OO0C, t h e  t o t a l  we igh t  l o s s  f o r  

Thus, t h e  s o d a l i t e  phase i s  a s u r p r i s i n g l y  

Emphasis d u r i n g  t h e  l a s t  q u a r t e r  has been on t h e  b i n a r y  and t e r n a r y  sub-systems o f  t h e  

q u i n a r y  system. 

t e r n a r y ,  have been completed. 

[F,,] c e l l  parameter i s o p l e t h s  are a v a i l a b l e  f r o m  t h e  au tho rs  o r  J. M. Rusin o f  PNL. 

The 1200°C i so the rma l  phase r e l a t i o n s  f o r  each b i n a r y ,  and t h e  U;O8-ThO2-ZrO2 

Phase diagrams and p l o t s  o f  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  

GLASS-CERAMICS DEVELOPMENT - L. A. Chick 

A c e l s i a n  g lass-ceramic f r i t  developed a t  t h e  Hahn-Meitner I n s t i t u t e  i n  B e r l i n  was 

d u p l i c a t e d  and combined w i t h  20 w t %  PW-9 c a l c i n e  t o  produce g lass-ceramic samples f o r  

c h a r a c t e r i z a t i o n  a t  PNL t h i s  q u a r t e r .  Four  samples were prepared w i t h  d i f f e r e n t  hea t  

t rea tmen t  procedures.  

samples. 

x - ray  a n a l y s i s  and x - r a y  d i f f r a c t i o n .  

S i m i l a r l y ,  a ba r ium molybdate phase (BaMo04) was i d e n t i f i e d  and i s  shown a t  p o i n t s  'IB." 

Evidence o f  o t h e r  phases i s  p r e s e n t  b u t  i s  n o t  y e t  conf i rmed.  

F igu res  15 th rough  18 a re  SEM photos o f  t y p i c a l  areas i n  t h e  f o u r  

Va r ious  forms o f  c e l s i a n  phase (BaA12Si208) were i d e n t i f i e d  by  energy d i s p e r s i v e  

These a re  i d e n t i f i e d  as p o i n t s  Y" i n  t h e  f i g u r e s .  

Development o f  two new g lass -ce ramic  f o r m u l a t i o n s  w i l l  c o n t i n u e  n e x t  q u a r t e r .  

--- FIGURE 15. Parent  Glass-Cgramic Sample 
Me l ted  a t  1250 6 f o r  2 h r ;  
Annealed a t  550 C f o r  2.5 h r  

28 

_FIGURE 16. Slow-Cooled Glass-Cerami6 
Sampkes Cooled f rom 1000 C a t  
6.25 C/hr 



FIGURE 17. Glass-Ceramic Sample A f t e r  
Two-Stage Heat Trgatment: 
N u c l e a t i o n  at0600 C,  3 h r ;  
Growth a t  800 C, 12 h r ;  Anneal- 
i n g  a t  550 C, 3 h r  

F IGURE 18. Glass-Cerav ic  Sample A f t e r  2-hr  
Cool (1000 C t o  Room Temp. i n  
2 h r )  

a 
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IMMOBILIZATION OF RADIOACTIVE WASTES I N  CONCRETE - R .  0. Lokken 

Concrete i s  used f o r  t h e  i m m o b i l i z a t i o n  o f  l o w - l e v e l  wastes and has been cons ide red  f o r  

use i n  t h e  i m m o b i l i z a t i o n  o f  h i g h e r - l e v e l  wastes (Colombo and Nei lson,  Jr. 1976; Stone 1977; 

I n t e r n a t i o n a l  Atomic Energy Agency 1968). 

t o  HLLW i s  p r o b l e m a t i c a l ,  i t  was o f  i n t e r e s t  t o  examine i n  a p r e l i m i n a r y  way t h e  e f f e c t s  of 

i n c o r p o r a t i n g  a w e l l  s t u d i e d  HLW c a l c i n e ,  PW-7a, i n  concrete, An exper imenta l  program f o r  t h e  

p r e p a r a t i o n  and e v a l u a t i o n  o f  waste forms composed o f  n o n r a d i o a c t i v e  HLW c a l c i n e  and h y d r a u l i c  

cements i s  ongoing a t  Cascade T e s t i n g  Labora to ry ,  Bel levue,  Washington. The o b j e c t i v e  o f  t h i s  

program i s  t o  p repare  ca lc ine-cement  samples f o r  measurement o f  compressive s t reng th ,  impact 

r e s i s t a n c e ,  l e a c h a b i l i t y ,  thermal  c o n d u c t i v i t y ,  etc.,  and t o  i d e n t i f y  any extreme 

i n c o m p a t i b i l i t i e s  o f  t h e  c a l c i n e  and cement d u r i n g  m i x i n g  and c u r i n g  under v a r i o u s  

c o n d i t i o n s .  

measurements o f  w a t e r / s o l i d s  r a t i o ,  m ix  s e t  t ime, compressive s t reng th ,  we igh t  l oss ,  dens i t y ,  
and temperature generated by  h y d r a t i o n  r e a c t i o n s .  

p resen ted  i n  F i g u r e  19. 

A l though  t h e  a p p l i c a t i o n  o f  conc re te  i m m o b i l i z a t i o n  

Cascade T e s t i n g  L a b o r a t o r y  i s  p r e p a r i n g  ca lc ine-cement  mixes and p e r f o r m i n g  

A t y p i c a l  cement c u r i n g  exotherm i s  

Samples a r e  b e i n g  s u p p l i e d  t o  PNL f o r  d e t e r m i n a t i o n  o f  impact  r e s i s t a n c e ,  l e a c h a b i l i t y ,  

The r e s u l t s  o f  and m ic roscop ic  e v a l u a t i o n  o f  r e a c t i o n s  between cement and c a l c i n e  p a r t i c l e s .  

these e v a l u a t i o n s  w i l l  be r e l a t e d  t o  v a r i a t i o n s  o f  cement t y p e  (h igh -a lum ina  cement and 
Type I 1  P o r t l a n d  Cemerlt), s imu la ted  PW-7a c a l c i n e  c o n t e n t  (0, 5, 10, 20, and 30 w t % ) ,  and 

temper a t  ure. 

I n i t i a l  a t tempts a t  c a s t i n g  and cement-ca lc ine mixes i n t o  1 - i n . - d i a  by 5 - i n . - l o n g  

c y l i n d e r s  r e s u l t e d  i n  p roduc ts  w i t h  a i r  bubbles due t o  i n s u f f i c i e n t  v i b r a t i o n  d u r i n g  c a s t i n g .  

These samples a re  b e i n g  r e c a s t .  Samples r e c e i v e d  by  PNL f o r  t e s t i n g  i n c l u d e :  

100% Type I 1  P o r t l a n d  Cement 

95% Type I 1  P o r t l a n d  Cement 
5% s imu la ted  PW-7a c a l c i n e  

0 90% Type I 1  P o r t l a n d  Cement 
10% s imu la ted  PW-7a c a l c i n e  

0 80% Type I 1  P o r t l a n d  Cement 
20% s imu la ted  PW-7a c a l c i n e  

70% Type I 1  P o r t l a n d  Cement 
30% s imu la ted  PW-7a c a l c i n e  

These samples w i l l  be p repared  f o r  t he rma l  c o n d u c t i v i t y  de te rm ina t ion .  

f a b r i c a t e d  by  t h e  end o f  n e x t  q u a r t e r .  

A l l  samples w i l l  be 
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FIGURE 19. Temperatures Res 1 i n g  f r o m  Hydra t i on  React ions Dur ing  t h e  Cur ing 

[ a ~ - S ~ m ~ ~ r e  4 i n .  i n  d iameter  by  5 i n .  long. 

o f  Cement Pastes Y aS 

VAPORIZATION STUDIES - W. J. Gray 

Superca lc ine  p e l l e t s  1 .31  cm i n  d iameter  x 0.52 cm h i g h  and weighing 2.83 g were prepared 

by  c o l d  p r e s s i n g  and s i n t e r i n g  f o r  1 h r  a t  1200°C, d u r i n g  which t ime  t h e y  l o s t  31  mg o f  

we igh t .  The compos i t i on  o f  t h e  s u p e r c a l c i n e  ( b a t c h  SPC-4) i s  g i ven  i n  Table 7.  V o l a t i l i t y  

measurements on these p e l l e t s  were conducted u s i n g  equipment desc r ibed  e a r l i e r  (Gray, 1976). 

Dur ing  these measurements, t h e  p e l l e t s  were h e l d  i n  a p l a t i n u m  pan about t h e  same h e i g h t  b u t  

s l i g h t l y  l a r g e r  i n  d iameter  than  t h e  p e l l e t s .  

Gross we igh t  l o s s  data are shown i n  F i g u r e s  20 and 21. E v i d e n t l y  some change takes  p l a c e  

i n  t h e  p e l l e t s  a t  temperatures above 1200°C t h a t  reduces we igh t  l o s s  r a t e s ,  p a r t i c u l a r l y  f o r  
long times, but the mechanism has not been identified. 

Weight loss d u r i n g  p e l l e t  p repara t i on ,  which i n v o l v e d  f i r i n g  f o r  1 h r  a t  1200°C, was 

Therefore,  vapors were c o l l e c t e d  and c h e m i c a l l y  analyzed. r e l a t i v e l y  l a r g e .  

r e s u l t s  which are t h e  average o f  two runs.  

Table 8 shows 

Vapors were a l s o  c o l l e c t e d  f rom t h e  f i n i s h e d  p e l l e t s  d u r i n g  4 - h r  r u n s  i n  t h e  range 

l l O O o  t o  12OO0C. 

temperature. 

a lso,  t h a t  these losses are i n  a d d i t i o n  t o  those l i s t e d  i n  Table 8. 

Two vapor samples were c o l l e c t e d  and c h e m i c a l l y  analyzed a t  each 

Data shown i n  F igu res  22 and 23 a re  t h e  averages o f  these two samples. Note, 

Data shown here are s i m i l a r  t o  t h a t  r e p o r t e d  e a r l i e r  (McElroy e t  a l . ,  1979) f o r  

s u p e r c a l c i n e  ba tch  SPC-2, whose compos i t i on  was o n l y  s l i g h t l y  d i f f e r e n t  than t h a t  o f  SPC-4. 

e 

31 



TABLE 7. Composition o f  Supercalcine (SPC-4) 

Constituent 
Waste Oxides 

Ag20 
aa0 
CdO 

Cr203 

Fe203 
Moo3 

Na,O 
Vi0 

cs,o 

P20j 
Rb2D 

RuO., 

Sr.0 

Lr02 

Ce02 

Ud2O3 

PrG’ll 

La?03 

5 5 0 3  

G*703 

Weight Percent 
0.1 
2.5 
0 .2  
0 . 5  
4.6 
4.9 
3.2 
0.2 
0 . 2  

4.3 
0.6 
0 . 5  
1.7 

7.8 
5.1 
1.4 

13.3 
0.3 
0.2 
16.6 

? . I  
? . h  

3 . 5  
17.6  

W 

N 
n 
LA 

W c 

v) 

z 
I c 
E 
W z 

69 

2 
a 

- 
Y 

x 72-G-004 

0 77-GM-01 

A 77-OM-01 

0 SODA-LIME-SILI  CA 

1 I I I I I I 

SCREEN SIZE, pm 

Weight Loss o f  Supercalcine (SPC-4) 
Pellets in Dry Air 

200 400 600 800 i 000 1200 

FiGURE 20. 
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FIGURE 21. Weight Loss o f  Supercalcine (SPC-4 )  
Pellets A f t e r  4 H r  i n  Dry A i r  

e 

33 



TEMP. ( O C )  

1200 1150 1100 
100 1 1 I I 

0. 1 
6. 75 7.00 7. 25 

l d / T  (1IK) 

FIGURE 22. Absolute Weight Loss of Supercalcine (SPC-4) 
Pellets After 4 Hr 
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TABLE 8. Weight Loss o f  I n d i v i d u a l  Elements from Green 
P e l l e t s  o f  SPC-4 F i r e d  f o r  1 H r  a t  12OO0C 

E 1 emen t 

Na 

Rb 

Mo 

Ru 

Ag 
Cd 

cs  

Weight Loss 
Absolute,  m q  R e l a t i v e ,  % ( a )  

0.52 12.9 
0.91 6.1 
8.2 5.2 
2.5 24.4 
0.16 4.3 
0.39 9.7 
12.3 9.9 

( a )  R e l a t i v e  t o  amount o r i g i n a l l y  p resent .  

A 

A 
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SUMMARY -- 

Through t h e  High-Level  Waste I m m o b i l i z a t i o n  Program, t h e  P a c i f i c  Nor thwest  Labora to ry  
A ma jo r  goal i s  conduc t ing  research on t h e  s o l i d i f i c a t i o n  o f  h i g h - l e v e l  r a d i o a c t i v e  waste. 

o f  t h i s  program i s  t o  develop waste g l a s s  composi t ions and rel iab1.e processes f o r  t h e i r  

manufacture.  

October th rough  December o f  1978: 

T h i s  progress r e p o r t  desc r ibes  t h e  research  and development a c t i v i t i e s  f o r  

A s e r i e s  o f  s h o r t - t e r m  t e s t s  per formed w i t h  a l a b o r a t o r y - s c a l e  spray c a l c i n e r  (1 t o  311 
o f  l i q u i d  feed /h r )  con f i rmed  low v o l a t i l i t y  o f  ru then ium and cesium when c a l c i n i n g  

seve ra l  waste composi t ions.  

and cesium, r e s p e c t i v e l y .  

The good r e s i s t a n c e  t o  d e v i t r i f i c a t i o n  o f  waste g l a s s  compos i t i ons  77-107 and 77-260 

was demonstrated by  measuring leach r a t e s  o f  t h e r m a l l y  t r e a t e d  g l a s s  specimens. The 

leach r a t e  o f  specimens h e l d  f o r  1 yr a t  a s e r i e s  of temperatures between 300' and 

750°C d i d  n o t  i nc rease  over  t h e  l each  r a t e s  measured on specimens h e l d  a t  s i m i l a r  

temperatures f o r  2 months. 

A drop t e s t  o f  a non-heated c a n i s t e r  f i l l e d  w i t h  waste g l a s s  f r o m  t h e  con t inuous  m e l t e r  

r e s u l t e d  i n  f r a c t u r e  o f  g l a s s  throughout  t h e  c a n i s t e r ,  r a t h e r  than  o n l y  a t  t h e  p o i n t  of 
impact  as i s  u s u a l l y  observed. Voids i n  t h e  g lass  a l l owed  t h e  o v e r a l l  g l a s s  column t o  

move, which i nc reased  f r a c t u r i n g .  Heat ing t h e  c a n i s t e r  d u r i n g  f i l l i n g  w i l l  p r e v e n t  

v o i d  fo rma t ion ;  such h e a t i n g  d u r i n g  f i l l i n g  i s  recommended. 

Carbon has been u t i l i z e d  as a c o a t i n g  i n  m u l t i b a r r i e r  waste forms and i s  b e i n g  

cons ide red  f o r  o t h e r  waste fo rm a p p l i c a t i o n s .  

leach r e s i s t a n c e .  The s l i g h t  r e a c t i o n  t h a t  does occur  i s  a p p a r e n t l y  an o x i d a t i o n  

r e a c t i o n .  More exper imen ta t i on  i s  b e i n g  done t o  b e t t e r  d e f i n e  t h e  r e a c t i o n .  

Losses were 0.02 t o  0.08% and 0.01 t o  0.1% f o r  ru then ium 

0 

P r e l i m i n a r y  r e s u l t s  have shown v e r y  good 
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QUARTERLY PROGRESS REPORT 
RESEARCH AND DEVELOPMENT ACTIVITIES 

HIGH-LEVEL WASTE IMMOBILIZATION PROGRAM 
JULY THROUGH SBEPTEMBER 1978 

INTRODUCTION ___- 

The High-Level Waste Immobilization Program (HLW1P)--formerly the Waste Fixation Program-- 
is conducted by the Pacific Northwest Laboratory (PNL) , operated by Battelle Memorial 
Institute for the Department of Energy (DOE). 
to convert high-level radioactive waste to stable, nondispersible forms. 
forms include silicate glasses and various crystalline and multibarrier waste forms. 
i s  designed to be a means through which the government and users of the technology can 
cooperate to effectively handle nuclear waste. 
include: the development and characterization of waste forms; equipment and process 
development; and design, construction, and demomnstration of full-scale process equipment. 
following sections describe research and develo'pment activities in radioactive waste fixation 
for the past quarterly reporting period. 

Under this program, PNL is conducting research 
Candidate waste 

The HLWIP 

Objectives of the comprehensive program 

The 

1 





SECTION 1 - WASTE FIXATION PROCESS DEVELOPMENT 

The purpose of t h i s  task  i s  t o  develop processes and equipment for converting 
l iqu id  high-level  radioactive waste i n t o  a s tab le ,  r e  Zative Zy nondispersib l e  form 
for  storage and, u l t imate ly ,  disposaZ. 
by the  deveZopment of a two-step approach--caZcination o r  concentration folZowed by 
melting t o  form a boros i l i ca te  g lass .  

Th7k purpose is generalZy being accomplished 

EFFLUENT CONTROL - M. S. Hanson and C. A. Knox 

The l a b o r a t o r y - s c a l e  spray c a l c i n e r  (LSSC) l o c a t e d  i n  EDL-102 has been o p e r a t i n g  regu-  

l a r l y .  

used t o  t e s t  d i f f e r e n t  f e e d  composi t ions and t o  produce c a l c i n e  f o r  f u r t h e r  s t u d i e s .  

o p e r a t i n g  parameters f o r  t h e  c a l c i n e r  a re  as l i s t e d  i n  Table 1. 

Besides f u l f i l l i n g  i t s  p r i m a r y  o b j e c t i v e  o f  e f f l u e n t  ana lys i s ,  t h e  c a l c i n e r  i s  b e i n g  

T y p i c a l  

TABLE 1. T y p i c a l  LSSC Opera t i ng  Parameters 

Parameters 

C a l c i n e r  vacuum 

Average feed  r a t e  

Nozzle feed  pressure 

Nozzle a t o m i z i n g  a i r  p ressu re  

Nozzle a tomiz ing  a i r  f l o w  

B a r r e l  temperature 

Cone temperature 

F i l t e r  temperature 

Nozz 1 e temperature 

Opera t i ng  
va lues  

-10 i n .  H20 

1-3 L l h r  

20 p s i g  

30 p s i g  

30 s c f h  

13OoC 

4OoC 

775OC 

12oOc 

A v a r i e t y  o f  compos i t i ons  has been f e d  t o  t h e  c a l c i n e r ,  i n c l u d i n g  SRP composite and 

f l u o r i d e - c o n t a i n i n g  Thorex s imu la ted  feeds. 

Our e f f l u e n t  a n a l y s i s  e f f o r t s  have been focused p r i m a r i l y  upon i n v e s t i g a t i n g  p o t e n t i a l  

c o r r o s i o n  problems i n  t h e  process o f f - g a s  (POG) system. 
seen i n  t h e  o f f - g a s  system w i t h  any o f  t h e  feed  compos i t i ons  tes ted .  

A f u l l y  remote d u p l i c a t e  o f  t h e , l a b o r a t o r y - - s c a l e  sp ray  c a l c i n e r ,  a long w i t h  t h e  necessary 
Th is  system w i l l  

No s i g n i f i c a n t  c o r r o s i o n  has been 

f e e d  and POG systems, has been designed and i s  p r e s e n t l y  under c o n s t r u c t i o n .  

be i n s t a l l e d  i n  D-Cel l ,  324 B u i l d i n g ,  where i t  'is t o  be used f o r  e f f l u e n t  a n a l y s i s  f r o m  f u l l y  

r a d i o a c t i v e  feeds . 
E f f l u e n t  a n a l y s i s  has been completed on a ' large number o f  n o n r a d i o a c t i v e  s p r a y - c a l c i n e r l  

in-can m e l t e r  ope ra t i ons .  

TW-2. I n  genera l ,  t h e  r e s u l t s  show t h a t :  

A v a r i e t y  o f  f e e d  compos i t i ons  was used, i n c l u d i n g  PW-7A, PW-8, and 

cesium losses  were a l s o  low--about 0.01% t o  0.1%; 

ru then ium losses  t o  t h e  POG system were low--on t h e  o r d e r  o f  0.02% t o  0.08%; 



0 strontium, which had previously been used as a measure of nonvolatile species loss, can 
no longer be used for this, since residual contamination is very high; 

gadolinium in the feed solution did not appear to increase ruthenium volatility; 

the addition of silicon metal as a reducing agent did not appear to affect ruthenium 
volatility. 
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SECTION 2 - WASTE FORM CHARACTERIZATION 

The purpose of waste form characteri;zation i s  t o  measure the propert ies  of 
candidate s o l i d i f i e d  products and containers ( s o l i d i f i e d  waste and can i s t e r )  as 
funct ions of composition, processing parameters, and storage condi t ions.  The 
measurements are used t o :  ZI ensure operabi l i ty  of the  v i t r i f i c a t i o n  processes 
and 2 )  provide data fo r  sa fe t y  analyses 0.f high-level  waste management. 
ul t imate goal of waste characterizat ion i s  t o  characterize the  physical  and 
chemicaZ propert ies  of the  waste forms so thoroughly tha t  when they are placed 
i n  re t r i evab le  storage, and la t e r  i n  a f i n a l  disposal  s i t e ,  we may be f u l l y  conf ident  
tha t  t h e i r  behavior i s  understood and that  any changes or in t e rac t ions  wi th  t h e i r  
environments are whoZZy predictable .  

The 

THERMAL EFFECTS UPON STORED GLASS - J. H. Westsik, Jr. 

One-year s t o r a g e  o f  specimens o f  77-260 arid 77-107 g lasses  a t  temperatures between 300’ 

and 75OoC has been completed. 

d u r a b i l i t y  o f  t h e  g lasses d i d  n o t  change because o f  e i t h e r  t h e  l onger  s to rage  t imes  o r  because 

o f  t h e  s t o r a g e  temperature.  

PNL-2265-4 (McEl roy,  1979). 

The Soxh le t  leach r a t e s  shown i n  Table 2 i n d i c a t e  t h a t  t h e  

Leach r a t e s  f o r  s h o r t e r  s to rage  p e r i o d s  a re  r e p o r t e d  i n  

TABLE 2. Soxh le t  Leach Test Results--One-Year Storage 
Samples o f  77-107 and 77-260 Glasses 

Leach Rate i n  g/cm2-d, 
Storage Based on Weight Loss i n  72 h r  

300 2.5x1.0-5 3. O X ~ O - ~  
400 4. ox1 0-5 4 . 5 ~ 1 0 - ~  

Temperature, O C  -- 7 7 . 0 7  77-260 

500 3.7x10-5 

550 2.7x10-’ 3.6x10-’ 

600 3.4x10-5 2 . 8 ~ 1 0 - ~  

650 4.3x10-5 3 . 2 ~ 1 0 - ~  

700 4.0x10-5 5 . 1 ~ 1 0 - ~  

750 3.0x10-5 5 . 0 ~ 1 0 - ~  

STRESS AND CRACKING I N  HIGH-LEVEL WASTE GLASS - S. C. S l a t e  

D u r i n g  t h i s  p e r i o d  we prepared a r e p o r t  t h a t  d iscussed t h e  causes and amounts o f  waste 

g l a s s  c r a c k i n g  which may be expected i n  l a r g e  c :an is ters  (S la te ,  1978). T h i s  r e p o r t  i s  a 

c o m p i l a t i o n  of a l l  c u r r e n t l y  a v a i l a b l e  da ta  f r o m  ou r  g l a s s  t e s t s .  

f o  11 ow. 
Conclus ions o f  t h e  r e p o r t  

The major  causes o f  c r a c k i n g  a re  thermal  aind r e s i d u a l  s t r e s s e s  and impacts. Waste g l a s s  

w i l l  c rack when i t  i s  c a s t  i n  l a r g e  c a n i s t e r s .  Under normal c o n d i t i o n s ,  t h e  a d d i t i o n a l  

s u r f a c e  area r e s u l t i n g  f r o m  c r a c k i n g  i s  n o t  a v a i l a b l e  f o r  env i ronmen ta l  i n t e r a c t i o n s  because 

t h e  p ieces  a r e  t i g h t l y  packed. Most o f  t h e  c r a c k i n g  occurs near t h e  c a n i s t e r  s u r f a c e  and t h i s  

i s  assoc ia ted  w i t h  a sma l l  amount o f  t h e  t o t a l  g lass ;  50% o f  t h e  i nc reased  s u r f a c e  area occurs 

i n  about 1 w t %  o f  t h e  g lass .  Severe impact acc iden ts  w i l l  i nc rease  t h e  s u r f a c e  area b y  f a c t o r  

o f  4 t o  10. R e s p i r a b l e  p a r t i c l e s  w i l l  a l s o  be produced i n  an impact acc iden t ,  b u t  t h e y  w i l l  

c o n s t i t u t e  <0.1 w t %  o f  t h e  f r a c t u r e d  g lass .  Thie i nc rease  i n  s u r f a c e  area and number o f  
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r e s p i r a b l e  p a r t i c l e s  w i l l  n o t  d i r e c t l y  a f f e c t  r e l e a s e  l e v e l s .  

o r  s h i p p i n g  cask i s  expected t o  c o n t a i n  t h e  g l a s s  i n  a l l  c r e d i b l e  acc idents .  

s t u d i e s  on t h e  e f f e c t  o f  c r a c k i n g  on t h e  waste management system a re  recomended , inc lud ing  

con t inued  e v a l u a t i o n  o f  f u l l - s c a l e  c a n i s t e r s  and leach  t e s t i n g  o f  l a r g e  b l o c k s  o f  c racked  

g lass.  

The c a n i s t e r  and t h e  f a c i l i t y  

A d d i t i o n a l  

RADIATION DAMAGE - W. J. Weber, R. P.  T u r c o t t e ,  L. R. Bunne l l ,  F. P. Roberts, and 

J. H. Westsik, Jr. 

d e v i t r i f i e d  forms o f  244Cm-doped 77-260 s imu la ted  waste g l a s s  i s  con t inu ing .  

p a s t  r e p o r t i n g  p e r i o d  dens i t y ,  x - r a y  d i f f r a c t i o n ,  and s t o r e d  energy measurements have 

con t inued  and a second s e r i e s  o f  l each  t e s t s  on samples r e c e i v i n g  an accumulated a l p h a - r e c o i l  

dose o f  2 x 1OI8 a-R/cm 

p r e s e n t  t ime, t h e  accumulated a l p h a - r e c o i l  dose i n  t h e  g l a s s  samples i s  3.1 x 1OI8 a-R/cm , 
which i s  e q u i v a l e n t  t o  app rox ima te l y  250 y e a r s '  s torage.  

3 x 10l8 a-R/cm3. 

p o s i t i v e  change (<0.1%). 
a t  6'C/hr; i n  t h i s  g l a s s  t h e  d e n s i t y  change i s  n e g a t i v e  and i s  beg inn ing  t o  s a t u r a t e  a t  a 

v a l u e  o f  app rox ima te l y  -0.85%. I n  t h e  g l a s s  d e v i t r i f i e d  a t  7OO0C f o r  1 week, t h e  d e n s i t y  

change has s a t u r a t e d  a t  a va lue  o f  app rox ima te l y  -0.47%. 

The a c c e l e r a t e d  s tudy  o f  r a d i a t i o n  damage e f f e c t s  i n  one v i t r e o u s  and two p a r t i a l l y  

Dur ing  t h e  

3 ( '~100 y e a r s  e q u i v a l e n t  s to rage  t i m e )  have been completed. A t  t h e  
2 

The d e n s i t y  changes induced by  t h e  alpha-decay o f  244Cm have begun t o  s a t u r a t e  a f t e r  

The d e n s i t y  change i n  t h e  v i t r e o u s  g l a s s  has e x h i b i t e d  o n l y  a s l i g h t  

The l a r g e s t  d e n s i t y  change has been i n  t h e  d e v i t r i f i e d  g l a s s  coo led  

Two major  d e v i t r i f i c a t i o n  p roduc ts  a re  p resen t  i n  b o t h  d e v i t r i f i e d  g lasses.  

phases, i d e n t i f i e d  as Ca3(Gd,Nd)7(Si04),(P04)02 w i t h  an a p a t i t e  c r y s t a l  s t r u c t u r e ,  has 

undergone a complete c r y s t a l l i n e - t o - a m o r p h o u s  t r a n s f o r m a t i o n  i n  b o t h  d e v i t r i f i e d  g lasses as 

a r e s u l t  o f  t h e  r a d i a t i o n  damage. 

w i t h  a c u b i c  c r y s t a l  s t r u c t u r e ,  c o n t a i n s  approx ima te l y  t h e  same 244Cm c o n t e n t  b u t  remains 

r e  1 a t  i ve 1 y i n s e n s i t i v e  t o  r a d  i a t  i on damage. 

c a n t l y  change w i t h  a l p h a - r e c o i l  dose--at l e a s t  up t o  2 x 10l8 a-R/cm3. 

induced s t o r e d  energy i s  s a t u r a t i n g  a t  l e v e l s  below 50 ca l /g .  

One o f  t h e  

The o t h e r  major  d e v i t r i f i c a t i o n  phase, Gd2Ti207 

Leach r a t e s  based on Soxh le t  and s t a t i c  pH4 and pH9 t e s t s  do n o t  appear t o  s i g n i f i -  

The r a d i a t i o n -  

PHASE BEHAVIOR - J. W .  Wald 

M i c r o s t r u c t u r a l  examina t ion  o f  b o t h  HLW g lasses  and s imu la ted  g lasses  t h a t  were p a r t  o f  

a comparat ive s tudy  h igh1 i g h t e d  b r i e f l y  i n  t h e  January-March 1978 HLWIP Q u a r t e r l y  (McElroy, 

Mendel , Bonner and Henry 1979) has n o t  i n d i c a t e d  any s i g n i f i c a n t  d i f f e r e n c e s  between t h e  two 

systems. 

r i a l s  a l s o  appear i n  t h e  HLW g lasses .  
more d e v i t r i f i c a t i o n - r e s i s t a n t  t h a n  t h e i r  s imu la ted  c o u n t e r p a r t s .  A lso,  i n  t h e  as-prepared 

c o n d i t i o n  t h e r e  i s  l e s s  und isso lved  m a t e r i a l  i n  t h e  case o f  HLW g lasses .  The h i g h  gamma 

f i e l d  i n  t h e  HLW g lasses  does n o t  seem t o  change t h e  d e v i t r i f i c a t i o n  behav io r  f rom t h a t  

observed i n  t h e  s imu la ted  n o n r a d i o a c t i v e  g lasses,  e i t h e r - - a t  l e a s t  n o t  under t h e  c o n d i t i o n s  

s t u d i e d .  

k i n e t i c s  s i g n i f i c a n t l y .  

Most o f  t h e  d e v i t r i f i c a t i o n  p roduc ts  p r e d i c t e d  f rom s t u d i e s  w i t h  s imu la ted  mate- 

The excep t ions  show t h e  HLW g lasses  t o  a c t u a l l y  be 

We conclude t h a t  t h e  presence o f  a h i g h  gamma f i e l d  does n o t  a l t e r  d e v i t r i f i c a t i o n  
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Bulk leach r a t e s ,  based on t h e  I A E A  procedure, v a r y  f rom one g l a s s  compos i t i on  t o  

another; however, t h e  o v e r a l l  va r iance  i s  o n l y  s l i g h t l y  over  one o rde r  o f  magnitude. The 

d e v i t r i f i c a t i o n  t rea tmen t  used was seen t o  i nc rease  t h e  l each  r a t e  o f  t h e  s imu la ted  g lasses  

over  t h a t  observed i n  t h e  as-prepared cond i t i on , ,  b u t  t h i s  change was o n l y  on t h e  o r d e r  o f  

about  2X. Leach r a t e s  f o r  HLW g l a s s  samples w i l l  be r e p o r t e d  as t h e  da ta  become a v a i l a b l e .  

We began e v a l u a t i o n  o f  an a c t i n i d e  doping exper iment  i n v o l v i n g  a s imu la ted  defense waste 

g lass  and two s imu la ted  power waste g lasses t h i s  q u a r t e r .  The techn ique  i n v o l v e s  t h e  use o f  

Cm-244, Am-243, Pu-239, and Np-237 as dopant species and a -au to - rad iog raphy  as t h e  method o f  

e v a l u a t i n g  a c t i n i d e  s e t t l i n g ,  agglomerat ion,  o r  c o n c e n t r a t i o n  i n  c r y s t a l l i n e  reg ions .  I n i t i a l  

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

d i s p o s i t i o n  o f  t h e  dopant species.  

PHASE BEHAVIOR STUDIES - R. P. May and J. W. Wa'Id 

The vitrification/equilibrium behav io r  o f  t h e  f i v e  defense waste g l a s s  compos i t i ons  

l i s t e d  i n  Table 3 are c u r r e n t l y  b e i n g  eva lua ted  by  means o f  t h e  x - r a y  and scanning e l e c t r o n  

microscopy a n a l y s i s  o f  a s e r i e s  o f  reme l t /annea ls  ( f r o m  75OoC t o  115OOC) and c o n t r o l l e d  

c o o l s  f r o m  l l O O ° C .  The exper imen ta l  program i s  c u r r e n t l y  about 50% complete. 

TABLE 3. C a n i s t e r  Data Sumnary 

Major  Components/glass 76-183-2 78-157 ICPP-ZR-101 SRP-411 RLB-14L 

S i02  

Be03 

'2'5 
CaF2 

A1203 
L i 2 0  

Na20 

K2° 
cs,o 
CaO 

B a0 

T i02  

Zr02 

Ma03 

Fe203 
CUO 

ZnO 

Mn02 

Rare Ear ths  

35.3 41.6 38.6 

9.3 14.4 9.4 

3.2 0.7 1.3 
- 0.3 18.3 

1.0 3.6 5.9 
- 2.0 1.3 

11.5 8.6 16 .O 

2.6 3.2 - 
- 1.0 - 

2.0 3.2 2.1 

0.8 3.6 - 
6.0 - 
2.5 5.3 6.7 

3.2 1.6 - 
2.4 1.8 - 
3.0 - 

- 

- 
- 2.5 - 
- - - 

P r i n c i p a l  remainder 

43.8 

8.3 
- 
- 

11.7 

9.4 

9.4 
- 
- 

5.0 
- 
- 
- 
- 

8.0 ~ 

- 
- 

2.6 

63.0 

10.0 
- 
- 

5.8 

2.0 

17.3 
- 

0.4 
- 
- 

0.9 
- 
- 
- 
- 
- 
- 
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For glass 76-183-2, eight crystalline phases have been tentatively identified in a 
devitrified specimen cooled at 7'C/hr from llOO°C. 
temperature range between 95OoC and llOO°C, Ce02 is the only detectable crystalline 
phase. 
about 1000°C. 
in glass solution at 12OO0C. 
other melt crystalline forms, will be studied as a part of this experimental program. 

For isothermal anneals in the 

Analysis of these specimens indicates that the greatest yield of Ce02 occurs at 
At llOO°C Ce02 exists at 20% of its maximum value at 1000°C, and is all 

The vitrification kinetics/equilibrium of Ce02, as well as 

THERMAL AND MECHANICAL SHOCK - L. R. Bunnell 

During preparation of a topical report on impact and strength testing of candidate 
waste-containing glasses, the plot in Figure 1 was produced. Some conclusions are: 

Fused Si02 exhibits the most fracturing upon impact. 
Both 76-101 and 73-1 frits are slightly superior to the corresponding waste glasses 76-68 
and 72-68, respectively. 

*, The shape of the curves is very similar--the main difference being the amount of fine 
(-44 urn) particles produced. 

Soda-lime-silica glass is similar in performance to many candidate waste glasses. 

Because o f  the availability of soda-lime-silica glass and its similarity in impact 
performance, it is a reasonable substitute for waste glasses. 
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FIGURE 1. Sieve Size Analysis Results for a Wide Variety of Glasses, All 
Impacted as Identical Samples at an Energy of 216 Joules 
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It i s  comnon i n  g l a s s  sc ience  t o  c o r r e l a t e  t e s t  r e s u l t s  w i t h  g l a s s  c o m p o s i t i o n - r e l a t e d  

f a c t o r s  such as t h e  percentage o f  S i02 o r  t h e  o x y g e n l s i l i c o n  r a t i o .  

i n  some g l a s s  systems w i t h  fundamental p r o p e r t i e s  l i k e  d e n s i t y  o r  e l a s t i c  modul i .  We 

at tempted t o  make such a c o r r e l a t i o n  w i t h  t h e  impact data. The we igh t  percentage o f  ( - 4 4 p m )  

f i n e s  was used as a rough performance index, and was p l o t t e d  aga ins t  e i t h e r  s i l i c a  c o n t e n t  o r  

O / S i  r a t i o .  The r e s u l t i n g  p l o t s ,  i n c l u d e d  i n  F i g u r e s  2 and 3, show t h a t  no s imp le  c o r r e l a t i o n  

e x i s t s .  

Good c o r r e l a t i o n s  e x i s t  

I n  f u l l - s c a l e  o r  p a r t - s c a l e  impact t e s t s  conducted t o  d a t e  on g l a s s - f i l l e d  c a n i s t e r s ,  i t  

i s  u s u a l l y  observed (Smi th and Ross, 1975) t h a t  t h e  severe damage i s  c o n f i n e d  t o  t h e  area o f  

t h e  impact  i t s e l f ,  w i t h  l i t t l e  i f  any damage 1 m f rom t h e  impact s i t e .  

24 
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18 
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14 

5 
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@, 
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3 
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. I CM -23 
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a 77-260 

ICM-11 

a 73-1 

76-101 

SODA -LIME-SILI CA 
a 
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WTS Si02 

FIGURE 2. Percentage of ( -44 Urn ) F ines  Produced i n  a V a r i e t y  o f  Glasses 
by  a 217-5 Impact P l o t t e d  Aga ins t  t h e  Percentage o f  S i02 
i n  t h e  Glasses 
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-LIME-SILICA 

e 76-101 

73-1 

.c 

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 

O l S i  RATIO 

FIGURE 3. Percentage o f  ( -44  urn) F i n e s  Produced i n  a V a r i e t y  o f  Glasses 
by a 217-5 Impact P l o t t e d  Aga ins t  t h e  Corresponding O / S i  R a t i o  
f o r  t h e  Glasses 

C a n i s t e r  KT-11 p r o v i d e s  some da ta  t o  t h e  c o n t r a r y ,  however. Th i s  0.6-m-dia c a n i s t e r  

c o n t a i n e d  1910 kg o f  g l a s s  and was dropped 7.6 m on to  a conc re te  pad w i t h  no c a n i s t e r  

f a i l u r e .  Samples o f  t h e  g l a s s  were taken a t  t h e  immediate impact s i t e  and a t  a l o c a t i o n  1.5 m 

away. The s i e v i n g  r e s u l t s  a re  p l o t t e d  i n  F i g u r e  4; n o t e  t h e  l o g - l o g  scales,  which were 

necessary t o  r e p r e s e n t  a l l  t h e  data. The impact has produced s u b s t a n t i a l  f i n e  m a t e r i a l ;  1.08% 

o f  t h e  impact zone sample mass was -44 pm, f i f t e e n  t imes  t h e  f r a c t i o n  (0.07%) produced a t  t h e  

f u r t h e r  l o c a t i o n .  F i g u r e  4 a l s o  shows t h a t  50% o f  t h e  g l a s s  a t  t h i s  f u r t h e r  l o c a t i o n  i s  

sma l le r  t h a n  5mm. 

Th is  degree o f  damage p robab ly  r e s u l t s  f rom t h e  s t r u c t u r e  produced by t h e  s l o w - f i l l  

process u s i n g  t h e  con t inuous  m e l t e r .  Th i s  s t r u c t u r e  i n v o l v e s  s u b s t a n t i a l  amounts o f  p o o r l y  

suppor ted g lass ,  which moves i n  response t o  t h e  impact. Thus, a l t hough  t h e  e l a s t i c  wave would 

n o t  t r a v e l  as w e l l  t h rough  t h e  complex s t r u c t u r e ,  t h e  a b i l i t y  o f  t h e  g l a s s  t o  move b o t h  a t  

i n i t i a l  impact  and d u r i n g  t h e  2 t o  3 rebounds a p p a r e n t l y  produced a l o t  o f  secondary damage. 
We are t r y i n g  t o  produce b e t t e r  can f i l l s  w i t h  lower  p o r o s i t y  by means o f  c a n i s t e r  i n s u l a t i o n  

d u r i n g  hea t ing .  These t rea tmen ts  w i l l  a l s o  reduce t h e  amount o f  p e r i p h e r a l  thermal-shock 

c rack  i ng. 
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FIGURE 4. S i z i n g  Data for C a n i s t e r  KT-11, Sampled i n  t h e  I n d i c a t e d  Loca t ions  
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SECTION 3 - ALTERNATIVE WASTE FIXATION PROCESSES 

The goal of t h i s  task i s  t o  develop a l t e rna t i ve  waste f i x a t i o n  procedures tha t  
w i l l  serve as v iable  backup processes. 
processes and products are t o  be compared to those of the  current  reference process 
and product - - s i l i ca te  glass  cast ings i n  ZcaQge metal canis ters .  
processes are being developed on the  laboratory scale .  
emphasized the  waste i s  formed i n t o  small granules or p e l l e t s  t h a t  are coated wi th  
nonradioactive, i n e r t  materiaZs t o  provide containment and leach res i s tance .  The 
coated waste shapes are then incorporated >Into a metal matrix t h a t  provides impact 
res i s tance  and increased thermal conduct iv i ty .  

Cost and sa fe t y  f ac tor s  of t he  a l t e rna t i ve  

These a l t e rna t i ve  
I n  the  concept current ly  

COMPARATIVE STUDIES - R. 0. Lokken, R. A. Wheeler, K. R. Welsch 

Past a t tempts a t  comparing waste f o r m  p r o p e r t i e s  have proven inaccu ra te ,  owing t o  d i s -  

c repanc ies  i n  t e s t i n g  c o n d i t i o n s  and methods. :In t h e  comparat ive s t u d i e s  program, t e n  waste 

forms w i l l  be t e s t e d  and eva lua ted  under i d e n t i c a l  c o n d i t i o n s  and procedures.  

t o  be prepared and t e s t e d  i n c l u d e :  

The waste forms 

0 

0 

0 

0 

0 

e 

0 

0 

e 

0 

0 

76-68 s imu la ted  waste g lass  

PW-9 c a l c i n e  s in te red -ce ramic  

PW-9 c a l c i n e / f r i t  s i n te red -ce ramic  

cement c o n t a i n i n g  10 w t %  PW-9 c a l c i n e  

cement c o n t a i n i n g  10 w t %  SPC-5 superca lc ine  

g lass-ceramic c o n t a i n i n g  20 w t %  PW-9 c a l c i n e  

hot -pressed PW-9 c a l c i n e  

h o t - i s o s t a t i c - p r e s s e d  PW-9 c a l c i n e  

h o t - i s o s t a t i c - p r e s s e d  SPC-5 superca lc ine  

SPC-5 p e l l e t s  i n  A1-12Si m a t r i x  

s imu la ted  waste g l a s s  marb les i n  a l e a d  a l l o y  m a t r i x .  

The f i r s t  t e n  waste forms w i l l  e i t h e r  be f a b r i c a t e d  o r  c o r e - d r i l l e d  t o  a f i n a l  s i z e  o f  

-0.44 i n .  i n  d i a  by  0.50 i n .  h igh .  The me ta l  m a t r i x  waste forms w i l l  have a f i n a l  s i z e  o f  

1.0 i n .  i n  d i a  by 1.0 i n .  h igh.  

E v a l u a t i o n  o f  t h e  waste forms w i l l  b e  based upon impact r e s i s t a n c e ,  l e a c h a b i l i t y ,  and 

v o l a t i l i t y .  The samples w i l l  be impacted w i t h  1.160 f t - l b  (1.7-5) impact energy. F o l l o w i n g  

impact, t h e  samples w i l l  be eva lua ted  w i t h  r e s p e c t  t o  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  pe rcen t  

f i n e s  (-37 pm) produced, and s u r f a c e  area increase.  L e a c h a b i l i t y ,  o f t e n  f e l t  t o  be t h e  most 

i m p o r t a n t  c h a r a c t e r i s t i c  o f  r a d i o a c t i v e  waste forms, w i l l  be determined by  methods which 

d e v i a t e  f rom t h e  most common methods p r e v i o u s l y  employed ( S o x h l e t  and I A E A  methods). 

l a t t e r  methods may r e s u l t  i n  leach r a t e s  t h a t  a re  m i s r e p r e s e n t a t i v e  o f  an a s - f a b r i c a t e d  waste 

f o r m  because o f  l a r g e  s u r f a c e  areas. The method t o  be used i n  t h e  comparat ive s t u d i e s  

u t i l i z e s  a b u l k  sample as opposed t o  powder. 

f o r  predetermined t i m e  and temperature.  The le t ich s o l u t i o n  w i l l  t hen  be analyzed f o r  s p e c i f i c  

The 

The samples w i l l  be exposed t o  d i s t i l l e d  water  
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i o n s  t h a t  have been leached f r o m  t h e  waste forms. T h i s  method i s  b e l i e v e d  t o  r e p r e s e n t  a more 

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

To date, t h r e e  waste forms have been prepared. 

The cement and c a l c i n e  were b lended d r y  t o  f o r m  a 

One c o n s i s t s  o f  90 w t %  Type I1 P o r t l a n d  
Cement p l u s  10 w t %  PW-9 c a l c i n e  powder. 

homogeneous mix. D i s t i l l e d  water  was added and hand-mixed u n t i l  a c o n s i s t e n t  pas te  was made. 

The p a s t e  was then  cas t  i n t o  a mold 5 i n .  i n  d i a  by  1.75 i n .  h i g h  and v i b r a t e d  t o  r e l e a s e  any 

t rapped  a i r .  

The second and t h i r d  waste forms a re  s in tered-ceramics--one c o n s i s t i n g  o f  100% PW-9 c a l c i n e ,  

t h e  o t h e r  made o f  50 w t %  c a l c i n e  and 50 w t %  g l a s s  frit. 

c o l d - p r e s s i n g  powder a t  a f o r c e  o f  2000 pounds. 

975OC and 75OoC, r e s p e c t i v e l y .  

The mold was sea led  and t h e  m i x t u r e  a l l owed  t o  s e t  and harden f o r  seven days. 

These samples were prepared by  
The "green"  p e l l e t s  were then  s i n t e r e d  a t  

CARBON LEACH TESTING - W. J. Gray 

Carbon i s  expected t o  have a v e r y  low leach  r a t e ,  and i s  t h e r e f o r e  a t t r a c t i v e  as one o f  

t h e  b a r r i e r s  o f  a m u l t i b a r r i e r  waste form. Tests  t o  determine t h e  leach r a t e  o f  carbon a re  i n  

progress.  

Ox ida t i on ,  r a t h e r  than  leach ing ,  i s  p robab ly  a more accurate d e s c r i p t i o n  o f  t h e  

mechanisms o f  carbon removal i n  aqueous systems. Never the less,  t h e  removal can be desc r ibed  
i n  terms o f  g/cm2-d and compared w i t h  t h e  leach r a t e s  o f  o t h e r  m a t e r i a l s .  

expected r e a c t i o n  p roduc ts  (CO and C02) are gases, l each  t e s t i n g  must be done i n  a sea led  

vesse l  and, t o  be r i g o r o u s ,  samples o f  b o t h  t h e  l i q u i d  and gas phases should be analyzed. 

Because t h e  

Recent t e s t s  have i n v o l v e d  s t i r r i n g  d i s t i l l e d  water  and powdered g r a p h i t e ,  whose s u r f a c e  
2 area was 32 m /g, i n  a sea led  vesse l  w i t h  a i r  f i l l i n g  t h e  space n o t  occupied by water  and 

g r a p h i t e .  

c o o l  t o  room temperature and s tand  f o r  one hour b e f o r e  a gas sample was e x t r a c t e d .  

samples were analyzed w i t h  a gas chromatograph, and t h e  amount o f  C02 found was always 

g r e a t e r  t han  CO by  a f a c t o r  o f  between 10 and 20. 

computing t h e  g r a p h i t e  r e a c t i o n  r a t e  and, i n  a d d i t i o n ,  t h e  c o n c e n t r a t i o n  o f  C02 i n  t h e  water  

was taken t o  be 80% o f  t h a t  i n  t h e  gas phase. 

because t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  C02 i n  water  may n o t  be reached o n l y  one hour a f t e r  

c o o l i n g .  

C02 and 13 ppm CO; t hese  va lues were s u b t r a c t e d  f r o m  t h e  r e s u l t s  o f  t h e  r e a c t i o n  t e s t s .  The 

b lank  C02 v a l u e  agrees reasonab ly  w e l l  w i t h  t h e  amount ( ~ 3 0 0  ppm) i n  a s tandard  a i r  sample. 

Reac t ion  r a t e  r e s u l t s  a re  shown i n  F igu res  5 and 6. 

F o l l o w i n g  each t e s t ,  t h e  s t i r r e r  was stopped and t h e  r e a c t i o n  vesse l  was a l l owed  t o  

The gas 

Both t h e  C02 and CO were considered i n  

Thus, t h e  r e a c t i o n  r a t e  may be ove res t ima ted  

It was assumed t h a t  t h e  water  con ta ined  no CO. F i n a l l y ,  a b lank  r u n  y i e l d e d  426 ppm 

F i g u r e  5 shows t h a t  t h e  r e a c t i o n  r a t e  decreases w i t h  t ime.  T h i s  i m p l i e s  e i t h e r  t h a t  some 

p r o d u c t  i s  formed which somehow i n t e r f e r e s  w i t h  t h e  r e a c t i o n  mechanism, t h e r e b y  decreas ing t h e  

r a t e ,  o r  t h a t  an approach t o  e q u i l i b r i u m  i s  t a k i n g  p lace .  

F i g u r e  6 shows an A r rhen ius  p l o t  o f  24-hr  t e s t s .  

The l a t t e r  seems more l i k e l y .  

A more r i g o r o u s  t rea tmen t  would show 

i n i t i a l  r e a c t i o n  r a t e s  r a t h e r  than  r a t e s  averaged ove r  24 hours.  Not enough d a t a  a re  y e t  

a v a i l a b l e  t o  determine i n i t i a l  r e a c t i o n  r a t e s ,  however. 
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Reac t ion  Rate o f  G r a p h i t e  Powder i n  D i s t i l l e d  Water a t  95OC 

The s lope  o f  t h e  A r rhen ius  p l o t  i n  F i g u r e  6 g i ves  an a c t i v a t i o n  energy f o r  t h e  r e a c t i o n  

o f  about  9 kca l /mole.  Yet t h e  e n t h a l p y  f o r  t h e  r e a c t i o n  

c + 2H20(1) -+ C02(g) + 2 H 2 M  

i s  42 kca l /mo le  a t  20°C and, because i t  i s  endothermic, t h e  a c t i v a t i o n  energy must be a t  

l e a s t  t h a t  l a r g e .  The v e r y  low a c t i v a t i o n  energy measured, t h e r e f o r e ,  suggests t h a t  t h e  

carbon i s  r e a c t i n g  w i t h  something o t h e r  than  wa te r - -p robab ly  w i t h  d i s s o l v e d  oxygen. 

begun e f f o r t s  t o  measure t h e  r e a c t i o n  r a t e s  i n  an oxygen- f ree vessel .  

We have 

The reader  i s  cau t i oned  t h a t  t h e  abso lu te  va lues o f  t h e  r e a c t i o n  r a t e s  t h a t  a re  shown i n  

F i g u r e s  5 and 6 are v e r y  unce r ta in ,  p r i m a r i l y  because i t  i s  n o t  y e t  known j u s t  what r e a c t i o n  

has been measured. 
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FIGURE 6. Reaction Rate o f  Graphite Powder in Distilled Water Averaged 
over 24 hr 
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GEOLOGIC MATERIALS: IMPLICATIONS FOR RADIOACTIVE WASTE DISPOSAL - R. C. Ewing and R. F. Haaker 

A p r e l i m i n a r y  d r a f t  o f  a r e p o r t  on t h e  l ong - te rm s t a b i l i t y  o f  n a t u r a l  analogues t o  
c r y s t a l l i n e  (e.q., s u p e r c a l c i n e )  waste forms has been completed. 

m i n e r a l o g i c ,  s t r u c t u r a l ,  geochemical, occurrence, age, a l t e r a t i o n  and r a d i a t i o n  damage da ta  

f o r  t e n  r e l e v a n t  n a t u r a l  phases. 

The r e p o r t  d e t a i l s  

Conclusions o f  t h i s  r e p o r t  i n c l u d e :  

If t r ansu ran ium elements are n o t  p resen t  i n  t h e  p r i m a r y  phase, t hen  a - p a r t i c l e  damage 

t h a t  produces l a r g e  volume changes o r  m e t a m i c t i z a t i o n  o f  phases such as a p a t i t e ,  
u r a n i n i t e  o r  monazi te  should n o t  be o f  importance i n  t h e  t i m e  s c a l e  o f  concern 

(10 -10 yr) .  5 6  

I f  t ransu ran ium elements are concentrated,  some phases, such as a p a t i t e ,  w i l l  become 
A l a r g e  volume inc rease  i s  metamict  w i t h i n  a p e r i o d  of yea rs  t o  thousands o f  years.  

c e r t a i n  t o  accompany t h e  t r a n s i t i o n  o f  a p a t i t e  t o  t h e  metamict  s t a t e .  

238Pu02, t h e  u r a n i n i t e  phase w i l l  n o t  become metamict  b u t  may become one o r  two 

p e r c e n t  l e s s  dense as a r e s u l t  o f  r a d i a t i o n  damage. 

cannot  be p r e d i c t e d  f rom t h e  a v a i l a b l e  data. 

Rapid loss of 137Cs from p o l l u c i t e  and a l t e r a t i o n  o f  b o t h  p o l l u c i t e  and nephe l i ne  t o  

c l a y s  w i t h  a l a r g e  i nc rease  i n  volume may occur  a t  t h e  most extreme r e p o s i t o r y  

c o n d i t i o n s ,  which have been p o s t u l a t e d  t o  be hydrothermal  b r i n e  a t  200' t o  40OoC. 

Under i d e a l  c o n d i t i o n s ,  t h e  n a t u r a l  analogues t o  many o f  t h e  s u p e r c a l c i n e  phases p e r s i s t  

i n  s u b s t a n t i a l l y  u n a l t e r e d  f o r m  f o r  p e r i o d s  o f  t i m e  i n  excess o f  10 

By analogy w i t h  

The behav io r  o f  t h e  monazi te  phase 

9 years.  

D u r i n g  the  nex t  q u a r t e r ,  r a d i a t i o n  damage exper iments on t h e  ThSi04 dimorphs, t h o r i t e  and 

h u t t o n i t e ,  are scheduled t o  beg in  i n  c o l l a b o r a t i o n  w i t h  PNL i n v e s t i g a t o r s .  

1 
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