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SUMMARY 

P a c i f i c  Northwest  Labora to ry  (PNL) i s  d e v e l o p i n g  i n  s i t u  v i t r i f i c a t i o n  

( ISV)  as an i n - p l a c e  s t a b i l i z a t i o n  t e c h n i q u e  f o r  s e l e c t e d  l i q u i d  r a d i o a c t i v e  

waste  d i s p o s a l  s i t e s .  The process m e l t s  t h e  wastes and su r round ing  s o i  1  t o  

produce a  d u r a b l e  g lass  and c r y s t a l l i n e  waste form. These ISV process deve lop -  

ment t e s t i n g  and e v a l u a t i o n  s t u d i e s  a r e  be ing  conducted f o r  t h e  U.S. Department 

o f  Energy. T h i s  r e p o r t  d i scusses  t h e  r e s u l t s  o f  an ISV p i l o t - s c a l e  t e s t  con- 

duc ted  i n  June of 1983 i n  wh ich  s o i  1  s  contaminated w i t h  a c t u a l  r a d i o a c t i v e  

t r a n s u r a n i c  and m i  xed f i s s i o n  p roduc t  e lements were v i t r i f i e d .  

The pr imary  o b j e c t i v e s  o f  t h e  r a d i o a c t i v e  t e s t  were t o  1) demonst ra te  con- 

t a i  nment and conf inement  o f  t h e  r a d i  o a c t i  ve m a t e r i  a1 , 2) v e r i f y  equ i  pment pe r -  

formance o f  t h e  power and o f f - g a s  systems, 3) i d e n t i f y  l osses  t o  t h e  o f f - g a s  

system, and 4 )  c h a r a c t e r i z e  t h e  behav io r  o f  t h e  r a d i o a c t i v e  m a t e r i a l  i n  t h e  

v i t r i f i e d  s o i l .  

The t e s t  success fu l  l y  demonstrated t h e  p rocess ing  c o n t a i  nment o f  rad ionuc -  

l i d e s  b o t h  w i t h i n  t h e  v i t r i f i e d  mass and i n  t h e  o f f - g a s  system. No e n v i r o n -  

mental  re1 ease o f  r a d i  o a c t i  ve m a t e r i  a1 was measured d u r i  ng t e s t i  ng o p e r a t i o n s .  

The v i t r i f i e d  s o i l  had a  g r e a t e r  t han  99% r e t e n t i o n  o f  a l l  r a d i o n u c l  i d e s .  

Losses t o  t h e  o f f - g a s  system v a r i e d  f rom 50.03% f o r  p a r t i c u l a t e  m a t e r i  a1 s  

( p l u t o n i u m  and s t r o n t i u m )  t o  0.8% f o r  cesium which i s  a  more v o l a t i l e  e lement.  

The o f f - g a s  system e f f e c t i v e l y  c o n t a i n e d  bo th  v o l a t i l e  and e n t r a i n e d  r a d i o a c -  

t i v e  m a t e r i a l s .  A n a l y s i s  o f  t h e  v i t r i f i e d  s o i l  r e v e a l e d  t h a t  a l l  r a d i o n u c l  i d e s  

were d i s t r i b u t e d  th roughou t  t h e  v i t r i f i e d  zone, some more u n i f o r m l y  than  

o t h e r s .  No m i g r a t i o n  o f  r a d i o n u c l  i d e s  o u t s i d e  t h e  v i t r i f i c a t i o n  zone occu r red ,  

as i n d i c a t e d  by a n a l y s i s  o f  s o i l  samples f rom around t h e  b lock .  P rev ious  waste  

fo rm 1  each i  ng s t u d i e s  (Oma e t  a1 . 1983 and Timmerman e t  a1 . 1983) i n d i c a t e  an 

accep tab le  du rab i  1  i t y  o f  t h e  ISV product .  
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INTRODUCTION 

The i n  s i t u  v i t r i f i c a t i o n  ( ISV)  concept  (Rrouns e t  a l .  1983) f o r  c o n v e r t -  

i n g  contaminated s o i l  t o  an i n e r t  c r y s t a l l i n e  and g l a s s  fo rm was f i r s t  t e s t e d  

i n  August 1980. I n  t h e  ISV process,  e l e c t r i c a l  c u r r e n t  i s  passed among an 

a r r a y  o f  f o u r  e l e c t r o d e s  i n s e r t e d  i n  t h e  ground around t h e  waste t o  be s t a b i -  

l i z e d .  J o u l e  h e a t i n g  f rom t h e  process m e l t s  t h e  s o i l ,  t h u s  e n c a p s u l a t i n g  t h e  

r a d i o a c t i v e  contaminants .  T h i s  program has been sponsored by t h e  U.S. Depar t -  

ment o f  E n e r g y ' s  (DOE'S) Rich1 and Opera t i ons  O f f  i c e  f o r  p o t e n t i a l  app l  i c a t i o n  

t o  Hanford  s i t e s .  

A  ma jo r  o b j e c t i v e  o f  t h e  program d u r i n g  FY 1983 was t o  v i t r i f y  a c t u a l  

r a d i o a c t i v e  m a t e r i a l s  i n  p lace.  To accompl ish  t h i s ,  a  modular  p i l o t - s c a l e  o f f -  

gas t r e a t m e n t  u n i t  f o r  t h e  r a d i o a c t i v e  f i e l d  t e s t  was c o n s t r u c t e d  and i n s t a l l e d  

i n  a  m o b i l e  s e m i - t r a i l e r .  The power system and o f f - g a s  t r e a t m e n t  system were 

improved des igns,  b u i l d i n g  upon exper ience  ga ined w i t h  t h e  i n i t i a l  p i 1  o t - s c a l e  

f i e l d  t e s t  system. Two n o n r a d i o a c t i v e  t e s t s  were per formed w i t h  t h e  m o b i l e  

p i l o t  s c a l e  system t o  p r o v i d e  equipment checkout  and o p e r a t o r  t r a i n i n g  p r i o r  t o  

t h e  r a d i o a c t i v e  f i e l d  t e s t .  These t e s t s  a r e  r e f e r r e d  t o  as p i l o t - s c a l e  c o l d  

t e s t s  (PSCTs 1 and 2 ) .  A s u c c e s s f u l  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  (PSRT) was 

per formed i n  June 1983, u s i n g  a  make-up s i t e  i n  wh ich  known q u a n t i t i e s  o f  

2 4 1 ~ m ,  2 3 9 ~ u ,  2 3 8 ~ u ,  1 3 7 ~ s ,  l o 6 ~ u ,  gost-, and 6 0 ~ o  were placed.  The i n i t i a l  

19 L waste package o f  s o i l  c o n t a i n e d  600 nC i /g  t r a n s u r a n i c  (TRU) waste  and 

30,000 nC i /g  mixed f i s s i o n  products .  

T h i s  r e p o r t  p r e s e n t s  t h e  per formance t e s t  r e s u l t s  o f  t h e  r a d i o a c t i v e  t e s t  

and a  system and t e s t  d e s c r i p t i o n .  Data f rom 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 a l  

acceptance t e s t s  a r e  a l s o  i n c l u d e d  f o r  comparison. T a b l e  1 summarizes t h e  

o b j e c t i v e s  and r e s u l t s  o f  t h e  t h r e e  p i 1  o t - s c a l e  f i e l d  t e s t s .  



TABLE 1. Summary o f  R e s u l t s  o f  P i l o t - S c a l e  Co ld  and R a d i o a c t i v e  
T e s t s  ( m o b i l e  system) 

T e s t  O b j e c t i v e s  R e s u l t s  

PSCT 1 V i t r i f y  s i m u l a t e d  waste Success fu l  v i t r i f i c a t i o n  o f  
package waste package. O f f -gas  system 

m a i n t a i n e d  t o t a l  con ta inmen t  o f  
Pe r fo rm o p e r a t o r  t r a i n i n g  and v o l a t i l e  e lements.  I d e n t i f i c a -  
equipment checkout  t i o n  o f  i t e m s  r e q u i r i n g  upgrade. 

PSCT 2 V i t r i f y  s i m u l a t e d  waste package Success fu l  v i t r i f i c a t i o n  o f  
waste package and s u c c e s s f u l  
t e s t  of system upgrade.  

V e r i  f y  c o r r e c t  o p e r a t i o n  o f  
system upgrade 

PSRT V i t r i f y  a  makeup s i t e  c o n t a i n -  Success fu l  v i  t r i  f i c a t  i on w i t h  
i n g  known q u a n t i t i e s  o f  r a d i o -  no r e l e a s e  o f  r a d i o a c t i v i t y .  
n u c l  i d e s  



PROCESS DESCRIPTION 

Dur ing  I S V ,  contaminated s o i l s  a re  s t a b i l i z e d  by i n s e r t i n g  e l ec t rodes  i n  

t he  s o i l  and e s t a b l i s h i n g  an e l e c t r i c  c u r r e n t  between t h e  e lect rodes.  F i gu re  1 

i l l u s t r a t e s  t h e  process sequence. For s ta r t up ,  a  small amount o f  s p e c i a l l y  

prepared g r a p h i t e  i s  placed i n  paths between t h e  e l ec t rodes  on t h e  s o i l  su r -  

face. D i s s i p a t i o n  o f  power through t h e  s t a r t e r  m a t e r i a l  c rea tes  temperatures 

h i gh  enough t o  m e l t  a  l a y e r  o f  s o i l ,  the reby  e s t a b l i s h i n g  a molten, conduc t i ve  

path. Th i s  molten zone cont inues t o  grow i n  s ize,  prov ided s u f f i c i e n t  power i s  

supp l ied  t o  overcome heat  losses. A t  t h e  h i gh  temperatures (>1700°C) created,  

o rgan ic  mater i  a1 s  pyrolyze; t h e  remaining ash, a1 ong w i t h  o the r  noncombust ib le 

waste m a t e r i a l  s ,  d i sso l ves  o r  becomes encapsul a ted  i n  t h e  mol ten s o i  1. Na tu ra l  

convec t i ve  cu r ren t s  i n  t he  mol ten s o i l  he lp  d i s t r i b u t e  t h e  waste m a t e r i a l s  

un i fo rmly .  Upon coo l ing ,  a  durab le  g l ass  and c r y s t a l l i n e  waste form i s  

created. O f f  gas from the  process i s  c o l l e c t e d  and t rea ted .  I f  ground sub- 

s idence occurs du r i ng  I S V ,  uncontaminated s o i l  can be b a c k f i l l e d  over  t h e  s i t e .  

The process ope ra t i on  i s  based on ex tens i ve  jou le-heated me l t e r  work per- 

formed a t  PNL f o r  va r ious  nuc lear  waste immob i l i za t i on  p r o j e c t s  ( B u e l t  e t  a l .  

1979). The j ou le -  hea t ing  p r i n c i p l e  operates by i n t e r n a l  r es i s tance  hea t ing  o f  

FIGURE 1. I n  S i t u  V i t r i f i c a t i o n  Process Sequence 



t h e  conduct ing m a t e r i a l  as an e l e c t r i c  c u r r e n t  passes th rough  t h e  mol ten 

media. I n  I S V ,  t h e  r e s i s t a n c e  decreases as t h e  mo l ten  mass grows; t h e r e f o r e ,  

t o  ma in ta i n  a  power l e v e l  h i g h  enough (acco rd i ng  t o  t h e  fo rmu la  P = I~R) t o  

con t inue  m e l t i n g  more s o i l ,  t h e  c u r r e n t  must be increased. To accompl ish t h i s ,  

t h e  amperage i s  increased by us ing  a  power t rans fo rmer  w i t h  m u l t i p l e  v o l t a g e  

taps. 

A t  s t a r t up ,  t h e  ISV process r e q u i r e s  a  h i g h  vo l t age  p o t e n t i a l  and low 

amperage. As t h e  m e l t  progresses and r e s i s t a n c e  decreases, t h e  lower  v o l t a g e  

taps  on t h e  power t r ans fo rmer  a l l o w  increased amperage t o  t h e  me l t ,  thus  main- 

t a i n i n g  a  h i g h  power l e v e l  i n t o  t h e  me l t .  The process w i l l  con t i nue  u n t i l  hea t  

1 osses from t h e  m e l t  approach t h e  energy d e l i v e r e d  t o  t h e  mo l ten  s o i l  v i a  t h e  

e l  e c t  rodes. 

A hood over  t h e  v i t r i f i c a t i o n  zone i s  mainta ined under a  s l i g h t  vacuum t o  

con ta i n  any hazardous gases o r  p a r t i c u l a t e s  t h a t  may be released. Th is  hood 

a l s o  p rov ides  suppor t  f o r  t h e  e lec t rodes .  The vacuum on t h e  hood i s  supp l i ed  

by t h e  o f f - gas  t rea tment  system, which scrubs and f i l t e r s  any hazardous com- 

ponents f rom t h e  of f -gas stream. 



PILOT-SCALE RADIOACTIVE TEST SYSTEM 

The p i 1  o t - s c a l e  r a d i o a c t i v e  t e s t  system u t i l  i z e s  f o u r  e l ec t r odes  w i t h  a  

1.2 m separa t ion  and c o n s i s t s  o f  a  power c o n t r o l  u n i t ,  an o f f - gas  containment 

hood over t h e  waste s i t e ,  and an o f f - gas  t rea tment  system housed i n  a  p o r t a b l e  

s e m i - t r a i l e r  (see F igu re  2) .  P r i o r  t o  t h e  r a d i o a c t i v e  t e s t ,  t h i s  same system 

was used on two non rad ioac t i ve  t e s t s :  p i l o t - s c a l e  c o l d  t e s t s  1 and 2. 

POWER SYSTEM DESIGN 

The p i l o t - s c a l e  power system u t i l  i z e s  a  Scott-Tee connect ion t o  t r ans fo rm  

a  three-phase i n p u t  t o  a  two-phase secondary l o a d  on d i a g o n a l l y  opposed e l ec -  

t r odes  i n  a  square pa t t e rn .  The 500 kW power supply  may be e i t h e r  vo l t age  o r  

c u r r e n t  regu la ted .  The a l t e r n a t i n g  c u r r e n t  p r imary  i s  r a t e d  a t  480 V, 600 A, 

3  phase, and 60 Hz. The 3 phase i n p u t  feeds a  Scott-Tee connected t r ans fo rmer  

(see F i g u r e  3) p r o v i d i n g  a  2  phase secondary. The t r ans fo rmer  has f o u r  

separate  v o l t a g e  t a p  set t ings- -1000 V, 650 V, 430 V, and 250 V. Each v o l t a g e  

t a p  has a  cor responding amperage r a t i n g  o f  250 A, 385 A, 580 A ,  and 1000 A pe r  

FIGURE 2. P i l o t - S c a l e  ISV Hood and Process T r a i l e r  
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FIGURE 3. Scott-Tee E l e c t r i c a l  Connection f o r  t h e  P i l o t - S c a l e  System 

phase, r e s p e c t i v e l y .  The amount o f  3 phase i n p u t  power d e l i v e r e d  t o  t h e  t r a n s -  

former  i s  c o n t r o l l e d  by a d j u s t i n g  t h e  conduct ion angle o f  t h e  t h y r i s t o r  

swi tches l o c a t e d  i n  each o f  t h e  t h r e e  i n p u t  l i n e s .  These swi tches,  i n  conjunc- 

t i o n  w i t h  s e l e c t a b l e  taps  on t h e  t r ans fo rmer  secondary, r e g u l a t e  t h e  amount o f  

ou tpu t  power d e l i v e r a b l e  t o  bo th  secondary phases. 

The Scott-Tee setup requ i res  t r ans fo rmer  taps  a t  50 and 86.6% o f  t h e  p r i -  

mary t r ans fo rmer  windings. The Scott-Tee connec t ion  p rov ides  an even power 

d i s t r i b u t i o n  when t h e  mol ten zone approaches a  un i f o rm  r e s i s t a n c e  load. The 

p r imary  and secondary c u r r e n t  i s  balanced f o r  a  Scott-Tee system when a  b a l -  

anced l o a d  e x i s t s .  Du r i ng  a l l  t h r e e  t e s t s  t h i s  power system proved very  

e f f e c t i v e  i n  m a i n t a i n i n g  a  balanced l o a d  t o  t h e  e lec t rodes .  

OFF-GAS CONTAINMENT AND ELECTRODE SUPPORT HOOD 

Const ructed from 7 panels o f  20 gauge s t a i n l e s s  s t e e l  b o l t e d  toge ther ,  t h e  

o f f - gas  containment and e l e c t r o d e  suppor t  hood (see F i g u r e  4) i s  3.05 m (10 f t )  



FIGURE 4 .  Off-Gas Containment and E lec t rode  Support Hood 

square by 0.9 m (3  f t )  high. Four l e v e l i n g  suppor ts  a t tached  t o  t h e  s i d e  panel 

corners can a l s o  be unbolted. The hood i s  designed t o  w i t hs tand  an 18 cm 

(7  in.) water vacuum. 

The o f f -gas  containment and e l e c t r o d e  suppor t  hood inc ludes  a  v iewing p o r t  

and an access po r t .  B u i l t  i n t o  t h e  access p o r t  i s  a  v a l v e  and High E f f i c i e n c y  

P a r t i c u l a t e  A i r  (HEPA) f i  1  t e r  assembly f o r  r e g u l a t i n g  t h e  vacuum on t h e  hood. 

A cen te r  o f f -gas  p o r t  a l l ows  d i r e c t  coup l i ng  o f  t h e  hood t o  t h e  process ing van 



and of f -gas t reatment  system. The hood i s  equipped w i t h  a  heat s h i e l d  

i n s t a l  l e d  under the  center  t o p  panel t o  p ro tec t  the  hood from heat r a d i a t i n g  

f roni t he  p a r t i  a1 l y  mo1 t e n  sur face d u r i  ng processi ng. 

The hood i s  sealed t o  the  sur face o f  t he  s o i l  surrounding t h e  zone t o  be 

v i t r i f i e d  by a  f l e x i b l e  s k i r t  o f  t i g h t l y  woven, high-temperature r e s i s t a n t  

f i b e r  attached t o  the  bottom o f  a l l  s i de  panels. This  s k i r t i n g  extends -0.6 m 

( 2  f t )  away from the  hood, a1 lowing f o r  a  hood-to-ground seal when covered w i t h  

a  1  ayer o f  so i  1  . 
E l e c t r i c a l  bus bars, connected t o  t h e  graph i te  e lect rodes,  prot rude 

through the  hood and are surrounded by e l e c t r i c a l l y  i n s u l a t e d  sleeves which 

a l l ow  adjustment o f  t h e  e lec t rode p o s i t i o n  (F igure  5). The e lec t rodes and bus 

bars are supported by i n s u l a t o r s  above t h e  sleeve. The i n s u l a t o r s  are designed 

t o  w i ths tand movement o f  t he  molten mass against  t he  e lec t rodes from convect ive 

cur ren ts  and t h e  g r a v i t a t i o n a l  and buoyant forces exer ted on the  e lect rodes.  
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FIGURE 5. Design o f  Hood Feed-Through fo r  Elect rode Bus Bar 



OFF-GAS TREATMENT SYSTEM 

The o f f -gas  system i s  shown schemat ica l l y  i n  F igu re  6. The o f f  gas passes 

through a v e n t u r i - e j e c t o r  scrubber and separator ,  Hydro-Sonic@ scrubber, 

separator,  condenser, another separator,  heater,  two stages o f  HEPA f i l t r a t i o n ,  

and a blower. L i q u i d  t o  t h e  two wet scrubbers i s  supp l i ed  by two independent 

scrub r e c i r c u l a t i o n  tanks, each equipped w i t h  a pump and heat exchanger. The 

e n t i r e  o f f -gas  system has been i n s t a l l e d  i n  a 13.7 m (45 f t )  l ong  s e m i - t r a i l e r  

t o  f a c i l i t a t e  t r a n s p o r t  t o  a waste s i t e .  Equipment l ayou t  w i t h i n  t h e  van i s  

i 1 l u s t r a t e d  i n  F igu re  7. A l l  o f f -gas  components except t h e  second stage HEPA 

f i l t e r  and blower are housed w i t h i n  a removable containment module p i c t u r e d  i n  

F igu re  8, which has gloved access f o r  remote opera t ions  and i s  mainta ined under 

a s l i g h t  vacuum. 

Heat i s  removed from t h e  o f f  gas by a c losed l oop  c o o l i n g  system, which 

cons i s t s  o f  an a i r l l i q u i d  heat exchanger, a coo lan t  s torage tank, and a pump. 

A 50% water le thy lene  g l y c o l  mix i s  pumped from the  s torage tank through t h e  

s h e l l  s i de  o f  t h e  condenser and t h e  two scrub s o l u t i o n  heat exchangers, then  

through t he  a i r l l i q u i d  exchanger, where heat i s  removed from t h e  coolant .  
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FIGURE 6. Off-Gas System Schematic f o r  t h e  P i l o t - S c a l e  ISV Process 

@ Hydro-Sonic scrubber i s  a product o f  Hydro Sonic Systems, Da l las ,  Texas. 
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FIGURE 7. Cutaway View of Pilot-Scale ISV Process Trailer and Hood 



FIGURE 8. Removable Contai nment Module f o r  t h e  Off-Gas Treatment System 



The ven tu r i -e jec to r  scrubber serves both as a quencher and h igh  energy 

scrubber. The second scrubber i s  a two stage Hydro-Sonic scrubber (tandem 

nozzle fan d r i v e )  as i l l u s t r a t e d  i n  F igure  9. The f i r s t  sec t ion  condenses 

vapors, removes l a r g e r  p a r t i c l e s ,  and i n i t i a t e s  growth o f  t he  f i n e r  p a r t i c l e s  

so t h a t  they are more e a s i l y  captured i n  t h e  second stage. P a r t i c u l a t e  i s  cap- 

t u red  when the  gas i s  mixed w i t h  f i n e  water d rop le t s  produced by spraying water 

i n t o  the exhaust o f  the  subsonic nozzle. M ix ing  and d rop le t  growth cont inue 

down the  l eng th  o f  t he  mix ing  tube. Large d rop le t s  con ta in ing  t h e  p a r t i c u l a t e  

are then removed by a vane separator and dra ined back i n t o  the  scrub tank. The 

u n i t  i s  designed t o  remove over 90% o f  a l l  p a r t i c u l a t e s  greater  than 0.5 pm d i a  

when operated a t  a d i f f e r e n t i a l  pressure o f  127 cm (50 in.) water. E f f i c i e n c y  

increases w i t h  an increase i n  pressure d i  f f e r e n t i  a1 . 
Addi t iona l  water i s  removed from the  gas system by a condenser having a 

2 2 heat exchange area o f  8.9 m (96 f t  ) and a f i n a l  separator. The gases are  

then reheated -25OC i n  -. 2n kW heater t o  prevent condensate carryover  t o  the  

f i l t e r s .  
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FIGURE 9. Tandem Nozzle Hydro-Soni c Scrubber (Hydro Sonic Systems, 
Dal 1 as, Texas) 



The f i r s t  stage o f  f i l t r a t i o n  cons i s t s  o f  two 61 x 61 x 29 cm (24 x 24 x 

11.5 in.) HEPA f i l t e r s  i n  p a r a l l e l .  Dur ing  operat ion,  one f i l t e r  i s  used and 

t h e  o the r  remains as a backup i n  case t h e  genera t ing  f i l t e r  becomes loaded. 

The pr imary f i l t e r  can be changed out  d u r i n g  opera t ion .  The second stage HEPA 

f i l t e r  ac t s  as a backup i n  case a f i r s t  stage f i l t e r  f a i l s .  



TEST DESCRIPTION 

The p r i m a r y  o b j e c t i v e  o f  t h e  r a d i o a c t i v e  t e s t  was t o  demons t ra te  t h e  I S V  

p r o c e s s i n g  conta inment  and conf inement  o f  r a d i o a c t i v e l y  contami na ted  s o i  1  and 

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

t o  t h e  r a d i o a c t i v e  t e s t ,  two n o n r a d i o a c t i v e  o p e r a t i o n a l  acceptance t e s t s  were 
r 

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

t e s t ,  as i 1 l u s t r a t e d  i n  F i g u r e  10. Four  y r a p h i t e  e l e c t r o d e s  were used w i t h  a  

1.22 x 1.22 m s e p a r a t i o n .  The f i r s t  c o l d  t e s t  used a  me ta l  waste  c o n t a i n e r  

w h i l e  t h e  second c o l d  t e s t  and r a d i o a c t i v e  t e s t  used a  p l a s t i c  c o n t a i n e r .  The 

p l a s t i c  c o n t a i n e r  was s e l e c t e d  f o r  t h e  r a d i o a c t i v e  t e s t  t o  m i n i m i z e  t h e  p o s s i -  

b i l  i t y  o f  a  p r e s s u r i z e d  sea led  c o n t a i n e r  (Oma e t  a1 . 1983).  Bo th  nonrad i  o- 

a c t i v e  t e s t s  p r o v i d e d  o p e r a t o r  t r a i n i n g  and equipment checkou t  f o r  t h e  sys-  
i' 

tem. O p e r a t i o n a l  problems encountered i n  t h e  f i r s t  t e s t  n e c e s s i t a t e d  f u r t h e r  

system check-out  i n  t h e  second t e s t .  The problems t h a t  were i d e n t i f i e d  and 

r e s o l v e d  a r e  h i g h 1  i g h t e d  be1 ow. 
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FIGURE 10. Waste C o n t a i n e r  P l  acenient B e f o r e  V i t r i f i c a t i o n  



Hood vacuum was reduced due t o  t h e  d r y i n g  and s l o u y h i n y  o f  t h e  s o i l  

around t h e  hood. A h i y h  tempera tu re  s k i r t i n g  was a t t a c h e d  t o  t h e  

bo t tom o f  t h e  hood p e r i m e t e r  t o  m a i n t a i n  t h e  vacuum i f  subs idence 

occur red.  

a Transformer  phas iny  problems p l u s  the rma l  and c u r r e n t  t r i p s  i n t e r -  

r u p t e d  power t o  t h e  e l e c t r o d e s .  The phas ing  was c o r r e c t e d  and t h e  

c u r r e n t  1  i m i t e r  was a d j u s t e d  t o  a1 l ow  t h e  power c o n t r o l  systern t o  

o p e r a t e  w i t h i n  s a f e  bounds. An improvement t o  t h e  t r a n s f o r m e r  c o o l -  

i n g  f a n  sh roud ing  enhanced t h e  a i r  f l o w  ac ross  t h e  t r a n s f o r m e r  heat  

s i n k  and improved t h e  hea t  t r a n s f e r  f rom t h e  t r a n s f o r m e r  t o  p r e v e n t  

the rma l  t r i p s .  

The tempera tu re  l i m i t s  f o r  t h e  b l o w e r  i n l e t  d i d  n o t  a l l o w  enough 

the rma l  energy f rom t h e  h e a t e r  t o  evapora te  a l l  t h e  m o i s t u r e  i n  t h e  

gas stream. Water was found on t h e  f i r s t  s t a g e  HEPA f i l t e r  due t o  

c o l l  e c t i  on o f  unevapora ted sc rub  s o l u t i o n  n i i  s t  f rom t h e  system. 

a A b l o w e r  capab le  o f  h i y h e r  tempera tu re  o p e r a t i o n  was i n s t a l l e d  t o  

a l l o w  a  h i y h e r  tempera tu re  s e t t i n g  o f  t h e  o f f - g a s  h e a t e r  and a  

g r e a t e r  e v a p o r a t i o n  r a t e .  

The r e s u l t s  o f  t h e  second c o l d  t e s t  c o n f i r m e d  t h a t  t h e  c o r r e c t i v e  a c t i o n  

was s a t i s f a c t o r y .  

The I S V  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  was conducted u s i n y  a  make-up s i t e ,  

i n  which known q u a n t i t i e s  o f  r a d i o n u c l i d e s  a r e  i n t r o d u c e d .  A noncontaminated 

s i t e  sou th  o f  t h e  300 West B u r i a l  Ground #7  a t  Han fo rd  was chosen so an asses- 

sment o f  r a d i o n u c l  i d e  d i s t r i b u t i o n  w i t h i n  t h e  v i t r i f i c a t i o n  zone and a  d e t e r -  

m i n a t i o n  o f  any m i g r a t i o n  beyond t h e  v i t r i f i c a t i o n  r e g i o n  i n t o  c l e a n  s o i l  c o u l d  

be made. The r a d i o a c t i v e  m a t e r i a l ,  1  i s t e d  i n  Tab le  2, was p laced  i n  a  19 L 

( 5  g a l )  c o n t a i n e r  and was c e n t r a l l y  p o s i t i o n e d  w i t h i n  t h e  zone t o  be v i t r i f i e d  

(see F i g u r e  1 0 ) .  The r a d i o n u c l i d e  c o n t e n t  chosen f o r  t h e  t e s t  was based on t h e  

d e t e c t i o n  c a p a b i l i t y  o f  t h e  rad iochemica l  a n a l y t i c a l  equipment.  These de tec -  

t i o n  l i m i t s  were used t o  e s t a b l i s h  t h e  minimum i n p u t  amount f o r  each r a d i o -  

n u c l i d e  based on p r e d i c t e d  l o s s e s  t o  t h e  o f f - g a s  system and p r e d i c t e d  

d i s t r i b u t i o n  w i t h i n  t h e  v i t r i f i e d  b l o c k .  



TABLE 2. Waste Con ta iner  Rad ionuc l ide  I n v e n t o r y  

To ta l  

Rad ionuc l ide  Cur ies  

2 4 1 ~ m  0.0095 

2 3 9 ~ u  0.0053 

2 3 8 ~ u  0.0018 

137cs 0.020 

l o 6 ~ u  0.021 

9 0 ~  r 0.680 

60co 0.010 

O r i g i n a l  

Concent r a t i o n  

nCi /g  

370 

210 

70 

780 

820 

26600 

390 

The r a d i o a c t i v e  t e s t  was successfu l  i n  c o n t a i n i n g  t h e  r a d i o a c t i v e  m a t e r i a l  

through t h e  encapsu la t ion  o f  over  99% o f  t h e  m a t e r i a l  i n  t h e  m e l t  zone and 

containment o f  t h e  balance w i t h i n  t h e  o f f - gas  system. No re l ease  o f  

r a d i o a c t i v e  m a t e r i a l  t o  t h e  environment was de tec ted  d u r i n g  t h e  ac tua l  pro-  

cess ing ope ra t i ons  (23 h) o r  d u r i n g  t h e  hood plenum cool  down p e r i o d  (30 h). 

The two non rad ioac t i ve  runs proved t o  be va luab le  acceptance t e s t i n g  o f  t h e  

system. Ana l ys i s  o f  t h e  I S V  system performance i s  t i e d  t o  c e r t a i n  run events,  

such as v o l t a g e  t a p  changes and o t h e r  changes i n  p rocess ing  c o n d i t i o n s  which 

cou ld  a f f e c t  i n t e r p r e t a t i o n  o f  t h e  data. Table  3  l i s t s  t e s t  events and t h e i r  

t ime  o f  occurrence. S p e c i f i c  equipment performance and t e s t i n g  r e s u l t s  o f  t h e  

r a d i o a c t i v e  t e s t  and t h e i r  r e l a t i o n  t o  these run  events  a re  presented i n  t h e  

f o l l o w i n g  sec t ion .  



TABLE 3. Chrono log ica l  L i s t  o f  Events Dur ing  t h e  Rad ioac t i ve  Test 

Run Time 
( h r )  

0  

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

START-UP: Power t r ans fo rmer  a t  1000 V t a p  

Switched from vo l t age  t o  c u r r e n t  c o n t r o l  

Reached maximum power on 1000 V t a p  

Me l t  zone cen te r -1  i n e  depth a t  1' 

Gas re l ease  from waste package 

Power t r ans fo rmer  swi tched t o  650 V t a p  

Reached maximum power on 650 V t a p  

Me l t  zone a t  t o p  o f  waste package (2.5 ' )  

Added f r e s h  water t o  v e n t u r i - e j e c t o r  scrub tank 

Power t r ans fo rmer  swi tched t o  430 V t a p  

Reached maximum power on 430 V t a p  

Me l t  zone a t  bot tom o f  waste package (3.5 ' )  

Added f r e s h  water t o  v e n t u r i - e j e c t o r  scrub tank 

Me l t  zone a t  4 '  depth 

T rans fe r red  a p o r t i o n  o f  t h e  Hydro-Sonic scrub 
s o l u t i o n  t o  v e n t u r i - e j e c t o r  scrub t ank  

POWER TURNEn OFF 

V e n t u r i - e j e c t o r  scrub pump tu rned  o f f  

Hydro-Sonic scrubber l i q u i d  f l o w  reduced 



TEST RESULTS AND PERFORMANCE ANALYSIS 

Performance o f  t he  I S V  process i s  based on t he  equipment ope ra t i on  and t h e  

a b i l i t y  o f  t h e  system t o  s t a b i l i z e  and con ta in  a l l  r ad ionuc l i des  added t o  t h e  

s o i l .  Three pr imary areas o f  performance are addressed: 1 )  power system, 

2 )  o f f -gas  system, and 3) product c h a r a c t e r i z a t i o n .  Sampling p o s i t i o n s  

re1 a t i  ng t o  t h e  r a d i  onucl i de d i  s t r i  b u t i  on and ana l ys i s  o f  t h e  o f f  -gas system 

and waste form are  i l l u s t r a t e d  i n  F igu re  11. 
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FIGURE 11. P i  l o t -Sca le  System w i t h  t he  Assoc ia ted Sampling P o s i t i o n s  

POWER SYSTEM 

The power system performed adequately du r i ng  both acceptance t e s t s  and t h e  

r a d i o a c t i v e  t e s t .  Several minor problems ( i n c o r r e c t  phasing, c u r r e n t  1  i m i  t a -  

t i o n s ,  t rans fo rmer  thermal t r i  ps, and system amperage l i m i t a t i o n s ) ,  i d e n t i f i e d  

i n  t h e  t e s t  d e s c r i p t i o n  sec t ion ,  were reso lved  by c o r r e c t i n g  t h e  phasing, 

a d j u s t i n g  t h e  c u r r e n t  l i m i t e r ,  improv ing t h e  c o o l i n g  a i r  f l ow  across t h e  

t rans fo rmer  heat  s ink,  and l i m i t i n g  process opera t ions  t o  a  600 ampere maximum 

c u r r e n t  load. Once a l l  these power c o n t r o l  system "bugs" were i d e n t i f i e d  and 

resolved, t he  Scott-Tee t rans fo rmer  system performed t o  expectat ions,  p r o v i d i n g  



a  balanced supply o f  power t o  t h e  mel t .  Power, vo l tage,  and amperage perform- 

ance data f o r  t h e  r a d i o a c t i v e  t e s t  a re  i l l u s t r a t e d  i n  F igures  12 and 13. 

A power system performance comparison among the  two c o l d  t e s t s  and one 

r a d i o a c t i v e  t e s t  i s  presented i n  Table 4. Th is  comparison i l l u s t r a t e s  t h e  
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FIGURE 12. Power t o  E lec t rode  
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FIGURE 13. Voltage and Cur ren t  



TABLE 4. Con i~ar i son  o f  Power System Performance o f  Three P i l o t - S c a l e  Tests  

Parameter PSCT 1 PSCT 2 PSRT 

Process ing t ime,  h 36 2 7 2 3 

S o i l  s o l i d i f i e d ,  kg 9270 8910 8 6 0 0 ( ~ )  

Approxi mate d i  men- 1.8 x 1.8 x 1.5 1.8 x 1.8 x 1.4 1.8 x 1.8 x 1 . 5 ( ~ )  - 
s i  ons o f  s o l  i d i  f i  - 
c a t i o n  zone, m 

Approxi mate vo l  ume 4.9 
o f  s o l i  i f i c a t i o n  
zone, m !l 
To ta l  energy consumed, 9920 

kwh 

Average power, kW 275 

Maxi mum power, kW 410 410 

( a )  Est imated (b l ock  s t i l l  i n  t h e  ground). 

e f f e c t s  o f  ope ra t i ng  c o n d i t i o n  on me1 t i  ng e f f i c i e n c y  (energylmass r a t i o ) .  The 

energylmass r a t i o  from t h e  f i r s t  c o l d  t e s t  (PSCT 1 )  was h i ghe r  than  f o r  pre- 

v ious p i l o t - s c a l e  t e s t s  because t h e  s o i l  mo is tu re  was g rea te r  and t h e  power 

supply system was no t  ope ra t i ng  under optimum cond i t i ons  ( c u r r e n t  l i m i t a t i o n s  

and t r ans fo rmer  t r i p s ) .  The energylmass r a t i o  d u r i n g  t h e  second c o l d  t e s t  

(PSCT 2) was a l s o  s l i g h t l y  h igher ,  due t o  3 hours o f  downtime as a r e s u l t  o f  

blown fuses. When t h e  system operated w i t h o u t  i n t e r r u p t i o n s ,  as was t h e  case 

i n  t h e  r a d i o a c t i v e  t e s t  (PSRT), an improved power e f f i c i e n c y  (0.8 kWh/kg) was 

achieved, which i s  comparable w i t h  prev ious p i  l o t - s c a l e  t e s t  ope ra t i ons  

(Timmerman e t  a l .  1983). 

OFF-GAS SYSTEM 

Dur ing  t h e  r a d i o a c t i v e  t e s t ,  t h e  equi pment performance was mon i to red  by 

t h e  ex tens ive  use o f  f i e l d  i ns t r umen ta t i on .  A l l  temperatures,  pressures,  

f lows,  gas composi t ions,  and tank l e v e l s  were recorded a t  6 minute i n t e r v a l s  by 



a  computer c o n t r o l  l e d  d a t a  acqui  s i  t i  on u n i t  . Data p e r t a i  n i  ng t o  performance o f  

t h e  equ i  pment, removal e f f i  c i  ency o f  r a d i  onuc l  i des and removal e f f  i c i  ency o f  

p a r t i c u l a t e  a r e  presented below. 

Off-Gas Containment Hood 

The hood c o v e r i n g  t h e  v i t r i f i c a t i o n  zone m a i n t a i n e d  a  s l i g h t  vacuum over  

t h e  mo l ten  area most o f  t h e  t i m e  d u r i n g  t h e  f i r s t  c o l d  t e s t  and a t  a l l  t i m e s  

d u r i n g  t h e  rema in ing  two t e s t s .  B r i e f  moments o f  reduced vacuum were exper -  

i enced  when t h e  d i r t  sea l  around t h e  base o f  t h e  hood d r i e d  and p a r t i a l l y  

subs ided d u r i n g  t h e  f i r s t  c o l d  t e s t .  A s k i r t i n g  made o f  h igh - tempera tu re  

r e s i s t a n t  c l o t h  e f f e c t i v e l y  e l i m i n a t e d  t h e  e f f e c t s  o f  s o i l  subsidence on t h e  

hood vacuum i n  t h e  o t h e r  two t e s t s .  

S t r u c t u r a l l y ,  t h e  hood m a i n t a i n e d  i t s  i n t e g r i t y  t h r o u g h  a1 1  t h e  t e s t s .  

The p i l o t - s c a l e  hood was des igned t o  w i t h s t a n d  an 18 cm ( 7  in . )  wa te r  vacuum. 

A  HEPA f i l t e r e d  a i r  i n l e t  system w i t h  a  s l i d e  v a l v e  was i n s t a l l e d  on t h e  hood 

t o  i n s u r e  t h a t  t h e  plenum vacuum never  exceeded t h e  hood's s t r u c t u r a l  

l i m i t a t i o n s .  

The hood plenum vacuum averaged between 2.5 and 4.0 cm (1.0 and 1.6 i n . )  

wa te r  column (W.C.) d u r i n g  t h e  r a d i o a c t i v e  t e s t  as shown i n  F i g u r e  14. The 

vacuum decreased t o  1.3 cm (0.5 in . )  W.C. f o r  a  10 t o  15 m i n u t e  p e r i o d  a t  

1.8 hours i n t o  t h e  t e s t  when t h e  waste  package gas r e l e a s e  was observed; 

however, t h i s  vacuum was s t i l l  w i t h i n  t h e  d e s i r e d  s a f e  o p e r a t i n g  range o f  t h e  

hood. The gas r e l e a s e  a s s o c i a t e d  w i t h  t h e  vacuum decrease c o u l d  be a t t r i b u t e d  

t o  one o r  bo th  o f  t h e  f o l l o w i n g  f a c t o r s :  ( 1 )  a i r  p resen t  i n  t h e  doub le  p l a s t i c  

bag c o n t a i  n i  ng t h e  waste c o n t a i  n e r  expanded w i t h  h e a t i n g  then  re1  eased sudden ly  

and ( 2 )  thermal  d e s t r u c t i o n  o f  t h e  p l a s t i c  bags and t h e  waste c o n t a i n e r  may 

have r e s u l t e d  i n  a  p y r o l y s i s / c o m b u s t i b l e  gas r e l e a s e .  The remainder o f  t h e  

. t e s t  p resented no o p e r a t i o n a l  problems t o  t h e  o f f - g a s  system t h r o u g h  t h e  23 h  

t e s t  d u r a t i o n .  A t  30 hours a f t e r  s t a r t u p  ( 7  hours  a f t e r  comp le t i on  o f  t h e  

t e s t ) ,  t h e  l i q u i d  f l o w  t o  t h e  Hydro-Sonic scrubber  was reduced, wh ich  i n  t u r n  
* 

lowered t h e  d i f f e r e n t i a l  p ressu re  ac ross  t h e  o f f - g a s  system, i n c r e a s i n g  t h e  

o f f - g a s  f l o w  and t h e  hood vacuuni (see F i g u r e s  14 and 15 ) .  
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FIGURE 14. Hood Vacuum 
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FIGURE 15. Off-Gas Flow Rate 

Heat r e l a t e d  s t resses  created small cracks i n  t h e  hood d u r i n g  t h e  f i r s t  

c o l d  t e s t  one i n  t he  reg ion  d i r e c t l y  above t h e  me l t  zone. These cracks were 

repa i red  and a  r a d i a t i v e  heat s h i e l d  was i n s t a l l e d  over t h e  c e n t r a l  reg ion  o f  

t h e  hood which s u b s t a n t i a l l y  reduced thermal s t r e s s  i n  t h e  metal hood. Radio- 

a c t i v e  t e s t  off-gas temperatures from the  hood plenum t o  t he  process t r a i l e r  



are  presented i n  F igure  16. The hood plenum temperature ranged from 300 t o  

360°C l a t e r  i n  t he  t e s t ,  e s s e n t i a l l y  t he  same as seen i n  t he  two prev ious 

ope ra t i ona l  t es t s .  The hood mainta ined i t s  i n t e g r i t y  and showed no weak po in t s  

due t o  s t resses imposed by thermal c y c l i n g  o r  t he  vacuum. The temperature o f  

t h e  hood metal i t s e l f  d i d  not  exceed 280°C (see F igu re  17). 
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FIGURE 16. Off-Gas Temperatures from Hood Plenum t o  t he  Process T r a i l e r  
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FIGURE 17. Off-Gas Hood Temperatures 



The hood e f f e c t i v e l y  c o n t a i n e d  o f f  gases f r o m  t h e  m e l t  and s u p p o r t e d  t h e  

e l e c t r o d e s  under v a r y i n g  the rma l  c o n d i t i o n s .  T h i s  e f f e c t i v e  con ta inmen t  was 

h i g h l i g h t e d  and proven i n  t h e  r a d i o a c t i v e  t e s t ,  i n  wh ich  no a i r b o r n e  r a d i o -  

a c t i v e  con taminan ts  were d e t e c t e d  o u t s i d e  t h e  o f f - g a s  hood. 

Off-Gas Treatment Equipment 

O f f  gases e n t e r i n g  t h e  o f f - g a s  system were -60°C c o o l e r  t h a n  when e x i t i n g  
v 

t h e  hood ( F i g u r e  16) due t o  heat  l o s s e s  d u r i n g  f l o w  t h r o u g h  t h e  o f f - g a s  l i n e .  

Gas tempera tu res  ranged f rom 180 t o  220°C a t  t h e  v e n t u r i - e j e c t o r  sc rubber  v 

i n l e t .  The v e n t u r i - e j e c t o r  e f f e c t i v e l y  quenched them t o  l e s s  t h a n  40°C. 

F i y u r e s  18 and 19 p r e s e n t  t h e  o f f - g a s  tempera tu res  d u r i n g  t h e  r a d i o a c t i v e  t e s t  

a t  p o s i t i o n s  i n  t h e  o f f - g a s  system f rom t h e  v e n t u r i - e j e c t o r  sc rubber  t o  t h e  

s tack .  F l u c t u a t i o n s  i n  t h e  tempera tu res  w i t h i n  t h e  s c r u b  system were i n f l u -  

enced by t h e  ambient  t empera tu re ,  wh ich  de te rm ined  t h e  tempera tu re  o f  t h e  

w a t e r l g l y c o l  c o o l  a n t .  The m i  n o r  e f f e c t  o f  t h e  d a y l n i  y h t  t e m p e r a t u r e  c y c l e  can 

be c l e a r l y  seen from t h e  ambient a i r  cu rves  o f  F i g u r e s  18 and 19. As seen i n  

F i g u r e  18, t h e  Hydro-Sonic sc rubber  and condenser b o t h  c o o l e d  t h e  gases an 

a d d i t i o n a l  i nc remen t .  The approach tempera tu re  between ambient  and t h e  

condenser o u t l e t  averaged 5OC, wh ich  i n d i c a t e s  an e f f e c t i v e  c o o l i n g  sys tem 
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FIGURE 18. Off -Gas Temperatures f r o m  t h e  V e n t u r i - E j e c t o r  O u t l e t  
t o  t h e  Condenser O u t l e t  
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FIGURE 19. Off-Gas Tempe ra tu res  f r om  t h e  H e a t e r  I n l e t  t o  t h e  S t a c k  

e f f i c i e n c y .  A f t e r  e x i t i n g  t h e  condense r ,  t h e  o f f - g a s  s t r e a m  was r e h e a t e d  t o  

62°C t o  e v a p o r a t e  e n t r a i n e d  m o i s t u r e  b e f o r e  r e a c h i n g  t h e  HEPA f i l t e r s .  The 

d i f f e r e n t i a l  t e m p e r a t u r e  a c r o s s  t h e  h e a t e r  ave raged  29°C d u r i n g  t h e  t e s t .  The 

a d i a b a t i c  h e a t i n g  e f f e c t  o f  t h e  b l o w e r  i s  a p p a r e n t  f r o m  F i g u r e  19 s i n c e  t h e  o f f  

gases were  h e a t e d  -45°C b y  t h e  b l o w e r .  

The HEPA f i l t e r s  yave  no  i n d i c a t i o n  o f  i n c r e a s e d  f l o w  r e s i s t a n c e  r e s u l t i n g  

f r o m  p a r t i c u l a t e  l o a d i n g ,  as i n d i c a t e d  by  d i f f e r e n t i a l  p r e s s u r e  d a t a  ( s e e  

F i g u r e  2 0 ) .  The d i f f e r e n t i a l  p r e s s u r e s  a v e r a y e d  2.5 cm W.C. a c r o s s  t h e  HEPAs 

d u r i n g  power -on  o p e r a t i o n  and f l u c t u a t e d  somewhat a f t e r  25 h o u r s  i n  r e s p o n s e  t o  

v a r i a t i o n s  i n  o f f - g a s  f l o w  ( F i g u r e  1 5 )  caused  b y  s c r u b b e r  p a r a m e t e r  changes  

l i s t e d  e a r l i e r  i n  T a b l e  3. 

S c r u b  s o l u t i o n  was g r a d u a l l y  c a r r i e d  o v e r  f r o m  t h e  v e n t u r i - e j e c t o r  s c r u b  

t a n k  t o  t h e  Hyd ro -Son i c  s c r u b  t a n k  due  t o  e v a p o r a t i o n  f o l l o w e d  b y  r econdensa -  

t i o n .  T h i s  e f f e c t  as we1 1  as t h e  e f f e c t s  o f  t a n k  t o  t a n k  1  i q u i d  t r a n s f e r s  

( l i s t e d  i n  T a b l e  3 )  can  be  seen i n  F i g u r e  21. 



2 .o - - - 
2 
c .- - 
E 1 . 2 -  
V) 
V) 

E 
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Decontaminat ion  F a c t o r s  

Soi 1  - t o - o f f - g a s  decon tamina t ion  f a c t o r s  (DFs) ( a )  were c a l c u l a t e d  f rom 

a1 pha, beta,  and gamma a n a l y s i s  o f  samples t a k e n  f rom p o i n t s  1 t h r o u g h  8 i n  t h e  

ISV system (see F i g u r e  11).  Radi ochemi c a l  a n a l y t i c a l  procedures a r e  d e s c r i  bed 

i n  Appendix A. The sc rub  s o l u t i o n  was sampled p e r i o d i c a l l y  d u r i n g  t h e  t e s t .  

Samples o f  t h e  b lock  s u r f a c e  (smearab le) ,  s u r f a c e  s o i l ,  hood, p i p i n g  and HEPA 

f i  1  t e r s  were taken  d u r i n g  t h e  pos t - run  a n a l y s i s  pe r iod .  The a n a l y t i c a l  

r e s u l t s ,  c a l c u l a t e d  f rom t h e  sampl ing  d a t a  a r e  presented i n  Tab le  5. 

Tab le  6  shows t h e  m e l t  r e t e n t i o n ,  pe rcen t  r e l e a s e  and s o i l - t o - o f f - g a s  DF 

f o r  t h e  r a d i o n u c l i d e s  i n  t h e  t e s t .  R e t e n t i o n  o f  a1 1  r a d i o n u c l i d e s  by t h e  

v i t r i f i e d  m a t e r i a l  was g r e a t e r  t han  99%. Decontaminat ion  f a c t o r s  f o r  t r a n s -  

u r a n i c  e lements averaged g r e a t e r  t h a n  4000. F i s s i o n  product  DFs ranged f rom 

130 f o r  t h e  more v o l a t i l e  1 3 7 ~ s  t o  3100 f o r  ' O S ~ .  

O f f -gas  re leases  o f  t h e  more v o l a t i l e  f i s s i o n  p roduc ts  ( 1 3 7 ~ s ,  lo6Ru, and 

6 0 ~ o )  a re  a  f u n c t i o n  o f  gas r e l e a s e s  as t h e  m e l t  passes t h r o u g h  t h e  con- 

t a m i n a t e d  s o i  1  and o f  t h e  r e l a t i v e  v o l a t i  1  i t y  o f  each r a d i o n u c l i d e .  Data a1 so 

show t h a t  once t h e  waste a s s o c i a t e d  w i t h  t h e s e  r a d i o n u c l  i d e s  has been 

v i t r i f i e d ,  r a d i o n u c l i d e  r e l e a s e s  t o  t h e  o f f -gas  system a r e  r e l a t i v e l y  minor .  

The re leases  of 1 3 7 ~ s ,  lo6Ru, and 6 0 ~ o  f rom t h e  mo l ten  s o i l  t o  t h e  hood area,  

p i p i n g ,  scrubbers ,  and HEPA f i l t e r  a r e  presented as a  f u n c t i o n  o f  run t i m e  i n  

F i g u r e  22. Low q u a n t i t i e s  o f  each r a d i o n u c l  i d e  began t o  appear i n  t h e  f i r s t  

sc rub  samples a t  2.1 hours i n t o  t h e  run.  The m e l t  zone reached t h e  bot tom o f  

t h e  c o n t a i n e r  a t  app rox ima te l y  n i n e  hours  i n t o  t h e  t e s t .  Once t h e  rad ionuc -  

l i d e s  were i n c o r p o r a t e d  i n t o  t h e  mo l ten  s o i l ,  t h e  e lement re leases  began t o  
s low down as d e p i c t e d  by t h e  reduced s lope  o f  t h e  F i g u r e  22 curves.  The c u r v e s  

i n d i c a t e  t h a t  t h e  r e l e a s e  r a t e  i s  h i g h e s t  when t h e  waste m a t e r i a l  i s  b e i n g  

a c t i v e l y  mel ted.  The h i g h e r  r e l e a s e  r a t e  t o  t h e  o f f  gas d u r i n g  m e l t i n g  o f  t h e  
1 

waste c o n t a i n e r  can be a t t r i b u t e d  t o  combust ion o f  t h e  c o n t a i n e r  and t h e  t h e r -  

mal r e a c t i o n  o f  t h e  r a d i o n u c l  i d e s  f rom a  n i t r a t e  t o  an o x i d e  form. It i s  - expected t h a t  gases re1 eased d u r i n g  t h e s e  r e a c t i o n s  i n c r e a s e  en t  r a i  nment of 

p a r t i c l e s  and c r e a t e  a  more d i r e c t  pathway t o  t h e  s u r f a c e  f o r  r e l e a s e  o f  t h e  

( a )  DF = r e c i  p r o c a l  o f  t h e  f r a c t i o n  o f  m a t e r i  a1 re1 eased. 



TABLE 5. Radionucl i d e  D i s t r i b u t i o n  w i t h i n  t h e  Off-Gas System 

C i  241~m 239/24OPu 2 3 8 ~ u  To ta l  Pu 

O r i g i n a l  9.5 E-3 5.3 E-3 1.8 E-3 7.1 E-3 

1. Block sur face  2.6 E-8 4.2 E-10 1.6 E-10 5.8 E-10 

2. Surface s o i l  6.3 E-10 2.6 E-10 1.7 E-10 4.3 E-10 

3. Hood 1.8 E-7 5.4 E-8 1.7 E-8 7.1 E-8 

4. P i p i n g  7.0 E-8 9.6 E-9 3.0 E-8 4.0 E-8 

5. Ven tu r i  5.2 E-7 1.1 E-6 3.6 E-7 1.4 E-6 
(Tk 1)  

6. Hydro Sonic 4.4 E-9 3.3 E-8 1.0 E-8 4.4 E-8 
(Tk 2) 

7. Primary HEPA (a )  1 .1E-8 3.6E-9 1.5E-8 

8. Secondary HEPA (b )  ( b )  ( b )  ( b )  

c i 1 3 7 ~ s  1 0 6 ~ u  90s r 6 0 ~  o  

Ori g i  na l  2.0 E-2 2.1 E-2 6.8 E-1 1.0 E-2 

1 . B l o c k  sur face  2.5E-7 9.7 E-8 9.5 E-8 2.5 E-8 

2. Surface s o i l  1.3 E-8 5.5 E-9 7.0 E-9 9.1 E-10 

3. Hood 2.6 E-6 3.2 E-6 9.5 E-6 1.7 E-7 

4. P i p i n g  7.1 E-6 4.3 E-7 7.4 E-6 7.8 E-7' 

5. Ven tu r i  2.7 E-5 9.3 E-6 1.9 E-4 1.3 E-6 
(Tk 1 )  

6. Hydro Sonic 1.1 E-4 2.4 E-5 9.3 E-6 3.0 E-6 
(Tk 2) 

7. Pr imary HEPA 5.0 E-6 1.1 E-6 2.3 E-7 1.8 E-7 

8. Secondary HEPA ~ 1 . 0  ~ - 9 ( ~ )  ~ 2 . 2  ~ - 8 ( ~ )  ( b )  ~ 3 . 6  ~ - 9 ( ~ )  

( a )  Not detected. Values shown are  based on a n a l y t i c a l  d e t e c t i o n  
l i m i t s .  

( b )  Ana lys is  o f  these n o n v o l a t i l e  species was no t  performed. 

more v o l a t i l e  elements. Th is  e f f e c t  was seen t o  a  g rea te r  ex ten t  d u r i n g  

prev ious p i  l o t - s c a l e  t e s t s  w i t h  combust ib les and chemical n i t  r a t e s  (Oma, 

Farnsworth, and Timmerman 1984). The re1 a t i  ve v o l a t i  1  i t y  o f  each rad ionuc l  i d e  

i s  a l s o  represented i n  F igu re  22 by t h e  range o f  t he  releases, w i t h  Cs be ing  

t h e  most v o l a t i l e  and Co e x h i b i t i n g  t h e  lower re lease  p o t e n t i a l .  



TABLE 6. Radi onuc l  i de Re1 ease Data 

Radi onuc l  i de 

( t  ransuran i  cs )  

Am-241 

Pu-2391240 

Pu-238 

T o t a l  Pu 

( f i s s i o n  p roduc ts )  

CS-137 

Ru-106 

Sr-90 

Co-60 

Me1 t 
Reten t ion ,  % 

Release t o  
O f f  Gas, % 

So i  1 -to-Off-Gas 
DF 

FIGURE 22. Cesium, Ruthenium and Coba l t  Released t o  t h e  Off-Gas System 

Releases o f  n o n v o l a t i l e  components (Pu and S r )  occu r  p r i m a r i l y  when t h e  

m e l t  zone i n i t i a l l y  c o n t a c t s  t h e  contaminated zone, caus ing  a gas r e l e a s e  



associ  a ted  w i t h  v i  t r i  f y i  ng gas-generat i ng wastes such as combusti b l  es o r  

n i t r a t e s .  P lu ton ium and s t r on t i um  re leases bo th  peaked 4 hours i n t o  t h e  run as 

shown i n  F i gu re  23 and appeared t o  decrease t o  a  steady va lue l a t e r  i n  t h e  

t e s t .  Th i s  apparent decrease (approx imate ly  a  f a c t o r  o f  2) i s  no t  r e a l .  I n  

f a c t ,  t h e  t o t a l  r a d i  onucl i des  co l  1  ec ted  i n  t h e  o f f  -gas system inc reased  

s l  i g h t l y  . Re1 ease p r o j e c t i o n s  e x t r a p o l a t e d  from prev ious data (Oma, 

Farnsworth, and Timmerman 1984) are i l l u s t r a t e d  i n  F i gu re  24. The e a r l i e r  

p r o j e c t i o n s  show t h e  t y p i c a l  t r e n d  o f  an i n i t i a l  element re lease  assoc ia ted  

w i t h  gas genera t ion  and then  l i t t l e  o r  no f u r t h e r  re lease  throughout  t h e  

remai nder o f  t h e  t e s t .  

The decrease i n  re lease  w i t h  t ime  i n d i c a t e d  i n  F i gu re  23 i s  apparen t l y  

caused by a  decrease i n  t h e  l each ing  e f f i c i e n c y  o f  t h e  e x t r a c t i v e  chemis t ry  

technique app l i ed  t o  t h e  s o l i d  phase res idue  and used t o  separate  and analyze 

these rad ionuc l  ides.  A s i m i l a r  l each ing  e x t r a c t i o n  i s  used f o r  both t h e  Pu and 

Sr. Th i s  technique was no t  adequate t o  remove these elements f rom t h e  s o l i d  

phase p r i o r  t o  t h e  a1 pha and beta count ing.  When leachates f rom t h e  same 

--  
RUN TIME. h 

FIGURE 23. Americium, P lu ton ium and S t ron t i um  Released t o  t h e  
Off-Gas System 
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FIGURE 24. P l u t o n i u m  and S t r o n t i u m  Release P r o j e c t i o n s  

samples were ana lyzed f o r  gamma e m i t t i n g  r a d i o n u c l i d e s ,  a  s i m i l a r  d e c l i n e  i n  

t h e  measured a c t i v i t y  o c c u r r e d  f o r  samples t a k e n  l a t e r  i n  t h e  t e s t ,  as i l l u s -  

t r a t e d  i n  F i g u r e  25. T h i s  l e a c h a t e  a c t i v i t y  d e c l i n e  i s  a l s o  due t o  t h e  

decrease i n  a b i l i t y  t o  e f f e c t i v e l y  l e a c h  t h e  r a d i o n u c l i d e s  f r o m  t h e  s c r u b  s o l u -  

t i o n  s o l i d  phase res idue .  Cesium, ruthenium, and c o b a l t  a c t i v i t y  d e c l i n e  i s  

i ncons i  s t e n t  w i t h  p r e v i o u s  t o t a l  sample c o u n t s  o f  t h e s e  r a d i o n u c l  i d e s  shown 

e a r l i e r  i n  F i g u r e  22, wh ich  i l l u s t r a t e s  t h a t  t h e  gamma e m i t t i n g  r a d i o n u c l i d e s  

were r e l e a s e d  t o  some c o n s t a n t  v a l u e  l a t e r  i n  t h e  r u n  and d i d  n o t  d e c l i n e .  

T h i s  d e c l i n e  l a t e r  i n  t h e  t e s t  i s  o n l y  observed f o r  i s o t o p e s  i n  t h e  s o l  i d  . 
phase. A p p a r e n t l y  an i n s o l u b l e  m a t r i x  was b e i n g  formed wh ich  i n h i b i t s  t h e  

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

w showed a  s l i g h t  i n c r e a s e  as a  f u n c t i o n  o f  t i m e  wh ich  i s  t h e  normal p a t t e r n .  An 

example o f  t h e  s o l i d l l i q u i d  phase v a r i a t i o n  as a  f u n c t i o n  o f  r u n  t i m e  u s i n g  Pu 

d a t a  i s  p resen ted  i n  F i g u r e  26. Past  e x p e r i e n c e  i n  s i m i l a r  t e s t  c o n d i t i o n s  

(Oma, Farnswor th ,  and Timmerman 1984) has i n d i c a t e d  t h a t  o f  f -gas  p a r t i c u l a t e s ,  
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FIGURE 25. A c t i v i t y  i n  E x t r a c t i v e  Leach So lu t i ons  o f  Gamma Iso topes  
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FIGURE 26. P l  utonium D i s t r i b u t i o n  Between Sol i d  and L i q u i d  Phase 
o f  Scrubber S o l u t i o n  



which t h e  Pu and Sr  r e p r e s e n t ,  a r e  r e l e a s e d  d u r i n g  t h e  i n i t i a l  m e l t  c o n t a c t  

w i t h  t h e  contaminated zone and a r e  n o t  measurably r e l e a s e d  l a t e r  i n  t h e  t e s t  

( see  p r o j e c t i o n s  p r o v i d e d  i n  F i g u r e  24) .  T h i s  i n i t i a l  r e l e a s e  cor responded t o  

t h e  gas r e l e a s e  ( h a  e t  a1 . 1983, 1984) produced by  t h e  v i t r i f i c a t i o n  zone con- 

t a c t i n g  t h e  c o n t a i n e r  o f  r a d i o a c t i v e l y  contaminated s o i l .  The re fo re ,  t h e  peak 

va lues f o r  t h e s e  and a l l  r a d i o n u c l i d e s  were used as t h e  t o t a l  r e l e a s e  l o s s e s  t o  

t h e  o f f - g a s  system f o r  t h i s  t e s t .  

Due t o  t h e  e x t r e m e l y  l o w  a c t i v i t y  o f  2 4 1 ~ m  r e l a t i v e  t o  t h e  o t h e r  h i g h e r  

energy gamma e m i t t i n g  r a d i o n u c l i d e s  (Cs, Co, and Ru), 241~rn had h i g h e r  e r r o r  

bounds a s s o c i a t e d  w i t h  i t s  d i s t r i b u t i o n  measurements. There fo re ,  t h e  h i g h e r  

e r r o r s ,  a s s o c i a t e d  1  ower d e t e c t a b i  1  i t y  , and h i g h e r  background energy 1  eve1 s  i n  

t h e  s c r u b  s o l u t i o n s  r e s u l t e d  i n  t h e  more random o f f - g a s  l o s s  c u r v e  as seen i n  

F i g u r e  23. However, t h e  i n d i c a t e d  d e t e c t a b l e  l o s s e s  a r e  r e l a t i v e l y  low. 

The d i s t r i b u t i o n  o f  t h e  r a d i o n u c l i d e s  t h r o u g h o u t  t h e  o f f - g a s  system 

p r o v i d e s  i n s i g h t  i n t o  o p e r a t i o n a l  p rocedura l  requ i remen ts ,  p r o j e c t e d  r e s u l t s ,  

sc rubber  e f f i c i e n c i e s ,  and r a d i o n u c l  i d e  p a r t i c l e  s i z e .  F i g u r e  27 i 11 u s t r a t e s  

t h i s  data .  (Note :  T h i s  d i s t r i b u t i o n  d a t a  r e p r e s e n t s  o n l y  t h e  l e s s  t h a n  1% o f  

- 
GROUND HOOD AND VENTURI HYDRO PRIMARY 
SURFACE PIPING SCRUB SONIC HEPA 

SOLUTION SCRUB 
SOLUTION 

FIGURE 27. D i s t r i b u t i o n  o f  R a d i o n u c l i d e s  Released f r o m  t h e  M e l t  Zone 



each rad ionuc l  i d e  re leased  from t h e  mel t . )  As seen, o n l y  a  smal l  percentage o f  

t h e  elements remain on t h e  s o i l  and g l ass  su r f ace  i n s i d e  t h e  hood. The 

scrubbers accounted f o r  removal o f  f rom 65  t o  92% o f  t h e  r a d i o n u c l i d e s  re leased  

as i n d i c a t e d  by t h e  d i s t r i b u t i o n  i n  t h e  two scrub s o l u t i o n s .  Based on t h e  

data,  97% o r  more o f  these  rad ionuc l  i des  were removed f rom t h e  o f f - g a s  s t ream 

p r i o r  t o  HEPA f i l t r a t i o n  and t h e  balance was removed by t h e  f i r s t  s tage  HEPA. 

No gamma e m i t t i n g  r ad ionuc l i des  were de tec ted  on t h e  second s tage  HEPA f i l t e r  

o r  on s tack  sample f i l t e r s ,  t hus  demonst ra t ing containment o f  r a d i o n u c l i d e s  by  

t h e  o f f - g a s  system. Surveys o f  t h e  t e s t  s i t e  and smear samples o f  t h e  o u t e r  

sur faces o f  t h e  hood and o f f - gas  l i n e  were taken t o  v e r i f y  t h a t  no re leases  o f  

rad ionuc l  i d e s  t ook  p lace.  

En t ra i ned  p a r t i c u l a t e s  i n  t h e  o f f  gas e x i t i n g  t h e  ISV hood were measured 

d u r i n g  p rev ious  non rad ioac t i ve  p i l o t - s c a l e  t e s t s  t o  have an average mass-mean 

d iameter  o f  0.7 pm. The sc rubb ing  e f f i c i e n c y  o f  a  v e n t u r i - e j e c t o r  t y p i c a l l y  

drops o f f  f o r  p a r t i c l e s  sma l l e r  than  about 2 pm d iameter .  The hydro-sonic  

scrubber i s  more e f f i c i e n t  s i n c e  t h e  l owe r  1  i m i t  o f  h i g h  e f f i c i e n c y  i s  

approx imate ly  0.5 pm diameter.  The d i s t r i b u t i o n  da ta  between t h e  v e n t u r i  and 

hydro-sonic  scrub s o l u t i o n s  ( ~ i g u r e  27) i n d i c a t e  t h a t  t h e  more v o l a t i l e  com- 

ponents, 1 3 7 ~ s  and l o 6 ~ u ,  a re  be ing  re leased  as sma l l e r  p a r t i c l e s  s i nce  t h e  

removal by t h e  v e n t u r i - e j e c t o r  i s  low. Both Cs and Ru have been shown t o  

vapor i ze  f rom mo l ten  waste g lasses  r ray 1980). The vapors recondense as 

ext remely  f i n e  p a r t i c l e s .  The rad ionuc l  i d e  d i s t r i b u t i o n  i nd i ca tes  t h a t  Co i s  

ve ry  smal l  a l so ;  however, t h e  reason i s  no t  apparent f rom t h e  data.  Americium, 

p lu ton ium,  and s t r on t i um ,  on t h e  o t h e r  hand, were c o l l e c t e d  p r i m a r i l y  by  t h e  

v e n t u r i - e j e c t o r .  Th i s  i n d i c a t e s  t h a t  t h e  m a j o r i t y  o f  these  elements were 

re leased  f rom t h e  me1 t as p a r t i c l e s  1  a rge r  t han  2 pm w i t h  o t h e r  n o n v o l a t i l e  

s o i l  species.  It a1 so con f i rms  Am, Pu, and Sr  re leases  as p a r t i c u l a t e s  and 

a s s i s t s  i n  c o r r o b o r a t i n g  e a r l i e r  s ta tements  r e l a t i n g  t h e i r  re leases  w i t h  t h e  

i n i t i a l  con tac t  o f  t h e  m e l t  w i t h  t h e  waste package. 

P a r t i c u l a t e  C h a r a c t e r i s t i c s  .) 

Du r i ng  t h e  r a d i o a c t i v e  t e s t ,  p a r t i c l e  mass 1  oading and s i z e  d i s t r i b u t i o n  

measurements were made a t  a  p o i n t  i n  t h e  o f f -gas 1  i n e  between t h e  hea te r  and 

HEPA f i l t e r s .  The purpose o f  t h e  measurements was t o  c h a r a c t e r i z e  t h e  



en t ra i ned  s o l i d s  which were n o t  removed by t h e  v e n t u r i - e j e c t o r  and hydro-sonic  

scrubbers.  Data was ob ta ined  us i ng  an A c t i v e  S c a t t e r i n g  Aerosol Spectrometer 

Probe mounted ad jacen t  t o  t h e  o f f - gas  1 i n e  i n  t h e  containment module (see 

F igu re  11).  A gas sample stream was drawn i s o k i n e t i c a l l y  f rom t h e  o f f - gas  

l i n e ,  then  passed th rough  a sheath a i r f l o w  hea te r  t o  p reven t  condensate from 

forming, and was i n j e c t e d  i n t o  t h e  measuring chamber w i t h  an aerodynamica l ly  

focused j e t .  The p a r t i c l e  count and s i z e  i s  determined by measuring t h e  1 i g h t  

s c a t t e r i n g  from a He-Ne l a s e r  beam pass ing through t h e  focused sample stream. 

The probe counts  t h e  p a r t i c l e s  i n  f o u r  ove r l app ing  s i z e  ranges and has a u s e f u l  

range o f  0.12 pm t o  7.5 pm. The sma l l e r  s i z e  ranges have increased r e s o l u t i o n  

over  t h e  1 a rger  ones, g i v i n g  t h e  probe ex t reme ly  good r e s o l u t i o n  i n  t h e  

submicron region. P a r t i c l e  da ta  i s  t r a n s f e r r e d  from t h e  probe t o  a computer 

c o n t r o l l e r  f o r  p r i n t i n g .  

The e n t r a i n e d  p a r t i c l e  mass 1 oading down stream o f  t h e  scrubbers was 

ext remely  low d u r i n g  t h e  t e s t ,  averag ing 0.8 mg/m3. As seen i n  F i gu re  28, t h e  

h i ghes t  l o a d i n g  o f  2.18 mg/m3 occur red  when t h e  g r a p h i t e  s t a r t e r  m a t e r i a l  was 

FIGURE 28. Off-Gas P a r t i c u l a t e  Mass Loading and 
Mass Mean P a r t i c l e  Diameter 
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a c t i v e l y  b u r n i n g .  A l though  t h e  o f f - g a s  p a r t i c l e  l o a d i n g  a t  t h e  hood was n o t  

measured d u r i n g  t h e  t e s t ,  i t  was t y p i c a l l y  g r e a t e r  t h a n  1000 mg/m3 d u r i n g  t h e  

s t a r t - u p  p e r i o d  o f  p r e v i o u s  p i  l o t  s c a l e  t e s t s  (Oma, Farnswor th ,  and Timmerman 

1984). As shown i n  F i g u r e  28, t h e  mass mean p a r t i c l e  d i a m e t e r  averaged l e s s  

t h a n  0.5 pm ( t h e  approx imate  l o w e r  l i m i t  o f  t h e  hyd ro -son ic  s c r u b b e r ) .  

H is tograms o f  t h e  p a r t i c l e  mass d i s t r i b u t i o n  b e f o r e  t h e  r a d i o a c t i v e  t e s t  

( c o n t r o l  d a t a ) ,  d u r i n g  s t a r t - u p ,  and l a t e r  i n  t h e  t e s t  a r e  p r e s e n t e d  i n  

F i g u r e  29. The mass l o a d i n g  was e x t r e m e l y  l o w  (0.01 mg/m3) p r i o r  t o  t h e  I S V  

RUN TIME: - 0.06 hr 
MASS LOADING: 0.01 rngirn, 
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FIGURE 29. H is tograms o f  P a r t i c l e  Mass D i s t r i b u t i o n  
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t e s t  w i t h  a  d i s t r i b u t i o n  f rom l e s s  t h a n  0.12 pm t o  -2.0 pm. Dur ing  s t a r t u p ,  

t h e  mass was p r i m a r i l y  between 0.3 and 1.0 pm. The mass d i s t r i b u t i o n  s h i f t e d  

downward l a t e r  i n  t h e  r un  b u t  s t i l l  remained above 0.2 pm. Th is  p a r t i c l e  s i z e  

range i s  w e l l  w i t h i n  t h e  e f f i c i e n t  ope ra t i ng  range o f  t h e  HEPA f i l t e r s .  

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

Gases were analyzed f o r  02, CO, and C02 a t  a  p o i n t  down stream frorn t h e  

o f f - gas  blower (see F igu re  11) .  The O2 a n a l y s i s  was performed by a  cou lome t r i c  

process whereby t h e  gas sample i s  passed th rough  an e lec t rochemica l  c e l l .  Both 

t h e  C O  and C02 a n a l y s i s  was performed us i ng  a  non-d ispers ive  i n f r a r e d  

mon i t o r i ng  technique. 

F i gu re  30 p resen ts  t h e  C O  and C02 concen t ra t i ons  as a  f u n c t i o n  o f  r u n  

t ime. The C02 l e v e l  i n  t h e  o f f - gas  peaked a t  2.258, 1.2 hours i n t o  t h e  t e s t .  

Th is  corresponds t o  t h e  p e r i o d  o f  most a c t i v e  combustion o f  t h e  g r a p h i t e l f r i t  

s t a r t u p  path. Th is  a l s o  corresponds t o  a  p e r i o d  o f  h i ghe r  power i n p u t .  

The C02 l e v e l  a f t e r  t h e  i n i t i a l  s t a r t u p  p e r i o d  can be exp la ined  by gra- 

p h i t e  e l e c t r o d e  o x i d a t i o n  due t o  hea t i ng  f rom t h e  mo l ten  zone. Maximum power 

on t h e  650 V t a p  was achieved a t  3.1 hours and maximum power on t h e  430 V t a p  

was r e a l i z e d  a t  8.3 hours. J u s t  p r i o r  t o  each o f  these  maxima, t he .  C02 l e v e l s  

1 Carbon Monoxide I 

Run Time, h 

FIGURE 30. Carbon D iox i de  and Carbon Monoxide Concen t ra t ions  



beg in  c l i m b i n g  as t h e  e l e c t r o d e  o x i d a t i o n  r a t e  increased. Dur ing  t hese  power 

maxima, t h e  m e l t  zone temperature inc reased  caus ing t h e  e l e c t r o d e  t o  reach 

h i ghe r  temperatures and o x i d i z e  f a s t e r .  It i s  hypothes ized t h a t  t h e  e l e c t r o d e  

temperature a t  t h e  3.1 hour power maxima was lower  than  d u r i n g  t h e  8.3 hour 

maxima because t h e  thermal  mass o f  t h e  m e l t  zone was much s m a l l e r  e a r l y  i n  t h e  

t e s t .  The C02 concen t ra t i on  suppor ts  t h i s ,  s i nce  t h e  l e v e l  was h i g h e s t  

( exc l ud ing  s t a r t u p )  a t  2.15% d u r i n g  t h e  second power maxima a t  8.3 hours. As 

t h e  m e l t  con t inued  t o  grow downward and t h e  power dec l ined ,  t h e  C o p  concent ra-  

t i o n  i n  t h e  o f f  gas a l s o  decreased t o  approx imate ly  1% where i t  remained u n t i l  

t h e  power was t u r n e d  o f f .  Carbon monoxide was de tec ted  d u r i n g  t h e  t e s t ,  how- 

ever,  t h e  c o n c e n t r a t i o n  remained low, never exceeding 0.04% a t  t h e  s tack .  

The O2 concen t ra t i on  (F i gu re  31) suppor ts  t h i s  g r a p h i t e  o x i d a t i o n  

mechanism s i n c e  i t  b a s i c a l l y  m i r r o r s  t h e  C02 concen t ra t ion .  As i n d i c a t e d  by  

t h e  O2 concen t ra t i on  p l o t ,  s i g n i f i c a n t  combustion o f  t h e  g r a p h i t e  s t a r t u p  pa th  

o n l y  occur red  e a r l y  i n  t h e  t e s t ;  w i t h  02 l e v e l s  approaching t hose  o f  

atmospher ic c o n d i t i o n s  i n  t h e  remainder o f  t h e  run. 

Run Time, h 

F IGURE 31. Oxygen Concen t ra t ion  



PRODUCT CHARACTERIZATION 

Th i s  s e c t i o n  discusses t h e  r a d i o n u c l i d e  d i s t r i b u t i o n  w i t h i n  t h e  v i t r i f i e d  

b l ock  and t h e  a n a l y s i s  f o r  m i g r a t i o n  o u t s i d e  t h e  b lock .  B lock sampl ing was 

accomplished by co re  d r i l l i n g  seven 5 cm ( 2  in.) d iameter  f u l l - d e p t h  cores a t  

l o c a t i o n s  i d e n t i f i e d  i n  F i gu re  32. M i g r a t i o n  e f f e c t s  beyond t h e  b l ock  were 

determined from s o i l  sampl i n g  taken d i r e c t l y  ad jacen t  t o  t h e  v i t r i f i e d  mass. 

P r e l i m i n a r y  gamma scanning o f  a l l  co re  sec t i ons  as a f u n c t i o n  o f  depth was 

performed t o  p rov i de  an i n d i c a t i o n  o f  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  radionuc- 

1 i des  throughout  t h e  b lock.  Ove ra l l  t h e  gamma e m i t t i n g  r ad ionuc l  i des  were 

shown t o  be d i s t r i b u t e d  throughout  t h e  b lock.  S e l e c t i v e  concent ra ted areas 

were i d e n t i f i e d  and w i l l  be d iscussed l a t e r  i n  t h i s  sec t ion .  A f t e r  t h e  

p r e l i m i n a r y  ana lys is ,  co re  sec t i ons  were ground and crushed t o  p rov i de  an 

improved geometry f o r  t h e  gamma scanning and t o  a l l o w  e x t r a c t i v e  chemis t ry  

methods t o  be used f o r  Pu and S r  ana lys is .  These a n a l y s i s  techniques (see 

Appendix A) were s e l e c t i v e l y  appl i e d  t o  f o u r  cores (A-D). Roth t h e  p r e l  i m i n a r y  

and s e l e c t i v e  a n a l y t i c a l  data  a re  presented i n  Appendix B. The d i s t r i b u t i o n  

a n a l y s i s  between t h e  p r e l i m i n a r y  and s e l e c t i v e  gamma a n a l y s i s  shows good 

agreement between t h e  two analyses i n d i c a t i n g  a homogeneous d i s t r i b u t i o n  w i t h i n  

samples and throughout  t h e  b lock.  

The t o p  and t h e  bottom p o r t i o n s  o f  t h e  c e n t r a l  r eg i on  (Core A) a re  

i d e n t i f i e d  as concent ra ted areas f o r  ruthenium and coba l t .  I n  t h e  case o f  

ruthenium, s i m i l a r  concent ra ted areas near t h e  su r f ace  and t h e  bottom o f  t h e  

O E  1 ELECTRODES 

0 CORE DRlLLlNGS 

O G  O A  O F  

FIGURE 32. Core D r i l l i n g  P o s i t i o n s  



b l o c k  were observed i n  most cores .  A s e l e c t i v e  movement t o  c o o l e r  r e g i o n s  i n  

t h e  v i t r e o u s  mass may be caused by t h e  p a r t i a l  v o l  a t i  1  i t y  o f  Ru (Gray 1980) .  

A l l  o t h e r  rad ionuc l ides- -Am,  Pu, Cs, Sr, and Co ( e x c l u d i n g  Core A)--show a  

f a i r l y  u n i f o r m  d i s t r i b u t i o n  i n  a l l  o f  t h e  c o r e  samples. 

The degree o f  u n i f o r m  d i s t r i b u t i o n  may be a  f u n c t i o n  o f  t h e  a c t u a l  p h y s i -  

c a l  mass o f  m a t e r i a l  i n  t h e  m e l t .  These compar ison va lues a r e  i l l u s t r a t e d  i n  

Tab le  7 t o  show t h i s  e f f e c t .  Tab le  7  d a t a  suggests t h a t  t h e  more inhomoyeneous 

r a d i o n u c l i d e s  (Ku and Co) a l s o  have t h e  l e a s t  mass o f  a l l  r a d i o n u c l i d e s ,  wh ich  

may a f f e c t  t h e i  r d i s t r i b u t i o n  by t h e  c o n v e c t i v e  c u r r e n t s  d u r i n g  v i t r i f i c a t i o n .  

Coba l t  and ru then ium a r e  t h e  o n l y  r a d i o n u c l i d e s  i n  Tab le  7  whose d i s t r i b u t i o n  

s tandard  d e v i a t i o n s  exceed t h e  average measured va lue,  i n d i c a t i n g  a  more random 

d i s t r i b u t i o n .  

The measured d i s t r i b u t i o n  averages do n o t  c o n s i s t e n t l y  agree w i t h  t h e  

p r e d i c t e d  homogeneous c o n c e n t r a t i o n  i n  t h e  b l o c k  as compared i n  Tab le  7 .  The 

gamma emi t t e r s  agree more c l o s e l y  w i t h  t h e  p r e d i c t e d  va lues i n d i  c a t i  ng t h e r e  

may be a  b i a s  a s s o c i a t e d  w i t h  t h e  Pu and Sr  a n a l y t i c a l  t echn iques  e i t h e r  on t h e  

o r i g i n a l  s o i l  va lues used t o  c a l c u l a t e  t h e  p r e d i c t e d  d i s t r i b u t i o n  o r  on t h e  

v i t r i f i e d  samples p r o v i d i n g  t h e  measured d i s t r i b u t i o n .  No a n a l y t i c a l  e r r o r s  

were found upon r e i n v e s t i g a t i o n  o f  t h e  da ta .  The p r o j e c t e d  b l o c k  w e i g h t  c o u l d  

TABLE 7. Comparison o f  Mass Versus D i s t r i b u t i o n  o f  R a d i o n u c l i d e s  

Radi onuc l  i d e  Mass ( y )  

P r e d i  c t e d  Homoye- 
neous D i s t r i b u t i o n  

( p C i / g )  

620 

1,100 

79,000 

2,300 

2 10 

1,200 

2,400 

Average Mea- 
sured D i s t r i b u t i o n  

( p C i / g )  

1,460 

1,300 

193 ,000 

3,500 

510 

1,100 

2,600 

Measured D i s -  
t r i  b u t i  on S t d  

Dev ( p C i / g )  

7 00 



account  f o r  a  m ino r  amount o f  t h i s  d i sc repancy ;  however, t h e  main c o n c l u s i o n  

remains t h a t  t h e  Pu and Sr d a t a  do i n d i c a t e  a  u n i f o r m  d i s t r i b u t i o n  o f  t h e s e  

r a d i o n u c l  i d e s  w i t h i n  t h e  b lock .  

Combining t h e  p r e l i m i n a r y  and s e l e c t i v e  a n a l y t i c a l  d a t a  and u t i l i z i n g  t h e  

A, R, C, and E cores  (Core  E was n o t  ana lyzed  f o r  Sr o r  Pu) t o  p r o v i d e  a  p l a n a r  

p r o f i l e  o f  r a d i o n u c l i d e  d i s t r i b u t i o n ,  F i g u r e s  33 and 34 p r o v i d e  t h e s e  concen- 

t r a t i o n  d i s t r i b u t i o n s  f o r  t r a n s u r a n i c s  and f i s s i o n  p r o d u c t s ,  r e s p e c t i v e l y .  A l l  

r a d i o n u c l i d e s  a r e  d i s t r i b u t e d  t h r o u g h o u t  t h e  b l o c k  wh ich  cor responds w i t h  

s i m i l a r  d i s t r i b u t i o n  d a t a  f rom p r e v i o u s  t e s t s  w i t h  n o n r a d i o a c t i v e  chemica l  

spec ies  (Timmerman and Lokken 1983).  

The d i s t r i b u t i o n  p r o f i  1  es i n d i c a t e  a  re1 a t i v e l y  u n i f o r m  d i s t r i b u t i o n  f o r  

a l l  r a d i o n u c l  i d e s  e x c l u d i n g  Ru i n  a l l  co res  and c o b a l t  i n  Core A.  P l u t o n i u m  

and s t r o n t i u m  d a t a  a l s o  i n d i c a t e  a  u n i f o r m  d i s t r i b u t i o n .  T h i s  d a t a  c o n f i r m s  

p r e v i o u s  i n d i c a t i o n s  (Oma e t  a l .  1983) o f  an even d i s t r i b u t i o n  o f  Pu and a l l a y s  

any c r i t i c a l i t y  concerns o v e r  t h e  s e l e c t i v e  m i g r a t i o n  o f  Pu. 

S o i l  samples s u r r o u n d i n g  t h e  b l o c k  were t a k e n  t o  de te rm ine  i f  m i g r a t i o n  o f  

hazardous c o n s t i t u e n t s  occu rs  beyond t h e  v i t r i f i c a t i o n  zone. F i v e  e q u i d i s t a n t  

samples on t h e  n o r t h w e s t  f a c e  d i r e c t l y  a d j a c e n t  t o  t h e  b l o c k  were t a k e n  a t  

6 i n c h  dep th  i n t e r v a l s  f rom t h e  t o p  t o  t h e  bot tom o f  t h e  b lock .  O v e r a l l ,  t h e  

samples i n d i c a t e d  no d e t e c t a b l e  m i g r a t i o n  o f  r a d i o n u c l i d e s  o u t s i d e  t h e  v i t r i f i -  

c a t i o n  zone (see  Tab le  8  - o n l y  s e l e c t e d  ana lyses were per formed f o r  Pu and 

Sr). A c t i v i t y  was found i n  a  few o f  t h e  near  s u r f a c e  samples; t h e s e  samples 

were p r o b a b l y  c r o s s  contaminated w i t h  s u r f a c e  s o i l  c o n t a i n i n g  r a d i o a c t i v e  

m a t e r i  a1 f rom o f f - g a s  re1  eases. Most o t h e r  s o i l  measurements were 1  ow enough 

t o  i n d i c a t e  t h a t  no m i g r a t i o n  occured o u t s i d e  t h e  v i t r i f i c a t i o n  zone ( e x c l u d i n g  

any sampl ing  e r r o r s ) .  Referenc ing t h e s e  l o w  a c t i v i t i e s  t o  n a t u r a l  background 

. l e v e l s  p u t s  these  l e v e l s  i n  p e r s p e c t i v e .  Fo r  example, 13'cs and 239/24OpU are 

n a t u r a l l y  o c c u r r i n g  i n  wes te rn  s u r f a c e  s o i l  a t  a c t i v i t i e s  o f  4.5 and 

0.07 pCi /g,  r e s p e c t i v e l y  (Rober tson e t  a1 . 1981).  As i s  seen f rom T a b l e  8, t h e  
r 

m a j o r i t y  o f  t h e  samples a r e  w e l l  below t h e  n a t u r a l  background l e v e l s .  

The l e v e l  o f  a c t i v i t y  i n  t h e  r a d i o a c t i v e  b l o c k  was t o o  l o w  t o  o b t a i n  

a b s o l u t e  q u a n t i t a t i v e  r e s u l t s  f r o m  an M C C - 1  l e a c h  t e s t .  P r o j e c t e d  l e a c h  

q u a n t i t i e s  a r e  t h r e e  o r d e r s  o f  magni tude below d e t e c t i o n  l i m i t s .  To p u t  t h e  
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TABLE 8. A n a l y s i s  o f  S o i l  Sur rounding t h e  V i t r i f i e d  B lock 

Depth ( in ) -Sample No. 6 0 ~ o  

0-1 7.5 
0-2 0  .7 
0-3 c0.2 
0-4 0.3 
0-5 4.1 



d u r a b i l i t y  o f  t h e  ISV p r o d u c t  i n  p e r s p e c t i v e ,  c o n c e n t r a t e d  h y d r o f l u o r i c  a c i d  

had t o  be used i n s t e a d  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  t o  e f f e c t i v e l y  remove 

enough Pu and Sr  f rom t h e  c o r e  samples t o  p e r f o r m  t h e i r  r e s p e c t i v e  ana lyses.  

P r e v i o u s  l e a c h  t e s t  r e s u l t s  (Oma e t  a l .  1983) have i l l u s t r a t e d  t h e  i m p r e s s i v e  

d u r a b i l i t y  o f  t h e  ISV waste form. 



CONCLUSIONS 

The i n  s i  t u  v i t r i f i c a t i o n  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  has i 1  l u s t r a t e d  t h e  

successfu l  s t a b i l i z a t i o n  o f  r a d i o a c t i v e  m a t e r i a l  w i t h i n  t h e  v i t r i f i e d  s o i l  w i t h  

no re lease o f  r a d i o a c t i v e  m a t e r i a l  d u r i n g  operat ions.  I n  add i t i on ,  t h e  t e s t  

p rov ided  t h e  f o l  l ow ing  conc lus i  ons regard ing  I S V  system performance. 

The power system performed as designed, p r o v i d i n g  an average o f  

300 kW o f  balanced two phase power t o  t h e  e lec t rode .  

No m i g r a t i o n  o f  rad ionuc l  i des  t o  t h e  so i  1  ou t s i de  t h e  v i t r i f i e d  mass 

occurred. 

e A1 1  rad ionuc l  i des  were d i s t r i b u t e d  throughout  t he  v i t r i f i e d  zone, some 

more un i fo rmly  than others .  Rutheni  urn and c o b a l t  were more concent r a t e d  

near t h e  top  and t h e  bottom o f  t he  block, however, no m i g r a t i o n  i n t o  t h e  

surroundi  ng s o i  1  occurred. 

Greater  than 99% o f  a1 1  rad ionuc l  i des  were re ta i ned  w i t h i n  t h e  v i t r i f i e d  

block. 

e The o f f -gas  t rea tment  system e f f e c t i v e l y  conta ined a1 1  rad ionuc l  i des  

re leased du r i ng  t h e  t e s t  and d u r i n g  t h e  cooldown per iod .  

Radionuc l ide losses t o  t h e  o f f - gas  system v a r i e d  f rom 0.02% f o r  Pu t o  0.8% 

f o r  t h e  more v o l a t i l e  Cs. Corresponding DF's v a r i e d  from over 4000 t o  

130. 

o The r e s u l t s  o f  t h i s  t e s t  were c l o s e l y  p r e d i c t e d  by t h e  non- rad ioac t i ve  

s e r i e s  o f  t e s t s ,  p r o v i d i n g  conf idence t h a t  a  r a d i o a c t i v e  t e s t  can be based 

upon and emulated by a  v a l i d  non- rad ioac t i ve  t e s t  program. 
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APPENDIX A 

RADIOCHEMICAL ANALYTICAL PROCEDURES PILOT-SCALE RADIOACTIVE TEST 

GAMMA-RAY SPECTROMETRY MEASUREMENT PROCEDURE 

A gamma-ray spec t romete r  u s i n g  a  100 cc  i n t r i n s i c  germanium d e t e c t o r  was 

employed f o r  sample a n a l y s i s .  The system r e s o l u t i o n  was 2  keV f o r  t h e  

1332.5 keV gamma-ray o f  6 0 ~ 0 .  The a n a l y s i s  system was m a i n t a i n e d  f o r  b o t h  

qua l  i t y  c o n t r o l  and qual  i t y  assurance u s i n g  NBS t r a c e a b l e  r a d i o n u c l  i d e s  o f  

2 4 1 ~ m  (59.5 keV) and 6 0 ~ o  (1332.5 keV). These photons a l l o w e d  b o t h  g a i n  and 

z e r o  ad jus tments  t o  be m a i n t a i n e d  th roughou t  t h e  p e r i o d  o f  measurement. To 

de te rm ine  t h e  a p p r o p r i a t e  e f f i c i e n c i e s  f o r  each o f  t h e  v a r i o u s  sample t ypes ,  

s p e c i f i c  mock-up asserr~bl i e s  c o n t a i n i n g  known q u a n t i t i e s  o f  NBS t r a c e a b l e  r a d i o -  

n u c l i d e s  were p laced  i n  t h e  same p o s i t i o n  as t h e  unknown sample b e i n g  measured. 

Us ing  t h e  genera ted e f f i c i e n c y  f a c t o r s  f o r  each sample type,  as w e l l  as t h e  

g a i n  and ze ro  c a l i b r a t i o n ,  t h e  gamma-ray s p e c t r a  were ana lyzed f o r  t h e  s p e c i f i c  

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

PROCEDURE FOR REMOVING Pu AND Sr  FROM SOIL SAMPLES 

1. Weigh o u t  up t o  200 g  o f  s o i l  i n t o  a  c l e a n  beaker  

- S o i l  shou ld  be c l e a n  and d ry .  

- Want -2 d/n1/100 g  s o i  1. 

- To i n s u r e  s p i k e  a b s o r p t i o n  on s o i l .  

2. Add s l o w l y  up t o  300 m l  o f  c o l d ,  conc. HC1 

- Sample w i l l  foam due t o  f o r m a t i o n  o f  C02. 
n 

3. S t i r  w e l l  on h o t  p l a t e  u s i n g  l a r g e  g l a s s  s t i r r i n g  rod.  

Heat t o  near  b o i l i n g .  

- Do n o t  want sample t o  bump b u t  be a t  near  b o i l i n g  f o r  1 hour. 

4. Add s u f f i c i e n t  conc. HC1 t o  b r i n g  volume one i n c h  o v e r  sample. 

- Add a f t e r  foaming ceases. 



5. A f t e r  1 hour  a t  near  b o i l i n g ,  coo l  s l i g h t l y ,  decant  and t h e n  f i l t e r  u s i n g  

8.5 cm f i b e r g l a s s  f i l t e r s .  

6 .  Wash p r e c i p i t a t e  ( p p t )  w i t h  H20 t h e n  recombine f i l t e r  and p p t  w i t h  

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

7. Q u a n t i t a t i v e l y  t r a n s f e r  l e a c h a t e  t o  a  beaker and s t a r t  e v a p o r a t i o n  on h o t  

p l  a te .  

8. Repeat s teps  4  t h r o u g h  7 w i t h  conc. HC1; then  w i t h  H20. 

- The w a t e r  l e a c h  i s  t o  g e t  r i d  o f  r e s i d u a l  HC1. 

9. On t h e  H20 leach,  t r a n s f e r  a l l  t h e  r e s i d u e  o n t o  t h e  f i l t e r  and l e t  d ry .  

10. Combine H20 w i t h  p r e v i o u s  a c i d  l e a c h a t e s  and make t o  know volume; t r a n s f e r  

p p t  i n t o  a  c lean ,  l a b e l e d  po lybag f o r  gamma-ray s p e c t r o g r a p h i c  a n a l y s i s .  

- The leached  s o i l  can be d r i e d  t h e n  sea led  i n  t h e  po lybag  f o r  s to rage .  

PROCEDURE FOR REMOVING Pu AND Sr  FROM VITRIFIED SOIL SAMPLE 

1. Yeigh o u t  t o  100 gram o f  sample and break i n t o  smal l  p ieces.  Add p i e c e s  

t o  s h a t t e r  box and g r i n d  t o  f i n e  powder. T r a n s f e r  a l i q u o t  o f  f i n e  powder 

t o  t e f l o n  beaker. 

2 .  Add conc. HF and heat  f o r  seve ra l  hours.  Add conc. HN03 and evapora te  t o  

1  ow v o l  ume. 

3 .  Cool, d i l u t e  t o  4 M HN03, f i l t e r ,  save b o t h  r e s i d u e  and supernate .  

4. P l a c e  r e s i d u e  back i n  t e f l o n  beaker and r e p e a t  s teps  2  and 3  t w i c e .  

5. Save r e s i d u e  f o r  gamma coun t ing .  To combined HN03 a c i d  supernates ,  make 

t o  known volume f o r  Sr and Pu a n a l y s i s .  

Pu PROCEDURE 

1. To a l i q u o t ,  add 2 4 2 ~ u  t r a c e r  and HN03 t o  make 10 M. Add s p a t u l a  t a p  
, 

- * 
NaN02. Heat. A l l o w  sample t o  s tand  f o r  2  hours  o r  l o n g e r .  

- S o l u t i o n  must be about 8 - M HN03. 

- NaNO2 reduces put6 t o  put4 and o x i d i z e s  put3 t o  put4 wh ich  i s  s t r o n g l y  

absorbed on Dowex-1. 



2. Pass t h e  s o l u t i o n  through an e q u i l i b r i a t e d  Dowex-1 r e s i n  column 2.4 cm 

d iameter  by 8 cm l ong  a t  t h e  r a t e  o f  4 ml lmin.  

- Do no t  l e t  t h e  column go dry. 

3. Wash t h e  column w i t h  5 column volumes of 10 - M HN03 and save t h e  e l uan t  and 

wash f o r  Am and Cm procedures. 

- Do no t  l e t  t he  column go dry. 

4. Wash t h e  column w i t h  5 column volumes o f  10 - M HC1. D iscard  wash. 

- Removes thor ium. Avoid mix ing  10 - M HN03 and 10 M H C ~  - 
as much as poss ib l e  t o  prevent  gas format ion. 

5. E l u t e  Pu w i t h  5 column volumes 0.1 A M ammonium i o d i n e  (NH41) i n  10 - M HC1. 

A1 1 ow column t o  go t o  dryness and save so l  u t i o n .  

Note: 0.0142 g/ml o r  28 g NH41 i n  276 m o f  de ion ized  H20 d i l u t e d  

t o  2 1 i t e r s  w i t h  conc. HC1 = 0.1 - M NH41. 

6 .  To the  e l uan t  s o l u t i o n  add 50 t o  100 m l  conc. HN03 t o  remove iod ine .  

7. Change from HC1 t o  HN03 form. 

Note: A c l e a r  s o l u t i o n  i n d i c a t e s  HN03 form. 

8. Increase volume t o  150-200 m l  w i t h  conc. HN03 and add NaN02 ( few g r a i n s )  

and a l l ow  t o  stand 2 hours o r  longer.  

Note: NaN02 ox id i zes  P U + ~  t o  PU'~.  

9. Ad jus t  sample t o  9 A M HN03. 

10. E q u i l i b r a t e  anion column w i t h  5 column volumes 9 - M HN03. 

11. Pass sample s o l u t i o n  through column and wash w i t h  10 column volumes 9 - M 

HN03. 

12. Repeat steps 2, 3, and 4. 

% 13. E l u t e  w i t h  5 column volumes 0.1 - M NH41 i n  10 - M HC1. A l low column t o  go t o  

dryness and save s o l u t i o n .  

14. Repeat steps 6 and 7. 



SEPARATION OF 9 0 ~ r  FROM SOIL SAMPLES 

1. To a l i q u o t  o f  l eacha te ,  d i l u t e  w i t h  H20, add 20 mg Sr  c a r r i e r .  

2. Add Na2C204 powder w i t h  s t i r r i n g ,  n e u t r a l i z e  t h e  a c i d  t o  about  a  pH -3 

u s i n g  NaOH. 
- A p p t  w i l l  fo rm l e a v i n g  most o f  t h e  Fe i n  s o l u t i o n  as o x a l a t e  complex. 

3. F i l t e r  t h r o u g h  a  f i b e r g l a s s  f i l t e r .  

4. T r a n s f e r  t h e  p p t  t o  a  c l e a n  beaker w i t h  H20 t h e n  add an excess of Na co 
2  3  

powder and s t i r  w i t h  h e a t i n g  f o r  20 minutes .  
- - - T h i s  w i l l  c o n v e r t  from t h e  C204- t o  t h e  C03- p r e c i p i t a n t  form. 

5. F i l t e r  t h e  p p t  u s i n g  f i b e r g l a s s  f i l t e r .  

6 .  D i s s o l v e  t h e  p p t  i n  a  minimum o f  conc. HN03. 

7. Add fuming HN03 a c i d  t o  p p t  Sr(N03)*.  C e n t r i f u g e  and save p p t .  

8. D i s s o l v e  p p t  w i t h  H20 and repea t  s t e p  7 t w i c e .  

9. D i s s o l v e  p p t  w i t h  H20, add Na2C03 and c e n t r i f u g e .  

10. T r a n s f e r  p p t  t o  we igh ted  p l a n c h e t t e ,  d r y ,  weigh f o r  y i e l d  and b e t a  coun t  

immed ia te l y  f o r  'OSr b e f o r e  i n g r o w t h  o f  
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TABLE B.1. P r e l i m i n a r y  Gamma Scan o f  Core Samples 

Core Depth ( inches)  - 
A 0.0-9.5 

9.5-16.5 
16.5-22.0 
22.0-27.0 
27.0-31.0 
31 .O-37.5 
37.5-51 .O 

Core 
Weight 

3 34 
622 
727 
588 
718 

1126 
853 

Radionucl i d e  Concen t ra t ion  (pCi / g )  
LrlAm l j l c s  l u q U  buc0  

A W t  Ave 

B W t  Ave 

C W t  Ave 

D W t  Ave 

E W t  Ave 

F W t  Ave 

G W t  Ave 

To ta l  W t  Ave 

Std Dev 



TABLE B.2. S e l e c t i v e  A n a l y s i s  o f  Crushed Core Samples 

Core Depth ( inches)  - 
A 0-9.5 

9.5-16.5 
16.5-22.0 
22 .O-27 .O 
27.0-31.0 
31.0-37.5 
37.0-51.0 

Radi onucl  i de Concen t ra t ion  (pCi / g  ) 
L j y P ~  L jaPu l j lCs l b R ~  ---- USr bUCO 

2,150 
57 1 
27 1 
239 
232 
256 

21,500 

3,603 A Ave 

651 
271 
225 
279 
297 
245 
297 
249 
34 5 

318 B Ave 

27 2 
509 

352 C Ave 

41 1 
226 
224 
254 
283 
289 
351 
557 
265 
310 
37 1 

322 D Ave 

1,065 A-D Ave 

3,808 S td  Dev 
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