
Quarterly Progress Report 
Research and Development Activities 
Waste Fixation Program 
April through June 1976 

BNWL-2242 
uc-70 

1. L. McElroy 

August 1977 

Prepared for the Energy Research 
and Development Administration 
under Contract EY-76-C-06-1830 

P 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



N O T i C E  

This report was prepared as an account of work sponsored by the United States Government. Neither the 
United States nor ihe Energy Research and Development Administrzrlon. nDr any of their employees, nor any of thei ;  
contractors, subcontractors. or their crnployees, makes any warranty, express u: implied, or assumes any legai liabiiitk 
or responsibility for the accuracy, completeness or usefulness of any intorination, apparaTt'j, product or process 
disclosed, or represents that its use would not ipfringe pi ivate ly  owned rights. 

PACIFIC NORTHWEST LABORATORY 
operated by 

B A T E  L1.E 
for the 

E N E R C Y R E SE A R C H A N D DEVELOP M E NT AD M i N I STR AT I C N 
Under Contract EY-76-C-06-7830 

Printed in the United Starer of America 
Available from 

Nafisnai Technical Information Service 
1J.S. Department oi Commerce 

5265 Porr Royal Road 
Sprtngfieldcinia 22157 

Prtce. Printed Cop;,, 5 I p h < ; i : . o f ! c h c  $3.00 

'Pages 

026-050 
001-025 

051-075 
OX-100 
101-125 
7 26- 150 
,r, ,  .... 
1 7 I> .L(JU 
LO i - 2:5 
2 ? 6 - 2 5 ( ~  
251-275 
276-3cy) 

I, > 

hT1S 
Selling Price 

$4 50 
$5 00 
$5.50 
86.00 
$6.50 
$7 00 
b L, 

hfJ 511 
<t,<$ e, L 

89 or1 
510 ot' 
%IO LC. 



QUARTERLY PROGRESS REPORT 

RESEARCH AND DE3ELOPMENT ACTIVITIES 

WASTE FIXATION PROGRAM 

APRIL THROUGH JUNE 1976 

J .  L .  McElroy 

August 1977 
-. .___ - 

sponsored by the United Slates (hvernmcnt. Neither 
the United Ststci nor the United Stat- Energy 
Research and Development Administration, nor any of 
their employees. nor m y  of them contractors, 
wbeontnetorr. or their employees. maker any 
warmnty. exprcu or implied, 01 auumcs any legal 
liability or responsibility for the ~u:umcy,  completenei 
or uvfulness of any information, apparatus, product or 
process d k l o u d .  or represents thiit its we would not 
infrin*r privately owned rights. 

BATTELL E 
P a c i f i c  Northwest L a b o r a t o r i e s  
Rich land,  Washington 99352 

BNWL- 2242 
UC-70 



PREVIOUS REPORTS 

Th is  progress r e p o r t  i s  t he  f i f t e e n t h  i n  a se r ies  t h a t  presents 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 .  Previous progress 

r e p o r t s  were BNWL-1699, 1741, 1761, 1788, 1809, 1826, 1841, 1871, 1893, 1908, 

1932, 1949, 1994 and 2070. 
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Research and development a c t i v i t i e s  o f  t h e  Waste F i x a t i o n  Program f o r  

A p r i l  th rough June 1976 a r e  descr ibed i n  t h i s  r e p o r t .  The o b j e c t i v e  o f  t h i s  

program i s  t o  develop processes t o  conver t  h i g h - l e v e l  l i q u i d  waste (HLLW) 

f rom t h e  l i g h t  w a t e r  r e a c t o r  (LWR) f u e l  c y c l e  t o  s o l i d  forms t h a t  a r e  demon- 

s t r a t e d  t o  be p h y s i c a l l y ,  chemica l l y ,  and r a d i o l y t i c a l l y  s t a b l e  and i n e r t .  

Several  s i g n i f i c a n t  r e s u l t s  were obta 
These a r e  l i s t e d  below and d e t a i l e d  i n  t h e  

0 Tests o f  t h e  spray c a l c i n e r ,  f e d  w i t h  

(NFS) wastes, were success fu l .  

ned d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  

t e x t  o f  t h i s  r e p o r t .  

s imu la ted  Nuclear  Fuel Serv ices 

0 The jou le -heated  ceramic m e l t e r  has operated c o n t i n u o u s l y  f o r  more 

than 5 months i n  1976 and f o r  more than 16 months t o t a l .  Since t h e  

l a s t  r e p o r t  over  2500 l b  o f  s imu la ted  h i g h - l e v e l  waste g l a s s  have been 

produced w h i l e  feed ing  d r y  powder c a l c i n e  and s l u r r i e d  l i q u i d  waste. 
A r e p o r t  on water  l e a c h i n g  a t  25°C o f  U02 f u e l  w i t h  an average burnup 

o f  54,500 MWD/MTU i s  be ing  issued. 

F l u i d i z e d  bed waste c a l c i n e  p a r t i c l e s  were monocoated w i t h  A1203 o r  

duplex-coated w i t h  PyC-A1203 i n  a f l u i d i z e d  bed; l a r g e r  c a l c i n e  p e l l e t s  

were formed w i t h  a d i s k  p e l l e t i z ? r  and coated w i t h  Pyrex f r i t .  

i i -i 
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QUARTERLY PROGRESS REPORT 

RESEARCH AND DEVELOPMENT ACTIVITIES 

WASTE FIXATION PROGRAM 

APRIL THROUGH JUNE 1976 

INTRODUCTION 

The o b j e c t i v e  o f  t h e  Commercial High-Level  Waste F i x a t i o n  Program i s  

t o  p r o v i d e  t h e  t e c h n o l o g i c a l  bases which w i l l  enable i n d u s t r y  t o  adopt and 

implement, a t  t h e  e a r l i e s t  p o s s i b l e  t ime, f u l l y  a p p r o p r i a t e  techniques f o r  

t h e  convers ion o f  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  

s o l i d  forms such as s i l i c a t e  glasses. 

means through which i n d u s t r y  and government can cooperate i n  an e f f e c t i v e  

and optimum approach t o  t h i s  common problem. These o b j e c t i v e s  a r e  be ing  

accompl i shed by a comprehensive program which i n c l  udes : development and 

c h a r a c t e r i z a t i o n  o f  g lass  fo rmula t ions ;  equipment and process development; 

and des ign,  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  and p l a n t -  

d u p l i c a t e  process equipment i n  coopera t ion  w i t h  i n d u s t r y .  

The program i s  designed t o  be a 

The 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  r e p o r t i n g  p e r i o d  o f  A p r i l  through June 1976 a r e  descr ibed i n  t h i s  

r e p o r t .  

c 
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SECTION 1 - COMMERCIAL WASTE FIXATION 

The purpose of t h i s  task is t o  deveZop processes and equipment for  con- 
vert ing Ziquid high- Zeve Z radioactiue waste t o  a stabZe, r e  Zative Zy nondis- 
pers ib  Ze form for storage and, u Z tiniate Zy, disposa 2. This object ive  is 
genera Z Zy being accomp Zished by deva Zopment of a two-step approach (ea Zci- 

nat ion o r  concentration) foZZowed by rneZting t o  form a s i l i c a t e  glass .  

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

The pmpose of t h i s  study is t o  develop and demonstrate on (X f u l l  scale 
the v i t r i f i c a t i o n  of caZcined nucZeclr waste and gZass-forming f r i t  using the 
storage can as the  meZting crucibZe. 

Now t h a t  t h e  m e l t i n g  c a p a c i t y  o f  t h e  in-can m e l t e r  (ICM) has been 

demonstrated t o  be s u f f i c i e n t  t o  suppor t  t h e  r e f e r e n c e  5 MTUlday f u e l  
reprocess ing  p l a n t ,  we a r e  s t u d y i n g  t h e  o f f - g a s  f rom t h e  process. 

I C M  r u n  No. 17 (ICM-17) was made w i t h  t h e  m e l t e r  coupled t o  the f l u i d i z e d -  

bed c a l c i n e r  t o  demonstrate and eva lua te  t h e  performance o f  t h i s  HLLW v i t r i -  
f i c a t i o n  system when t h e  f l u i d i z e d - b e d  c a l c i n e r  i s  operated w i t h  a con$inuous 

i n e r t  bed. The s imu la ted  HLLW f e d  t o  t h e  f l u i d i z e d - b e d  c a l c i n e r  conta ined a 
f u l l  l e v e l  o f  cesium and 10% o f  t h e  expected ru then ium,conten t  o f  HLLW. The 

r u n  demonstrated t h e  c o m p a t i b i l i t y  o f  t h e  two p ieces o f  equipment. The can 
o f  m e l t  was water  quenched from 760°C and t h e  e f f e c t s  o f  t h i s  quench on t h e  

can and produc t  a r e  be ing  eva 

r e p o r t e d  under 'IF1 u i d i z e d  Bed 

encouraging. The c o u n t e r f l o w  

and t h e  r e l a t i v e l y  c o o l ,  smal 

r e s p o n s i b l e  f o r  t h e  low l e v e l  

uated. 

C a l c i n a t i o n "  i n  t h i s  r e p o r t  (p. 4 ) ,  were 

of  ba tch  and of f -gas i n  t h e  c o u p l i n g  s e c t i o n  

sur face  o f  t h e  m e l t  i n  t h e  I C M  a r e  b e l i e v e d  

o f  e f f l u e n t s  f rom t h e  process. 

The of f -gas analyses, which a r e  

I C M  r u n  No. 18 (ICM-18) was made w i t h  a b l e n d  o f  s p r a y - d r i e d  c a l c i n e  

c o n t a i n i n g  cesium p l u s  10% o f  t h e  expected ruthenium contents ,  arid frit 

c o n t a i n i n g  1.5% powdered s i l i c o n  f e d  f rom a screw feeder  t o  an 8 - i n .  

d iameter  can. The m e l t e r  o f f - g a s  was exhausted through the  spray c a l c i n e r  

f i l t e r s .  The can has n o t  been opened f o r  p roduc t  e v a l u a t i o n  and t h e  r e s u l t s  

o f  t h e  o f f - g a s  analyses are  n o t  y e t  a v a i l a b l e .  

2 



F o l l o w i n g  each o f  the  a s t  f o u r  I C M  developmental runs  (ICM-15, 16, 17 

and 18) accumulat ions o f  agglomerated ba tch  have been found i n  t h e  c o u p l i n g  
s e c t i o n ,  which i s  a 4 - i n .  d iameter  p i p e  s l o p i n g  a t  an angle o f  60" f rom 

h o r i z o n t a l .  

t h e  cone and frit feed tube. I t  i s  b e l i e v e d  t h a t  steam f rom t h e  c a l c i n e r  

and m e l t e r  condensed i n  these coo l  areas and moistened t h e  batch, which 

then s tuck  t o  t h e  sur faces  o f  t h e  equipment. Dur ing  t h e  Waste S o l i d i f i c a -  

t i o n  Engineers Pro to type (WSEP) program, h o t  a i r  was blown i n t o  t h e  fr it 
feed tube t o  p revent  t h i s  condensation; however, t h i s  increases t h e  volume 

o f  a i r  t h a t  must be t r e a t e d  by t h e  of f -gas system. Heat ing  t h e  cone, frit 

feed tube, and c o u p l i n g  s e c t i o n  t o  >1OO"C may be necessary t o  p revent  these 

accumulat ions.  

D r i e d  depos i ts  o f  c a l c i n e  were a l s o  found a f t e r  r u n  ICM-16 i n  

DEVELOPMENTAL SPRAY CALCINER (L .  S. Romero) 

The object ive  of t h i s  work is t o  provide a r e l i a b l e  system f c ; r  drying 

radioactive l iquid waste prior t o  v i t iQ i f i ca t ion .  

Run DSS-28 was made u s i n g  s imu la ted  NFS s t a r t u p  and shutdown waste 

(PW-8e-2) composed most ly  o f  sodium n i t r a t e .  
smoothly d t  700°C. A g lossy  brown s c a l e  depos i ted  on t h e  upper h a l f  o f  

t h e  chamber, w h i l e  t h e  lower  h a l f  showed i n d i c a t i o n s  of  mol ten m a t e r i a l  

t r i c k l i n g  down t o  t h e  cone area. However, the  c a l c i n e  produced was a d r y  

b u f f - c o l o r e d  m a t e r i a l .  

t h e  sodium n i t r a t e  on t h e  spray chamber w a l l  by u s i n g  a d d i t i v e s  t o  t h e  feed. 

The spray c a l c i n e r  ran  very 

Work i s  b e i n g  cont inued t o  e l i m i n a t e  m e l t i n g  of  

Run DSS-29 was made u s i n g  s imu la ted  NFS waste (PW-8a-2) sp iked w i t h  

ruthenium. 

ru thenium l o s t  e i t h e r  by v o l a t i l i z a t i o n  o r  ent ra inment  o f  f i n e  c a l c i n e  par -  
t i c l e s  th rough t h e  f i l t e r s .  The spray chamber temperatures and t h e  f r e -  
quency of t h e  blowback c y c l e  were inc reased s l i g h t l y  h i g h e r  than normal. 

Operat ion d u r i n g  t h e  r u n  was very  smooth and i n d i c a t i o n s  a r e  t h a t  a p p r o x i -  

mate ly  4% of t h e  t o t a l  ru thenium was l o s t  d u r i n g  c a l c i n a t i o n .  
ru thenium r u n  i s  scheduled f o r  t h e  near f u t u r e .  

The purpose o f  t h e  run  was t o  o b t a i n  data on t h e  amount o f  

A f u l l - l e v e l  

3 



JOULE-HEATED CERAMIC MELTER (C. C. Chapman) 

The objec t ive  o f  t h i s  work is t o  develop a reZiabZe ceramic me2ter 
which can be used f o r  converting radioactive waste t o  glass .  

Sirice r e s t a r t  i n  January, t h e  eng ineer ing-sca le  m e l t e r  has been main- 

t a i n e d  a t  temperature f o r  more than 5 cont inuous months, which b r i n g s  t h e  
t o t a l  o p e r a t i n g  exper ience w i t h  t h i s  u n i t  t o  16 months. 

ing ,  over  2500 l b  of s imu la ted  h i g h - l e v e l  waste (HLW) g l a s s  have been pro-  

duced w h i l e  feed ing  d r y  powder c a l c i n e  o r  t h e  s l u r r i e d  l i q u i d  waste. Dur- 

i n g  t h e  c a l c i n e - f e d  opera t ion ,  t h e  u n i t  was operated a t  a c a p a c i t y  i n  excess 

of 100 l b / h r .  

Since l a s t  r e p o r t -  

A s imp le  technique f o r  b o o s t i n g  t h e  l i q u i d  throughput  f o r  t h i s  type  o f  

m e l t e r  was tes ted .  I n  a s h o r t  exper iment u s i n g  t h i s  boos t ing  technique,  a 

l i q u i d  waste throughput  i n  excess o f  45 U h r  was demonstrated. 
for increasing liquid process capacity promises to provide the capability 

o f  p rocess ing  d i l u t e  l i q u i d  waste s o l u t i o n s .  

T h i s  approach 

FLUIDIZED-BED CALCINATION (W. J .  B j o r k l u n d  and F. E.  Haun) 

Fluidized-bed calcinat ion s tudies  provide data for  process and equip- 
ment development in the  conversion of simulated high-level commercia2 nuclear 
waste t o  a so2id i f ied  form. 
i n d i r e c t l y  t o  a melting system f o r  v i t r i f i c a t i o n .  

The calcine product can then be fed d i r e c t l y  or 

C a l c i n e r  o p e r a t i o n  cont inued on an i n t e r m i t t e n t  b a s i s  t h i s  p e r i o d ,  t h e  

Whi le  o p e r a t i n g  i n  t h e  cont inuous i n e r t  bed mode and f e e d i n g  
most s i g n i f i c a n t  o p e r a t i o n  be ing  a 13.5-hr r u n  w h i l e  coupled t o  t h e  I C M  sys- 

tem (ICM-17). 

a s p e c i a l  s i l i c a - f r e e  frit t o  t h e  m e l t e r ,  200 kg o f  g l a s s  were produced. 

A f u l l  l e v e l  o f  cesium and 10% ruthenium were i n c l u d e d  i n  t h e  PW-7a t y p e  

feed. Decontaminat ion f a c t o r s  f o r  bo th  ru thenium and cesium were g r e a t e r  

than 1 0  across t h e  c a l c i n e r / m e l t e r  coupled system. Other t e s t s ,  i n c l u d i n g  

a c o n i c a l  d i s t r i b u t o r  p l a t e  and new f u e l  and feed nozz le  designs, a r e  

ongoing . 

4 
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I C M  INSTRUMENT SUPPORT (R. D. D i e r k s )  

The information obtained i n  t h i s  study i s  intended t o  aid iri developing 
design spec i f ica t ions  for instrument monitoring systems fo r  HLW v i t r i f i c a -  
t i o n  equipment. 

Improvements i n  t h e  vacuum compensation p o r t i o n  o f  t h e  c a n i s t e r  weigh- 
i n g  system have increased t h e  r e s o l u t i o n  o f  t h e  i n d i c a t e d  c a n i s t e r  we igh t  t o  

about e0.25 kg, and t h e  accuracy of t h e  i n d i c a t e d  we igh t  changes t o  w i t h i n  

0.3% of measured we igh t  changes. 

A s u b s t a n t i a l  e r r o r  i s  i n t r o d u c e d  i n  t h e  c a n i s t e r  weighing system due 

t o  t h e  vacuum f l u c t u a t i o n s  t h a t  n o r m a l l y  occur  i n  t h e  I C M  system. T h i s  e r r o r  

i s  caused by t h e  vacuum i n  t h e  c a l c i n e r  t h a t  suppor ts  p a r t  o f  t h e  c a n i s t e r  

weight ,  and thus i s  dependent on t h e  cross s e c t i o n a l  area o f  t h e  be l lows 

connect ing  t h e  c a n i s t e r  t o  t h e  spray c a l c i n e r  d ischarge chute.  

development u n i t ,  t h i s  e r r o r  amounts t o  0.49 k g / i n .  o f  water  p ressure  change. 

An e lect romechanica l  system t o  compensate f o r  these f l u c t u a t i o n s  was deve l -  

oped and proved t o  be q u i t e  e f f e c t i v e .  However, t h e  mechanical r e t r a n s m i t t i n g  

s l i d e  w i r e  lagged i n  i t s  response t o  f l u c t u a t i o n s  and i n t r o d u c e d  some n o i s e  

i n t o  t h e  weigh system readout  s i g n a l .  T h i s  system has now been m o d i f i e d  t o  

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

t i o n  o f  t h e  o u t p u t  f rom an e l e c t r o n i c  d/p c e l l  measuring t h e  pressure i n  
t h e  c a l c i n e r ,  thus  e l i m i n a t i n g  t h e  r e t r a n s m i t t i n g  s l i d e  w i r e  w i t h  i t s  n o i s e  

and maintenance problems. 

For t h e  

Dur ing  t h e  l a s t  I C M  exper iment (1CM-18), t h e  i n d i c a t e d  weight  f l u c t u a -  

t i o n s  were reduced t o  about t0.25 kg d u r i n g  t h e  course o f  t h e  exper iment,  

except  d u r i n g  two s h o r t  per iods  when t h e  c a l c i n e r  b a r r e l  v i b r a t o r  was 

operated. Two d is tu rbances  were noted d u r i n g  these per iods ;  one r e s u l t i n g  

f rom t h e  v i b r a t i o n  o f  t h e  l o a d  c e l l ,  and t h e  o t h e r ,  a t r a n s i e n t  s p i k e  

induced i n  t h e  s i g n a l  whenever t h e  v i b r a t o r  s o l e n o i d  was opened o r  c losed.  

A t  t h e  conc lus ion  o f  t h e  exper iment,  t h e  i n d i c a t e d  c a n i s t e r  we igh t  i n c r e a s e  

matched t h e  measured we igh t  inc rease o f  69.3 kg w i t h i n  0.2 kg. 

weight  o f  t h e  f i l l e d  c a n i s t e r  was 148.0 kg. 

The gross 
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SECTION 2 - WASTE FORM CHARACTERIZATION 

The purpose of waste form characterization is t o  measure the  propert ies  
of candidate s o l i d i f i e d  products ( s o l i d i f i e d  waste and canis ter )  as func- 
t i ons  of cornposition, processing parameters, and storage conditions.  The 
measurements are used: 
cesses ,  and 2) t o  provide data for sa fe t y  analyses of  high-level waste manage- 

ment. 
t i e s  of  the waste forms so thoroughZy that  when they are placed in re tr ievable  

storage, and l a t e r  in ult imate disposal,  f u l l  confidence can e x i s t  tha t  t h e i r  
behavior is known and that  any changes or any in terac t ions  with t h e i r  environ- 
ment which may occur are wholly predictable .  

11 t o  assure operabi l i ty  o f  the  manufacturing pro- 

The ul t imate goal i s  t o  characterize the physical and chemisal proper- 

MELT DEVELOPMENT ( W .  A. Ross) 

The objec t ive  of t h i s  work is t o  develop meZt compositions sui table  f o r  
incorporating typ ica l  HLW i n  durable gLasses a t  low processing temperatures. 

The 7 6 - 7 6 ( l )  composi t ion has been t e s t e d  f o r  s e n s i t i v i t y  t o  dev i  t r i f i c a -  

t i o n  by h o l d i n g  samples f o r  1 week i n  a thermal g r a d i e n t .  The t e s t s  i n d i -  
ca ted  t h a t  t h e  g l a s s  behav io r  d u r i n g  d e v i t r i f i c a t i o n  i s  acceptable.  

l i m i t s  on PW-8a c a l c i n e  c o n t e n t  were determined t o  be 22 t o  >43 w t %  based 

on v i s c o s i t y  and l e a c h a b i l i t y  r e s p e c t i v e l y .  Leach t e s t s  have a l s o  i n d i c a t e d  

t h a t  t h e  g l a s s  has a low leach r a t e  over  a wide range o f  pH. D i f f e r e n c e s  i n  

sample forni  a r e  a f f e c t i n g  t h e  leach r a t e  values; t h e r e f o r e ,  f u r t h e r  t e s t s  

a r e  d e s i r a b l e  t o  c l a r i f y  these d i f f e r e n c e s .  

The 

Development o f  a non-zinc g l a s s  f o r  use w i t h  s i l i c o n - c o n t a i n i n g  g lass  

batches has cont inued.  Reasonable 25°C leach r a t e s  have been obta ined,  b u t  

f u r t h e r  r e d u c t i o n s  i n  Soxh le t  l e a c h a b i l i t y  a r e  des i red .  

COMMERCIAL R A D I O A C T I V E  WASTE COMPOSITIONS USED I N  THE WASTE FIXATION-  PROGRAM 

(W. A. Ross) 

There is (z continuing need t o  assure tha t  the waste compositions being 
studied are reZevant t o  projected commercial reprocessing pZant pract ice .  

6 



I .  

Two new waste composi t ions showri i n  Table 1 have been d e f i n e d  which 

represent  nonstandard wastes t h a t  may occur  d u r i n g  o p e r a t i o n s  a t  NFS. 

PW-8d w i l l  r e s u l t  when evaporator  bottoms a r e  n o t  a v a i l a b l e  t o  t h e  waste 

stream. The PW-8e w i l l  occur  d u r i n g  s t a r t u p  and shutdown o p e r a t i o n s  and, 

t h e r e f o r e ,  c o n t a i n s  a h i g h  sodium c o n t e n t  and low f i s s i o n  p r o d u c t  load ing .  

The -1 composi t ions a r e  used i n  most l a b o r a t o r y  m e l t s  and t h e  -2 composi t ions 

a r e  used i n  eng ineer ing-sca le  t e s t s .  

The 

THERMAL EFFECTS ON STORED GLASS (J .  H. Westsik, J r . )  

The purpose o f  t h i s  work i s  t o  a’etemine property changes of HLW glass  

as  funct ions of  storage time and temperature. 

Resu l ts  o f  leach t e s t i n g  o f  72-68 g l a s s  accord ing  t o  a m o d i f i e d  I A E A  
leach t e s t  procedure a r e  r e p o r t e d  t h i s  q u a r t e r .  The as-formed g l a s s  showed 

2 leach r a t e s  o f  t h e  o r d e r  o f  

s t o r e d  a t  700°C f o r  2 months had leach r a t e s  o n l y  a f a c t o r  o f  t e n  h igher .  

F igures  1 and 2 show these da ta  normal ized t o  s t r o n t i u m  and cesium behav io r  

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

g/cm -day w h i l e  t h e  w o r s t  case samples 

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

This task i s  directed toward general understanding of the  ghss-making 
and d e v i t r i f i c a t i o n  processes, primarily through microstructural examination 

(inelud-ln3 microprobe ana l y s i s )  and x-ray d i f f r a c t i o n  methods. 

T h i s  q u a r t e r ,  k i n e t i c  s t u d i e s  o f  g lass  72-68 i n c l u d e d  examinat ion o f  

1000 and 1200°C mel ts  and t h e  c a l c i n e - f r e e  (73-1) frit. 
t a t i v e  analyses o f  d e v i t r i f i c a t i o n  i n  new g lass  composi t ions 76-68 and 

I n  a d d i t i o n ,  q u a l i -  

76-76 were completed. 

d e v i t r i f i c a t i o n  product ,  Zn2Si0 

general  p r i n c i p l e s  concern ing t h e  importance o f  o t h e r  phases present  and/or  

sample prepara t ion .  The r a t e  o f  ingrowth  i s  i n  t h i s  o rder :  

The k i n e t i c  s tudy emphasized ingrowth  o f  t h e  major  

w i t h  t h e  o b j e c t i v e  o f  e s t a b l i s h i n g  some 4’ 

fr it 73-1 < 1200°C m e l t  72-68 < 1000°C m e l t  72-68 
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i n e r t s  Na20 

Fe203 
Cr203 
N i O  

p205 

F i s s i o n  
Products Rb20 

5 r O  

'2'3 
Zr02 
Moo3 

Tc207 
Ru02 

Rh203 
PdO 

Ag20 
CdO 
Te02 

cs20 
BaO 

.La2O3 
Ce02 

Pr601 1 

Nd203 
Pm203 
sm203 
Eu203 
Gd203 

Ac t in ides  U308 

N P O ~  
PUO2 

% 
Am203 

Tota l  --  

TABLE 1. Waste Compositions Used i n  Waste F i x a t i o n  
Program - Supplement NO. 4 (a )  

Kilograms per MTU - 
PW-8d 

as de f ined 

--- 
27.225 

0.086 

0.028 
1.342 

0.354 

1.059 

0.598 
4.944 
5.176 
1.291 
2.972 

0.480 

1.483 
0.088 

0.097 
0.725 

2.880 
1.567 

1.480 
3.323 

1.482 
4.522 

0.123 
0.924 
0.200 
0.137 

11.689 

0.865 
0.085 

0.181 

0.040 

77.4 

PW-Gd-1 PW-8d-2 

- - -  --- 
27.225 2!1.008 

0.086 0.086 

0.923 0.933 

1.342 1.342 

0.354 0.178(K) 

1.059 1.059 
0.027 ( RE ( b  ")0.043( RE) 

4.944 
6.375 

- - -  (Mo) 
2.972 
0.304(Co) 
--- ( N i )  

o.oa8 

0.097 
0.725 

2.380 
1.567 

3.213(RE) 
6.426( RE) 

0.669( RE) 

2.276( RE) 

- - -  (RE) 
0.402( RE) 
0.107(RE) 
0.268( RE ) 

12.683 

- - -  ( U )  

--- ( U )  

- - -  (RE) 
--- (RE) 

77.0 

4.944 
6.375 
- - -  (Mol  
- - -  (Fe) 

0.304( Co) 
- - -  ( N i )  

0.088 

0.097 
0.125 

0. '363 ( K) 
1 .f.167 

5.114( RE) 
10..?28( RE) 
1.065(RE) 
3.622 ( RE ) 

- - -  (RE) 

0.639( RE) 
0.1 ~ O ( R E )  
0.4;'6( RE) 

- - -  ( R E )  

---  (RE) 

- - -  (RE) 

- - -  (RE) 

- - -  (RE) -- 
68.9 

PW-8e 
as de f ined 

14.077 
0.302 
0.086 

0.028 
1.342 

0.004 

0.011 
0.006 

0.049 
0.052 
0.013 
0.030 
0.005 

0.015 
0.901 

0.001 
0.007 

0.029 
0.01 6 

0.01 5 
n. 033 

0.015 
0.045 

0.001 
0.009 
0.002 
0.001 

11.689 

0.009 
0.085 
0.002 
--- 

28.0 

PW-8e-1 

14.077 
0.338 
0.086 
0.046 

1.342 

0.004 

0.01 1 
--- (RE) 

0.049 
0.064 
--- (Mo) 
--- (Fe) 

0.003( Co) 
--- ( N i )  

0.001 

0.001 
0.007 

0.028 
0.016 

0.032 (RE) 

0.064(RE) 

0.007(RE) 
0.023(RE) 

--- (RE) 
0.004 ( RE) 
0.001 ( RE) 
0.002( RE) 

11.781 

--- (E)  

---  (U) 

--- (RE) 
--- (RE) 

28.0 

a. See a l s o  p. 28, Ref 2, p. 23, Ref 3, p. 34. Ref 4, and Ref 5.  
b. Where used, chemical s u b s t i t u t e s  are shown i n  parentheses. Values l i s t e d  represent ac tua l  amount 

Dresent. I f  no value shown, then weiqht inc luded w i t h  s u b s t i t u t e .  

PW-Be-2 

14.077 
0.338 

0.086 
0.046 
1.342 

0.002(K) 
0.011 

--- (RE) 

0.049 
0.064 

--- ( M o )  
--- (Fe) 

O.O03(Co) 
--- ( N i )  

0.001 

0.001 
0.007 

0.009( K) 
0.016 

0.051 (RE 

0.102( RE 

0.01 1 ( RE 
0.036(RE 
--- (RE 

0.006( RE 

0.002(RE) 
0.004( RE) 

--- (RE) 

--- (RE) 

--- (RE) 
--- (RE) 

--- (RE) - 
16.3 

c. RE = a commercial r a r e  e a r t h  mix tu re  nominal ly c o n t a i n i n g  wt: 0.2 Y203. 24.0 La203. 48.0 Ce02, 
5.0 Pr60,1, 17.0 Nd2O3. 3.0 Sm203, 0.8 Eu203 and 2.0 Gd20j 
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DEVITRIFIED (2 MONTHS o 7rnOc1  

ERROR BARS ARE 
STANDARD DEVl AT1 ON 

t 

FIGURE 1. Leachability o f  HLW Glass, Normalized to Cesium Behavior 

ERROR BARS ARE 
STANDARD DEVl ATION 

FIGURE 2. Leachability o f  HLW Glass, Normalized to Strontium Behavior 
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Th is  i s  a l s o  t h e  o r d e r  of  i n c r e a s i n g  second phase concen t ra t i ons  (i .e. , 
Pd, Ru02, Ce02), which serve  as n u c l e a t i o n  s i t e s  f o r  c r y s t a l  growth. 

Iso thermal  i ng rowth  curves f o r  frit 73-1 y i e l d  an a c t i v a t i o n  energy f o r  

c r y s t a l  growth o f  39 kcal /mole which i s  compat ib le  w i t h  a d i f f u s i o n -  

c o n t r o l l e d  mechanism. 

was ob ta ined  w i t h  E = %78 kcal /mole.  

For  g lass  72-68 a much h i g h e r  temperature dependence 

The new g lass  composi t ions based on c a l c i n e  PW-8a-1 have been examined 

a f t e r  d e v i t r i f i c a t i o n  by t h e  g r a d i e n t  fu rnace technique. Maximum c r y s t a l -  

l i n e  concen t ra t i ons  a f t e r  1 week anneals occur red  i n  t h e  range 700 t o  800°C 

and t h e  major  phase ing row ing  i n  bo th  76-68 and 76-76 i s  a f l u o r i t e  s t r u c -  

t u r e  (ma in l y  U02). The homogeneity o f  bo th  glasses i n  t h e i r  v i t r e o u s  and 

f u l l y  d e v i t r i f i e d  s t a t e  i s  s u b s t a n t i a l l y  b e t t e r  t han  t h e  h i g h  z i n c  g lass  

72-68. Elements showing some phase separa t i on  ( v i a  x - ray  mapping on t h e  

microprobe) a r e  l i s t e d  i n  Table 2. 

TABLE 2. Elements Showing Phase Separation, 
Seven Day Anneals, 1050°C M e l t  

( a )  Both Ru and Ru02 i n  76-68, ma in l y  Ru 

( b )  F l u o r i t e  t ype  M02, a. = 5.45A, h i g h  

( c )  Spine l  phases M3O4, a t  l e a s t  two 

( d )  D e n d r i t i c  c r y s t a l s /  hexagonal c r y s t a l s ( ? )  

metal  i n  76-76. 0 

u r a n  i um . 
composi t ions.  
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( 4 )  WASTE VAPORIZATION STUDIES (W. J .  Gray and S .  A. Ga l lagher  

The purpose of t h i s  study i s  t o  inves t iga te  the vaporization behavior 
of f i s s i o n  product-containing wastes during processing, shipment, and 
storage. 
container during shipment and storage are of part icular  i n t e r e s t .  

Accident conditions involving high temperature and breach of the 

Some of t h e  e a r l i e r ( 6 )  v a p o r i z a t i o n  work on PW-4b c a l c i n e  has been 

redone t o  v e r i f y  t h e  a n a l y t i c a l  r e s u l t s  ob ta ined on t h e  vapor which was 

c o l l e c t e d .  

d i f f e r e n t  f rom e a r l i e r  r e s u l t s .  

p r imary  d i  f f e r e n c e  i s  b e l  i eved due t o  improved a n a l y t i c a l  procedures. 

document d e s c r i b i n g  t h e  r e s u l t s  o f  a l l  v a p o r i z a t i o n  s t u d i e s  t o  da te  w i l l  be 

i s s u e d  s h o r t l y .  

F i g u r e  3 shows some o f  t h e  r e c e n t  r e s u l t s ,  which a r e  somewhat 
A d i f f e r e n t  c a l c i n e  ba tch  was used, b u t  t h e  

A 

Table 3 l i s t s  we igh t  losses o f  severa l  m a t e r i a l s  a t  1200°C i n  d r y  a i r  
and i n c l u d e s  prev ious  da ta  on 72-68 g l a s s  f o r  comparison. 

except  t h e  g lass ,  were hot-pressed p e l l e t s .  I n t e r e s t i n g l y ,  t h e  d i s i l  i c a t e  

(CsA1Si04) l o s t  l e s s  than t h e  p o l l u c i t e  (CsA1Sip06), and adding sodium and 

potass ium t o  t h e  p o l l u c i t e  had no e f f e c t .  It i s  a l s o  i n t e r e s t i n g  t o  n o t e  
t h a t  t h e  smal l  a d d i t i o n  of  pyrex t o  t h e  superca lc ine  inc reased t h e  we igh t  

l o s s  o n l y  s l i g h t l y .  

A l l  m a t e r i a l s ,  

RADIOLYTIC GAS GENERATION (G. L. Tingey and W.  D. F e l i x )  

Signi f icant  pressures of gas w i Z Z  be generated in nucZear waste mate- 
r ia2s  containing residua2 moisture or  n i t r a t e  compounds. 
released e i t h e r  by thermal decomposition or  radiolyt ical2y from the ioniz ing 
radiat ion emanating from the radioactive waste materials.  

The gases are 

We have measured t h e  r a t e  o f  r e l e a s e  o f  gas f rom a s imu la ted  n u c l e a r  
waste c a l c i n e  (PW-7-2) c o n t a i n i n g  

r a d i o l y s i s  was conducted i n  a 6oCo 

was measured over  a 23-9 sample o f  

( a )  NORCUS s tudent  f rom Pennsylvan 

p t o  7 w t %  v o l a t i l e  m a t e r i a l .  

gamma f l u x  and t h e  r a t e  of gas g e n e r a t i o n  

t h e  waste m a t e r i a l .  

The 

The r a t e  of gas 

a S t a t e  U n i v e r s i t y  
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- FIGURE 3. Weight Loss from PW-4b Calc ine  A f t e r  4 h r  i n  Dry A i r  
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TAE E 3. _ _ -  

e v o l u t i o n  was 

Weight Loss o f  Waste M a t e r i a l s  A f t e r  12 h r  a t  1200°C 

Weight- 
Ma te r i  a1 Loss, % 

CsA1Si04 0.24 

CsAl S i  206 ( Pol 1 uc i t e  ) 0.43 

(Cs0.74Na0.13K0.13 )A1 S i  206 0.43 

Supercal c i  ne ( a )  0.86 

Superca lc ine(a)  + 10%) Pyrex 1.11 

72-68 Glass 8.25 

( a )  Formula t ion  75-2 developed by D r .  Greg McCarthy 
a t  Pennsylvania S t a t e  U n i v e r s i t y  

determined t o  be a l i n e a r  f u n c t i o n  o f  dose r a t e  i n  t h e  range - 5 f rom 5 x 10 

be e s s e n t i a l l y  pure oxygen. 

data( ’7)  on t h e  decomposi t ion o f  i n o r g a n i c  n i t r a t e  compounds f o l l o w i n g  t h e  

t o  2 x 10’ R/hr. The gas generated was analyzed and shown t o  

Th is  f i n d i n g  i s  c o n s i s t e n t  w i t h  pub l i shed 

n e t  chemical  r e a c t i o n :  

NO;- NO; + 1/202 

i n  compe t i t i on  w i t h  t h e  reverse  process: 

NO; + 1/202-N03. 

The r a t e  o f  oxygen genera t i on  as a f u n c t i o n  o f  t ime (see F i g u r e  4)  

decreases as t h e  pressure increases,  b u t  does n o t  appear t o  s a t u r a t e  u n t i l  

severa l  atmospheres pressure i s  achieved. 
gen i s  be ing generated a t  a r a t e  o f  about 0.23 cm3 o f  gas (STP)/g o f  waste-hr 

i n  a f l u x  o f  2 x 10 R/hr. I f  one assumes a f l u x  o f  5 x 10 R/hr f o r  a 

waste c a l c i n e  and t h e  8.5 t o r r / h r  r a t e  were t o  cont inue,  t h e  pressure i n  a 

A t  a pressure o f  1000 t o r r ,  oxy- 

7 6 
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FIGURE 4. R a d i o l y s i s  o f  PW-7s. S imulated Nuclear  Waste 

3 c a n i s t e r  w i t h  0.5 cm f r e e  volume/g o f  waste c a l c u l a t e s  t o  be about 45 atmo- 

spheres a f t e r  1 yr.  T h i s  p ressure  i s  t h e  maximum expected because t h e  
pressure  genera t ion  r a t e s  appear t o  c o n t i n u e  t o  decrease as t h e  oxygen 

pressure  increases.  Determinat ion  o f  t h e  a c t u a l  p ressure  achieved w i l l  

depend on geometry, f l u x ,  and c h a r a c t e r  o f  t h e  waste m a t e r i a l .  

FULL-LEVEL R A D I O A C T I V E  TESTS ( Y .  B. Katayama) 

F u l l y  radioactive waste glass  specimens are being prepared 0% a 
laborator;) scale .  

analyzed. 
compared with nonradioactive glasses  c.f s imilar  chemical composition as a 

funct ion of storage conditions.  

The off-gas from meZting the radioactive glass  is being 

Characterist ics of  f u l l y  radioactive glass  specimens will be 

Four 100-9 batches of g lass  were made d u r i n g  t h e  q u a r t e r .  The macro- 
p o r o s i t y  o f  t h e  g lass  was found t o  be dependent on t h e  heat-up o r  ou t -gass ing  

r a t e .  

p o r o s i t y  and low we igh t  losses.  

i n  t h e  feed, and t h e  137Cs losses  were 0.36 w t %  o f  t h e  137Cs i n  t h e  feed. 

S lowly  heated f r i t / c a l c i n e  mix tu res  r e s u l t e d  i n  glasses w i t h  low macro- 

The lo6Ru losses were 0.05 w t %  o f  t h e  Io6Ru 
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FULL-LEVEL RADIOACTIVE GLASS CHARACTERIZATION (D. J .  Brad ley  and C. E. Bigelow) 

A gamma spectroscopy u n i t  i s  be ing  designed t o  analyze h i g h - l e v e l  g lass  

and l o w - l e v e l  l each  samples be ing  generated i n  t h e  HLW glass c h a r a c t e r i z a t i o n  

program. 

LEACHING OF IRRADIATED LWR FUEL PELLETS ( Y .  B. Katayama) 

Irradiated f u e l  fragments are being leach tes ted  and the r e s u l t s  corre- 
lated with s imilar  information about common s o l i d i f i e d  HLW forms. 

235U, t h a t  had been removed from LWR fuel  rods i r r a d i a t e d  t o  an average 

burnup o f  54,500 MWD/MTU. The t e s t  r e s u l t s  a re  c o r r e l a t e d  w i t h  s i m i l a r  

i n fo rma t ion  about common s o l i d i f i e d  HLW forms i n  a r e p o r t  e n t i t l e d  "Leach- 

i n g  o f  I r r a d i a t e d  LWR Fuel P e l l e t s  i n  Deionized and T y p i c a l  Ground Water," 

Leach t e s t s  were conducted on en r i ched  U02 f u e l  fragments, w i t h  5.31 w t %  

BNWL-2057. 

The r e l a t i v e  l e a c h a b i l i t y  o f  t he  elements was found t o  decrease i n  

t h e  o r d e r  o f  Cs > Sb > S r  + Y > Pu > Cm. 

Two re lease  mechanisms were observed f o r  each r a d i o i s o t o p e  ove r  t h e  

t ime  i n t e r v a l  s tud ied .  

l o g a r i t h m i c  f o r  t h e  o t h e r  rad io i so topes .  

i n  d u r a t i o n  from 5 t o  31 days. 

l o g a r i t h m i c  and c o u l d  be f i t t e d  t o  t h e  f o l l o w i n g  express ion :  

The s h o r t - t e r m  mechanism was l i n e a r  f o r  244Cm and 

Th is  s h o r t - t e r m  mechanism ranged 

I n  every  case, t he  long- te rm mechanism was 

F r a c t i o n  re leased = B tm.  

The va lue  f o r  m was found t o  be 0.07 f o r  Hanford ground water,  0.31 
The f o r  de ion i zed  water, and 0.06 t o  0.35 f o r  b u i l d i n g  d i s t i l l e d  water.  

de ion i zed  water  was a re fe rence  leachant .  

sented t y p i c a l  a r i d  ground water  where t h e  i o n i c  species r e t a r d e d  t h e  

e f f e c t i v e  d i f f u s i o n a l  r e l e a s e  o f  t he  r a d i o i s o t o p e  t o  t h e  leachant .  The 

b u i l d i n g  d i s t i l l e d  water  was a comparison leachant  t o  t h e  WSEP leach  t e s t s  

and r e s u l t e d  i n  i n t e r m e d i a t e  l each  r a t e s .  

The Hanford ground water  rep re -  
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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 ternat ive  waste f ixac ion  pro- 
cesses and evaZuate t h e i r  waste form products t o  assure that  v iuble  backup 
processes t o  the  mainZine processes w i l l  be available i f  needed. 
nat ive  processes and products are t o  be compared f o r  cos t  and sa fe ty  t o  the 

The aZter- 

current- reference process and product, s i l i c a t e  glass  castings i n  Zarge 
metaZ canis ters .  
laboratory scale.  
i n t o  small granules or p e l l e t s  which are coated wi th  nonradioacLive i n e r t  
materials t o  provide containment ami leach resis tance.  
shapes are then incorporated i n t o  a metal rnatrbix which provides impact 
resis tance and increased thermal conductivity.  

COATING DEVELOPMENT (M. F. Browning) (a)  

The aZternative processes are being developed on the 
In the concept eurrently emphasized the waste is f o m e d  

The coated waste 

The purpose of t h i s  study i s  t o  deveZop coating materials and processes 
t h a t  can be applied t o  waste p a r t i c l e s  t o  serve as an impermeabZe barrier 
t o  the release of  radioact iv i ty .  
duplex, PyC/A1203, coatings on 1- t o  10-mm p e l l e t s .  

Current e f f o r t s  are being directed toward 

The f e a s i b i l i t y  o f  c o a t i n g  5- t o  5,000-vm c a l c i n e d  r a d i o a c t i v e  waste 

" s t a n d - i n "  p a r t i c l e s  by a chemical  vapor d e p o s i t i o n  process u s i n g  a 

f l u i d i z e d - b e d  techn ique has been demonstrated. Alumina c o a t i n g s  have been 

a p p l i e d  t o  t h e  l a r g e r  p a r t i c l e s  by a m o d i f i e d  chemical vapor d e p o s i t i o n /  

f l u i d i z e d - b e d  system which u t i l i z e d  mechanical v i b r a t i o n  t o  augment t h e  p a r -  

t i c l e  a g i t a t i o n  n o r m a l l y  ob ta ined i n  a f l u i d i z e d  bed. Several  approaches 

t o  o b t a i n  improved c o a t i n g s  on t h e  l a r g e  p a r t i c l e s  have been under i n v e s t i g a -  

t i o n  i n c l u d i n g :  
a m o d i f i c a t i o n  o f  t h e  v i b r a t i o n  system t o  inc rease p a r t i c l e  movement 

a redes ign  o f  t h e  r e a c t o r  t o  improve p a r t i c l e  c i r c u l a t i o n  

( a )  B a t t e l l e  Columbus L a b o r a t o r i e s .  
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. an increase i n  f l o w  and improved preheat of the  f l u i d i z i n g  gas t o  more 
c l o s e l y  s imulate a conventional f l u i d i z e d  bed p a r t i c l e  c i r c u l a t i o n  

pat tern.  

As a r e s u l t  o f  the  changes l i s t e d  above, t h e  f o l l o w i n g  A1203-coated p a r t i c l e  

l o t s  were prepared according t o  s p e c i f i c a t i o n s  given i n  Table 4. 
p a r t i c l e s ,  which e x h i b i t e d  promising o x i d a t i o n  p r o t e c t i o n ,  were shipped t o  

PNL f o r  t h e i r  evaluat ion.  

a i r .  

changes were so s l i g h t  t h a t  on ly  t h e  t o t a l  change over t h e  e n t i r e  t e s t  

per iod  i s  given i n  Table 5. 

These 

These l o t s  were evaluated by heat ing  a t  750°C i n  
b i g h t  changes were monitored dur ing  t h e  t e s t  per iod,  b u t  t h e  i n t e r i m  

Photomicrographs are shown i n  Figures 5, 6, 7. 

TABLE 4. A1 203-Coated P a r t i c l e  Lots Prepared a t  B a t t e l  l e  Columbus 

Coating Coating F igure 
L o t  No. Type Dia, mm Temp., "C Thickness,pm Number 

31917-96-44 PW-4a, 50% 75-75 F r i t  1 825 33 5 

31 91 7-98-45 Supercal c i  ne 1 1025 38 6 

32556-4-46A Supercalc ine 2.5 1025 68 7 

TABLE 5. Weight Changes Observed on Heat ing A1203-Coated P a r t i c l e s  

T i  me, Weight, g 
Specimen h r  I n i t i a l  Change Change, % 

31 91 7-96-44 194 1.8618 -0.0010 -0.05 

31 91 7-98-45 134 2.0132 +0.0004 +o. 02 
32556-4-46A 203 3.9537 +O. 0055 +O. 14 

PW -4a(a) 43 1.5614 +0.0128 +O .82 

Supercal c i  ne (b )  134 1 .4986 +O. 0290 +1.94 

(a)  Substrate f o r  Lo t  No. 31917-96-44 

(b)  Substrate f o r  Lo t  No. 31917-98-45 
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FIGURE 5. Nominal 1-mm Calcined Waste (PW-4a, 50% 75-75 Frit) Coated w i t h  
%33 p m  o f  A1203 a t  825°C (No. 31917-96-44) 

FIGURE 6. Nominal 1-mm Supercalcine Waste Coated w i t h  
1025OC ( N O .  31 91 7-98-45) 

38 p m  o f  A1203 a t  

FIGURE 7. Nominal 2.5-mm Supercal cine Waste Coated w i t h  68 p m  o f  Al 203 
a t  1025°C (No. 32556-4-46A) 
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A d d i t i o n a l  i n v e s t i g a t i o n s  were aimed a t  t h e  development of a duplex c o a t i n g  

c o n s i s t i n g  o f  a carbon i n n e r  c o a t i n g  t o  take  advantage of t he  s u p e r i o r  l each  

p r o p e r t i e s  of t h i s  m a t e r i a l ,  and an A1203 overcoat  t o  p r o t e c t  t he  carbon 

from o x i d a t i o n  i n  t h e  event o f  an a c c i d e n t a l  f i r e .  

P y r o l y t i c  carbon (PyC) c o a t i n g s  were a p p l i e d  t o  t h e  nominal l-mn super- 

c a l c i n e  p a r t i c l e s  a t  950 t o  1050°C by t h e  thermal decomposi t ion o f  C3H8. 

Depos i t i on  was i n i t i a t e d  a t  t h e  lower  temperature and completed a t  t h e  h i g h e r  

temperature t o  improve t h e  d e p o s i t i o n  r a t e .  The c o a t i n g s  appeared cont inuous, 

were o f  good i n t e g r i t y ,  and were no ted  t o  have i n f i l t r a t e d  t h e  p o r o s i t y  o f  

t h e  superca lc ine  m a t e r i a l  t o  a cons iderab le  ex ten t .  A t o t a l  PyC c o a t i n g  

th i ckness  o f  -26 um was app l i ed .  

The PyC-coated m a t e r i a l  was then overcoated w i t h  A1203 a t  1025°C by 

t h e  h y d r o l y s i s  of  A1C13 i n  a manner s i m i l a r  t o  t h a t  used i n  p r e p a r i n g  l o t  

No. 31917-98-45. An A?203 c o a t i n g  th i ckness  o f  nomina l l y  46 um ( range 16 

t o  73 elm) was obtained. The c o a t i n g  th i ckness  range i s  much g r e a t e r  than 

t y p i c a l l y  ob ta ined  i n  a chemical vapor depos i t ion / f lu id ized-bed process, and 
the cause has y e t  t o  be determined. 
d e n s i t y ,  b u t  a s i g n i f i c a n t  p o r t i o n  were cracked. I t  appears t h a t  t h e  c rack -  

i n g  i s  r e l a t e d  t o  t h e  r e l a t i v e  c o a t i n g  th i ckness  of t h e  PyC and A1203 coa t -  

i n g s  w i t h  t h e  t h i c k e r  PyC and t h i n n e r  A1203 coa t ings  predominant i n  those 

p a r t i c l e s  hav ing  cracked coa t ings .  A mismatch i n  t h e  thermal expansion o f  

PyC ( ' ~ 6  x 10- C ) i s  thought  t o  be r e s p o n s i b l e  f o r  
t h i s  c rack ing .  On sma l le r  p a r t i c l e s ,  t h i s  d i f f e r e n c e  has n o t  been s u f f i c i e n t  

t o  c rack  the  A1203 coa t ings  on cool-down from d e p o s i t i o n  temperature, b u t  on 
these l a r g e r  p a r t i c l e s  i t  appears t o  have presented a problem. However, t h e  

f a c t  t h a t  o n l y  a p o r t i o n  o f  t he  A1203 c o a t i n g s  cracked would seem t o  i n d i c a t e  

a b o r d e r l i n e  s i t u a t i o n  t h a t  cou ld  p o s s i b l y  be overcome by reduc ing  t h e  PyC 

c o a t i n g  th i ckness  and ove rcoa t ing  t h e  p a r t i c l e  w i t h  a s t r o n g e r  more u n i f o r m  

(>30 bm) A1203 coa t ing .  

The A1203 coa t ings  were o f  r e l a t i v e l y  h i g h  

6 -1  -6 -1 ) and A1203 ( ( ~ 8  x 10 C 

An i n v e s t i g a t i o n  has begun t o  f i n d  a source o t h e r  than  A l C 1 3  f o r  t h e  

d e p o s i t i o n  o f  A1203. 

o f  m a t e r i a l s  o f  t he  t ype  aluminum e t h y l a t e ,  p r o p y l a t e ,  and b u t y l a t e  i n  t h e  

P o t e n t i a l  candidates i n v o l v e  the  thermal decomposi t ion 
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range 550 t o  650°C. 

aluminum w i t h  n i t r o u s  ox ide  a t  ~ 6 5 0 ° C  and t h e  h y d r o l y s i s  o r  o x i d a t i o n  o f  
t r i i sobu tya luminum i n  t h e  range 400 t o  600°C. 

CHARACTERIZATION OF COATED WASTE PARTICLES (J. M. Rusin) 

Other  p o s s i b i l i t i e s  i n c l u d e  the  r e a c t i o n  o f  t r i m e t h y l -  

Coated cores o f  Lo ts  96-44 (pure c a l c i n e )  and 98-45 (superca lc ine ) ,  

as descr ibed i n  t h e  l a s t  sec t i on ,  have been hea t - t rea ted  a t  900°C f o r  

72 h r  i n  a i r .  A f t e r  24 h r  a t  900°C, approx imate ly  10% o f  L o t  96-44 

e i t h e r  cracked o r  d i sp layed  a r e a c t i o n  between t h e  core  and coat ing ;  a f t e r  

72 h r ,  over  90% of t he  coa t ings  f a i l e d .  

45 was n o t  a f fected by t h e  heat  t rea tment .  Both l o t s  were a l s o  heat-  

The su r face  c o a t i n g  o f  L o t  98- 

t r e a t e d  a t  1050OC. 

5% o f  L o t  98-45 f a i l e d  a t  72 h r .  

a f f o r d e d  by t h e  supercal  c i  ne cores.  

Compressive s t r e n g t h  has been determined f o r  Lo ts  98-45 and 96-44, 

Coat ings on L o t  96-44 f a i l e d  w i t h i n  2 h r ,  whereas o n l y  

Th is  a t t e s t s  t o  t h e  h i g h  thermal s t a b i l i t y  

f o r  uncoated cores,  and f o r  PyC- and Sic-coated s imu la ted  waste. I n d i v i d u a l  

cores were t e s t e d  on t h e  I n s t r o n  us-ing a ram speed o f  0.002 in . /m in .  

comparison, cores were assumed spher i ca l  us ing  t h e  ram gap as the  approximate 

d iameter .  The r e s u l t s  a re  l i s t e d  i n  Table 6. 

For 

TABLE 6. Compressive S t reng th  o f  P a r t i c l e s  

Core Coat ing Diameter, i n .  

Cal c i  ne Uncoated 0.0503 ? 0.0060 

Cal c i n e  33 1-1 A1203 0.0312 f. 0.0027 

Supercal c i  ne Uncoated 0.0576 ? 0.0032 

Superca lc i  ne 39 1-1 A1203 0.0625 f 0.0023 

30 1-1 Pyc 0.0170 f 0.0018 OR-2340 

Ga 5768- 

Ga 6285- 

41 200 p PyC 
18 p S i c  0.0110 f 0.0020 

01 60 1-1 PyC 0.0126 f. 0.0027 

Compressive 
Strength,  

DS i 

3050 f 1121 

6175 f 1672 

4409 t 3877 

7290 t 3473 

25807 f 4738 

10599 ? 6196 

21006 f. 10377 
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Coat ing  t h e  p a r t i c l e s  w i t h  A1203 increases t h e i r  s t r e n g t h  by n e a r l y  

a f a c t o r  o f  two. The compressive s t rcmgth o f  PyC- and Sic-coated waste 

i s  g r e a t e r  than A1203-coated cores. 

no te  t h e  d i f f e r e n c e s  i n  c o a t i n g  th ickness  and core  d iameter  (cores were 

assumed s p h e r i c a l ) .  F u r t h e r  s t r e n g t h  s t u d i e s  w i l l  be conducted on PyC- 

and PyC+Al 0 

impregnated i n  a metal  m a t r i x .  

I n  comparing s t rengths ,  one must 

coated superca lc ine  cores and A1203-coated superca lc ine  cores 2 3- 

The A1203-coated cores were leach t e s t e d  u s i n g  t h r e e  s o l u t i o n s :  

t i l l e d  water  a t  100°C ( S o x h l e t ) ,  b a s i c  (pH9) and a c i d  (pH4) a t  25°C. 

gram samples o f  t h e  b a s i c  and a c i d i c  s o l u t i o n s  were a g i t a t e d  and we igh t  

measurements were taken a t  t h r e e  25-hr per iods.  

shown i n  Table 7. 

d i s -  

One- 

Percent  we igh t  change i s  

TABLE 7. Leach Rates o f  A1203-Coated P a r t i c l e s  

% Weight Loss 
Time Per iod, h r  - pH9, 25OC pH4, 25°C Soxhlet ,  100°C 

SUPERCALCINE CORE 31 91 7-98-45 

1 s t  24 +O .05 0 -0.02 

2nd 24 0 0 0 

3 rd  24 to .01 0 t0 .07 

72 t o t a l  t 0 .06  0 t0 .05 

CALCINE CORE 31 91 7-96-44 

1 s t  24 t o .  37 +0.60 t o .  50 
2nd 24 t0 .13  t0 .14  + O .  21 

3 rd  24 +O .08 +0.25 t o .  21 

72 t o t a l  t 0 .48  +o. 99 t o .  92 

The weight  g a i n  f o r  t h e  superca lc ine  i s  i n s i g n i f i c a n t  (0.05% = 0.5 mg), 

whereas the  g a i n  f o r  t h e  c a l c i n e  i s  s i g n i f i c a n t .  SEM photomicrographs i l l u s -  

t r a t e  a t o t a l  l o s s  o f  A1203 c o a t i n g  s u r f a c e  s t r u c t u r e  on t h e  c a l c i n e  upon 

leach ing .  Besides d i f f e r e n c e s  i n  core  m a t e r i a l s ,  t h e  c o a t i n g s  d i f f e r  i n  

a p p l i c a t i o n  temperature.  

whereas t h e  1025°C c o a t i n g  c o n t a i n s  o n l y  a lpha alumina. 

The 825°C c o a t i n g  c o n t a i n s  kappa and gamma alumina, 
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GLASS MARBLE PRODUCTION ( J .  M. Rusin) 

The purpose of t h i s  uork i s  t o  develop methods t o  produce a d  encapsu- 
la t e  appsoximateZy 3 kg o f  HLW g las s  marbles i n  a metal matrix. 

Small quantit ies of marbles have been produced a t  PNL and by an 
outside subcontractor. The marbles were formed by vibrating remelted ICM 
glass in graphite molds. 
remelted a t  1200°C, which resulted in a spherical marble approximately 3/8 in. 
diameter. Lower me1 ting temperatures (.J1lOOoC) were used in some cases 
which resulted in an ellipsoidal-shaped marble approximately 5/8 by 3/8 in. 

The marbles produced a t  PNL were formed from glass 

The marbles will be encapsulated in a metal matrix by gravity sintering 
o r  casting. Optimum marble diameter, matrix material selection, and matrix 
loading will be determined from heat flow calculations. Major factors will 
be waste loading and softening point of the glass,  and thermal conductivity 
of the composite. Preliminary d a t a  will be obtained on marbles in a copper 
metal matr ix ,  and impact strength and thermal conductivity of the single 
components and composite will be measured. 

METAL MATRIX ( K .  R .  Sump) 

The purpose of t h i s  study i s  t o  develop a metal matrix f o r  increasing 
the  thermal conduct iv i ty  and impact s trength of containers of HLW. 

Gravity sintering of metal powder i s  being studied as a means of fab- 
ricating the metal matrix around HLW par t ic les .  Matrices fabricated by 
th i s  process can withstand higher temperatures t h a n  those prepared by cast-  
ing. In  addition, th i s  process i s  readily adaptable t o  h o t  cell  use. 

Sintered compression specimens o f  brass, copper, e lec t ro ly t ic  iron, 
s t ee l ,  and s ta inless  s teel  were fabricated and tested.  The 53% dense 
s ta inless  steel  was the strongest. These specimens did n o t  contain any 
simulated waste par t ic les .  
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Pure A1203 spheres, uncoated supercalcine, uncoated ca l c ine - f r i t  
particles, and Al2O3-cmted supercalcine materials were put i n  matrices. 

CALCINE CORE (PELLET) DEVELOPMENT (A. A. Garrett) 

The purpose of th is  task is to evaltvrte the d isc  pe t te t i zer  as a means 
to fom and coat pe t l e t s  (cores) of catoine p d e r  which can be incorporated 
i n  a metd  matrix. 

Approximately 100 l b  of various sized cores (pe l le ts)  were produced 
using the disc pe l le t i zer  during April, Uay, and June 1976. 
PU-4b calcine powders mixed with dif ferent glass f r i t s  were used t o  form 
the cores. 
appears t o  be an acceptable binder i n  most instances. 

PW-7a and 

Several l i q u i d  and so l i d  binders were evaluated, but water 

Waste oxide loading up t o  about 80 w t %  produced good, high density 
cores when sintered t o  l l oO°C.  

About 5 l b  of the sintered cores were fed back i n t o  a clean disc pel- 
l e t i z e r  along with Pyrex frit. The frit formed a uniform coating on each 
core. Coating thicknesses between 200 and lo00 IJ were obtained. 
cores were sintered t o  pa r t l y  v i t r i f y  the coatings. The result ing coated 
cores are qui te  rugged and leach resistant. 

The coated 

Figure 8 shows a cross section o f  one core wi th  a 1000 p pyrex fr it 
coating. 
Them1 expansion characteristics have not been ful ly investigated, but, 

i n  general, the coating and core appear t o  be compatible i n  terms o f  thermal 
expansion. 
poros i ty . 

There appears t o  be a good bond between the core and the coating. 

Preliminary findings also indicate the coatings have a low 

SUPERCALCINE (6. 3. McCarthy)(’) 

The Materials Research Laboratoq a t  Pennsytvania State University, 
University P a r k ,  PA, i s  par t idpat iny  i n  this  program through an investigation 
of crystatt ine ceramic waste f o m ,  whioh are potentiat advanced aptions 

(a) Pennsylvania State University, University Park, PA 
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FIGURE 8. PW-4b P e l l e t  Coated w i t h  Pyrex F r i t  (8X) 

t o  meZt-formed HLW glass or  gZass-ceramics. 
t o  deveZop a waste form i n  which aZZ of the radioactive atoms w i l l  be i so-  
Zated i n  thermaZly and chemicalZy s table  c r y s t a l l i n e  phases. Because t h i s  
waste form uses the e x i s t i n g  calcining processes wi th  a compositionaZ2y modi- 

The object ive  of t h i s  study i s  

f i e d  waste l iquid it has been termed "supercaZcine. '' 
couZd be considered aZone as an improved calcine product, current emphasis 
i s  on i t s  use as high s t a b i l i t y  "cores" i n  the rnuZtibarrier waste form. 

AZthough supercaZcine 

CRYSTALLINE PHASES FOR CESIUM AND RUTHENIUM FIXATION (S.  A. Gallagher, 

R. G. Johnston and G. J .  McCarthy) 

The purpose of t h i s  study i s  t o  determine the b e s t  crystaZline phases 
f o r  cesium, ruthenium and te l lurium f i x a t i o n .  
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Emphasis during the last quarter was on further critical examination 
of 
of 
as 

ca 

cesium and ruthenium fixation phases for superca 
work on developing supercalcine formulations for 
PW-7a and PW-8a. 

A cesium fixation phase must prevent cesium vo 
cine crystallization firings. Thermogravimetric 

cine and on initiation 
high-sodium wastes such 

atilization during super- 
analysis on cesium 

aluminosilicates was performed by S. A.  Gallagher during her 3-month stay 
at PNL. Pollucite, CsA1Si206, appears to have more than adequate thermal 
stability for cesium fixation in supercalcine. 

Based on thermal stability characterization of HLW calcine and glass 
products, it appeared that ruthenium volatilization during supercalcine 
crystallization was going to be a major problem. 
ment of a ruthenium phase as one of the first objectives in supercalcine 
studies. 
SrRu03 was chosen as the best possibility. However, in spite of earlier 
promising, but preliminary results, SrRu03 is not suitable as a ruthenium 
fixation phase. Strontium oxide has il greater affinity to form alumino- 
silicates than to form SrRu03. This means that added SrO can prevent com- 
plete cesium fixation as pollucite during the supercalcine crystallization 

crystallization is being assessed, since residual Ru02 was observed routinely 
in most phase assemblages after firings of up to 3 hr at 1200°C. 

We thus set the develop- 

After an extensive survey o f  candidate phases and solid solutions, 

. firing. The possibility of leaving ruthenium as Ru02 during supercalcine 

SUPERCALCINE FOR HIGH SODIUM WASTES (G. J .  McCarthy, D. E. Pfoertsch and 
M. T. Davidson) 

The p’urpose of t h i s  study i s  t o  develop supercaZcine formuZations 
containing a1 1 nonradioactive comerci.al waste atoms. 

and issued during the quarter. (8) With the very promising results from the 
cold engineering-scale demonstration o f  a supercalcine formulation based on 
PW-4b,(’) we have been asked to investigate the application of supercalcine 

A technical progress report on supercalcine development was prepared 
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concepts t o  t h e  h i g h  sodium, " d i r t y " ,  wastes PW-7a and PW-8a. 

NaA1Si04, looks  l i k e  t h e  b e s t  cand ida te  f o r  sodium f i x a t i o n .  

m o d i f i c a t i o n s  t o  t h e  phase fo rmat ion  models w i l l  be necessary because o f  t h e  

h i g h  sodium concen t ra t i on .  

concentr , i t ions,  t h e  s c h e e l i t e  s t r u c t u r e  phase, SrMo04, r e a c t s  

cub ic  s o d a l i t e  s t r u c t u r e  phase, Sr2Na6A16Si6024(Mo04)2 o r  (6NaA1SiO4-2SrMoO4). 

T h i s  t ype  o f  phase has a l s o  been observed as one o f  t h e  produc ts  i n  t h e  

d e v i t r i f i e d  g lass-ceramic HLW p roduc t  under i n v e s t i g a t i o n  a t  t h e  tlahn-Mei t n e r  

I n s t i t u t e .  ( l o )  The r a r e  ea r ths  s t i l l  c r y s t a l l i z e  i n  an a p a t i t e  s t r u c t u r e  

phase, b u t  t h i s  phase appears t o  have a s u b s t a n t i a l  sodium concen t ra t i on .  

Nepheline, 

Ex tens ive  

For  example, i n  t h e  presence o f  h i g h  nephe l ine  

t o  form a 

Based on observa t ions  d u r i n g  severa l  complex c o m p a t i b i l i t y  s tud ies ,  i t  

appears t h a t  good o v e r a l l  thermal  s t a b i l i t y  a t  as h i g h  as 1200°C m igh t  be 

a t t a i n a b l e  f o r  nepheline-based superca lc ine  f o r m u l a t i o n s .  

ROLE OF TELLURIUM I N  SUPERCALCINE (D.  E. P f o e r t s c h  and G.  J .  McCarthy) 

An ex tens i ve  l i t e r a t u r e  search f o r  r e l e v a n t  ox ide  c r y s t a l  chemis t ry  o f  

t e l l  u r i  um has been completed. A t  h i  gh temperatures, t e l l  u r ium i s  usual l y  

hexava len t  and a lmost  always i n  s i x f o l d  c o o r d i n a t i o n  w i t h  oxygen. 

mat ion  was found on t h e  p o t e n t i a l  s o l i d  s o l u b i l i t y  of t e l i u r i u m  i n  a p a t i t e  

o r  s c h e e l i t e  s t r u c t u r e  ox ide  phases. A s tudy  o f  t h i s  p o s s i b i l i t y  has been 

i n i t i a t e d .  

No i n f o r -  

26  



REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

J. L. McEl r o y  , Q u a r t e r l y  Progress Report,  Research and Development 
A c t i v i t i e s  Waste F i x a t i o n  Program, January th rough March 1976, 
BNWL-2070, B a t t e l l e ,  P a c i f i c  Nor thwest  Labora to r ies ,  Rich land,  WA 
99352. 
J. L. McElroy, Q u a r t e r l y  Progress Report,  Research and Development 
A c t i v i t i e s  Waste F i x a t i o n  Program, A p r i l  th rough June 1974, 
BNWL-1841, B a t t e l l e ,  P a c i f i c  Northwest Labora to r ies ,  Rich land,  WA 
99352, J u l y  1974- 

J. L. McEl roy ,  Q u a r t e r l y  Progress Report,  Research and Development 
- A c t i v i t i e s  Waste F i x a t i o n  Program, J u l y  through September 1974-, 
BNWL-1871, B a t t e l l e ,  P a c i f i c  Nor thwest  Labora to r ies ,  Rich land,  WA 
99352 , November 1974. 

J. L. McElroy, Q u a r t e r l y  Progress Report,  Research and Development 
A c t i v i t i e s  Waste F i x a t i o n  Program, January th rough March 1975, 
BNWL-1808, B a t t e l l e ,  P a c i f i c  Northwest Labora to r ies ,  Rich land,  WA 
99352, June 1975. 

J. L. McEl r o y  , Q u a r t e r l y  Progress Report,  Research and Development 
A c t i v i t i e s  Waste F i x a t i o n  Program, October th rough December 1975, 
BNWL-1994, B a t t e l l e ,  P a c i f i c  Northwest Labora to r ies ,  Rich land,  WA 
99352, A p r i l  1976. 

J. L .  McElroy, Q u a r t e r l y  Progress Report,  Research and Development 
A c t i v i t i e s  Waste F i x a t i o n  Program, A p r i l  th rough June 1975, BNWL-1932, 
B a t t e l l e ,  P a c i f i c  Northwest Labora to r ies ,  September 1975. 

E. R. Johnson, The R a d i a t i o n  Induced Decomposit ion o f  I n o r g a n i c  and 
Mo lecu la r  Ions .  Gordon and Breach Science Pub l i she rs ,  New York, NY, 
1970. 

G. J .  McCarthv. "Hiah-Level Waste Ceramics; M a t e r i a l s  Cons idera t ions ,  
Process Simul>t ionsdand Product. C h a r a c t e r i z a t i o n  . I '  

PP. 92-105, Vol. 3 2 ( 1 ) ,  January 1977. 
Nuclear  Technology, 

Reference 1, Sec t ion  3.6 

A. K. D6 e t  a l . ,  "Development o f  Glass-Ceramics f o r  t h e  I n c o r p o r a t i o n  
o f  F i s s i o n  Products . "  Am. Ceram. SOC. B u l l .  - 55:500, 1976. 

27 



. 



DISTRIBUTION 

BNWL-2242 
UC-70 

No. o f  
Copies 

No. o f  
Copies 

' OFFSITE 

UNITED STATES 

A. A. Churm 
ERDA Chicago Patent Group 
9800 South Cass Avenue 
Argonne, I L  60439 

W. G. B e l t e r  
ERDA D i v i s i o n  o f  Biomedical 

Ear th  Sciences Branch 
Washington, DC 20545 

and Environmental Research 

W . - E .  Mo t t  
ERDA D i v i s i o n  o f  Environmental 

Contro l  Techno1 ogy 
Washington, DC 20545 

R. W.  Ramsey 
ERDA D i v i s i o n  o f  Environmental 

Contro l  Technology 
Was h i  ng ton  , DC 20545 

D. W. Readey 
ERDA D i v i s i o n  o f  Physical  

Research 
Washington, DC 20545 

C. R. Cooley 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

G. W. Cunningham 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

G. H. Daly 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

C .  H. George 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

C. A. Heath 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

C. W.  Kuhlman 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

J .  Leary 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Was h i  ng ton , DC 20545 

G. Oer te l  
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

A. F. Perge 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

D i s t r - 1  



R. D. Walton 
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

D. L. V i e t h  
ERDA D i v i s i o n  o f  Waste 

Management Product ion 
and Reprocessing 

Washington, DC 20545 

K. K. Kennedy 
ERDA Idaho Operations O f f i c e  
P.O. Box 2108 
Idaho F a l l s ,  ID 83401 

E. H. Hardison 
ERDA Oak Ridge Operations 

O f f i c e  
P.O. Box X 
Oak Ridge, TN 37830 

J .  J .  Schreiber 
ERDA Oak Ridge Operations 

O f f i c e  
P . O .  Box X 
Oak Ridge, TN 37830 

R. L. Chandler 
ERDA Savannah River  Operations 

O f f i c e  
P.O. Box A 
A i  ken, SC 29801 

277 ERDA Technical I n fo rma t ion  
Center 

B. R. Dickey 
A l l i e d  Chemical Corporat ion 
550 Second S t r e e t  
Idaho F a l l s ,  I D  83401 

J .  A. Buckham 
Al l ied-General  Nuclear Service 
P.O.  Box 847 
Barnwell  , SC 29812 

W. J .  Godfrey 
A1 1 i ed-General Nucl ear  Service 
P.O. Box 847 
Barnwell, SC 

A. Wi l l iams 
A1 1 i e d  Genera 
P.O. Box 847 
Barnwell ,  SC 

2981 2 

Nuclear Service 

2981 2 

L. Jard ine 
Argonne Nat ional  Laboratory 
9700 South Cass Avenue 
Argonne, I L  60439 

M. M. S t e i n d l e r  
Argonne Nat ional  Laboratory 
9700 South Cass Avenue 
Argonne, I L  60439 

M. F. Browning 
B a t t e l l e  Columbus Laborator ies 
500 King Avenue 
Columbus, OH 43201 

Bechtel Corporat ion 
50 Beale S t r e e t  
San Francisco, CA 94119 

M. Steinberg 
Brookhaven Nat ional  Laboratory 
Research L i b r a r y  
Reference Sect ion 
I n f o r m a t i  on D i  v i  s i  on 
Upton, Long Is land,  NY 11973 

R. Beckmann 
Combusti on Engineering , I nc . 
Combus i on D i v i s i o n  
Windsor, CT 06095 

M. G. B r i t t o n  
Corning Glass Works 
Technical S t a f f s  D i v i s i o n  
Corning, NY 14830 

D i  s ' t r - 2  



L 

D. L. Z i e g l e r  
Dow Chemical Company (ERDA) 
Rocky F l a t s  D i v i s i o n  
P.O. Box 888 
Golden, CO 80401 

R. F. Bradley 
E . I .  duPong DeNemours and Co. 
Savannah R iver  Laboratory 
A i  ken, SC 29801 

C. H. I c e  
E . I .  duPont DeNemours and Co. 
Savannah R iver  Laboratory 
A i  ken, SC 29801 

A. S. Jennings 
E . I .  DuPont DeNemours and Co. 
Savannah R iver  Laboratory 
Aiken, SC 29801 

R. F. Wi l l iams 
E l e c t r i c  Power Research 

I n s t i t u t e  
3412 H i  11 view Avenue 
P.O. Box 10412 
Palo A l to ,  CA 94304 

2 G. L. Meyer 
Environmental P ro tec t i on  Agency 
Technology Assessment D i v i s i o n  

O f f i c e  o f  Radiat ion Programs 
Washington, DC 20460 

(AW-559) 

R. G. Barnes 
General E l e c t r i c  Company 
175 Curtner Avenue (M/C 160) 
San Jose, CA 95125 

A. Carson 
General E l e c t r i c  Company 
175 Curtner Avenue (M/C 150) 
San Jose, CA 95125 

L. H. Brooks 
General Atomic Company 
P.O.  Box 81608 
San Diego, CA 92138 

J. J. Shefc ik  
General Atomic Company 
P.O. Box 81608 
San Diego, CA 92138 

C.  W. Chr istenson 
Los Alamos S c i e n t i f i c  

Laboratory (ERDA) 
P.O. Box 1663 
Los Alamos, NM 87544 

John Pomeroy 
Technical Secretary  
Nat ional  Academy o f  Sciences 
Committee o f  Radioact ive Waste 

Nat ional  Research Council 
2101 C o n s t i t u t i o n  Avenue 
Washington, DC 20418 

Management 

J. P. Duckworth, P lan t  
Manager 

Nuclear Fuel Services,  Inc .  
P.O. Box 124 
West Val ley,  NY 14171 

W. Lewis, Vice Pres ident  
Nuclear Fuel Services,  Inc .  
6000 Execut ive Blvd. ,  

Rockv i l l e ,  MD 20852 
Su i te  600 

R. B. Chitwood 
NRC D i rec to ra te  o f  L icens ing  

f o r  Fuels and Ma te r ia l s  
4915 St. Elmo Avenue 
Bethesda, MD 20014 

S.  H. Smiley 
NRC D i rec to ra te  o f  L icens ing  

f o r  Fuels and Ma te r ia l s  
4915 S t .  Elmo Avenue 
Bethesda, MD 20014 

W. P. Bishop 
NRC D i v i s i o n  o f  Ma te r ia l s  and 

Fuel Cycle F a c i l i t y  
L i cens i ng 

Washington, DC 20555 

D i  s t r - 3  



J .  S. Parry  
NRC D i v i s i o n  o f  Ma te r ia l s  and 

Washington, DC 20555 
Fuel Cycle F a c i l i t y  L icens ing  

2 Oak Ridge Nat ional  Laboratory 

Centra l  Research L i b r a r y  
Document Reference Sect ion 
P.O. Box X 
Oak Ridge, TN 37830 

( ERDA) 

J .  G. Cl ine,  
General Manager 
NYS Atomic and Space Development 

230 Park Avenue, Rm. 2425 
New York, NY 10017 

A u t h o r i t y  

2 Oak Ridge Nat ional  Laboratory 

Laboratory  Records Dept. , 

P.O. Box X 
Oak Ridge, TN 37830 

( ERDA) 

ORNL-RC 

G. J .  McGarthy 
Pennsylvania S ta te  U n i v e r s i t y  
Ma te r ia l s  Research Laboratory 
U n i v e r s i t y  Park, PA 16802 

M. A.  Thompson 
Rockwell I n t e r n a t i o n a l  
Rocky F l a t s  D i v i s i o n  
Golden, CO 80401 

R. W. Lynch 
Sandi a Labora tor ies  
A1 buquerque, NM 87107 

P. 0. O'Br ien 
Sandia Labora tor ies  
A1 buquerque , NM 871 07 

W.  Weart 
Sandi a Laborator ies 
A1 buquerque , NM 871 07 

T. R. Simpson 
TWR Defense and Space Systems 

Technical In format ion Center 

One Space Park 
Redondo Beach, CA 90278 

Group 

S-1930 

J .  0. Blomeke 
Union Carbide Corporat i  on (ORNL) 
Chemical Technology D i v i s i o n  
P.O. Box Y 
Oak Ridge, TN 37830 

3 

H. W .  Godbee 
Union Carbide Corporat ion (ORNL) 
Chemical Technology D i v i s i o n  
P.O. Box Y 
Oak Ridge, TN 37830 

C. D. Zerby 
Union Carbide Corporat ion (ORNL) 
Chemical Technology D i v i s i o n  
O f f i c e  o f  Waste I s o l a t i o n  
P.O. Box Y 
Oak Ridge, TN 37830 

R. G. Post 
Col lege o f  Engineer ing 
U n i v e r s i t y  o f  Arizona 
Tucson, AZ 85721 

FORE I GN 

P. J .  Dyne 
Atomic Energy o f  Canada, L td.  
W .  N. R. E. P i  nawa , Manitoba 
ROE 1LO 
CANADA 

J .  A. C.  Marples 
Atomic Energy Research 

Establ ishment 
Harwell , Didcot,  Berks 
ENGLAND 

r 

D i  s t r - 4  



N. S. Sunder Rajah 
Bhabha Atomic Research Centre 
Government o f  I n d i a  
H a l l  No. 5 
Trombay 
Bombay 8s 
I N D I A  

R .  P. Rand1 
Bundesminister ium fiir B i ldung  und 

Wessenschaft 
D53 Bonn 12 
Post fach  120124 
GERMANY 

Bundeminister ium filr Forschung 
Und Tec hnol og i e 

Stresemannstrasse 2 
5300 Bonn 
GERMANY 

D r .  Mrs. B e l l  
Center f o r  Atomic Energy 

Documentation (ZAED) 
P.O. Box 3640 
7500 K a r l  sruhe 
GERMANY 

2 R. Bonniaud 
Centre de Marcoule 
B. P .  106 
30 - Bagnols S/Ceze 
FRANCE 

F. Gera 
CNEN 
CSN Casaccia L. I .S .  
C.  P. 2400, 00100 
Rome, ITALY 

D r .  W.  Heimerl  
Gelsenberg A k t i e n g e s e l l s c h a f t  
Entwicklungsgruppe J u l i c h  
c / o  Kernforschungsanlage ( ICT) 
517 J u l i c h  1, Pos t fach  1913 
GERMANY 

Gesel 1 schaf t fijr 

7301 Leopoldshafen 
GERMANY 

Wiederaufarbei tung 
von Kernbrenns to f fen  mbH (GWK) 

G e s e l l s c h a f t  Fir Kernforschung 

Post fach  3640 
7500 K a r l  sruhe 
GERMANY 

(Gfk) 

Hans W. Lev i  
Hahn-Meitner I n s t i t u t  
1 B e r l i n  39 
G1 i e n i  c k e r s t r  . 100 
GERMANY 

W. Lu tze  
Hahn-Meitner I n s t i t u t  
1 B e r l i n  39 
G l i e n i c k e r s t r .  100 
GERMANY 

E. R. Merz 
I n s t i t u t  f u r  Chemische 

Kernforschungsanloge J u l i c h  

D517 J u l i c h  
Pos t fach  365 
GERMANY 

Technologie 

GmbH 

K. H. Rat tay  
I n s t i  t u t  fiir Chemische 

Kernforschungsanloge J u l i c h  

D517 J u l i c h  
Pos t fach  365 
GERMANY 

Technologie 

GmbH 

2 I n t e r n a t i o n a l  Atomic Energy 
Agency 

Kar tne r  Ring 11 
P.O. Box 590 
A l O l l  , Vienna 
AUSTRIA 

KFA- Kern f o r s c hu ng s a n 1 age 
J u l i c h  GmbH 
Post fach  191 3 
5170 J u l i c h  1 
GERMANY 

D i s t r - 5  



Willy Bocola 
L a b o r a t o r i o  d i  Ingegner ia  
S a n i t a r i a  
V i a  A n g u i l l a r e s e  km 1 + 300 
Roma, ITALY 

2 W. Krause 
Nuclear  Research Center 
Waste Management Dept. 
D75 K a r l  sruhe 
Weberstr.  5 
GERMANY 

D r .  Hartmut W i t t e  
NUKEM GmbH 
Post fach  11 00 80 
6540 Hanau 11 
GERMANY 

T. Sakakura 
Power Research and Nuclear  

Reprocessing Division 
PNL (1-9-13, Alasaka Minato-Ku, 
Tokyo ) 
JAPAN 

Fuel  Development D i v i s i o n  

D r .  H. F. Ramdohr 
c / o  F r i e d r i c h  Uhde Gmbh 
46 Durtmund $ 

Degg ins t re  10-12 
GERMANY 

4 ERDA Rich land OPerations O f f i c e  

Produc t ion  and Waste Manage- 

0. L. E l g e r t  
R. B. Goranson 
F. R. S tander fe r  
M. J. Zamorski 

ment Program D i v i s i o n  

1 ERDA Rich land Operat ions O f f i c e  

Safe ty  and Qual i ty Assurance 

3. H. Straub, D i r e c t o r  
D i  v i  s i  on 

9 Rockwell  Hanford Operat ions 

D. J .  
R. J. 
D. R. 
R. E. 
E. J. 
I .  E .  
J. H. 
w. w. 
D. D. 

Coc keram 
Gimera 
Gus tavson 
Issacson 
Kosianc ic  
Ree p 
Roec k e r  
Schul z 
Wodri ch 

3 Exxon Nuclear  Company 

S. J. Beard 
L. T. Lakey 
M. E. Spaeth 

J. H. C. Cast ro 1 J o i n t  Center f o r  Graduate Study 
Univers idade Federa l  de Sao Car los 
Department de Engenharia de L.  C. Olsen 

13560 Sao Carlos,  S.P. 1 Westinghouse Hanford Company 
BRAZ I L 

D. W. C l e l l a n d  
Un i t e d  K i  ngdom Atorni c Energy 

Au t h o r i  ty  
R i  s l  ey , ENGLAND T. W .  Ambrose 

Mater i a1 s 

G. L. Richardson 

60 B a t t e l l  e-Northwest 

T. D. Anderson 
ONS ITE J. W .  B a r t l e t t  

D. N. Berger 
1 ERDA Rich land Operat ions O f f i c e  W. J. B j o r k l u n d  

H. T. B l a i r  
Programs D i v i s i o n  W .  F. Bonner 

i 

D i  s t r - 6  



L 

- . . . . . ... .. . . . . . . . . . . . . . . . .. - . - . . - . . .- 

B a t t e l  le-Nor thwest  ( c o n t ' d )  

D. J. Brad ley  
J. L. B u e l t  
N. E. C a r t e r  
C. C. Chapman 
T. D. C h i k a l l a  
R. D. D i e r k s  
J .  W .  F i n n i g a n  
A. A. G a r r e t t  
M. S. Hanson 
J .  C. H a r t 1  
J .  H. J a r r e t t  
Y.  B. Katayama 
W. S.  K e l l y  
R. S. Kemper 
D. E. Know1 t o n  
D. E. Larson 
J .  M. Lukacs 
R. P. Marsha l l  
J .  L. McElroy (10)  
J .  E. Mendel 
W .  J .  M i k o l s  
R. E. N i g h t i n g a l e  
II. E. Olesen 
A. M. P l a t t  
D. L. Prezbindowski ( 2 )  
F. P. Roberts 
L. A. Romero 
W .  A. Ross 
J .  M. Rusin 
D. H. Siemens 
S. C .  S l a t e  
R. L. T r e a t  
R. P. T u r c o t t e  
H. H. Van Tuyl  
J. H. Westsik, J r .  
L. D. W i l l i a m s  
W .  K. Winegardner 
Technica l  I n f o r m a t i o n  ( 5 )  
Technica l  Pub1 i c a t i o n s  ( K K )  

D i s t r - 7  


	I PREVIOUS REPORTS
	SUMMARY
	LISTOFFIGURES
	LISTOFTABLES
	INTRODUCTION
	SECTION 1 COMMERCIAL WASTE FIXATION
	IN-CAN MELTING
	DEVELOPMENTAL SPRAY CALCINER
	JOULE-HEATED CERAMIC MELTER
	FLUIDIZED-BED CALCINATION
	ICM INSTRUMENT SUPPORT

	SECTION 2 WASTE FORM CHARACTERIZATION
	MELT DEVELOPMENT
	FIXATION PROGRAM
	THERMAL EFFECTS ON STORED GLASS
	PHASE BEHAVIOR
	WASTE VAPORIZATION STUDIES
	RADIOLYTIC GAS GENERATION
	FULL-LEVEL RADIOACTIVE TESTS
	FULL-LEVEL RADIOACTIVE GLASS CHARACTERIZATION
	LEACHING OF IRRADIATED LWR FUEL PELLETS

	SECTION 3 ALTERNATIVE WASTE FIXATION PROCESSES
	COATING DEVELOPMENT
	CHARACTERIZATION OF COATED WASTE PARTICLES
	GLASS MARBLE PRODUCTION
	METALMATRIX
	CALCINE CORE (PELLET) DEVELOPMENT
	SUPERCALCINE
	CRYSTALLINE PHASES FOR CESIUM AND RUTHENIUM FIXATION
	SUPERCALCINE FOR HIGH SODIUM WASTES
	ROLE OF TELLURIUM IN SUPERCALCINE

	REFERENCES
	e..
	Behavior
	Weight Loss from PW-4b Calcine After 4 hr in Dry Air
	Radiolysis of PW-7a Simulated Nuclear Waste
	A1203 at
	A1203 at
	PW-4b Pellet Coated with Pyrex Frit

	Supplement No
	1050°C Melt

	3 Weight Loss of Waste Materials After 12 hr at 1200°C
	4 A1203-Coated Particle Lots Prepared at Battelle Columbus
	5 Weight Changes Observed on Heating A1203-Coated Particles
	6 Compressive Strength of Particles
	7 Leach Rates of A1203-Coated Particles
	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors









