
b 
CLASSIFICATION SNTIFICATION NC 

I 

ww - 7--- - - - 

Pacific Northwest Laboratories 
R~chland, Washirrl:ton 90352 

-- JUNE 1978 
T I T L E  AND AUTHOR CONTRACT PROJECT NO. 

B - 1830 

UNITED STATES DEVELOPMENTS IN THE SOLIDIFICATION OF - 1831 

HIGH-Lm RADIOACTIVE WASTE RESERVED FOR TECH. INFO. USE 

W. F. BONNER AND J. L. McELROY 

D I S T R I B U T I O N  

NAME COMPANY LOCATION NAME COMPANY LOCATION 

NOTICE 

rponcnmd hy the Unitcd Statol Cmmmnt.  Wlher tho 
United States nor the United Stater D c p m n t  of 
Energy, nor any of their employees, nor my of their 
muacton, rubwnmcton, or Uleir mployeea, makea 
my wuraniy, e x p n  or implied. or u r u m  my kgrl 
liability or wpoo(ibRiiy for the a m n c y ,  manp(etenm 
or upafu!nm of m y  infommtion. sppantu~. product or 
procslr d k l o ~ d ,  or rrprrrnb that its ur would not 

~BTRIBUTION OF THIS DOCUhmNT IS UNLIMIT 

ROUTE TO PAYROLL NO. COMPANY LOCATION FILES DATE ROUTE SIGNATURE ANI;lff;A7(e v 



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. 



UNITED STATES DEVELOPMENTS I N  THE SOLIDIFICATION 
OF HIGH-LEVEL RADIOACTIVE WASTE 

To be p r e s e n t e d  a t  N u c l e a r . 1 9 7 8 ,  5 t h  I n t e r n a t i o n a l  
F a i r  and T e c h n i c a l  M e e t i n g  o f  N u c l e a r  I n d u s t r i e s ,  
a t  Base l ,  S w i t z e r l a n d ,  O c t o b e r  4, 1978 

b y  
W.  F. Bonner 
J. L. M c E l r o y  

BATTELLE 
PACKFIC NORTHWEST LABORATORIES 
RICHLAND, WASHINGTON 

PREPARED FOR THE U.S.DEPARTMENT OF ENERGY 
UNDER CONTRACT EY-76-6-06-1830 

-- _ _ _ _  _ _ _  -.__ - 



ABSTRACT 

UNITED STATES DEVELOPMENTS I N  THE SOLIDIFICATION 
OF HIGH--LEVEL RADIOACTIVE WASTE 

W i l l i a m  F. Bonner 

and 

Jack L. McElroy 

A major  waste s o l i d i f i c a t i o n  resea rch  and development program i s  being 

conducted by B a t t e l l e  P a c i f i c  Northwest Labo ra to r i es  under t h e  sponsorship 

o f  t he  Un i ted  Sta tes  Department o f  Energy. 

I n  the  s p r i n g  of 1977, t h r e e  high-'capaci t y  processes f o r  s o l i d i f y i n g  

s imu la ted  h i g h - l e v e l  l i q u i d  waste became o p e r a t i o n a l .  The t h r e e  processes 

' are:  t h e  j o u l  e-heated, ceramic-1 i n e d  cont inuous me1 t e r ,  t h e  in -can me1 te.r, 

and the  spray c a l c i n e r .  Recent o p e r a t i o n a l  exper ience w i t h  these and o t h e r  

processes a r e  descr ibed i n  t h i s  r e p o r t .  

The cont inuous ceramic me1 t e r  began o p e r a t i o n  i n  February 1977. S i  nce 

t h a t  t ime, bo th  l i q u i d  and c a l c i n e d  s imu la ted  h i ,gh- level  waste have been f e d  

t o  t he  m e l t e r .  M e l t i n g  r a t e s  o f  ov.er 100 kg per  hour have been demonstrated 

w h i l e  c a l c i n e  feed ing  and l i q u i d  f e e d i n g  r a t e s  o f  100 l i t e r s  per  hour have 

a l s o  been demonstrated. A wide range o f  waste composi t ions has been conver ted 

t o  g lass  i n  t h e  ceramic me1 t e r  i n c l u d i n g  composi t ions simul a t i  ng defense wastes 

s tored '  a t  Hanford and Savannah R i v e r  i n  t h e  U n i t e d  Sta tes .  By May 1978, over  

25,000 kg o f  g lass  had been produced and poured i n t o  m i l d  s t e e l  o r  s t a i n l e s s  

s t e e l  c a n i s t e r s . u p  t o  3 f t  i n  d iameter  by 9-112 f t  t a l l .  The t i l t  t o  pour 

d r a i n  mechanism worked .very w e l l ,  r e l i a b l y  s topp ing  and i n i t i a t i n g  l i q u i d  m e l t  

f low as needed. . . 

The in -can me1 t i n g  fu rnace i n  o p e r a t i o n  s i n c e  A p r i l  i s  capable o f  produc- 

i n g  c a n i s t e r s  o f  g lass  up t o  28 i n .  d iameter  by 8-112 f t  t a l l .  The maximum 

m e l t i n g  r a t e  o f  t h e  i n - can  m e l t i n g  process has been found t o  be rough l y  a  

l i n e a r  f u n c t i o n  o f  t h e  c a n i s t e r  d iameter .  M e l t i n g  r a t e s  i n  a  24 i n .  c a n i s t e r  

can be over  100 kg per  hour.  Improved i n t e r n a l  m e t a l l i c  f i n  designs have 

helped t o  b r i n g  about t h i s  c a p a c i t y  inc rease.  A gamma emiss ion technique capa- 

b l  e  o f  m o n i t o r i n g  me1 t l e v e l s  t o  w i t h i n  1 i n .  d u r i n g  in -can me1 t i n g  has been 



developed. The dep th  o f  unmel t e d  m a t e r i a l  on t h e  me1 t s u r f a c e  can be de te rmined  

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

system can a l s o  be moni tored.  Seventeen l a r g e - s c a l e  c a n i s t e r s  have been f i l l e d  

t o  d a t e  o f  w r i t i n g  w i t h  s imu la ted  h i g h - l e v e l  waste g l a s s  i n  t h i s  u n i t .  

The f u l l - s c a l e  heated w a l l  sp ray  c a l c i n e r ,  a l s o  s t a r t e d  up i n  A p r i l ,  has 

been opera ted  a t  l i q u i d  feed  r a t e s  exceeding 309 l i t e r s  pe r  hour.  A l l  waste 

compos i t ions  t e s t e d  a r e  c a l c i  neabl e, even wastes c o n t a i n i n g  ove r  95 pe rcen t  

sod i  um ca t ions ' .  The newly  des igned remo te l y  r e p l a c e a b l e  a t o m i z i n g  nozz le  has 

been f i t t e d  w i t h  a  ceramic i n s e r t  t o  a v o i d  ab ras ion  problems. Another  t y p e  o f  

nozz le  compa t i b l e  w i t h  a i r - 1  i f t  1  i q u i d  f e e d i n g  has a1 so been demonstrated. 

P a r t i c u l a t e s  p e n e t r a t i n g  t he  f i  1  t e r s  a r e  observed t o  be i n  t h e  0.5 t o  5 microm- 

e t e r  range and over  99 pe rcen t  of t h e  p a r t i c l e s  p e n e t r a t e  t h e  f i l t e r s  immed ia te ly  

f o l  1  owing f i 1  t e r  b l  owback .. 
B o r o s i l i c a t e  g lasses  have been developed f o r  most o f  t h e  a n t i c i p a t e d  h i g h -  

l e v e l  r a d i o a c t i v e  waste composi t ions.  Long-term thermal and r a d i a t i o n  s t a b i l i t y  

t e s t s  a r e  underway. Glass d e v i  tri f i e d  d u r i n g  h igh- tempera tu re  s to rage  has, a  

modest f a c t o r  o f  2  t o  10  i nc rease  i n  l e a c h  r a t e .  R a d i a t i o n  doses e q u i v a l e n t  t o  

beyond 250,000 years  have n o t  shown any ev idence of  p h y s i c a l  damage t o  t h e  

g l a s s .  



INTRODUCTION AND BACKGROUND 

At Pacific .Northwest Laboratory (PNL) processes are being 

developed for the vitrification of nuclear high-level liquid 

waste (HLLW). This work is being carried out by Battelle- 

Northwest (BNW) for the United States Department of .Energy (DOE) . ' 
Prior to 1977 much.of this work was developed to be able to 

handle the anticipated HLLW that would arise from the commercial 

reprocessing of spent power reactor fuel. At that time, the 

equipment was designed to be capable of vitrifying liquid waste 

at a rate in excess of that required by a five ton per day 

nuclear fuel reprocessing plant. .This choice of size has been 

fortunate because a major emphasis of the current program is 

directed toward providing the technology to convert existing 

wastes in the :United States to glass. Because of the large 

volume of these wastes, high capacity processes are desirable. 

For example, if a decision were made to remove and vitrify 

HLLW from storage tanks at the Savannah River Plant in Aiken 

south Carolina, the calciner(s) would have to dry in excess of 

. 500 liters per hour and the melter(s) would vitrify nearly five 

tons of glass per day. The equipment now being tested by PNL 

could meet these rates with approximately two parallel units. 

In addition to existing wastes, the program is beginning ' 

to assess prohlems that may arise if an alternative fuel 

cycle, such as thorium, is developed in the United States. 

Because of the presence of fluoride, the wastes from this.cycle 

are expected to present materials problems that will'require 
\ 

solutions, but the same processes that have been developed are 

expected to be appiicable. Thus, the processes are expected 

to be able to handle a wide spectrum.of waste compositions 

typical of those presented in Figure 1. 



FIGURE 1. Typical High-Level Waste Compositions 

P205 - 1.6 Fe203 - 6.3 CaO - 3.3 

Fission Products - 88.0 F - 1..5 Fe203 - 31.6 

U308 - 2.9 

Others - 3.8 

Fission Products - 40.6 

Others - -4.4 

Currently, the system comprised of the spray calciner and con- 

tinuous ceramic melter is receiving the most emphasis. This system 

is preferred by most because of its combined features of high capacity 

and broad adaptability to waste c6mpositions and the potential for 

producing a high quality glass. The ceramic melter also is potentially 

capable of direct liquid feeding, thus eliminating the need for a 

calciner. The in-can melting system tested during the WSEP program (a) 

is being developed as a backup to the ceramic melter. Some additional 

development work is being carried out with a fluidized bed calciner, 

a modification of the system used at the Idaho National Engineering 

Laboratory to solidify existing HLLW. Finally, a small portion of 

th'e U.S. program is continuing to look at advanced waste forms such 

as glass marbles, ceramic pellets and metal matrices. 

a. J. L. McElroy, et al., Waste Solidification Program, Volume 11, 
Evaluation of WSEP High-T,evel Waste Solidification Proccsscs, 
BNTa-1667 (June 1972). 



SPRAY CALCINATION 

The heated w a l l  sp ray  c a l c i n e r  has been developed m a i n l y  a t  PNL. P i l o t - s c a l e  
. . 

r a d i o a c t i v e  t e s t i n g  as w e l l  as f u l l - s c a l e  n o n r a d i o a c t i v e  t e s t i n g  has been con- 

duc ted .  S i g n i f i c a n t  improvements have been accompl ished i n  t h e  c a l c i n e r  com- 

ponents  i n  r e c e n t  y e a r s  t h a t  a f f e c t  o p e r a t i n g  performance. 

PROCESS DESCRIPTION 

The spray  c a l c i n e r  c o n s i s t s  o f  an e x t e r n a l  l y  heated v e r t i c a l  c y l  i n d e r  i n t o  

wh ich  l i q u i d  waste i s  sprayed. See F i g u r e  1 .  Pneuma t i ca l l y  atomized l i q u i d  

waste i s  d r i e d  and ca lc ined .  as i t  f a l l s  t h rough  t h e  700°C c a l c i n a t i o n  chamber. 

Heat i s  p rov ided  by an e x t e r n a l  m u l t i z o n e  furnace. E n t r a i n e d  c a l c i n e  c o l l e c t s  
! on porous s t a i n l e s s  s t e e l  f i l t e r s  and f a l l s  d i r e c t l y  i n t o  t h e  a t t ached  v i t r i f i -  

c a t i o n  process a f t e r  be ing  removed by a p e r i o d i c  p u l s e  o f  blowback a i r .  Opera- 

t i o n  o f  side-mounted v i b r a t o r s  p reven ts  accumula t ion  o f . c a l c i n e  a t  any p o i n t  

i n  t h e  c a l c i n e r .  

OPERATING EXPERIENCE 

; .  . I n  A p r i l ,  1977, t h e  sp ray  c a l c i n e r  shown. in  F i g u r e  2 was s t a r t e d  up. The c a l -  
2 c i n e r  i s  3  f t  i n  d i ame te r  by 10  f t . - t a l l  and c o n t a i n s  f t  f i l t e r  area.  A t  

t h e  t i m e  o f  t h i s  w r i t i n g ,  l i q u i d  feedra tes  of  over  300 l i t e r s  p e r  hour have 

been demonstrated i n  t h i s  u n i t  d u r i n g  400 o p e r a t i n g  hours.  M o d i f i c a t i o n s  a r e  

c u r r e n t l y  be ing  per formed t o  f u r t h e r  i n c r e a s e  t h e  c a p a c i t y .  

To reach  f l o w  r a t e s  of  t h i s  magnitude, a t o m i z i n g  nozz les  w i t h  a  minimum o r i f i c e  

o f  1 /4  i n c h  a r e  r o u t i n e l y  used. The need f o r  a  f low c o n t r o l  v a l v e  i n  t h e  f e e d  

system has been e l i m i n a t e d .  The a t o m i z i n g  nozz le  can a c t  much l i k e  an o r i f i c e  

f lowmeter  be ing  c a l i b r a t e d  a g a i n s t  l i q u i d  pressure,  a i r  p ressure  and a i r  f l o w -  

r a t e  t o  i n d i c a t e  t h e  l i q u i d  f eed ra te .  L i q u i d  f eed ra te  thus  known can be r e a d i l y  

a d j u s t e d  by a d j u s t i n g  o n l y  a tom iz i ng  a i r  p ressure .  E l i m i n a t i o n  o f  t he  r e q u i r e -  

ment f o r  a  p r e s s u r i z e d  feed  system has a l s o  been demonstrated by use o f  e x t e r n a l  

m i x  nozz les.  Sp ray ing  systems, se tup  No. 70, has been r o u t i n e l y  used i n  t h e  

new c a l c i n e r .  Standard a i r  l i f t  techn iques  may thus be used w i t h  a  spray c a l c i n e r  
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The spray ca lc iner  i s  exceptional l y  f l e x i b l e  t o  waste composition. Wastes con- 

t a in ing  over 95% sodium cat ions  have been calcined by the  addi t ion of s i l i c a  t o  

the  feed stream. Dras t i c ,  instantaneous changes i n  feedstock concentration or  

composition have 1 i  t t l  e ,  i f  any, a f f e c t  on ca l c ine r  performance. 

Calcine mass mean p a r t i c l e  diameter can be control led i n  the  15 t o  220 pm range 

by varying the nozzle type, the l i qu id - to - a i r  r a t i o ,  and the furnace temperature. 

Tests  performed w i t h  cyclone dentrainnent ra ther  than f i l t e r s  have been sucessful .  

Removal e f f i c i enc i e s  of 95% a re  rou t ine ly  achieved with a low-pressure drop 

cyclone separator .  The user thus has a choice of cyclone.or f i l t e r .  

Par t i cu la tes  passing through the  s i  ntered s t a i n l e s s  s tee l  f i  1 t e r s  between blow- 

backs have been analyzed and found t o  be l e s s  than 0.5 pm.in diameter. Over 99% 

of t he  pa r t i cu l a t e  mass passing through t he  f i l t e r s  does so immediately . fo l low- 

ing blowback. These pa r t i c l e s  range from 0.5 t o  5 pm i n  diameter. . Maximizing. 

time between f i l t e r  blowbacks i s  thus des i rab le .  Blowback times of over one 

hour have been t e s t ed .  Under these  condi t ions ,  l e s s  than 0.005% of the ca lc ine  

penetra tes  the . f  i  1 t e r s .  

CERAMIC MELTER 

Development of the  joule-heated ceramic melter  f o r  v i t r i f i c a t i o n  of radioact ive  
I 
i waste began a t  PNL i n  l a t e  1973. Since t h a t  time, t h i s  technology has been 

incorporated i n  many radioact ive  waste v i t r i f i c a t i o n  f a c i l i t i e s  around the world. 
I The spray ca lc iner  and ceramic me1 t e r  i s  being developed as  the  primary system 

f o r  v i t r i f i c a t i o n  of the  neutral ized waste s tored a t  Savannah RSver. 

PROCESS DESCRIPTION 

Energy i s  supplied t o  the  joule  heated ceramic me1 t e r  by passing a1 te rna t ing  

c u r r e n t  through mol ten  g lass  between '-inunersed e lec t rodes .  As shown in  
i, 
! Flgure  1 , ca lc ine  and f r i t  flow from a c a l c i n e r  d i r e c t l y  onto the  surface  of 

t h e  molten g lass  forming a r e l a t i v e l y  cool l ayer  o r  cold \ cap on the  me1 t .  The 

mixture continuously s e t t l e s  and me1t.s i n t o  the  molten pool. After  a given 

i res idence  time, the  me1 t flows up through a r i s e r  i n to  the overflow trough and 

d i scharges  i n to  t he  receiving c a n i s t e r .  Discontinuation of me1 t flow t o  a1 low 
I 
I c a n i s t e r  changeout i s  accomplished by simply t i  1 t i n g  the  en t i  r e  me1 t e r  back 



two  t o  f i v e  degrees. D u r i n g  c a n i s t e r  changeout ,  g l a s s  i s  accumulated b u t  

o t h e r w i  se t h e  me1 t e r  ope ra tes  normal l y .  A f t e r  changeout i s  complete,  t h e  

m e l t e r  i s  t i 1  t ed  back t o  o p e r a t i n g  l e v e l .  The c a h i s t e r  i s  t hen  coo led ,  capped 

and sea l  -.welded, 1  eak checked, decontami na ted  and removed t o  s to rage .  

Due t o  i t s  e f f i c i e n t  hea t  i n p u t  c a p a b i l i t i e s ,  f e e d i n g  o f  l i q u i d  waste t o  t h e  

ceramic m e l t e r , ' w i t l i o u t  p r i o r  c a l c i n a t i o n ,  i s  an a t t r a c t i v e  o p t i o n .  I n  t h i s  

process, l i q u i d  waste and s l u r r i e d  g l a s s  fo rmers  f l o w  i n t o  t h e  m e l t e r  c o v e r i n g  

t h e  me1 t su'rface w i t h  a  b o i l i n g  l i q u i d  l a y e r .  Me1 t e r  o f f - g a s  t r e a t m e n t  i s  t hus  

t h a t  of an evapo ra to r .  As l i q u i d  waste i s  added, e q u i l i b r i u m  i s  e s t a b l i s h e d  w i t h  

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

poo l .  TWO s e t s  of h o r i z o n t a l  e l e c t r o d e s ,  one above t h e  o t h e r ,  a r e  used i n  t h e  

l i q u i d  f e d  m e l t e r :  Du r i ng  l i q u i d  feeding,  power can be i nc reased  t o  t h e  upper  

e l e c t r o d e s  near t h e  s u r f a c e  of  t h e  g l a s s  m e l t  when most energy i s  needed t o  

v a p o r i z e  t h e  l i q u i d .  Otherwise, t h e  m e l t e r  i s  c o n s t r u c t e d  and f u n c t i o n s  s i m i l a r  

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

OPERATING EXPERIENCE 

I n  February of 1977, a con t i nuous  m e l t e r  termed t h e  l i q u i d  f e d  ceramic m e l t e r  

capab le  of  p rocess ing  over  100 l i t e r s  p e r  hour  of  l i q u i d  waste was s t a r t e d  up. 

I n  A p r i l  1978, a  me1 t e r  coup1 ed t o  t h e  p l a n t - s c a l e  spray  c a l c i n e r  and capable 

o f  p roduc ing  g l ass  a t  over  100 kg p e r  hour  was s t a r t e d  up. S ince  s t a r t u p ,  b o t h  

me1 t e r s  have been ma in ta i ned  a t  o p e r a t i n g  temperature.  A t  t h e '  t ime  o f  t h i s  

w r i t i n g ,  over  25 m e t r i c  tons  o f  g l a s s  have been produced i n  t h e  l i q u i d  f e d  

me1 ter .duri ny 500 uptfr.d 1 i IICJ J.IOUI-S. 

The t i 1  t - t o -pou r  concept  i n  wh ich  me1 t d i scha rges  t h rough  an over f low has prove'n 

r e 1  i a b l e .  The e n t i r e  me1 t e r  i s  t i 1  t e d  i-2' t o  s t a r t  o r  s t o p  t h e  d ra inage  o f  g l a s s .  

F l e x i b l e  connec t ions  a r e  r e q u i r e d  b u t  j u d i c i o u s  l o c a t i n g  of  j o i n t s  r e l a t i v e  t o  

t h e  p i v o t  p o i n t  can m in im ize  t h e  d i f f i c u l t y .  Hea t i ng  o f  t h e  o v e r f l o w  area w i t h  

g l o b a r  hea te rs  has been success fu l .  

I ncone l  690 e l  ec t rodes  c o n t i n u e  t o  e x h i b i t  s u p e r i o r  p r o p e r t i e s  f o r  h igh-1 eve1 

waste g l a s s  use. A f t e r  two yea rs  o p e r a t i o n ,  o n l y  m in ima l  a t t a c k  has been 

observed. Monofrax K - 3  r e f r a c t o r y  chosen f o r  i t s  o u t s t a n d i n g  c o r r o s i o n  r e s i s t a n c e  

and i t s  low e l  e c t r i c a l  c o n d u c t i v i t y  has per formed we1 1  . Even though sub jec ted  



t o  repea ted  therma l  shock when ma l f unc t i ons  occur  d u r i n g  l i q u i d  feeding, smal l  

c racks  a r e  observed i n  t h e  r e f r a c t o r y  b u t  s i g n i f i c a n t  s p a l l i n g  has n o t  been 

observed. 

Foaming i n  t h e  m e l t e r ' w a s  observed u s i n g . s i m u l a t e d  Savannah R i v e r  waste. .Wh i l e  

m e l t i n g  t h i s  compos i t ion ,  carbonates i n  t h e  waste decomposed a t  a  temperature 

where t h e  g l a s s  was q u i t e  v iscous .  T h i s  caused t h e  m a t e r i a l  t o  foam and sub- 

s t a n t i a l l y  reduce t h e  p rocess ing  r a t e .  Subsequent o p e r a t i o n s  have shown t h a t  

foaming can be avo ided  by p roper  s e l e c t i o n  of g l a s s  f o r m e r ' s  p h y s i c a l  and 

chemical  p r o p e r t i e s  a l o n g  w i t h  a p p r o p r i a t e  me1 t f o r m u l a t i o n s .  

M e l t  i s  n o r m a l l y  d r a i n e d  i n t o  carbon s t e e l  can is te r ' s  t h a t  a r e  up t o  3 f t  i n  

d iameter  by  9-1/2 f t  t a l l .  Several  m e t r i c  t ons  o f  g l a s s  a r e  con ta ined  i n  each 

c a n i s t e r .  D u r i n g  an extended t e s t  w i t h  s i m u l a t e d  Hanford n e u t r a l i z e d  waste, 

c a n i s t e r s  were f i l l e d  i n  a i r  a t  an  average r a t e  o f  95 kg /h r .  A l though f i l l e d  

w i t h o u t  e x t e r n a l  h e a t i n g  o r  c o o l i n g ,  incompe l te  f i l l i n g  o r  s i g n i f i c a n t  thermal 

d i s t o r t i o n  o f  t h e  c a n i s t e r s  was n o t  observed.  The h i g h e s t  c a n i s t e r  e x t e r n a l  

s u r f a c e  tempera tu re  was 475°C. 

Du r i ng  ope ra t i on ,  w a l l  mounted e l e c t r o d e  tempera tu res  remain s i g n i f i c a n t l y  below 

t h a t  o f  t h e  me1 t. Temperatures i n  t h e  b u l k  o f  t h e  me1 t a r e  as h i g h  as 1300°C 

w h i l e  e l e c t r o d e s  remain  a t  1000 - 1050°C. Temperatures a t  t h e  t o p  o f  a  10 - i n .  

t h i c k  c o l d  cap a r e  below 200°C. T h i s  s e l f c o o l i n g  f e a t u r e  i s  a t t r a c t i v e  f o r  

a s s u r i n g  l o n g  me1 t e r  1  i f e .  

; IN-CAN MELTING 
j 

The i n - c a n  m e l t i n g  process has been demonstrated b o t h  r a d i o a c t i v e l y  on a  p i l o t -  

i s c a l e  and n o n r a d i o a c t i v e l y  w i t h  c a n i s t e r s  ove r  2 - f t  i n  d iameter .  I t  i s  an 
1 

ex t reme ly  simp1 e  and we1 1  devel  oped process.  
I 

I PROCESS DESCRIPTION 
t 

> 
I n -can  me1 t i n g  u t i l  i z e s  t h e  waste c a n i s t e r  as t h e  me1 t i n g  c r u c i b l e .  A  c a n i s t e r  

i i s  p l aced  i n s i d e  a  v e r t i c a l  m u l t i z o n e  furnace, coup led  t o  t h e  o u t p u t  of  a  c a l -  
l 

1 c i n e r ,  t hen  heated t o  1000 t o  1050°C. 'Ca lc ine  and g lass - fo rming  f r i t  f l o w s  
I 

I i n t o  t h e  c a n i s t e r  where i t  i s  me1 t e d  and s l o w l y  f i l l s  t h e  c a n i s t e r .  Tempera- 
! 
, t u r e s  i n  a l l  furnace zones a r e  c o n t r o l l e d  s imp l y  by thermocouple o u t p u t .  



bjhen a  canis ter  i s  f i l l e d ,  the c a l c i n e l f r i t  stream i s  diverted to  the other 

canis te r  in an adjscent 'furnace. Clean f r i t  or other materials may be added 

a t  t h i s  point t o  immobilize any unvi tr i f ied material in the unfilled portion 

of the canis ter .  After f i l l i n g  i s  complete, the canis te r  i s  he ld .a t  melting . . 

temperature f o r  two to four hours to  complete melting. 

OPERATING EXPERIENCE 

The PNL plant-sc'ale i.n-can me1 t e r  became operational in April of 1977. This 

me1 t ing  furnace i s  capable of producing canis ters  8 f t  t a l l  by u p  to  28 in .  in  

diameter. 

Forty- two engi neeri ng-scal e  cani s t e r s  of simulated radioactive waste 'have been 

produced by the in-can melting process. : During a  recent 10-day continuous . .  

operation t e s t  with the spray calcinerlin-can me1 t e r ,  . 1 2  canis ters  of glass 

were produced. Since i t  i s  desirable  -that a  commercial canis ter  not be 

encumbered with thermocouples e i the r  inside or on the surface,  a l l  canis ters  

during th i s  r u n  were f i l l e d  without reliance on temperature or  visual monitoring 

In f a c t ,  two of the canis ters  were f i l l e d  with viewing windows and temperature 

indicators t o t a l l y  obscured. In a l l  cases,  the canis te rs  were f i l l e d  properly. 

A gamma emission technique has been developed fo r  monitoring i  n-can me1 ting 

progress. This system, diagrammed in Figure 3 , r e l i e s  on gamma radiation from 

the radioactive waste to  indicate  the me1 t level in  the canis te r .  Tiny holes 

in the cell  wall , a c t  as coll  imators to  level nloni toring even t h o u g h  the canis te r  

may be several meters from the waql. Tests with radioactive canis ters  show 

the 111el t - a i r  ir'l'ler'face can be monitored to  within one inch quite readi ly.  

Holdup of a  radioactive material anywhere in the canis te r  (or processing 

equipment) can be detected by i t s  gamma emissions. 

To avoid unmelted material being l e f t  in the unfil led portion of the canis te r ,  

the en t i r e  canis te r  i s  placed in the heated zone of the furnace. A t  completion 

of me'l t i  ng, a  l l materia l c'l i ngi ng to  the surface of the canister has been 

observed to  be sintered or me1 ted to  form a material with leach resistance simi- 

l a r  t o  tha t  of the glass in the bulk of the canis te r .  Approximately 0.05 % ,of the 
. . glass  i s  loose in the neck of the canis te r .  Should future c r i t e r i a  require tha t  

the loose natersial i r l  -the canis ter  neck be eliminated, a  clean f r i t  or other 

material may be added on completion of the me1 ting step before cool-down. 





! 

Melting rates  of over 100 kg/hr have been demonstrated in the in-can melter. 

Melting r a t e  i s  a strong function of canis te r  diameter as shown in Figure 4 . 
These canis ters  contain internal unattached s ta in less  s teel  f i n s  for  increas- . 

ing the melting r a t e .  Canisters from 1 2  inches diameter t o  24 inches diameter 

have been f i l l e d  in the same me1 t i  ng furnace. A broader s ize  range i s  possi- 

ble in a properly designed furnace. The me1 ting ra tes  shown a re  greater 

than tha t  required for  a 1500 ton/year fuel processing f a c i l i t y  and a re  about 

the r a t e  required f o r  v i t r i fy ing  defense waste a t  both the Savannah River and 

the Hanford s i t e s .  

The in-can melter i s  r e l a t ive ly  insensi t ive to  waste composition. Since the 

me1 ting crucible i s  removed with each canis te r  of glass ,  accumulations in the 

melter can not occur. Reducing agents such as s i l icon  metal to  control 

second phase formation can be readi ly handled. Waste compositions simulating 

defense wastes a t  Savannah River and Hanford as well as numerous wastes repre- 

sentative of processing spent fuel have been v i t r i f i e d  in the in-can me1 t e r .  

Canisters f i l l e d  using the mu1 tizone in-can me1 ting furnace have shown tha t  

1 i t t l  e' e f fec t  i s  observed from m u 1  t i  zone operation. Canister wall temperatures 

are  controlled by monitoring furnace temperature. I t  has been found tha t  

adequate heating of the canis te r  wall can be readily achieved; however, with a 

furnace designed to  receive variable s i ze  canis te rs ,  cooling one zone of the 

canis ter  while heating an adjacent zone t o  1050°C has not been successful. 

Vertical heat t ransfer  within the canis te r  and furnace preclude differences 

of more than about 200°C betdeen adjacent zones of the furnace. 



FIGURE 4 

IN-CAN MELTER CAPACITY 

- 

- 

- 
MAX I MUM 

- 

- 

- 

AVERAGE 

CAN D I AMETER, inches 



GLASS PROPERTIES 

H igh - l eve l  waste g l a s s  produced i n  these  processes i s  h i g h  qua1 i t y .  An exten-  

s i v e  program i s  underway e v a l u a t i n g  t h e  d u r a b i l i t y  o f  t h e  l a r g e - s c a l e  c a n i s t e r s  

o f  g l ass .  

P o t e n t i a l  d i s p e r s i o n  mechanisms f o r  r a d i o n u c l i d e s  have been eva lua ted  and found 

t o  be low. Res is tance  t o  wa te r  l e a c h i n g  i s  s i m i l a r  t o  py rex  g l ass .  Even when 

d e v i t r i f i e d ,  t h e  waste g l a s s  l e a c h  r a t e  i s  s i m i l a r  t o  common b o t t l e  g l a s s .  

Resis tance t o  d i s p e r s i o n  i n  a i r  i s  h i g h  due t o  t h e  smal l  amount o f  r e s p i r a b l e  

p a r t i c l e s  even a f t e r  thermal o r  mechanical  shock. D i s p e r s i o n  by  v o l a t i l  i z a t i o n  

f r o m  h o t  g l a s s  would occu r  o n l y  d u r i n g  an a c c i d e n t  c o n d i t i o n .  A t  g l a s s  tempera- 

t u r e  o f  670°C, t h e  v o l a t i l i t y  r a t e  i s  low, e q u i v a l e n t  t o  a  l e a c h  r a t e  o f  
2  l ~ - ~ . g / c m  d a y .  

Exposure o f  t h e  waste g l a s s  t o  t h e  e f f ec t s  of  h i g h  temperatures (650 - 900°C) 

can produce c r y s t a l  g rowth  termed d e v i  tri f i c a t i o n .  The l a r g e s t  e f f e c t  o.f 

d e v i t r i f i c a t i o n  was observed a f t e r  one y e a r  a t  700°C--a l e a c h  r a t e  i nc rease  of 

one o rde r  o f  magnitude. Normal ly ,  l e a c h  r a t e  inc reases  a f t e r  d e v i t r i f i c a t i o n  

i s  on  t h e  o rde r  o f  a  f a c t o r  o f  2  t o  5. The o v e r a l l  performance o f  g l a s s  appears 

good i n  p o t e n t i a l  l e a c h i n g  environments.  

S i g n i f i c a n t  p rogress  has been made e v a l u a t i n g  t h e  e f f ec t s  o.f a lpha  r a d i . a t i o n  

damage i n  t he  g l ass .  Changes i n  g l a s s  d e n s i t y  and s t o r e d  energy,due t o  accumu- 

l a t e d  a lpha r a d i a t i o n  dose, have .been observed t o  s t a b i l i z e  a f t e r  doses equ iva-  

l e n t  t o  about  1000 yea rs .  Some r e p r e s e n t a t i v e  d a t e  f o r  HLW 'g lass  a t  25°C i s  

shown i n  F i g u r e  5. These da ta  a r e  a n t i c i p a t e d  t o  be i n d i c a t i v e  o f  o t h e r  p r o p e r t y  

changes. r e s u l  t i n g  f r o m  r a d i a t i o n  damage. 
. 

Acce le ra ted  a lpha  r a d i a t i o n  damage i s  o b t a i n e d  by s u b s t i t u t i n g  2 4 4 ~ m  f o r  chemi- 

c a l l y  s i m i l a r  r a r e  e a r t h  ma te r - i a l s  i n  t h e  g l ass .  Tho~~sands  o f  .years of  a lpha  

damage can thus  be s i m u l a t e d  i n  a  few weeks. D e n s i t y  changes occu r  due t o  

rearrangement o f  atoms w i t h i n  t h e  g l a s s  m a t r i x  as a  r e s u l t  mai n l y  o f  nuc l e a r s  

r e c o i l  d u r i n g  a lpha  p a r t i c u l a t e  emiss ion .  The d e n s i t y  i nc reases  observed a r e  

n o t  a n t i c i p a t e d  t o  be d e t r i m e n t a l .  Some waste g lasses have been observed t o  

d c n s i f y  l e s s  t han  shown and o t h e r s  a c t u a l l y  expand under a l pha  r a d i a t i o n .  

S to red  energy occurs  when atoms d i s l o d g e d  f r om t h e  s i l i c a t e  m a t r i x  come to  res t  



in a higher energy s t a t e .  On heating, energy i s  released as atoms return to  

the i r  l a t i c e  posit ion. Due to the selfhealing nature of glass ,  stored energy 

decreases with increasing temperature. 

RADIOCHEMICAL ENGINEERING &MOTE ASPECTS 

. . 
The spray balciner and in-can melter have been operated 

previously with radioactive wastes in the WSEP remote 

engineering cells. (a) At that time high levels of 

radioactivity and fission product heat were attained from 

blending fresh Purex defense waste and fission product 

solutions. The spray calciner and in-can meelter are current.1~ 

being prepared to operate again with various types of high-level 

radioactive wastes. New design- features -are being incorporated . 

that will improve the equipment reliability. These include a 

side-mounted calciner vibrator and an abrasion resistant feed 

atomizing nozzle. 

A remotely operable and maintainable continuous ceramic 

melter is currently being designed for operating in the WSEP 

cells. This wiil be the first melter of this type to be tested 

with ali of the remotely operable features. The melter will be 

coupled to the existing spray calciner. It will employ several 

alternative draining techniques and Inconel-690 electrodes. 

The melter lining will be K-3 refractory bricks. Cold testing 

of this meltei is scheduled f,or early 1979. 

One of the final steps in completing the technology for 

the spray calciner and in-can melter will be the generation of 

a technical design manual. This manual will include a 

deizailed architect-engineer design of this equipment as it 

would be operated in an actual plant. This design is just 

recently underway. The technical design manual will be 

completed in late 1979. 
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