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AB STKACT 

The Zeol i t e  V i t r i f i c a t i o n  Demonstrat ion Program (ZVDP) has s u c c e s s f u l l y  

v i t r i f i e d  t h e  z e o l i t e  used i n  t h e  Submerged Demine ra l i ze r  System (SDS)  a t  Three 

M i l e  I s l a n d  (TMI) U n i t  2 t o  a b o r o s i l i c a t e  g l a s s  produc t .  Under t h e  ZVDP, t h e  

U.S. Department o f  Energy a u t h o r i z e d  t h e  P a c i f i c  Nor thwest  Labora tory  (PNL) t o  
demonstrate t h e  v i t r i f i c a t i o n  process on a f u l l  s c a l e  by use of  t h e  in -can 

me1 t e r  p rocess .  

T h i s  program was accomplished i n  two phases. The f i r s t  phase developed a 

g l  ass fo rmul  a t i  on and demonstrated t h e  v i  tri f i c a t i  on process w i t h  nonradi  o- 
a c t i v e  m a t e r i a l s .  The second phase r e c e i v e d  t h r e e  r a d i o a c t i v e  1 i n e r s  f rom t h e  

SDS and v i t r i f i e d  t h e  z e o l i t e  con ta ined  i n  each. 

The f i r s t  o f  t h e  t h r e e  r a d i o a c t i v e  l i n e r s  c o n t a i n e d  a t o t a l  o f  -13,000 C i  
(137Cs, 9 0 S r ,  and a s s o c i a t e d  daughter  p r o d u c t s ) ,  and was r e c e i v e d  from TMI 

d u r i n g  May o f  1982. The second and t h i r d  SDS l i n e r s  were r e c e i v e d  i n  January 

o f  1983 and c o n t a i n e d  a t o t a l  o f  -113,000 C i  each. 

The r a d i o a c t i v e  z e o l i t e  f rom each o f  t h e  t h r e e  l i n e r s  vJas v i t r i f i e d  i n  

f o u r  c a n i s t e r s .  Each c a n i s t e r  was f i l l e d  t o  a h e i g h t  o f  about  2 m w i t h  v i t r i -  

f i e d  p r o d u c t  and weighed about  170 kg. The process e f f l u e n t s  were a l s o  char-  

a c t e r i  zed t o  p r o v i d e  b a s i c  o f  f -gas engi  n e e r i  ng da ta  around which an e f f e c t i v e  

o f f - g a s  p rocess ing  system cou l  d be  designed. 

These s t u d i e s  conc l  uded t h a t  emi s s i  on o f  me1 te r -genera ted  aeroso l  s i s 

r e s p o n s i b l e  f o r  most r a d i o a c t i v e ,  p r o c e s s - r e l a t e d  1 osses t o  t h e  o f f - g a s  sys- 

tem. T r i t i u m ,  i n  t h e  fo rm o f  water  vapor ,  i s  t h e  o n l y  s i g n i f i c a n t  gaseous 

r a d i o a c t i v e  e f f l u e n t  genera ted  by t h e  v i t r i f i c a t i o n  o f  TMI z e o l i t e  waste. 

ii 



ACKNOWLE DGEME NTS 

The au thors  would l i k e  t o  acknowledge t h e  e f f o r t s  o f  G. N. Buck, 

E. L. Doan, S. D. Halstead,  S. J. Kostorowski , and C. M. Andersen. Without t h e  

s i n c e r e  d e d i c a t i o n  and i n i t i a t i v e  demonstrated by these i n d i v i d u a l s ,  t h e  

success fu l  comple t ion  o f  t h i s  p r o j e c t  would no t  have been poss ib le .  



CONTENTS 

ABSTRACT ................................................................... i 

SUMMARY .................................................................... 1 

INTRODUCTION ............................................................... 2 

PROCESS DEVELOPMENT F3R HOT-CELL OPEkATIONS ................................ 2 

ZEOLITE PREPARATION ....................................................... 10 

OPERATIONS SUMMARY ........................................................ 13 

EFFLUENT AND ANALYTICAL STUDIES ........................................... 15 

SAMPLING SYSTEM ........................................................ 16 

Off-Gas ............................................................. 16 

L ine r /Cask /Can is te r  ................................................. 18 

LABORATORY ANALYSIS .................................................... 18 

R e s u l t s  o f  Off-Gas C h a r a c t e r i z a t i o n  ................................. 21 

F i l t e r  Samples ................................................... 2 1  

Charcoal Trap  .................................................... 23 

Condensate ....................................................... 24 

Gas Scrubbers .................................................... 25 

Gas Samples ...................................................... 25 

Resu l t s  o f  Cask/Li n e r / C a n i s t e r  Ana lys i s  ............................. 26 

Gas Pressure/Cornposit ion ......................................... 26 

Cesium-137 P r o f i l e s  .............................................. 27 

CONCLUSIONS ............................................................... 27 

REFERENCES ................................................................ 31 

i v  



. . . .  . . . .  ... .... . .  

FIGURES 

1 . Z e o l i t e  L i n e r  Dryer  ................................................... 3 

2 . 324 B u i l d i n g  E f f l u e n t  Cont ro l  System .................................. 5 

3 . Mixer /Feeder  Vessel and Handl ing F i x t u r e  .............................. 6 

4 . Z e o l i t e  V i t r i f i c a t i o n  System and Off-Gas Sampling S i t e  Loca t ion  ....... 7 

5 . Zeol i t e  V i  tri f i c a t i o n  System "Tree" ................................... 8 

6 . TMI C a n i s t e r  .......................................................... 9 

7 . SDS L i n e r  ............................................................ 12 

8 . Off-Gas E f f l u e n t  Sampling System ..................................... 17 

9 . Gas Sampling System f o r  Cask and L i n e r  Vessels ....................... 19 

10 . Remote y-Ray Scanning System ......................................... 20 

11 . Cesi um-137 D i  s t r i  b u t i o n  Across Zeol i t e  Liner.. A c t i  v i  t y  
P r o f i l e  i s  T y p i c a l  o f  a l l  T M I  L i n e r s  Received ........................ 28 

12 . Cesium-137 D i s t r i b u t i o n  Across V i t r i f i e d  ZVDP Glass Produc t  
C a n i s t e r s  ............................................................ 29 

TABLES 

1 . Water Conten t  o f  Z e o l i t e  L i n e r s  ...................................... 11 

2 . Opera t ions  Summary ................................................... 15 

3 . C h a r a c t e r i s t i c s  o f  Me1 t e r  System P a r t i c u l a t e  Emissions ............... 22 

4 . 
5 . Gaseous Iod ine-129 Emiss ion Assoc ia ted  w i t h  TMI Z e o l i t e  

Compari son o f  Me1 t e r - E n t r a i  ned M a t t e r  and Feed Composit ions .......... 23 

V i t r i f i c a t i o n  ........................................................ 24 

6 . T r i t i u m  Emiss ion Assoc ia ted  w i t h  T M I  Z e o l i t e  V i t r i f i c a t i o n  ........... 25 

7 . Composit ion o f  M e l t e r  Exhaust Gas .................................... 25 

8 . Measurements o f  Cask/Li ne r  Pressure Composi t ion ...................... 26 

V 



SUMMARY OF R A D I O A C T I V E  OPERATIONS FOR 

ZEOLITE VITRIFICATION DEMONSTRATION PROGRAM 

S UI\IMAR Y 

The Zeol i t e  V i t r i f i c a t i o n  Demonstrat ion Program (ZVDP) was s u c c e s s f u l l y  
completed when t h r e e  r a d i o a c t i v e  l i n e r s  o f  TI41 z e o l i t e  were v i t r i f i e d  t o  a 

b o r o s i l  i c a t e  g l a s s  produc t .  The z e o l i t e  has been used t o  decontaminate h igh -  

a c t i v i t y  wa te r  a t  Three M i l e  I s l a n d  U n i t  2 (TMI-2). The f i r s t  phase o f  t h i s  

program devel oped a g l a s s  f o r m u l a t i o n  and demonstrated t h e  v i t r i f i c a t i o n  pro-  

cess w i t h  n o n r a d i o a c t i v e  m a t e r i a l s .  Dur ing  t h i s  phase, f o u r  f u l l - s c a l e  non- 

r a d i o a c t i v e  demonst ra t ion  runs  were completed. The second phase r e c e i v e d  t h r e e  
r a d i o a c t i v e  Submerged Deminera l i zer  System (SDS)  c o n t a i n e r s  o r  1 i n e r s ,  and 

v i t r i f i e d  t h e  z e o l i t e  ion-exchange media f rom t h e  l i n e r s .  Th is  r e p o r t  i s  an 

o p e r a t i o n s  summary o f  t h e  second phase. 

The process equipment p laced  i n  t h e  h o t  c e l l  f o r  v i t r i f i c a t i o n  o f  r a d i o -  

a c t i v e  SDS z e o l i t e s  was b a s i c a l l y  o f  t h e  same des ign  as t h a t  used d u r i n g  t h e  

n o n r a d i o a c t i v e  process , though some m i  n o r  modi f i c a t i  ons were necessary t o  make 

t h e  equ i  pment compati b l  e w i t h  requi rements f o r  h o t - c e l l  remote opera t i on .  

The f i r s t  o f  t h e  t h r e e  1 i n e r s ,  c o n t a i n i n g  about  12,900 C i  o f  a c t i v i t y ,  was 

r e c e i v e d  f rom t h e  T M I  SDS i n  May 1982. I n  January 1983 PNL r e c e i v e d  t h e  second 
and t h i r d  l i n e r s ,  which con ta ined  112,635 and 112,622 C i  o f  a c t i v i t y ,  

r e s p e c t i v e l y  . 
The r a d i o a c t i v e  SDS z e o l i t e  f rom t h e  t h r e e  l i n e r s  was v i t r i f i e d  i n  f o u r  

c a n i s t e r s .  Each c a n i s t e r  was f i l l e d  t o  a h e i g h t  o f  about  2 m w i t h  v i t r i f i e d  

p r o d u c t  t h a t  weighed about  170 kg. Gamma scans o f  t h e  c a n i s t e r s  i n d i c a t e d  a 

u n i  fo rm c e s i  um d i s t r i b u t i o n  i n t h e  g l  ass. 

D u r i n g  each v i t r i f i c a t i o n  run,  t h e  .process e f f l u e n t s  were c h a r a c t e r i z e d  

th rough use o f  o f f - g a s  sampl i n g  equi  pment and process-re1 a t e d  scrub so l  u t i o n .  

An apparent  f i l t e r  mal f u n c t i o n  d i d  r e s u l t  i n  somewhat 1 ower p a r t i c u l a t e  decon- 

t a m i n a t i o n  f a c t o r s  than  was no ted  d u r i n g  t h e  c o l d  runs  w i t h  t h e  same f i l t e r s .  

The s tudy  demonstrated t h a t  r a d i o n u c l  ide-1 oaded i n o r g a n i c  ion-exchange 
media can be v i t r i f i e d  i n t o  c y l i n d r i c a l  l o g s  p r i o r  t o  s to rage and/or d i sposa l .  

1 



INTRODUCT I ON 

The cleanup o f  t h e  h i g h - a c t i v i t y  water  a t  TMI-2 p rov ided  an o p p o r t u n i t y  t o  
f u r t h e r  develop r a d i o a c t i v e  waste management technology.  Approx imate ly  

3.6 x Id; L of h i g h - a c t i v i t y  water  was decontaminated us ing  t h e  SDS. I n  t h i s  
process, t h e  cesium and s t r o n t i u m  i n  t h e  water  a re  sorbed onto a b lend  o f  zeo- 

l i t e s  con ta ined  w i t h i n  metal  l i n e r s .  One d i sposa l  o p t i o n  f o r  t h i s  z e o l i t e  i s  
t o  mix  i t  w i t h  g lass  formers and v i t r i f y  i t  t o  a b o r o s i l i c a t e  g lass  p roduc t .  

Under t h e  ZVDP, t h e  U.S. Department o f  Energy (DOE) a u t h o r i z e d  t h e  P a c i f i c  
Northwest Laboratory  (PNL) t o  t a k e  a p o r t i o n  o f  t h e  z e o l i t e s  from t h e  SDS and 

demonstrate on a f u l l  sca lea  t h a t  t hese  z e o l i t e s  can be v i t r i f i e d  w i t h  t h e  use 
o f  t h e  in-can m e l t e r  ( I C M )  process. 

Bo th  n o n r a d i o a c t i v e  and r a d i o a c t i v e  p roduc t i on -sca le  demonstrat ions have 

been conducted under t h e  ZVDP. A summary o f  t h e  n o n r a d i o a c t i v e  o p e r a t i o n s  can 
be found i n  Reference 1, w h i l e  t h i s  document presents  t h e  r e s u l t s  o f  t h e  

r a d i o a c t i v e  demonstrat ion.  This  demonstrat ion c o n s i s t e d  o f  t h e  v i t r i f i c a t i o n  

o f  t h e  z e o l i t e  f rom one l o w - a c t i v i t y  and two h i g h - a c t i v i t y  SDS l i n e r s .  The 

o b j e c t i v e s  of t h e  demonstrat ion were t o :  a)  demonstrate t h e  ZVDP process u s i n g  

a c t u a l  SDS zeol i t e s ,  b )  sample and analyze a i  rborne e f f  1 uen ts  t o  de te rm i  ne 

t h e i r  c o n c e n t r a t i o n  and composi t ion,  and c )  analyze t h e  g l a s s  p roduc t .  

PROCESS DEVELOPMENT FOR HOT-CELL OPERATIONS 

The process equipment designed t o  be p laced i n  t h e  h o t  c e l l  f o r  v i t r i f i -  
c a t i o n  of r a d i o a c t i v e  SDS z e o l i t e s  was b a s i c a l l y  o f  t h e  same design as t h a t  

used f o r  t h e  n o n r a d i o a c t i v e  process.  The equipment had t o  be m o d i f i e d  

s l i g h t l y  t o  make i t  compati b l e  w i t h  h o t - c e l l  remote o p e r a t i o n a l  requi rements.  

A f t e r  r e c e i p t  o f  t h e  SDS l i n e r  v i a  cask f rom TMI,  t h e  l i n e r  was unloaded, 

vented, and p laced i n  a h o t  c e l l  f o r  f u r t h e r  process ing.  D r y i n g  o f  t h e  zeo- 

l i t e ,  t h e  f i r s t  s tep  i n  t h e  p rocess ing  sequence, was accomplished by p l a c i n g  
t h e  e n t i r e  l i n e r  i n  a res i s tance -hea ted  d r y e r  ( F i g u r e  1). Connected t o  t h e  

e x i s t i n g  c e l l  o f f - g a s  system, t h e  d r y e r  removes water vapor and c o n f i n e s  p a r -  

t i c u l a t e  m a t t e r  t h a t  m igh t  be e x p e l l e d  f rom t h e  l i n e r .  

( a )  F u l l  s c a l e  i s  d e f i n e d  as an 0.2-m-dia c a n i s t e r  f i l l e d  w i t h  2 m o f  g lass .  
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FIGURE 1. Zeolite l iner  dryer. 
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The B-Cell  o f f - g a s  system was o r i g i n a l l y  i n s t a l l e d  f o r  a p r o j e c t  r e q u i r i n g  

a much l a r g e r  c a p a c i t y  system than  t h e  ZVDP; t h e r e f o r e ,  much o f  i t  was 

o v e r s i z e d  and n o t  f u l l y  u t i l i z e d .  The o f f - g a s  system ( F i g u r e  2 )  i s  capable o f  

m a i n t a i n i n g  t h e  ZVDP v i t r i f i c a t i o n  system a t  up t o  -0.5 m o f  water r e l a t i v e  t o  

t h e  c e l l  pressure.  

The m ixe r / feeder  vessel  ( F i g u r e  3)  i s  l a r g e  enough (0.5 d )  t o  h o l d  t h e  

e n t i r e  con ten ts  o f  t h e  SDS l i n e r  and g l a s s  formers w i t h  enough f r e e  space t o  

a l l o w  homogenizing o f  t h e  m i x t u r e  w h i l e  t u m b l i n g  t h e  vessel .  The h a n d l i n g  

f i x t u r e  (see F i g u r e  3) i s  designed t o  tumble t h e  m ixe r / feeder  vessel  and sup- 
p o r t  i t  and t h e  s t a r  feeder  when connected t o  t h e  v i t r i f i c a t i o n  system as shown 

i n  F i g u r e  4. The f i x t u r e  i s  b a s i c a l l y  t h e  same as t h e  one designed f o r  t h e  
n o n r a d i o a c t i v e  process; however, a 1 a r g e r  gearbox and motor a re  used f o r  

i ncreased re1  i a b i  1 i t y  . 
The i n t e r f a c e  between t h e  m i x e r / f e e d e r  vesse l  and t h e  c a n i s t e r  adap te r ,  

r e f e r r e d  t o  as t h e  " t ree , "  i s  shown i n  F i g u r e  5. This  p o r t i o n  o f  t h e  system i s  
s i m p l y  p i p i n g  t o  c o n t a i n  and gu ide  t h e  feed as i t  f a l l s  i n t o  t h e  c a n i s t e r .  

Because condensat ion can cause feed t o  clump and adhere t o  t h e  p i p i n g  w a l l s ,  

t h e  p i p i n g  i s  heated by means o f  a steam j a c k e t  t o  prevent  condensat ion o f  t h e  

steam produced when t h e  z e o l i t e  and g l a s s  formers a re  sub jec ted  t o  t h e  1050°C 

h e a t  necessary t o  make t h e  b o r o s i l i c a t e  g lass .  The c a n i s t e r  adapter ,  which 

connects  t h e  v i t r i f i c a t i o n  system t o  t h e  c a n i s t e r ,  i s  a l s o  p r o v i d e d  w i t h  a 

steam j a c k e t  t o  keep i t  c o o l .  I f t h e  temperature o f  t h e  c a n i s t e r  adapter  w a l l s  

i s  a l l owed  t o  exceed 400°C, t h e  g l a s s  formers c o u l d  m e l t  as  t hey  pass t h r o u g h  

t h e  adapter ,  r e s u l t i n g  i n  b r i d g i n g  t h a t  c o u l d  e v e n t u a l l y  b l o c k  feed f rom 

e n t e r i n g  t h e  c a n i s t e r .  

The c a n i s t e r s  ( F i g u r e  6) a r e  f a b r i c a t e d  from Sch 40 0.20-m-dia 304L 
s t a i n l e s s  s t e e l  p ipe .  They a re  2.58-m l o n g  and a re  connected t o  t h e  v i t r i f i -  

c a t i o n  system by a f l a n g e  machined i n t o  t h e  head o f  t h e  c a n i s t e r  t h a t  mates 

w i t h  t h e  c a n i s t e r  adapter .  The c a n i s t e r  i s  h e l d  i n  p lace  by two "J" b o l t s  

connected t o  t h e  system p i p i n g .  
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F I G U R E  3. M i  x e r / f e e d e r  vessel  and hand1 i ng f i x t u r e .  

6 



STAR 
FEEDER 

7 

GAMMA LEVEL 
DETECTOR 

- T O  OFF-GAS ----+ - 

L 

P 

FILTERS 

VENT 

FURNACE 

FURNACE 
SERVICE 
LEADS 

CANISTER 

F I G U R E  4. Z e o l i t e  v i t r i f i c a t i o n  system and o f f - g a s  samp l ing  s i t e  l o c a t i o n .  

7 



FIGURE 5. Z e o l i t e  v i t r i f i c a t i o n  system " t ree . "  
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The furnace used t o  heat t h e  c a n i s t e r s  i s  a f u l l - s c a l e  I C M  p r e v i o u s l y  used 

d u r i n g  t h e  v i t r i f i c a t i o n  o f  - h i g h - l e v e l  waste (HLW) f rom rep rocess ing  power 

r e a c t o r  spent f u e l  .2 The I C M  i s  a s ix-zone r e s i s t a n c e  type, w i t h  each zone 

0.36-m h i g h  and capable o f  15  kW o f  power. 

The f i l t e r  u n i t  ( F i g u r e  4) i s  made up o f  t h r e e  65-pm s i n t e r e d  I n c o n e l a  

f i l t e r s  t h a t  are pu lsed every 20 minutes t o  r e t u r n  accumulated dus t  t o  t h e  
c a n i s t e r .  Two a i r - d r i v e n  v i b r a t o r s  a r e  a l s o  i n c o r p o r a t e d  i n t o  t h e  system t o  

a s s i s t  i n  removing any m a t e r i a l  h e l d  up i n  t h e  connect ing p i p i n g .  An emergency 

ven t  l i n e  w i t h  a seal  p o t  p reven ts  p r e s s u r i z a t i o n  o f  t h e  v i t r i f i c a t i o n  system 

i n  case t h e  f i l t e r s  p lug.  

ZEOLITE PREPARATION 

Three l i n e r s  o f  z e o l i t e  were r e c e i v e d  from t h e  Three M i l e  I s l a n d  SDS sys- 
tem f o r  v i t r i f i c a t i o n .  The f i r s t  l i n e r  (D-10015) was rece ived  a t  PNL i n  May 

1982, and con ta ined  about 12,900 C i  o f  a c t i v i t y  o f  which 5,767 C i  were cesium 

and 1,012 C i  were s t r o n t i u m  ( t h e  balance was v a r i o u s  daughter p r o d u c t s ) .  The 

two h i g h - a c t i v i t y  l i n e r s  were r e c e i v e d  i n  January 1983. L i n e r  D-10012 con- 

t a i n e d  about 112,635 C i  o f  a c t i v i t y  (53,046 C i  o f  cesium and 2,003 C i  o f  

s t r o n t i u m )  and l i n e r  D-10016 con ta ined  about 112,622 C i  o f  a c t i v i t y  (52,358 C i  

o f  cesium and 1,869 C i  o f  s t r o n t i u m ) .  

A f t e r  removing t h e  l i n e r s  f rom t h e i r  s h i p p i n g  cask and p l a c i n g  them i n  t h e  
h o t  c e l l ,  t h e  l i n e r s  were sampled f o r  gas con ten t  and then purged w i t h  n i t r o g e n  

as a s a f e t y  measure because o f  t h e  p o s s i b i l i t y  t h a t  hydrogen had b u i l t  up f rom 

t h e  r a d i o l y s i s  o f  water .  The r e s u l t s  o f  these analyses w i l l  be d iscussed i n  

t h e  Off-Gas Studies s e c t i o n  o f  t h i s  document. 

As received,  these l i n e r s  had a water  con ten t  rang ing  from about 8 t o  19 

w t % .  It was necessary t o  l ower  t h e  water  con ten t  t o  t h e  p o i n t  where t h e  zeo- 

l i t e  was d r y  and pourab le  t o  p reven t  p l u g g i n g  i n  t h e  connec t ing  p i p i n g  and 

reduce t h e  volume o f  gaseous e f f l u e n t s  generated when t h e  zeol  i t e j g l a s s  former 

m i x t u r e  was v i t r i f i e d .  

-~ ~ 

Inconel  i s  a t rademark o f  Hun t ing ton  A l l o y s .  
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The zeol  i t e  was d r i e d  by a r e s i  stance-heated furnace. Two thermocoupl es 

were i n s e r t e d  i n t o  t h e  z e o l i t e  th rough  one of t h e  f l anges  o f  t h e  l i n e r s  

( F i g u r e  7 )  t o  a depth of about 6 i n .  and 24 in., r e s p e c t i v e l y .  An i n s u l a t e d  

l i d  was then  p laced on t h e  d r y e r  ( F i g u r e  l), which was connected t o  an o f f - g a s  

system t o  a i d  i n  t h  1 of t h e  water as i t  was d r i v e n  f r o m  t h e  z e o l i t e .  

The l i n e r  was then  he n t i l  bo th  thermocouples reached a minimum tempera- 
t u r e  o f  250OC. 

A f t e r  t h e  z e o l i  t h e  two h i  gh -ac t i  v i  t y  cani  s t e r s  cooled, 

p l e d  t o  determine t con ten t .  Th is  a n a l y s i s  was performe 
c e l l  by h e a t i n g  a z e o l i t e  sample t o  1000°C and assumin 

weight l o s s  was due . The water con ten t  of t h e  z e o l i t e  b o t  

a f t e r  d r y i n g  i s  sho 

The weight  o f  zeol i t e  was determined by pour ing  t h e  

t e n t s  of t h e  l i n e r  i n t o  a m ixe r / feeder  vessel and reweighing. 

and t h e  water content ,  t h e  c o r r e c t  amount o f  g lass  formers and s i 1  

added t o  t h e  z e o l i t e  was determined. To be sure t h e  f o r m u l a t i o n  was 

t h e  c a l c u l a t e d  p o r t i o n s  of g lass  formers and s i l i c a  were added t o  

sample o f  z e o l i t e ,  homogenized, and p laced i n  a furnace a t  1050OC f o r  2 hours 
t o  determine i f  g lass  was formed. The g lass  formers and s i l i c a  t o  be added t o  

t h e  bu lk  o f  t h e  z e o l i t e  were p laced i n  a hopper i n  t h e  a i r l o c k  o f  t h e  h o t - c e l l  

complex and then t r a n s f e r r e d  t o  t h e  h o t  c e l l  where they  were added t o  t h e  

m i  xer/ feeder vessel c o n t a i n i n g  t h e  zeol  i t e .  

Fro 

end f o r  1 hour, 
o f  t h e  m i x t u r e  

t h e  g l a s s -  had formed 
were c o r r e c t .  A t  t h i s  

D-10012 ( h i g h  a c t i v i t y )  16 
D-10016 ( h i g h  a c t i v i t y )  8 
* Est imated va lue.  
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FIGURE 7. SDS liner. 
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OPERATIONS SUMMARY 

I. .- t -  
<$ .x- i 

A f t e r  t h e  z e o l i t e  was d r i e d  and blended w i t h  g lass- forming chemicals,  t h e  
m ixe r / feeder  was i n v e r t e d  and connected t o  t h e  feed and o f f - g a s  p i p i n g  ( t r e e )  

as shown i n  F i g u r e  4.  A 0.2-m-diameter x 2.58-111 s t a i n l e s s  s t e e l  c a n i s t e r  was 
i n s e r t e d  i n  t h e  I C M  furnace and connected t o  t h e  bottom o f  t h e  t r e e .  Connec- 

t i o n s  were t i g h t e n e d  u n t i l  t h e r e  was a 0.13- t o  0.25-111 Hg vacuum a t  t h e  t r e e  
p r o v i d e d  by t h e  b u i l d i n g ' s  rad iochemical  v e n t i l a t i o n  system blower.  Process 

e f f l u e n t s  were drawn from t h e  ZVDP system s i n t e r e d  metal f i l t e r s  through two 
condensers, a HEPA f i l t e r ,  a packed scrubber,  another condenser, and two more 

HEPA f i l t e r s  be fo re  being vented t o  t h e  b u i l d i n g  s tack (F igu re  2) .  

The o b j e c t i v e  o f  each v i t r i f i c a t i o n  run was t o  f i l l  t h e  c a n i s t e r  w i t h  

2.0 m o f  g lass  product .  Before,  du r ing ,  and a f t e r  each run t h e  packed scrubber  

s o l u t i o n  was sampled. Off-gas samples were a l s o  taken d u r i n g  each run  (see 

s e c t i o n  on E f f l u e n t  and A n a l y t i c a l  S t u d i e s ) .  

The feed r a t e  was t o  be c o n t r o l l e d  a t  - 0  kg/h o r  a minimum temperature o f  

900°C i n  t h e  zone where m e l t i n g  was o c c u r r i n g .  The c a n i s t e r  had s i x  zones, 

w i t h  thermocouples i n s t a l l e d  i n  each zone t o  mon i to r  t h e  temperature.  As a 

zone was f i l l e d  w i t h  feed, a d d i t i o n a l  power was r e q u i r e d  t o  m e l t  t h i s  mate- 
r i a l  s As a r e s u l t ,  t h e  c a n i s t e r  zone temperature would s t a r t  t o  f a l l .  

I n c r e a s i n g  o r  decreas ing t h e  feed r a t e  would i nc rease  o r  decrease t h i s  tem- 

p e r a t u r e  drop. Because o f  heat losses,  t h e  feed r a t e  would be reduced t o  o n l y  
1 t o  2 kg/h t o  m a i n t a i n  t h e  900°C temperatures near t h e  t o p  o f  t h e  c o n t a i n e r .  

Th i s  method was a l s o  used t o  determine how f u l l  t h e  c a n i s t e r  was. The 

l e v e l  was v e r i f i e d  by t h e  t o t a l  amount o f  feed fed  (-30 kg f e e d / l  m g l a s s )  and 

by t h e  use o f  t h e  gamma l e v e l  d e t e c t o r .  A gamma d e t e c t o r  probe was n s e r t e d  i n  

a p l u g  i n  t h e  c e l l  w a l l  and aimed a t  t h e  c a n i s t e r  i n  t h e  furnace. Plugs were 

l o c a t e d  a t  t h e  0.9-m, 1.8-m, 1.9-m, and 2.0-m l e v e l s  re fe renc  !d t o  t h e  

c a n i s t e r .  The probe moni tored t h e  r a d i a t i o n  background. When t h e  g lass  l e v e l  

i n  t h e  c a n i s t e r  reached t h e  h e i g h t  o f  t h e  probe, t h e  r a d i a t i o n  read ing  

i nc reased  severa l  orders o f  magnitude due t o  t h e  concentrated a c t i v i t y  o f  t h e  

feed. The probe was moved t o  t h e  nex t  h i g h e r  p l u g  l o c a t i o n .  

P r i o r  t o  t h e  s t a r t  o f  r a d i o a c t i v e  opera t i ons ,  t h e  i n - c e l l  equipment was 

t e s t e d  w i t h  n o n r a d i o a c t i v e  z e o l i t e .  The system was s t a r t e d  up, operated, and 
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s h u t  down severa l  t imes  t o  complete t r a i n i n g  o f  personnel .  I n  a d d i t i o n ,  t h e  

of f -gas sampl ing system was checked o u t  d u r i n g  these s h o r t  runs.  

Next, t h e  l o w - a c t i v i t y  l i n e r  was v i t r i f i e d .  Th is  was t h e  f i r s t  con t inuous  

r u n  i n  t h e  h o t  c e l l  t o  f i l l  a c a n i s t e r .  It had been c a l c u l a t e d  t h a t  i t  would 

t a k e  190 t o  200 k g  o f  f eed  t o  f i l l  a c a n i s t e r .  However, t h e  gamma l e v e l  

d e t e c t o r  observed t h e  g l a s s  l e v e l  a t  1.9 m a f t e r  o n l y  135 k g  o f  feed had boeen 
processed. Feed was then  s h u t  o f f  f o r  severa l  hours,  and t h e  r a d i a t i o n  read- 

i ngs r e t u r n e d  t o  background 1 eve1 s.  

Apparent ly ,  e i t h e r  a b r i d g e  o f  unmolten m a t e r i a l  had developed i n  t h e  

c a n i s t e r ,  o r  t h e  g l a s s  had foamed, g i v i n g  t h e  f a u l t y  d e t e c t o r  read ing .  Feed 

r a t e s  up  t o  23 kg /h  had been used d u r i n g  t h e  f i r s t  hours  o f  ope ra t i on .  T h i s  

was p robab ly  t o o  h i g h  f o r  t h e  i n - c e l l  fu rnace.  For  subsequent ope ra t i ons ,  a 

1 i m i  t o f  15 kg/h  was imposed. The d e s i r e d  f e e d  r a t e  was 10 kg/h. The f a u l t y  
d e t e c t o r  r e a d i n g  was t h e  o n l y  o p e r a t i o n a l  d i f f i c u l t y  exper ienced.  A t o t a l  o f  

209 k g  o f  f e e d  was processed t o  produce 177 k g  o f  g l a s s  i n  c a n i s t e r  2-3. The 

ba lance o f  t h e  f e e d  m a t e r i a l  l e f t  i n  t h e  m ixe r  was v i t r i f i e d  i n  t h e  c a n i s t e r  

des igna ted  Z-1, wh ich  was used e a r l i e r  f o r  t h e  n o n r a d i o a c t i v e  t e s t  runs.  

The f i r s t  h i  gh -ac t i  v i  t y  1 i n e r  (D10012) was d r i e d  and b lended w i t h  g lass -  

f o r m i n g  chemicals .  V i t r i f i c a t i o n  o p e r a t i o n s  were s t a r t e d  w i t h  315 kg  o f  f eed  

t o  be  processed. The f e e d  r a t e  was i n i t i a l l y  -10 kg/h, was slowed t o  -5 kg /h  

when t h e  can (2 -2 )  was t w o - t h i r d s  f u l l ,  and was reduced t o  1 t o  2 kg /h  t o  f i l l  
t h e  can. A t o t a l  o f  191 k g  o f  f eed  was v i t r i f i e d .  A new c a n i s t e r  (2 -4)  was 

i n s t a l l e d  and t h e  rema in ing  124 k g  o f  f eed  l e f t  i n  t h e  m ixe r  were v i t r i f i e d .  

A f t e r  t h e  second h i  gh -ac t i  v i  t y  1 i ner  (D10016) was d r i e d  and b lended w i t h  g lass -  

f o r m i n g  chemica ls ,  2-4 was f i l l e d  w i t h  70 k g  o f  t h i s  feed  m a t e r i a l .  One more 

empty c a n i s t e r  (2 -5)  was i n s t a l l e d ,  and 180.5 k g  o f  f eed  were processed. The 

-30 kg  o f  f e e d  rema in ing  was v i t r i f i e d  i n  c a n i s t e r  2-1. An Operat ions Summary 

f o r  these r a d i o a c t i v e  runs  i s  p resented  i n  Table 2. A l l  o f  t h e  f i l l e d  ZVDP 

c a n i s t e r s  were h e a t  soaked a t  1050°C a f t e r  t h e  f e e d  was te rm ina ted  t o  improve 

g l a s s  qual i t y  . 
C a n i s t e r s  2-2, 2-3, 2-4, and Z-5 were co re  d r i l l e d  t o  o b t a i n  samples o f  

t h e  g l a s s  produc t .  Samples f rom c a n i s t e r s  2-2, 2-4, and 2-5 w i l l  be charac- 

t e r i  zed by  t h e  M a t e r i a l  s Charac te r i  z a t i  on Center .  These da ta  w i l l  be pub1 i shed 

1 a t e r  . 
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TABLE 2. OPERATIONS SUMMARY 

Maximum Anneal i ng Cani s t e r  
Can- Feed, Feed Rate, T i  me , F i l l  G1 ass , 
-- i s t e r  k g  k g l h  h Height,  m k g  

z- 1* NA NA 14 A NA NA 

z- 2 19 1 12.3 

z- 3 209 23 

z- 4 194 13.6 

6 

6 

4 

2.0 

1.9 

2.0 

167 

177  

164 

z- 5 180.5 10 8 1.9 16 1 

Descr i  p t i  on 

Nonrad ioac t i ve  
Zeol i t e  

Remai nder Low- 
Level L i n e r  

Remai nder Second 
High-Level L i n e r  

F i r s t  H i  gh-Level 
L i  ne r  

Low-Level L i n e r  

Remainder F i  r s t  
High-Level L i n e r  

S t a r t  o f  Second 
H i  gh-Level L i n e r  

Second High- 
Level  L i n e r  

* Used t o  t r a i n  personnel  and t o  v i t r i f y  smal l  q u a n t i t i e s  o f  z e o l i t e  l e f t  f rom 
t h e  v a r i o u s  l i n e r s .  Product  w i l l  n o t  be c h a r a c t e r i z e d .  

As was ment ioned e a r l i e r ,  t h e  packed scrub s o l u t i o n  was sampled be fo re ,  

du r ing ,  and a f t e r  each run.  These samples were analyzed f o r  cesium t o  de te r -  

mine what l osses ,  i f  any, were observed a t  t h i s  s tage o f  t h e  e f f l u e n t  t rea tmen t  

system. No s i g n i f i c a n t  changes i n  t h e  cesium c o n t e n t  were de tec ted  d u r i n g  any 

o f  t h e  runs. 

EFFLUENT AND ANALYTICAL STUDIES 

E f f l u e n t  c h a r a c t e r i z a t i o n  s t u d i e s  have been e s t a b l i s h e d  t o  suppor t  t h e  TMI 
ZVDP. The purpose o f  these s t u d i e s  i s  t o  p r o v i d e  b a s i c  o f f - g a s  eng ineer ing  

data around which an e f f e c t i v e  o f f - g a s  p rocess ing  system can be designed f o r  
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t h e s e  s t u d i e s  i n c l u d e :  a)  e s t a b l i s h i n g  t h e  gaseous composi t ion o f  m e l t e r -  

generated exhaust, b )  i d e n t i f y i n g  t h e  pathways f o r  e f f l u e n t  escape, c )  quan- 

t i  f y i  ng t h e  degree t o  which me1 t e r  e f  f l  uent  1 osses occur, d )  c h a r a c t e r i  z i n g  

t h e  c e s i  urn d i s t r i b u t i o n  i n  zeol  i t e  1 i ners  and r e s u l t a n t  c a n i s t e r s ,  and 

e )  e s t a b l i s h i n g  t h e  i n f l u e n c e  o f  r a d i o l y s i s  upon l i n e r  cover gas composi t ion 

and pressure.  

The e f f l u e n t  c h a r a c t e r i z a t i o n  s t u d i e s  t h a t  were conducted d u r i n g  t h e  v i t -  

r i f i c a t i o n  o f  TMI z e o l i t e  waste were p r i m a r i l y  concerned w i t h  t h e  r a d i o l o g i -  

c a l l y  i m p o r t a n t  i so topes  137Cs, 134Cs, 9 0 S r ,  1291, 1 4 C ,  and 3H.  The r e s u l t s  o f  

t h e s e  s t u d i e s  are, however, gener i c  t o  o t h e r  I C M  systems i n  t h a t  a l l  c l asses  of 
e f f l u e n t s ,  i n c l u d i n g  v o l a t i l e ,  s e m i v o l a t i l e ,  and n o n v o l a t i l e  ma t te r ,  a r e  d e a l t  

w i t h  i n  these i n v e s t i g a t i o n s .  The f o l l o w i n g  s e c t i o n s  d i scuss  t h e  o f f - g a s  

c h a r a c t e r i  z a t i  on s t u d i e s  conducted i n  suppor t  o f  ZVDP, i n c l  ud i  ng a d e s c r i p t i o n  

of t h e  sampl ing system used, t h e  l a b o r a t o r y  techniques employed, and t h e  a n a l y -  

t i c a l  r e s u l t s  obta ined.  

SAMPLING SYSTEM 

O f f  -Gas 

S e l e c t i o n  o f  a sampl ing s i t e  was based upon t h e  need t o  o b t a i n  represen-  

t a t i v e  samples and t h e  d e s i r e  t o  l o c a t e  as c l o s e  t o  t h e  process source ( m e l t e r )  

as was p h y s i c a l l y  p o s s i b l e .  These c o n d i t i o n s  were most c l o s e l y  s a t i s f i e d  by 

e s t a b l i s h i n g  t h e  p r imary  sampl ing s i t e  a t  a process l i n e  elbow l o c a t e d  -1.8 m 
f rom t h e  I C M  feed ing  and exhaust l i n e  l i d  o r  " t ree . "  I n  t h e  o f f - g a s - l i n e  sche- 

m a t i c  i l l u s t r a t e d  i n  F i g u r e  4, t h i s  sampl ing s i t e  i s  a t  t h e  end o f  a 1.5-m 

s t r a i g h t  run  o f  m e l t e r  exhaust l i n e ,  downstream from t h e  s i n t e r e d  metal  f i l t e r  

hous ing  . 
The m e l t e r  exhaust was sampled by t h e  system i l l u s t r a t e d  i n  F i g u r e  8. A 

t a p e r e d  0.01-rn s t a i n l e s s - s t e e l  sampl ing nozz le,  l o c a t e d  a long t h e  c e n t r a l  a x i s  

o f  t h e  0.05-m process l i n e ,  a l l owed  samples t o  be e x t r a c t e d  upstream f rom t h e  

t u r b u l e n c e  c r e a t e d  by elbows o r  bends i n  t h e  o f f - g a s  l i n e .  The sampled gas and 

a1 1 e n t r a i n e d  p a r t i c l e s  moved a1 ong t h i  s un i  form-di  ameter sampl i ng nozz l  e, 

d i r e c t l y  t o  a commerc ia l ly  a v a i l a b l e  f i l t e r .  Th is  f i l t e r  was l o c a t e d  as c l o s e  

a s  p o s s i b l e  t o  t h e  process l i n e  and a long a common c e n t r a l  a x i s  d e f i n e d  by t h e  

c o l l e c t i o n  tube  and t h e  process l i n e  i t s e l f ,  t he reby  ensu r ing  a s t r a i g h t ,  s h o r t  
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t r a j e c t o r y  t o  t h e  f i l t e r .  The f i l t e r e d  gas was subsequent ly passed th rough  a 

cha rcoa l  t r a p  and t r a n s f e r r e d  v i a  h e a t - t r a c e d  t u b i n g  t o  a condenser and a se r -  

i es o f  t h r e e  gas-washi ng b o t t l  es. 

Gas samples r e q u i r e d  f o r  o f f - g a s  compos i t i ona l  a n a l y s i s  vJere e x t r a c t e d  

a f t e r  t h e  gas scrub t r a i n s ,  as i s  d e t a i l e d  i n  F i g u r e  8. The v o l u m e t r i c  sampl- 

. i n g  r a t e ,  as w e l l  as t h e  i n t e g r a t e d  sampl ing volume, were e s t a b l i s h e d  th rough  
-- use o f  a wet  t e s t  meter.  True i s o k i n e t i c  sampl ing was n o t  ach ievab le  d u r i n g  
’ t h e s e  t e s t s  due t o  t h e  p u l s a t i n g  n a t u r e  o f  t h e  o f f - g a s  f l o w  r a t e  produced by 

. t h e  b a t c h  f e e d i n g  process. 

. L i  ner/Cask/Cani s t e r  
- 

Due t o  t h e  r a d i o l y t i c  g e n e r a t i o n  o f  gases w i t h i n  t h e  l oaded  z e o l i t e  beds, 

t h e  s e a l e d  TMI s h i p p i n g  casks and l i n e r s  were sampled i n  o r d e r  t o  c o l l e c t  da ta  

on vessel  p ressu res  and gas composi t ions.  The sampl ing systems used f o r  t h i s  
purpose a r e  d e t a i l e d  i n  F i g u r e  9 .  I n  o r d e r  t o  reduce t h e  s i g n i f i c a n c e  o f  

a tmospher ic  gases upon t h e  a n a l y t i c a l  r e s u l  t s  o b t a i  ned f rom t h e  gaseous sampl es 

c o l l e c t e d ,  i n e r t  neon was used t o  d i s p l a c e  these components f ro in t h e  sampl ing 

system. The p a r t i a l  p ressu res  o f  t h e  neon rema in ing  i n  samples were subse- 

q u e n t l y  e x c l  uded f rom gas-composi t i o n  c a l c u l a t i o n s .  

The d i s t r i b u t i o n  o f  cesium ac ross  t h e  TMI z e o l i t e  i o n  exchange beds was 

a l s o  e s t a b l i s h e d  f o r  each o f  t h e  l i n e r s  processed a t  PNL. Th is  was accom- 

p l i s h e d  by mapping t h e  137Cs y - ray  a c t i v i t y  as a f u n c t i o n  o f  bed depth. The 
y-ray scanning system used i n  t h e  s t u d i e s  i s  d e t a i l e d  i n  F i g u r e  10. T h i s  

system was a l s o  used t o  examine t h e  u n i f o r m i t y  o f  137Cs i n  t h e  p roduc t  g l a s s  
c a n i  s t e r s  . S t r o n t i  urn-90 p r o f i  1 es cou l  d n o t  be  e s t a b l  i shed u s i n g  t h i  s remote 

y-scanning system, s i n c e  t h e  decay o f  t h i s  i s o t o p e  i s  n o t  accompanied by 

I 

~ y-emi s s i  on. 

LABORATORY ANALYSIS 

Labora to ry  a n a l y s i s  o f  samples c o l l e c t e d  i n  s u p p o r t  o f  t h e  TMI  Z e o l i t e  

V i  tr i  f i c a t i  on Program i n c l  uded b o t h  r a d i o 1  o g i  c a l  and compos i t i ona l  determi na- 

t i o n s .  The r a d i o a c t i v e  i s o t o p e s  o f  cesium were d i r e c t l y  q u a n t i f i e d  by y- ray 

spect rometry .  The q u a n t i t y  o f  9 0 S r  p r e s e n t  was determined th rough  8- c o u n t i n g  

t e c h n i  ques a f t e r  i on-exchange s e p a r a t i o n  f r o m  cesium i sotopes. Ana lys i  s o f  

1291, idhich was d i f f e r e n t i a l l y  c o l l e c t e d  on t h e  charcoal  absorber , r e q u i r e d  t h e  
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use o f  neut ron  a c t i v a t i o n  a n a l y s i s .  F i n a l l y ,  t h e  3 H  and 1 4 C  conten t  o f  m e l t e r -  

generated condens ib le  and/or scrubber  gases was e s t a b l i s h e d  th rough l i q u i d  

s c i n t i l l a t i o n  coun t ing  techniques.  

The gross elemental  compos i t ion  o f  condensed-phase samples was e s t a b l i s h e d  

by an i n d u c t i  vely-coup1 ed p l  asma spect  rorneter and atomic abso rp t i on  

spect roscopy.  

The compos i t ion  o f  t h e  noncondensi b l  e me1 t e r  exhaust stream was r o u t i n e l y  

determined us ing  a mass spect rometer ,  which y i e l d e d  on t h e  amounts o f  CO, CO2, 

N2, 02, and H2 present .  I n  a d d i t i o n ,  t h e  average water l o a d i n g  of t h e  m e l t e r  

exhaust was a1 so e s t a b l  i shed th rough use o f  condensate sample data.  

Res u 1 t s o f  O f f  - Ga s Cha r a c  t e r i za t i on 

E f f l u e n t  generated by t h e  s o l i d i f i c a t i o n  o f  TMI z e o l i t e  waste was sampled 

by f i v e  d i s c r e t e  c o l l e c t i o n  dev ices :  a) a f i l t e r ,  b)  a charcoal  t r a p ,  c )  a 

condenser, d )  gas scrubbers, and e )  gas c y l i n d e r s .  The na tu re  o f  t h e  samples 

c o l l e c t e d  by these dev ices w i l l  now be discussed. 

0 F i l t e r  Samples 

Aerosol genera t ion  was found t o  be t h e  predominant mechanism respons ib le  

f o r  t h e  s o l i d i f i c a t i o n  process l osses  o f  134Cs, 137Cs, and 9 0 S r .  Table 3 sum- 

mar izes  m e l t e r  system decontaminat ion f a c t o r s  (DFs) f o r  134Cs, 137Cs, 9 0 S r ,  and 

t o t a l  gross me1 t e r  en t ra inment  . These measurements a re  q u i t e  d i f f e r e n t  f rom 

those  ob ta ined d u r i n g  c o l d  t e s t i n g  o f  t h e  v i t r i f i c a t i o n  equipment .' Th is  

s t r o n g l y  suggests a breached o r  mal f u n c t i o n i n g  f i 1 t e r  housing (see F i  gure 4 ) .  
The sample c o l l e c t e d  from t h e  D-10015 l i n e r  most s t r o n g l y  suppor ts  t h i s  n o t i o n .  

Ca lcu la ted  emiss ion parameters assoc ia ted  w i t h  t h i s  1 i ner were d e l  i b e r a t e l y  

exc luded from Table 3 due t o  t h e  u n r e a l i s t i c a l l y  h igh  f i l t e r  l o a d i n g  t h a t  was 

observed f o r  t h i s  sample. Apparent ly ,  t h e  sample nozz le  had accumulated pa r -  

t i c u l a t e  m a t t e r  d u r i n g  t h e  process ing  o f  t h e  D-10015 l i n e r .  When sampling was 

i n i t i a t e d  toward t h e  end o f  t h i s  p rocess ing  campaign, t h e  i n t e g r a t e d  sample was 

c o l l e c t e d  by t h e  sampling f i l t e r .  Th is  was evidenced by a sharp decrease i n  

t h e  sample stream pressure  drop t h a t  occur red  soon a f t e r  sampling was i n i t i a -  

t ed .  Such an accumulat ion o f  m a t t e r  cou ld  n o t  have occur red  had t h e  process 
f i l t e r  housing been f u n c t i o n i n g  accord ing  t o  design. The accumulat ion a f f e c t  

ment ioned above d i d  n o t  i n f l u e n c e  t h e  da ta  ob ta ined from t h e  two h i g h - l e v e l  

l i n e r s ,  s ince  t h e  sampling nozz le  was c leaned p r i o r  t o  l i n e r  sampling. 
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TABLE 3. C H A R A C T E R I S T I C S  OF MELTER SYSTEM PARTICULATE E M I S S I O N S  

Quenched Of f -Gas Loading,* 
l J +  c s &  Me1 t e r  System DF 

Zeol i t e  P rocess ing  Sampl i ng Feeding , 1 3 7  Cs , Sr , P a r t i  c u l  a t e  lJ+ cs 84 

D-10015 09/22/83 105 min 5 .O -- -- l o  .o 

D-10016 03/06/83 60 min 7.7 9.8 0.95 0.36 69 , 000 49,000 12 , 000 

L i n e r  Date P e r i o d  kg/h p C i / L  p C i / L  mg/L 137 cs 9 0  S r  P a r t i c u l a t e  

- -  - -  -- 
D-10012 01/18/83 79 min 7 .O 19 .o 0.99 0.26 23,000 31,000 9,400 

* Temperature/Dew P o i n t :  20°C. 



1 

The cheinical composi t ion o f  t h e  aerosol  samples a r e  compared w i t h  t h e  

m e l t e r  z e o l i t e  feed  i n  Table 4. The e n t r a i n e d  m a t t e r  i s  c o m p o s i t i o n a l l y  

e n r i c h e d  w i t h  agglomerat ing elements B y  L i  , and T i  , as w e l l  as Nay b u t  i s  

o t h e r w i s e  q u i t e  s i m i l a r  t o  t h e  waste z e o l i t e  feed. Th is  i s  p r e c i s e l y  what was 

found i n  aerosol  samples c o l l e c t e d  b e f o r e  t h e  s i n t e r e d  metal f i l t e r  housing 

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

TABLE 4. COMPARISON OF MELTER-ENTRAINED MATTER AND FEEO COMPOSITIONS 

Me1 t e r  Generated Aerosol , w t %  
Element L i n e r  1 L i n e r  2 L i n e r  3 Leo1 i t e  

A1 

B 

Ba 

Ca 

Fe 

L i  

%I 
M n 
N a 

S i  

S r  

T i  
Zn 

1.76 

2.21 

0.13 

0.67 

0.76 

7.68 

0.18 

0.04 

10.9 

2.86 

0.03 
7.64 

0.09 

2.76 

1.75 

0.24 

0.95 

0.65 

6.56 

0.26 

0.20 

13.5 

4.42 

0.03 

7 .O 

0.14 

1.99 

1.47 

0.16 

0.87 

0.37 

7.63 

0.24 

0.08 

11.8 

4.11 

0.02 

7 .O 
0.08 

10.9 

0.12 

0.20 

1.72 

1.60 

0 .o 
0.69 

0.09 

6.25 
22 .oo 
0.10 
0.12 
0.03 

Due t o  t h e  h i g h  l o a d i n g  o f  p a r t i c u l a t e  m a t t e r  on t h e  aerosol  f i l t e r ,  t h e  

p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  me1 te r -genera ted  a e r o s o l s  c o u l d  n o t  be de te r -  
mined. However, even i f  t h i s  d a t a  c o u l d  have been e x t r a c t e d ,  i t  would n o t  

have been r e p r e s e n t a t i v e  o f  t h e  o v e r a l l  system ( i  n-can me1 t e r / s i  n t e r e d  metal 
~ f i l t e r )  performance i n  l i g h t  o f  t h e  apparent  f i l t e r  housing f a i l u r e .  

0 Charcoal Trap 

A1 though t h e r e  i s  no reason t o  b e l i e v e  t h a t  1291 would be p resen t  on 

c a t i o n  exchangers , t h e  p o t e n t i  a1 f o r  p h y s i c a l  a d s o r p t i o n  a1 ways e x i  s t s .  Con- 

sequent ly ,  cha rcoa l  sampl ing f o r  t h e  1291 i s o t o p e  was conducted. D i r e c t  y- ray 

c o u n t i n g  o f  t h e  charcoal  proved t o o  i n s e n s i t i v e  t o  even e s t a b l i s h  t h e  presence 
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o f  t h i s  i so tope .  As a r e s u l t ,  chemical separa t i on  o f  i o d i n e  was conducted, 

f o l l o w e d  by ve ry  s e n s i t i v e  h i g h - e f f i c i e n c y  y-ray a n a l y s i s .  The r e s u l t s  o f  t h i s  

s tudy,  which a re  summarized i n  Table 5, suggest t h a t  1291 i s  n o t  a s i g n i f i c a n t  

p r o c e s s - r e l a t e d  e f f l u e n t  and thus  would n o t  r e q u i r e  o f f -gas  emission c o n t r o l .  

T h i s  conc lus ion  i s ,  however, h i g h l y  s p e c i f i c  t o  t h e  p a r t i c u l a r  waste form 

be ing  processed i n  t h i s  s tudy.  

TABLE 5. GASEOUS IODINE-129 E M I S S I O N  ASSOCIATED 
WITH TMI  ZEOLITE V I T R I F I C A T I O N  

I o d i  ne-129 Loading 
Zeol i t e  Feed, Off-Gas, Leo1 i t e ,  

L i n e r  kg/L f C i / L  p C i / k g  

D-10015 5.0 67 34 

D-10012 7.0 57 46 

D-10016 7.7 140 64 

0 Condensate 

SDS l i n e r s  were p r e d r i e d  b e f o r e  shipment t o  PNL t o  reduce p r o d u c t i o n  

r a t e s  o f  r a d i o l y t i c  gases. However, s i g n i f i c a n t  q u a n t i t i e s  o f  water remained 
i n  t h e  z e o l i t e  l i n e r s  a f t e r  t h i s  d r y i n g  process, t hus  p r e s e n t i n g  a r a d i o -  

l o g i c a l  3H burden t o  t h e  o f f - g a s  system. I n  o r d e r  t o  measure t h e  impact o f  

t h i s  i s o t o p e  upon m e l t e r  p rocess ing  equipment, water vapor generated by t h e  

s o l i d i f i c a t i o n  process was sampled, condensed, c o l l e c t e d ,  and analyzed f o r  i t s  

3H con ten t .  The r e s u l t s  o f  these analyses appear i n  Table 6. Since t h e  

v i t r i f i c a t i o n  process has no c a p a c i t y  f o r  water (DF = l), t h e  r a d i o l o g i c a l  

impact o f  t h i s  i s o t o p e  upon t h e  o f f - g a s  system o f  any f u t u r e  s o l i d i f i c a t i o n  
process w i l l  be dependent upon both t h e  water l o a d i n g  o f  t h e  m e l t e r  feed and 

t h e  s p e c i f i c  a c t i v i t y  o f  t h i s  water.  Another impor tan t  v o l a t i l e  i so tope ,  

which i f  p resen t  i n  m e l t e r  feed would be t o t a l l y  conve r ted  t o  an o f f - g a s  

e f f l u e n t ,  i s  I 4 C .  Thus, t h e  condensate samples were a l s o  analyzed f o r  t h i s  

i s o t o p e ;  no a c t i v i t y  was detected.  Carbon-14, as w i l l  be d iscussed below, 

does n o t  appear t o  be a s i g n i f i c a n t  r a d i o l o g i c a l  e f f l u e n t .  
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TABLE 6. TRIT IUM E M I S S I O N  ASSOCIATED WITH TMI ZEOLITE V I T R I F I C A T I O N  

Zeol i t e  T r i t i u m  Loading (pCi /kg)  Condensate Speci f i c 
L i n e r  Feed Z e o l i t e  Act i v i  t y  , q C i  / g  

D-10015 0.075 0.14 1.3 
0-10012 0.99 1.9 17.0 

D-10016 0.011 0.20 2.5 

e Gas Scrubbers 

Since convers ion o f  1 4 C  t o  COP i s  most probable,  gas scrubbing techniques 

were used t o  sample f o r  t h i s  a c i d i c  gas. Analys is  o f  these scrubbers f a i l e d  

t o  d e t e c t  any s i g n i f i c a n t  q u a n t i t i e s  o f  t h i s  i s o t o p e  i n  t h e  o f f -gas  stream. 

This  was expected, s i n c e  1 4 C  i s  n o t  a d i r e c t  f i s s i o n  product  and, i n  any case, 

would be tremendously d i l u t e d  by t h e  carbonate present  i n  g lass formers t h a t  

a re  added t o  t h e  m e l t e r  feed. 

e~ Gas Samples 

The composi t ion o f  t h e  noncondensible m e l t e r  exhaust gas composi t ion was 

r o u t i n e l y  analyzed w i t h  a mass spectrometer.  The r e s u l t s  generated by t h e  

i n s t r u m e n t  appear i n  Table 7 along w i t h  t h e  water content  o f  t h e  o f f - g a s  
s t  ream, whi ch was c a l c u l a t e d  from t h e  c o l  1 ec ted  condensate sampl es. Thi s 

t a b l e  c l e a r l y  c h a r a c t e r i z e s  t h e  process exhaust gas composi t ion as being 
l i t t l e  more than  wet, C02-enriched in leakage,  which presents  no s i g n i f i c a n t  

demands upon t h e  design o f  a p rocess - re la ted  o f f -gas  system. 

TABLE 7. COMPOSIT ION OF MELTER EXHAUST GAS 

Zeol i t e  Average-Molar- Composit ion (Dry), % 
co A r  L i n e r  CO2 O2 N2 *2 

D-10015 20.4 <o. 5 15.3 63.3 0.16 0.8 

D-10012 12.7 <o. 1 17.6 68.6 0.3 0.8 

D-10016 18.3 <o. 1 16.9 64.0 <o. 01 0.8 
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Resu l t s  o f  Cask/Li ner/Cani s t e r  Ana lys i s  

@ Gas Pressure/Composi t i  on 

Vessel p ressure  and gas compos i t ion  were measured on b o t h  sh ipp ing  casks 
and z e o l i t e  l i n e r s  upon a r r i v a l  a t  PNL. These r e s u l t s  a r e  compared w i t h  i n i -  

t i a l  vessel  c o n d i t i o n s  e s t a b l i s h e d  a t  T M I  p r i o r  t o  shipment (see Table 8 ) .  
S i g n i f i c a n t  d i f f e r e n c e s  i n  i n i t i a l  s h i p p i n g  c o n d i t i o n s  o f  t h e  l o w - a c t i v i t y  and 

t h e  two h i g h - a c t i v i t y  l i n e r s  a re  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e s  i n  t h e  f i n a l  

gas compos i t ions  o f  these l i n e r s .  The h i g h - a c t i v i t y  l i n e r s  were d r i e d  and 
s h i  pped w i t h  a p l  a t i  num-pal 1 ad i  um recombi n e r  (H2-02) and a r a r i  fi ed (28 i n. Hg 

vacuum) argon atmosphere. However, t h e  i n i t i a l  sh ipp ing  c o n d i t i o n s  represen-  

t e d  a gas compos i t ion  which was n o t  i n  e q u i l i b r i u m  w i t h  t h e  z e o l i t e  which 

possessed s i g n i f i c a n t  q u a n t i t i e s  of adsorbed gases. As a r e s u l t ,  t h e  f i n a l  

gas compos i t ion  measured a t  PNL represented  a r e e s t a b l  i shed equ i  1 i b r i  um con- 
d i t i o n  which had been m o d i f i e d  by r a d i o l y s i s ,  recombina t ion ,  and in leakage .  

The r e s u l t s  o f  t hese  s t u d i e s  have shown t h a t  d r i e d  h i g h - a c t i v i t y  l i n e r s  can be 

sea led  and t r a n s p o r t e d  over  s i g n i f i c a n t  p e r i o d s  o f  t i m e  w i t h o u t  r i s k i n g  ove r -  

p r e s s u r i z a t i o n  and/or  t h e  p r o d u c t i o n  o f  f lammable m i x t u r e s  o f  combust ib les .  

TABLE 8. MEASUREMENTS OF CASK/LINER PRESSURE C O M P O S I T I O N  

Absol Ute  
Pressure  Avg Molar  % Gas Composit ion (Dry)  

Shipment Vessel Cond i t i on  Hg*, m C02 C O  O2 N2 H2 A r  

-- -- 100.0 -- -- 
L i n e r  F i n a l  0.93 0.55 <0.1 0.05 92.8 5.60 -- 

D-10015 L i n e r  I n i t i a l  (0.86) -- 

I n i  t i  a1 (0.76) -- -- -- 100.0 --  - -  D-10012 Cask 
Cask F i  n a l  0.76 0.03 <0.1 1.6 98.3 <0.01 0.08 

L i  ne r  I n i  t i  a1 (0.10) -- -- 3.2 15.4 0.4 81.0 
L i n e r  F i n a l  0.09 1.3 <0.1 12.3 83.2 2.1 1.1 

I n i  t i  a1 (0.76) -- -- -- 100.0 -- -- D-10016 Cask 
Cask F i  n a l  0.67 0.02 <0.1 1.4 98.4 <0.01 0.07 

L i n e r  I n i  t i  a1 ( 0 . m )  -- -- 0.6 3.7 0.1 95.6 
L i n e r  F i  na l  0.17 3.3 <0.1 4.3 90.8 1.5 0.05 

* Values i n  parentheses were c a l c u l a t e d  f rom gauge pressures  assuming 0.76 m 
Hg ambient c o n d i t i o n s .  
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e Cesium-137 P r o f i l e s  

The d i s t r i b u t i o n  of cesium i n  TMI  z e o l i t e  l i n e r s  and product  g ass can- 
i s t e r s  was e s t a b l  i shed u s i n g  remote y - ray scanning equi  pment . I n  t h i  s 

approach, t h e  662 keV y - r a y  a c t i v i t y  of 137Cs emanating from a sma 1 volume 

element o f  t h e  c a n i s t e r  was used as a d i r e c t  measure o f  t h e  cesium concentra-  

t i o n  i n  t h a t  element. By mapping t h e  y - r a y  a c t i v i t y  a long  t h e  c e n t r a l  a x i s  o f  

t h e  l i n e r s  and/or c a n i s t e r s ,  t h e  d i s t r i b u t i o n  o f  cesium w i t h i n  these  vesse ls  
was e s t a b l i s h e d .  F igu res  11 and 12 i l l u s t r a t e d  t h e  t y p e  of d i s t r i b u t i o n  which 

was ob ta ined  by t h i s  techn ique  f o r  l i n e r s  and c a n i s t e r s ,  r e s p e c t i v e l y .  A l l  

t h r e e  1 i n e r s  processed possessed we1 1 d e f i n e d  c e s i  urn band s t r u c t u r e s  t o t a l  l y  

conf ined t o  t h e  t o p  t w o - t h i r d s  o f  t h e  bed. On t h e  o t h e r  hand, t h e  p roduc t  

g l a s s  c a n i s t e r s  e x h i b i t e d  u n i f o r m  cesium c o n c e n t r a t i o n s  throughout  t h e  e n t i r e  

g l a s s  volume as i s  c l e a r l y  shown i n  F i g u r e  12. The l a s t  p o i n t  i n  t h i s  p r o f i l e  

was i n f l u e n c e d  by t h e  rounded geomet r i ca l  shape o f  t h e  c a n i s t e r  bottom and, 

consequent ly ,  i s  n o t  i n d i c a t i v e  o f  an he te rogene i t y .  

CONCLUSIONS 

A nonradi  o a c t i  ve so l  i d s  f e e d i n g  I C M  process was devel  oped and demonst r a -  

t e d  f o r  t h e  i m m o b i l i z a t i o n  of TMI  z e o l i t e s .  S i m i l a r  equipment was f a b r i c a t e d  

and i n s t a l  l e d  i n  a PNL radiochemical  c e l l .  Three SDS 1 i n e r s  were shipped t o  

PNL f o r  v i t r i f i c a t i o n  by t h i s  process equipment. The o n l y  o p e r a t i o n a l  problem 

exper ienced was foaming o r  b r i d g i n g  a t  h i g h  feed  r a t e s .  The ZVD program suc- 
c e s s f u l  l y  demonstrated v i t r i f i c a t i o n  as an o p t i o n  f o r  permanent d i sposa l  o f  

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

ZVDP e f f l u e n t  c h a r a c t e r i z a t i o n  s t u d i e s  have shown t h a t  emiss ion o f  

me1 t e r - g e n e r a t e d  ae roso ls  i s  r e s p o n s i b l e  f o r  most r a d i o a c t i v e ,  p r o c e s s - r e l a t e d  

l o s s e s  t o  t h e  o f f - g a s  system. Average m e l t e r  system DFs f o r  cesium and s t r o n -  

t i  um were 17,000 and 2O,OnO, r e s p e c t i v e l y  . The d i f f e r e n c e  between these  
va lues i s  n o t  cons idered s i g n i f i c a n t ,  i n d i c a t i n g  t h e  absence o f  a s t r o n g  

volatilization/condensation l o s s  mechanism f o r  cesium i so topes .  O v e r a l l ,  o f f -  

gas p a r t i c u l a t e  ent ra inment  was found t o  be t o o  h i g h  t o  a l l o w  aerosol  s i z e  

d i s t r i b u t i o n s  t o  be e s t a b l i s h e d .  This  h i g h  aerosol  o f f - g a s  l o a d i n g  i s  most 
l i k e l y  due t o  a m a l f u n c t i o n i n g  s i n t e r e d  metal  f i l t e r  housing. 
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T r i t i u m  i n  t h e  fo rm o f  water  vapor  i s  t h e  o n l y  s i g n i f i c a n t  gaseous r a d i o -  
a c t i v e  e f f l u e n t  generated by t h e  v i t r i f i c a t i o n  of  T M I  z e o l i t e  waste. S ince 

wa te r  possesses a DF = 1 f o r  a l l  g l a s s i f i c a t i o n  processes, t h e  impact  o f  t r i -  

t i u m  emiss ions  f rom z e o l i t e  waste v i t r i f i c a t i o n  w i l l  depend b o t h  on t h e  spec i -  

f i c  a c t i v i t y  and q u a n t i t y  o f  water  i n  t h e  cand ida te  feed. 

The r a d i o a c t i v e  u n i f o r m i t y  o f  t h e  g l a s s i f i e d  T M I  z e o l i t e  was e s t a b l i s h e d  

I n  a1 1 cases, a homogeneous p roduc t  u s i  ng y - ray  can i  s t e r  scanni  ng techn iques  . 
was observed. 
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