






























EXECUTIVE SUMMARY 



EXECUTIVE SUMMARY 

I n  s i t u  v i t r i f i c a t i o n  ( ISV) i s  t h e  convers ion o f  b u r i e d  wastes and con- 

taminated s o i l  i n t o  a  du rab le  y lass  and c r y s t a l l i n e  waste form through m e l t i n g  

by j o u l e  hea t iny .  The technology f o r  i n  s i t u  v i t r i f i c a t i o n  o f  b u r i e d  waste i s  

based upon e l e c t r i c  me1 t e r  techno1 ogy developed a t  t h e  P a c i f i c  Northwest Labor- 

a t o r y  (PNL) f o r  t h e  immob i l i za t i on  o f  h i gh - l eve l  nuc lea r  waste. I n  s i t u  v i t -  

r i f i c a t i o n  was i n i t i a l l y  t e s t e d  by researchers a t  PNL i n  August 1980 (U.S. 

Pa ten t  4,376,598--Brouns, Bue l t ,  and Bonner 1983). Since then  ISV has grown 

from a  concept t o  an emerging technology th rouyh  a  s e r i e s  o f  18 engineer ing-  

sca le  ( l a b o r a t o r y )  t e s t s  and 7  p i l o t - s c a l e  ( f i e l d )  t e s t s .  The program has been 

sponsored by t h e  U .S. Department o f  Energy's (DOE'S) Rich1 and Operat ions O f f i c e  

f o r  a p p l i c a t i o n  t o  han fo rd  s i t e s .  A d d i t i o n a l  suppor t  has been p rov ided  by t h e  

Nat iona l  Transuranic  Waste Management Proyram s ince  FY 1982. 

The I S V  development proyram i s  u t i l  i z i n g  t h r e e  s i zes  o f  v i t r i f i c a t i o n  sys- 

tems. The d i s t i n y u i s h i n g  c h a r a c t e r i s t i c s  o f  each system a re  power l e v e l ,  e l ec -  

t r o d e  spacing, and mass o f  b lock  produced, as shown below: 

System Power E l e c t  rode Spacing Block Mass 

Enyi  n e e r i  ng 30 kW 30 cm 50 kg 

P i l o t  500 kW 1.2 m 10 t 

Large 3751) kW 5  m 175 t 

The most recen t  p i l o t - s c a l e  t e s t ,  completed i n  June 1983, v i t r i f i e d  a  

makeup s i t e  i n  which 25 ky o f  so i  1 c o n t a i n i n g  600 nCi /g  t r ansu ran i c  (TRU) waste 

s imu la ted  a  h i g h l y  r a d i o a c t i v e  area ( o r  "ho t  spo t " ) .  The made-up source a l s o  

con ta ined  mixed f i s s i o n  products  w i t h  a  t o t a l  a c t i v i t y  o f  30,000 nCi/g, which 

e x h i b i t e d  a  sur face  exposure r a t e  o f  100 R/h be fo re  i t  was emplaced i n  t h e  t e s t  

. - s i t e .  Assuming t h a t  du r i ng  t h e  v i t r i f i c a t i o n  t h e  m a t e r i a l  was d i s t r i b u t e d  u n i -  
fo rmly  w i t h i n  an 8 t block,  t h e  r e s u l t i n g  concen t ra t i on  i s  <5 nCi /g  TRU. No 

rad ionuc l  i des  were re leased t o  t h e  env i  ronment d u r i n g  t h e  v i t r i f i c a t i o n  

process. 



With t h e  successful  complet ion o f  t h e  r a d i o a c t i v e  t e s t ,  t h e  focus of t h e  

proyram has t u rned  t o  t h e  conceptual  des iyn  o f  a l a rge -sca le  system t o  be cap- 

a b l e  o f  v i t r i f y i n g  an ac tua l  waste s i t e .  Th i s  system i s  expected t o  be f a b r i -  

ca ted  and acceptance t e s t i n g  completed e a r l y  i n  FY 1985, w i t h  v i t r i f i c a t i o n  of 

ac tua l  s i t e s  planned i n  l a t e r  f i s c a l  years.  

Major  advantages o f  i n  s i t u  v i t r i f i c a t i o n  as a means o f  s t a b i l i z i n g  rad io -  

a c t i v e  waste are: 

l o n g  te rm d u r a b i l i t y  o f  t h e  waste form 

cos t  e f f e c t  i veness 

s a f e t y  i n  terms o f  m in im iz i ng  worker and p u b l i c  exposure 

a p p l i c a b i l i t y  t o  d i f f e r e n t  k inds  o f  s o i l s  and b u r i e d  wastes. 

Th i s  document descr ibes  I S V  technology t h a t  i s  a v a i l a b l e  as another  v i a b l e  

t o o l  f o r  i n  p l ace  s t a b i  1 i z a t i o n  o f  waste s i t e s .  

The f o l l o w i n g  sec t i ons  correspond t o  t h e  chapters  i n  t h e  body o f  t h i s  

document: 

d e s c r i p t i o n  o f  t h e  ISV process 

a n a l y s i s  o f  t h e  performance o f  t h e  ISV t e s t s  conducted thus  f a r  

parameters o f  t h e  ISV process 

c o s t  a n a l y s i s  f o r  t h e  I S V  process 

a n a l y s i s  o f  occupat ional  and p u b l i c  exposure 

assessment o f  waste s i t e  a p p l i c a t i o n s .  

PROCESS DESCRIPTION 

I n  s i t u  v i t r i f i c a t i o n  i s  a process f o r  s t a b i  1 i z i n g  and immobi 1 i z i n g  b u r i e d  

waste by v i t r i f y i n g  t h e  waste and/or contaminated s o i l .  To begin t h e  process, 

which i s  shown i n  F igu re  1, g r a p h i t e  e l ec t rodes  a re  i n s e r t e d  v e r t i c a l l y  i n  t h e  

ground i n  a square a r ray .  Graph i te  i s  p laced  on t h e  su r f ace  o f  t h e  s o i l  

between t h e  e l ec t rodes  t o  form a conduc t i ve  path, and an e l e c t r i c a l  c u r r e n t  i s  

passed between t h e  e l ec t rodes  , c r e a t  i ng temperatures h i  gh enough t o  me1 t t h e  

s o i l .  The mol ten zone grows downward, encompassing t h e  b u r i e d  wastes and s o i l  

and p roduc ing  a v i t r e o u s  mass. Convect ive c u r r e n t s  w i t h i n  t h e  me l t  d i s t r i b u t e  

t h e  wastes evenly.  Dur ing  t h e  process, o f f  gas em i t t ed  f rom t h e  mol ten mass i s  

c o l l e c t e d  by a hood over  t h e  area and rou ted  through a l i n e  t o  a t r ea tmen t  



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

system. When power t o  t h e  system i s  t u rned  o f f ,  t h e  molten volume begins t o  

cool .  The product  i s  a  b lock  o f  g l  ass1 i ke m a t e r i a l  resembl i n g  n a t u r a l  

obs id ian.  Any subsidence can be covered w i t h  uncontaminated b a c k f i l l  t o  t h e  

o r i  g i  na l  grade l e v e l  . 
The p r i n c i p l e  o f  ope ra t i on  i s  j o u l e  heat ing,  which occurs when an e l e c t r i -  

c a l  c u r r e n t  passes through t h e  mol ten media. As t h i s  molten mass grows, r e s i s -  

tance  decreases, so t o  ma in ta i n  t h e  power l e v e l  h i gh  enouyh t o  con t inue  m e l t i n g  

t h e  s o i l ,  t h e  c u r r e n t  must be increased. Th is  i s  accomplished by a  t r ans fo rmer  

equipped w i t h  m u l t i p l e  v o l t a y e  taps. The m u l t i p l e  taps  a l l o w  more e f f i c i e n t  

use o f  t h e  power system by ma in ta i n i ng  t h e  power f a c t o r  ( t h e  r e l a t i o n s h i p  

between c u r r e n t  and vo l t age )  near maximum. The process cont inues u n t i l  t h e  

app rop r i a te  depth i s  reached. Me l t  depth i s  l i m i t e d  as t h e  heat losses f rom 

t h e  m e l t  approach t h e  energy d e l i v e r a b l e  t o  t h e  molten s o i l  by t h e  e lec t rodes .  

To con ta in  o f f  gases t h a t  a re  re leased frorn t h e  m e l t i n g  process, an o f f -  

gas hood t h a t  i s  operated under a  s l i g h t  vacuum covers t he  v i t r i f i c a t i o n  zone. 

The hood a l s o  p rov ides  support  f o r  t he  e lec t rodes .  The o f f  gases a re  rou ted  t o  

a  t rea tment  system, whi ch scrubs and f i  1  t e r s  hazardous components. 
. - 

A more d e t a i l e d  system d e s c r i p t i o n  o u t l i n i n g  t h e  power system des ign and 

t h e  o f f -gas  t rea tment  system f o r  t h e  la rge-sca le  system, t h e  p i l o t - s c a l e  rad io -  

a c t i v e  t e s t  system, and t h e  eng ineer ing-sca le  system fo l l ows .  



Power System Design 

The power system des ign i s  s i m i l a r  f o r  a l l  t h r e e  sca les  o f  t h e  I S V  pro- 

gram. A t r ans fo rmer  connect ion conver ts  three-phase a1 t e r n a t i  ng c u r r e n t  e l  ec- 

t r i c a l  power t o  two single-phase loads. The s ing le-phase loads a re  connected 

t o  two o f  t h e  e l ec t rodes ,  which a re  arranged i n  a  square pa t t e rn ,  c r e a t i n g  a  

balanced e l e c t r i c a l  l oad  on t h e  secondary. The even d i s t r i b u t i o n  o f  c u r r e n t  

w i t h i n  t h e  mol ten s o i l  produces a  v i t r i f i e d  product  almost square i n  shape t o  

min imize ove r l ap  among adjacent  s e t t i n g s .  M u l t i p l e  vo l tage  taps  and a  balanced 

l o a d  a l l o w  a  near cons tan t  power opera t ion ,  which shor tens run t ime  and t hus  

mi nirni zes cos t .  

O f  f-Gas Treatment System 

I n  both t h e  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  and t h e  l a rge -sca le  systems, t h e  

o f f - gas  containment and e l e c t r o d e  suppor t  hood c o l l e c t s  t h e  o f f  gas, p rov ides  a  

chamber f o r  t h e  combustion o f  re leased pyro lyzed  organics,  and suppor ts  t h e  

f o u r  e l ec t rodes  embedded i n  t h e  s o i l .  Much o f  t h e  heat generated d u r i n g  t h e  

ISV process i s  re leased t o  t h e  o f f -gas  stream. The heat i s  removed i n  t h e  o f f -  

gas t rea tment  system, so t h a t  t he  temperature o f  t he  gas which e x i t s  a f t e r  

t rea tment  i s  c l o s e  t o  ambient. 

There a re  t h r e e  major k inds  o f  t rea tment  f o r  t h e  o f f -gas  system (see F ig -  

u r e  2) :  f i r s t ,  t h e  gases a re  scrubbed i n  two stages, w i t h  a  quencher and 

Hydro-Sonic@ scrubber.  These scrubbers remove p a r t i c l e s  down th rough t h e  sub- 

micron ranye. Second, t h e  water i n  t h e  sa tu ra ted  gas stream i s  removed by a  

vane separa to r  and condenser f o l l owed  by a  vane separator ,  and then  heated, 

i n s u r i n g  an unsa tu ra ted  gas stream a t  a  temperature w e l l  above t h e  dewpoint. 

I n  t h e  t h i r d  s tage t h e  o f f  gas i s  f i l t e r e d  w i t h  two stages o f  h i gh  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 l t e r s .  The o f f - gas  t rea tment  f o r  t h e  r a d i o a c t i v e  

f i e l d  system i s  s i m i l a r  t o  t h a t  o f  t h e  l a r y e - s c a l e  system. Both systems are  

t r a i l e r  mounted and t h e r e f o r e  mobi le.  
- .  

The o f f  gas from t h e  engineer ing-sca le system i s  t r e a t e d  by t h e  a i r  handl- 

i n g  system o f  t h e  f a c i l i t y  i n  which i t  i s  located.  

@ Hydro-Soni c  scrubber  i s  a  product  of Hydro-Soni c  Systems, D a l l  as, Texas. 
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F I G U R E  2. Schematic f o r  t h e  Larye-Scale Off-Gas System 



PERFORMANCE ANALYSIS 

The a b i l i t y  o f  t h e  waste form t o  r e t a i n  t h e  encapsulated o r  i nco rpo ra ted  

rad ionuc l i des  (some w i t h  very  l ony  h a l f - l i v e s )  i s  of pr ime importance i n  t h e  

usefu lness o f  t h e  I S V  process. 

V i t r i f i e d  s o i l  b locks  were analyzed t o  determine t h e i r  chemical d u r a b i l i t y  

w i t h  a s e r i e s  o f  t e s t s  i n c l u d i n g  24 hour soxh le t  leach t e s t s .  The soxh le t  
2 leach  r a t e  f o r  a l l  r ad ionuc l i des  was l e s s  than 1 x 1 0 - ~ ~ / c m  /day, an acceptable 

value. These r a t e s  were comparable t o  those o f  Pyrex@ o r  g r a n i t e ,  and much 

l e s s  than  those  o f  marb le  o r  b o t t l e  g lass,  as shown i n  F igu re  3. 

A 28 day M a t e r i a l s  Cha rac te r i za t i on  Center t e s t  (MCC-1) (MCC 1981) was 

a l s o  conducted on a contaminated s o i l  sample t h a t  was v i t r i f i e d  i n  t h e  labora-  

t o r y  a t  160U0C. The o v e r a l l  leach r a t e  o f  t h e  v i t r i f i e d  s o i l  i s  comparable t o  

PYREX 
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MARBLE 
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SOXHLET CORROSION RATE, glcm2-d x lo5 

FIGURE 3. Leach Resistances o f  Selected M a t e r i a l s  

@ Pyrex i s  a r e g i s t e r e d  trademark o f  Corn ing Glass Works, Corning, New York. 



t h e  76-68 g lass  and o t h e r  TRU waste forms. The re lease  r a t e  o f  Pu from t h e  

v i t r i f i e d  s o i l  (2  x  10 '~ g/cm2/day) was h ighe r  than  those f o r  t h e  b o r o s i l i c a t e  

and a1 uminosi 1  i c a t e  glasses. Higher  v i t r i f i c a t i o n  temperatures 1  i ke those  
fl exper ienced i n  t h e  f i e l d  a re  expected t o  lower  t h e  observed Pu leach  ra te .  

Another i n d i c a t i o n  o f  t h e  d u r a b i l i t y  o f  t h e  ISV waste form i s  found i n  a  

s tudy o f  t h e  weather ing o f  obs id ian,  a  g l a s s l i k e  m a t e r i a l  p h y s i c a l l y  and chem- 

i c a l l y  s i m i l a r  t o  t h e  ISV waste form (Ewing and Hoaker 1979). I n  t h e  n a t u r a l  
2  environment, obs id i an  weathers a t  a  r a t e  o f  1 t o  20 pn per  1000 years (Laursen 

2  and Lanford 1978). A  va lue  of 10 p per  1000 years,  assuming a  l i n e a r  

weather ing ra te ,  y i e l d s  a  very  conserva t i ve  es t imate  o f  1 mm o f  weathered I S V  

waste form f o r  a  10,000 yea r  t ime  span. 

Another impor tan t  f a c t o r  t o  cons ider  i n  t h e  waste form eva lua t i on  i s  t h e  

m i g r a t i o n  o f  t h e  rad ionuc l i des  once they  a re  a  p a r t  o f  t h e  mol ten waste form. 

I n  t h e  p i l o t - s c a l e  t e s t s ,  t h e  rad ionuc l i des  d i d  no t  move beyond t h e  v i t r i f i e d  

b lock.  Furthermore, ana l ys i s  o f  t h e  b l ocks  f rom t h e  t e s t s  revealed t h a t  t h e  

rad ionuc l i des  d i d  no t  concen t ra te  i n  t h e  b lock,  b u t  i ns tead  were u n i f o r m l y  d i s -  

t r i  buted. - A1 so s tud ied  was t h e  re lease  o f  rad ionuc l  i d e s  t o  t h e  o f f  gas. The h ighe r  

t h e  decontaminat ion f a c t o r  ( t h e  mass o f  an element i n  t h e  s o i l  d i v i d e d  by t h e  

mass re leased t o  t h e  o f f -gas  t rea tment  system), t h e  l e s s  o f  t h e  r a d i o n u c l i d e  

t h a t  i s  released. Based on r e s u l t s  f rom t h e  p i l o t - s c a l e  system, i t  was e s t i -  

mated t h a t  f o r  t h e  l a rge -sca le  system, so i l - to -o f f -gas-hood DFs f o r  l e s s  vo la-  
3 4  t i l e  elements such as Pu, S r ,  and U w i l l  be 1 x  10 t o  1 x  10 . More v o l a t i l e  

elements such as Cs, Co, and Te should have DFs o f  about 1 x 10'. Element 

r e t e n t i o n  increases w i t h  depth o f  b u r i a l  and t h e  presence o f  a  c o l d  cap and 

decreases w i t h  t h e  presence o f  yas genera t ing  ma te r i a l s .  Decontaminat ion fac -  

t o r s  f o r  t h e  o f f -gas  t rea tment  system (hood t o  s tack )  a re  as f o l l o w s :  f o r  t h e  

semi v o l  a t i  1  es (Cs, Co, and Te) , 1 x  l o4 ,  and f o r  t h e  l e s s  vo l  a t i  1  e  nuc l i des  Sr  
I . 5 6 and Pu, 1 x  10 . The s o i l - t o - s t a c k  DFs a re  1 x  10 f o r  t h e  s e m i v o l a t i l e s  and 

8 9  1 x  10 t o  1 x  10 f o r  l e s s  v o l a t i l e  ma te r i a l s .  For  p a r t i c u l a t e s  t h e  DFs a re  

about 1 ~ ~ ' .  I n  es t ima t i ng  p lu ton ium DFs, Pu should be cons idered a  n o n v o l a t i l e  

i n  TRU contaminated s o i l  s i t e s ,  and a  p a r t i c u l a t e  i n  caissons and s o l i d  waste 

b u r i a l  s i t e s .  



PROCESS PARAMETERS 

PNL s t u d i e d  t h e  e f f e c t s  o f  s o i l  p r o p e r t i e s  such as chemical composi t ion,  

thermal  c o n d u c t i v i t y ,  f u s i o n  temperature,  s p e c i f i c  heat,  e l e c t r i c a l  conduc t i  v- -. 
i t y ,  v i s c o s i t y ,  and b u l k  d e n s i t y  on n i n e  s o i l s  f rom waste s i t e s  a l l  over  t h e  

U.S. None o f  t h e  minor  v a r i a t i o n s  i n  p r o p e r t i e s  amony t h e  s o i l s  s i g n i f i c a n t l y  

impacts ISV opera t ion .  Whi le  s o i l  mo i s tu re  does a f f e c t  t h e  ISV process by 

i n c r e a s i n y  t h e  power requi rements  and run  t ime,  i t  i s  n o t  a  b a r r i e r  t o  i t s  use, 

hav iny  o n l y  a  smal l  e f f e c t  on t h e  a t t a i n a b l e  m e l t  depth. S o i l  mo i s tu re  i s  an 

econo~ni c  p e n a l t y  , no t  a  process impediment. 

The e f f e c t  o f  m a t e r i a l s  b u r i e d  w i t h  t h e  waste i t s e l f ,  p a r t i c u l a r l y  those  

t h a t  a re  commonly found i n  r a d i o a c t i v e  waste s i t e s ,  has been cons idered.  These 

~ n a t e r i  a1 s  i n c l  ude metal  s  , cements and cerami cs , cornbusti b l  es , and seal  ed con- 

t a i n e r s .  Whi le  t h e r e  a re  some l i m i t a t i o n s  t o  t h e  I S V  process due t o  waste 

i n c l  u s i  ons, they  a re  no t  s i  y n i  f i cant .  

The p o t e n t i a l  f o r  c r i t i c a l i t y  due t o  t h e  presence o f  f i s s i o n a b l e  m a t e r i a l s  

has been addressed. The Pu a rea l  l i m i t  f o r  t h e  ISV process i s  approx imate ly  

1 kg Pu per  square meter o f  so i  1. S i t e s  c o n t a i  n i  ny Pu l e v e l s  approachi  ng o r  

su rpass iny  t h i s  p o i n t  should  cons ider  exhumation and recovery  t r ea tmen t  p r i o r  

t o  ISV as a  s t a b i l i z a t i o n  op t ion .  

A mathematical  model was dev ised t o  p r e d i c t  t h e  behav io r  o f  t h e  ISV system 

f o r  waste b u r i a l  s i t e s  w i t h  d i f f e r i n y  geometr ies and t o  a s s i s t  i n  sca le-up t o  

t h e  l a r y e - s c a l e  system w i t h o u t  t h e  need f o r  ex tens i ve  f i e l d  t e s t i n g .  The 

e f f e c t s  on process performance o f  changes i n  s o i l  p r o p e r t i e s ,  power system 

c a p a b i l i t y ,  and waste s i t e  geometry were eva lua ted  us i ng  t h e  model. In forma-  

t i o n  produced i n c l u d e d  energy consumption, mass v i t r i f i e d ,  o p e r a t i n g  t ime,  m e l t  

depth, and m e l t  w i d t h  f o r  va r i ous  ISV c o n f i g u r a t i o n s .  The model was a l s o  used 

t o  determine t h e  e f f e c t  o f  s o i l  mo i s tu re  on t h e  ISV process. As p a r t  o f  t h e  

assessment o f  t h e  e f f e c t i v e n e s s  o f  t h e  model as a  p r e d i c t i v e  t o o l ,  model - .  

p r e d i c t i o n s  were compared t o  r e s u l t s  f rom t h e  p i l o t - s c a l e  f i e l d  t e s t s ,  and t h e  

p r e d i c t e d  and ac tua l  va lues were very c lose ,  w i t h  u s u a l l y  l e s s  than  10% 

var iance.  



ECONOMIC ANALYSIS 

The c o s t  of us i ng  ISV as an i n -p l ace  s t a b i l i z a t i o n  technique was e s t i -  

c mated. For  these est imates,  two types o f  a p p l i c a t i o n s  were considered: a  TRU 

contaminated s o i  1  s i t e  and a  b u r i a l  t rench.  

The components t h a t  c o n t r i b u t e  t o  t h e  cos t  o f  ISV a re  s i t e  p r e p a r a t i o n  

a c t i v i t i e s ,  annual equipment charges, ope ra t i ona l  cos t s  such as labor ,  and con- 

sumable supp l i es  such as e l e c t r i c i t y  and e lec t rodes .  F i v e  d i f f e r e n t  con f i gu ra -  

t i o n s  f o r  TRU contaminated s o i l  s i t e s ,  employing t h e  l a rge -sca le  system, were 

evaluated, us i ng  t h e  f o u r  bas i c  c o s t - c o n t r i b u t i n g  ca tegor ies .  The r e s u l t s  a r e  

p rov ided  i n  Tab1 e  1. 

When us ing  t h e  cos t  f i g u r e s  i n  Table 1, i t i s  recommended t h a t  ranges be 

employed f o r  making cos t  est imates.  For  example, t o  es t imate  t h e  cos t  o f  
3  s e l e c t i v e l y  v i t r i f y i n g  p o r t i o n s  (a  volume of 2900 m ) o f  t h e  216-Z-1A s i t e  a t  

Hanford, as shown i n  F igu re  4, t h e  lower  boundary o f  t h e  range should be case 
3  3  ( l o c a l  power, above average manpower, average heat losses)  : $1381111 o f  s o i l  

v i t r i f i e d ,  f o r  a  t o t a l  cos t  o f  2900 rn3 x  $138/m3, o r  $400,200, o r  $400 K. The 

upper boundary o f  t h e  range should be a  combinat ion o f  cases 1, 2, and 3  ( l o c a l  

power, above average manpower, and h igh  heat losses) ,  which c a l c u l a t e s  t o  be 
3  2900 m  x  $138/m3 x  [ r a t i o  o f  heat l o s s  e f f e c t s :  142 (case 1)/116 (case 2 ) ]  = 

TABLE 1. Cost Est imates f o r  F i v e  ISV Large-Scale Con f i gu ra t i ons  

To ta l  Cost, 
Manpower 1982 $/m3 o f  

Number S i t e  Power Heat Loss Level S o i l  V i t r i f i e d  

1 Hanford Local  High Average 142 

2  Hanford Local  Average Average 116 

3  Hanford Local  Average Above Avg. 138 

4  Generic Local  Average Average 135 

5  Generi c  P o r t  ab l  e  Average Average 179 





The geometry of t h e  s i t e ,  cos t  o f  power, and s o i l  mo i s tu re  can have s i g -  

n i f i c a n t  e f f e c t s  on cost .  Data were developed t o  i l l u s t r a t e  these  e f f e c t s  by 

de te rmin ing  t h e  cos t  o f  v i t r i f y i n g  an e n t i  r e  b u r i a l  t r e n c h  i n  an eas te rn  and 

western U.S. s i t e ,  assuming t h a t  t h e  geometry o f  t h e  t r e n c h  was t h e  same. 

Trench c h a r a c t e r i s t i c s  a re  g iven  i n  F igu re  5. The r e s u l t s  of t h e  eva lua t i on  

a re  summarized i n  Table 2. 

A comparison of t h e  cos ts  i n  Tables 1 and 2  shows t h a t  t h e  e f f e c t s  o f  

increased depth, s i t e  yeometry, and s o i  1 mo i s tu re  a re  indeed s i g n i f i c a n t .  

Here, yeometry i s  a  very  impor tan t  f a c t o r  because t h e  volume o f  waste v i t r i f i e d  

does n o t  equal t h e  t o t a l  volume v i t r i f i e d ,  as i t  d i d  i n  t h e  prev ious case. 

Again, when us ing  these  values f o r  p l ann ing  purposes, ranges should be 

employed, makiny adjustments f o r  heat  losses  and manpower l e v e l s .  

For  comparison, t h e  charge f o r  d isposa l  o f  low l e v e l  defense waste a t  Han- 

f o rd  i s  $145/m3, and t h e  cos t  o f  p l a c i n g  TRU waste i n  20 year  r e t r i e v a b l e  s t o r -  
3  aye i s  $370/m . Est imates f o r  exhumation, processing, c e r t i f i c a t i o n ,  t r anspo r -  

3  t a t i o n ,  and emplacement a t  WIPP range from $12,000 t o  $25,00O/m (US DOE 1980; 

B i s h o f f  and Hudson 1979), depending on t h e  complex i t y  o f  t h e  s i t e .  

ANALYSIS OF OCCUPATIONAL AND PUBLIC SAFETY- 

To analyze t h e  occupat ional  and p u b l i c  s a f e t y  o f  r o u t i n e  and non rou t i ne  

ISV opera t ions  f o r  bo th  t h e  near and f a r  term, a  Hanford waste s i t e  ( t h e  216-Z- 

1 A  t i l e  f i e l d  i n  t h e  200 area) was se lec ted  as a  re ference.  Rad ionuc l ide  

re l ease  r a t e s  f rom t h e  s o i l  d u r i n g  v i t r i f i c a t i o n  were est imated, and t h e  216-Z- 

1 A  waste i n v e n t o r y  repor ted  by Owens (1981) was t h e  bas i s  f o r  t h e  r a d i o n u c l i d e  

source term. 

Tables 3 and 4 g i v e  t h e  r a d i a t i o n  doses from r o u t i n e  opera t ions  i n  t h e  

near  te rm f o r  bo th  t h e  ISV worker and t h e  p u b l i c ,  r espec t i ve l y .  For a l l  rou- 

t i n e  exposures, r a d i a t i o n  doses a re  es t imated  t o  be we1 1  below fede ra l  guide- . . 
l i n e s  se t  by DOE. O f  a l l  a c t i v i t i e s  assoc ia ted  w i t h  I S V  opera t ions ,  t h e  

maximum occupat ional  dose i s  expected t o  occur w h i l e  t h e  worker i s  p l a c i n g  

e lect rodes.  The low exposure l e v e l s  can be seen i n  Table 3, where t h e  occupa- 

t i o n a l  dose f o r  t h i s  a c t i v i t y  i s  compared t o  t h e  dose t h a t  would be rece ived  



Trench dimensions (L  x W x D) 
Hanford S i t e  Eastern S i t e  

1 5 0 x 1 5 x 7 . 5 m  1 5 0 x 1 5 x 7 . 5 m  
Contaminated zone dimensions (L  x W x D) 151 x 16 x 8 m 152 x 17 x 8.5 m 
S o i l  mo i s tu re  ( d r y  weight  bases) 5% 2 5% 

FIGURE 5. C h a r a c t e r i s t i c s  o f  a Generic Waste Trench 

TABLE 2. Cost Est imates f o r  V i t r i f y i n g  a Waste Trench 

Parameter West 1 West 2 East 1 East 2 

Heat l o s s  High Avg High Avg 

Power Local  Local  Local  Local  

Manpower Av!3 Av9 Avg Avg 

$/m3 waste 276 199 506 300 

TABLE 3. Whole Body Rad ia t i on  Doses from Rout ine  Operat ions 

Occupat i onal Dose ( E l e c t  rode Emplacement) 

A1 1 workers: 0.09 man-rem 

Maximum exposed worker: 0.01 man-rem 

Natura l  Background 

Exposure ra te :  7 pR/h 

To ta l  (1880 h)  : 0.01 rem 



TABLE 4. P u b l i c  Dose Commitments f rom Rout ine  Operat ions 
( c r i t i c a l  organ) 

Max. Exposed Popul a t  i on, 
Indiv. ,  rem man- rem 

1 s t  y r  dose ( l ungs )  3 x l o -8  9 

50 y r  dose (bone) 1 5 x 10-I 

d u r i n g  t h e  same t i m e  p e r i o d  from n a t u r a l  background. The maximum exposed 

worker would rece i ve  a dose rough ly  t h e  same as background r a d i a t i o n .  The 

doses c a l c u l a t e d  f o r  ISV ope ra t i on  a t  t h i s  re fe rence  s i t e  a re  s u b s t a n t i a l l y  

below t h e  DOE r e g u l a t i o n s  on exposure f o r  r o u t i n e  opera t ions  t o  bo th  workers 

and t h e  general  p u b l i c  [DOE Order 5480.1A, Chapter 11 (US DOE 1981a) l .  

Abnormal exposures f o r  bo th  t h e  ISV worker and t h e  p u b l i c  f rom t h e  v i t r i -  

fi c a t i o n  process were c a l  c u l  a ted  us ing  worst-case scenar i  0s. The most se r i ous  

abnormal c o n d i t i o n  i s  a break i n  t h e  o f f -gas  l i n e .  For t h e  s p e c i f i c  exposures 

ca l cu la ted ,  see Tables 5 and 6. Whi le t h e r e  a r e  no standards f o r  doses r e s u l t -  

i nc~ from acc iden ta l  re1 eases, acc iden ts  t h a t  r e s u l t  i n  any i nd i  v i dua l  r ece i  v i  ng 

a t o t a l  body dose >25 rem must be repo r ted  immediately,  and any t h a t  r e s u l t  i n  

a dose >5 rem f o r  t h e  t o t a l  body must be repor ted  w i t h i n  72 hours [DOE Order 

5484.1, Chapter 1 (US DOE 1981b) l .  None o f  t h e  p u b l i c  doses from p o t e n t i a l  

acc iden ts  i n v e s t i g a t e d  f o r  I S V  a p p l i c a t i o n  a t  s i t e  216-Z-1A f a l l s  w i t h i n  these  

ca tegor ies .  

Far  te rm (beyond i n s t i t u t i o n a l  c o n t r o l  ) exposures were c a l c u l a t e d  f o r  

t r a n s i e n t s ,  i nadver tent  i n t r u d e r s ,  i n t e n t i o n a l  i n t r u d e r s ,  and permanent r e s i -  

dents  i n  t h e  v i c i n i t y  o f  t h e  waste s i t e .  Doses were c a l c u l a t e d  f o r  these cate-  

go r i es  f o r  i n d i v i d u a l s  1OOO and 10,000 years i n  t h e  f u t u r e  us ing  t h r e e  scen- 

a r i o s :  doses r e s u l t i n g  f rom a s i t e  t h a t  i s  1 )  l e f t  i n  i t s  present  s ta te ,  

2)  covered w i t h  an engineered b a r r i e r ,  and 3 )  s e l e c t i v e l y  v i t r i f i e d  i n  t h e  

h i g h l y  contaminated areas and covered w i t h  an engineered b a r r i e r  (see 
. . 

Table 7) .  Pathways o f  concern were determined and eva lua ted  us ing  t h e  a1 low- 

a b l e  res idua l  contami n a t i o n  l e v e l  (ARCL) t echn i  ques descr ibed  by Napier 

(1982). The pathways a r e  d i  r e c t  i r r a d i  a t i on ;  i nhal a t i o n  o f  resuspended mate- 

r i  a1 ; and i n g e s t i o n  o f  contaminated crops, yroundwater, and animal products.  



TABLE 5. Occupat ional  Doses f rom Acc iden ta l  Releases (120 hour  run, 15 sets,  
concent r a t e d  i n v e n t o r y )  

Number Length 1 s t  Year Dose Commitment 
o f o f t o  Each Worker, rem 

Acc iden t  Personnel Exposure To ta l  Body Bone Lung -, 

Uncontro l  l e d  v e n t i  ny 1 1 min 1 2 2 l o o  
Break i n  o f f - gas  1 5 min 6 x 10 '~ 1 x 10" 1 x 10' 

l i n e  

Excess overburden 2 10 min 3 4 5 l o o  
removal 

TABLE 6. P u b l i c  Dose Commitments f rom Pos tu la ted  Abnormal Occurrences 

Maximum Exposed I n d i v i d u a l ,  rem Popu la t ion ,  man-rem 

Uncont r o l l  ed Vent i ng 

1 s t  yea r  ( 1  ungs) 5 2 x 10-I 

50 yea r  (bone) 5 2 x l o 0  

Off-Gas L i n e  Break 

1 s t  yea r  (1 ungs) 3 x 10 '~  

50 yea r  (bone) 3 x 10- I  

Excessive Overburden Removal 

1 s t  yea r  (1  unys) 1 x 10 '~  3 x lo1  
50 yea r  (bone) 9 x 10 '~  3 x l o 2  

For  t r a n s i e n t s  t h e  und is tu rbed  s i t e  does no t  pose a d i r e c t  r a d i a t i o n  

hazard a t  t h e  su r f ace  because t h e  r a d i a t i o n  l e v e l s  a re  a t  background. Th i s  i s  

t r u e  even f o r  t h e  u n a l t e r e d  s i t e  due t o  t h e  s h i e l d i n g  p r o p e r t i e s  o f  t h e  s o i l  

cover. However, f o r  permanent r es i den t s  t h e  growing o f  gardens and e a t i n g  o f  

t h e  garden produce cou ld  cause an exposure o f  10 rem ly r  f rom t h e  u n a l t e r e d  s i t e  

f o r  bo th  t h e  1000 and 10,000 yea r  scenar io .  Wi th  an engineered b a r r i e r  and 

s e l e c t i v e  v i t r i f i c a t i o n ,  t h e  dose would be reduced t o  1 x lo- '  remly r ,  as shown . . 
i n  Table 7. 

The scenar ios  t h a t  bes t  d i s t i n g u i s h  t h e  c a p a b i l i t i e s  o f  t h e  s e l e c t i v e l y  

v i t r i f i e d  s i t e s  f rom una l t e red  s i t e s  and b a r r i e r  s i t e s  i n v o l v e  i n t e n t i o n a l  and 



TABLE 7. P u b l i c  Dose Est imates f o r  Far-Term Rout ine Scenarios 

D i  r e c t  I r r a d i  a t  i on 

Unmodi f i e d  s i t e  

V i t r i f i c a t i o n  and 
eny i  neered b a r r i e r  

Engineered b a r r i e r  

I n y e s t i  on 

Unmodif ied s i t e  

V i t r i f i c a t i o n  and 
Engineered b a r r i e r  

Year 1,000 Year 10,000 
Maximum Annual To ta l  Body Dose, rem 

Background Background 

Background Background 

Backyround Background 

Maximum Annual Bone Dose, rem 

10 10 

Enyi  neered b a r r i e r  0.01 0.01 

u n i n t e n t i o n a l  human i n t r u s i o n  (see Table 8).  For a  v i t r i f i e d  s i t e ,  t h e  wors t  

case i s  d r i l l i n g  i n t o  t h e  g lass  b lock  because t h e  r e l a t i v e l y  l a r g e  q u a n t i t y  o f  

r esp i  r a b l  e  f i nes generated may r e s u l t  i n  t h e  i nhal a t i  on o f  t h e  resuspended par-  

t i c l e s .  

The worst  case f o r  t h e  n o n v i t r i f i e d  m a t e r i a l  w i t h  o r  w i t h o u t  a  b a r r i e r  i s  

excava t ion  i n t o  t h e  waste zone, shown i n  Table 8 .  While t h e  b a r r i e r s  a re  

designed t o  prevent  su r face  e ros ion  and p l a n t  o r  animal i n t r u s i o n  i n t o  t h e  

s i t e ,  t h e r e  i s  no way t o  p r e d i c t  whether f u t u r e  human popu la t ions  may i n t r u d e  

i n t o  t h e  waste zone. Al though I S V  cannot prevent  an i n t r u s i o n ,  i t  can m i t i -  

gate i t s  consequences. 

ASSESSMENT OF WASTE SITE APPLICATIONS 

P r e l  i m i  na ry  s tud ies  (Kennedy e t  a1 . 1982) i n d i c a t e  t h a t  a  combinat ion o f  

s e l e c t i v e  v i t r i f i c a t i o n  and a p p r o p r i a t e l y  sca led  b a r r i e r s  can be a  cos t  

e f f e c t i  ve i n-p l  ace s t a b i  1  i za t  i o n  technique f o r  those Hanford TRU s i t e s  requ i  r- 

i n g  remedial ac t ion .  Th is  approach i s  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  t h e  
4 - 

Na t iona l  Academy o f  Sciences (NAS 1978), which s t a t e d  t h a t  r e t r i e v a l  o f  b u r i e d  

TRU f o r  d isposa l  i n  a  geo log ic  r e p o s i t o r y  cou ld  be more hazardous than dispos- 

i n g  t h e  waste i n  p lace.  Th is  approach i s  a l s o  c o n s i s t e n t  w i t h  t h e  long-range 

master p l an  f o r  defense t r a n s u r a n i c  waste management (US DOE 1983), which 

s t a t e s  t h a t  "deep geo log ic  d isposa l  may no t  be t h e  most economical means 



TABLE 8. P u b l i c  Dose Comnitments f o r  Far-Term I n t r u s i o n ,  rem 

D r i l l i n g  

Unrnodi f i ed s i t e  

V i t r i f i c a t i o n  and 
eny i  neered b a r r i e r  

Engineered b a r r i e r  

Excavat ion 

Unrnodi f i ed s i t e  

V i t r i f i c a t i o n  and 
eny i  neered b a r r i e r  

Engineered b a r r i e r  

V i t r i f i e d  c u r i o ( c )  

Year 1,000 

1 s t  50 

Year 10,000 

1 s t  50 

( a )  Luny dose. 
( b )  Bone dose. 
( c )  To ta l  body dose. 

o f  sa fe  d isposa l  f o r  a1 1  TKU wastes." DOE Order 5820.1 (US DOE 1982) a1 lows 

f i e l d  o rgan i za t i ons  t o  e s t a b l i s h  new o r  a l t e r n a t i v e  TRU waste management prac- 

t i c e s .  I S V  i s  one o f  t h e  engineered permanent d isposa l  a l t e r n a t i v e s  be iny  

examined f o r  g rea te r  conf inement than  s h a l l  ow 1  and b u r i  a1 , a1 so r e f e r r e d  t o  as 

y r e a t e r  con f  i nement d isposa l  . 
W i t h i n  t h e  con tex t  o f  g rea te r  conf inement d isposa l ,  t h e  TRU s i t e s  a t  Han- 

f o r d  were reviewed, and a  l i s t  o f  cand ida te  s i t e s  t h a t  may r e q u i r e  i n - p l a c e  

remedial  a c t i o n  was compiled. These cand ida te  s i t e s  i n c l u d e  TRU contaminated 

s o i l s ,  caissons, and s o l i d  b u r i a l  grounds. More d e t a i l e d  eva lua t i ons  t o  con- 

f i r m  t h e  need f o r  remedial a c t i o n  and t h e  appropr ia teness o f  i n -p l ace  s t a b i l i -  

z a t i o n  a r e  i n  progress. 

The f o l l o w i n y  reco~nmendations have been made i n  reyard  t o  t h e  f u t u r e  

d i  r e c t i  on o f  t h e  proyram: 



Continue t h e  des ign and deployment o f  t h e  l a rge -sca le  ISV system. 

Perform a  sys temat ic  a n a l y s i s  t o  determine which TRU s i t e s  cam bene- 

f i t  f rom in -p lace  s t a b i  1  i z a t i o n  us ing  I S V .  A s s i s t  t h e  app rop r i a te  

ope ra t i ng  c o n t r a c t o r s  i n  f i n a l i z i n g  t h e  1  i s t  by cost-benef i t  and 

p u b l i c  and occupat iona l  exposure analyses. 

Cont inue engineer ing-  and p i  l o t - s c a l e  t e s t i n g  t o  v e r i f y :  

- e l e c t r o d e  c o r r o s i o n  res i s tance  

- computer model ing p r e d i c t i o n s  

- t h e  dynamic c h a r a c t e r i s t i c s  o f  t h e  m e l t  

- appl i c a t i o n  t o  spec i  a1 geometr ies 

- adequacy f o r  process iny combust ib le/hazardous chemicals. 



INTRODUCTION 



INTRODUCTION 

Development o f  v i t r i f i c a t i o n  technology f o r  r a d i o a c t i v e  wastes has been 

underway a t  P a c i f i c  Northwest Laboratory  (PNL) f o r  over  two decades. S ince 

1973, m e l t i n g  by j o u l e  hea t i ng  o r  d i s s i p a t i o n  o f  e l e c t r i c  c u r r e n t  i n  t h e  

waste/g l  ass m i x t u r e  has been e x t e n s i v e l y  researched, especi  a1 l y  f o r  h i  gh-1 eve1 

waste. 

The i n  s i  t u  v i t r i f i c a t i o n  ( ISV) concept f o r  c o n v e r t i n y  b u r i e d  r a d i o a c t i v e  

and non rad ioac t i ve  hazardous wastes t o  an i n e r t  c r y s t a l l i n e  and g lass  form 

u s i n g  j o u l e  hea t i ng  was f i r s t  t e s t e d  i n  August 1980. I n  t h e  I S V  process, e lec -  

t r i c a l  c u r r e n t  i s  passed among an a r ray  o f  f o u r  e l ec t rodes  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 .  Heat f rom t h e  process me l ts  t h e  

s o i l ,  thus  encapsu la t ing  t h e  r a d i o a c t i v e  contaminants. Th is  program has been 

sponsored by t h e  U.S. Department o f  Energy's (DOE'S) R ich land  Operat ions O f f  i c e  

f o r  a p p l i c a t i o n  t o  Hanford s i t e s .  Add i t i ona l  suppor t  has been p rov ided  by t h e  

Na t i ona l  Transuranic  Waste Management program s ince  FY 1982. 

Eva lua t ions  o f  18 i n i t i a l  t e s t s ,  performed w i t h  an engineer ing-sca le l ab -  

o r a t o r y  t e s t  (ESLT) u n i t  hav ing  a  36 cm d i s tance  between e lec t rodes  on a  s ide ,  

i n d i c a t e d  t h a t  scale-up was t e c h n i c a l l y  f e a s i b l e  and would improve t h e  cos t -  

e f f e c t i v e n e s s  o f  t h e  process. The o b j e c t i v e  o f  t h e  i n i t i a l  eng ineer ing-sca le  

l a b o r a t o r y  t e s t s  was t o  develop r e l i a b l e  e l e c t r o d e  designs, power systems, 

s t a r t u p  techniques, ope ra t i ng  sequences and scale-up c o r r e l a t i o n s .  L a t e r  t e s t s  

were used t o  eva lua te  process l i m i t a t i o n s  and improve power system design. 

Table 9 l i s t s  a  b r i e f  summary o f  t h e  eng ineer ing-sca le  l a b o r a t o r y  t e s t s  per- 

forrned th rough June 1983. 

Encouraging r e s u l t s  f rom t h e  e a r l y  engineer ing-sca le t e s t s  l e d  t o  t h e  

des iyn  and c o n s t r u c t i o n  o f  a  s t a t i o n a r y  p i l o t - s c a l e  f i e l d  t e s t  u n i t  d u r i n g  t h e  

second h a l f  o f  FY 1981. Th i s  system operates w i t h  f o u r  e lec t rodes  i n  a  square 

p a t t e r n  1.2 m on a  s i d e  and has been used t o  conduct a  s e r i e s  o f  f o u r  nonradio- 

a c t i v e  t e s t s .  Table 10 l i s t s  a  summary o f  these  t e s t s .  Dur ing  p i l o t - s c a l e  

f i e l d  t e s t i n g ,  a  scale-up o f  200 i n  v i t r i f i e d  mass over  eng ineer ing-sca le  l ab -  

o r a t o r y  t e s t s  was r e a l  ized. 



TABLE 9. Summary o f  Resul ts  o f  Engineering-Scale Laboratory Tests 

Test Objectives Results 
-- 

ESLf 1 Veri fy concept f e a s i b i l i t y  Successful v i t r i f i c a t i o n  of 
130 kg o f  s o i l  

ESLT 2 V i t r i f y  simulated waste box Inumplete test: electrode 
extension fa i led 

ESLT 3 

ESLT 4 

V i t r i f y  simulated waste box Successful t e s t  

Evaluate tes t  startup techniques Surface startup successful i n  
reducing CO generati on 

Performance not l im i ted  by 
increased moisture 

Evaluate so i l  moisture ef fects  

Data confi nns predictions ESLT 5 Obtain heat t ransfer data 

Eva1 uate void formation Voids caused by subsidence o f  
molten s o i l  from cold cap 

ESLT 6 

ESLT 7 

Test graphite electrodes Incomplete test: e lec t r i ca l  
connection f a i l u re  

Successful tes t  Test graphite electrodes 
wi th  improved e lec t r i ca l  
connection 

Sodium i n  so i l  too conductive; 
melt zone would not grow 

ESLT 8 

ESLT 9 

Test Na additions t o  increase 
soi 1 conductivity 

Successful tes t  Test graphite electrodes and 
v i t r i f y  simul ated contaminated 
soi 1 

V i t r i f y  metal container (352 
o f  f u l l  e lec t r i ca l  short) 

Successful t e s t  ESLT 10 

ESLT 11 

ESLT 12 

V i t r i f y  sinulated waste can of 
combustibles 

Successful tes t  

V i t r i f y  metal containers (702 
of  f u l l  e lec t r i ca l  short) 

Successful test ;  no l i m i t  
imposed by 5 wt% metal 
occupying 70% of f u l l  
e lec t r i ca l  short 

ESLT 13 V i t r i f y  metal canister using 
increased power 

Successful tes t  

V i t r i f y  concrete canister Successful tes t  ESLT 14 

ESLT 15 V i t r i f y  concrete and cement 
mono1 i ths 

Successful test; no l i m i t s  
iden t i f i ed  - 

ESLT 16 Test Scott-Tee (Lazar 1977) 
power system 

Successful tes t  

Successful tes t  ESLT 17 Test saturable reactor power 
control 

ESLT 18 Test cont ro l ler  multi-tapped 
Scott-Tee power system 

Successful t e s t  



TABLE 10. Summary o f  Resu l ts  o f  P i l o t - S c a l e  F i e l d  Tests 
( s t a t i o n a r y  system) 

Test  Object  i ves Resu l ts  

PSFT 1 V e r i f y  process scale-up Successful  v i t r i f i c a t i o n  o f  
5670 kg o f  s o i l  

PSFT2 E v a l u a t e m i g r a t i o n a n d v o l a t i l i -  No m i g r a t i o n  ou ts ide  o f  
z a t i o n  o f  s imulated hazardous v i t r i f i e d  zone and very  low 
speci  es element vo l  a t i  1  i za t i ons  

PSFT 3 V i t r i f y  208 L (55 g a l )  waste drum Successful  v i t r i f i c a t i o n  
c o n t a i n i n g  so i  1  and s imu la ted  o f  drum and contents.  
combust ib le  wastes Temporary system shutdown 

due t o  h i gh  o f f -gas  par- 
t i c u l a t e  loading.  Successful  
r e s t a r t  on one p a i r  o f  
e l  e c t  rodes . 

PSFT 4 Test  two s ide-by-s ide v i t -  Successful  v i  t r i  f i c a t i o n  o f  
r i f i c a t i o n  opera t ions  (PSFT 4A and 25,400 kg o f  so i  1  
PSFT 4B) 

V i  tr.i f y  var ious  combust ib le  and Successful  t e s t  
noncombustible waste packayes 

M i  y r a t i o n  and v o l a t i l i z a t i o n  o f  simul a ted  hazardous species m i  xed w i t h  

s o i l  and combust ib le  wastes were s tud ied  d u r i n g  PSFTs 2, 3, and 4. The f o u r t h  

t e s t  was a two-par t  ope ra t i on  (PSFTs 4A and 4B) v e r i f y i n g  s ide-by-s ide v i t r i f i -  

c a t i o n  and f u s i o n  i n t o  one monol i th ,  which would be requ i red  t o  s o l i d i f y  many 

a c t u a l  waste s i t e s  such as s o l i d  waste t renches o r  TRU contaminated s o i l  c r i b s .  

The nex t  major  o b j e c t i v e  o f  t h e  program was t o  v i t r i f y  ac tua l  r a d i o a c t i v e  

m a t e r i a l s  i n  place. To accomplish t h i s ,  a  mob i le  p i  l o t - s c a l e  o f f -gas  t rea tment  

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 cons t ruc ted  i n  a  s e m i - t r a i l e r .  The 

power system and o f f -gas  t rea tment  system were improved designs, b u i l d i n g  upon 

exper ience gained w i t h  t h e  p i l o t - s c a l e  f i e l d  t e s t  system. ' Two non rad ioac t i ve  
. . t e s t s  were performed t o  p rov ide  equipment checkout and opera to 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 re  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 successfu l  p i  1  o t -sca l  e r a d i o a c t i v e  t e s t  (PSRT) was 

performed i n  June 1983, us i ng  a makeup s i t e  c o n t a i n i n g  known q u a n t i t i e s  o f  

2 3 9 p u ~  1 3 7 ~ 5 ,  6 0 ~ o ,  l o 6 ~ u ,  and 90~r .  Table 11 summarizes t h e  r e s u l t s  o f  t h e  



TABLE 11. Summary o f  Resu l ts  o f  P i l o t - S c a l e  Cold and Rad ioac t i ve  
Tests (mobi l e  system) 

Tes t  Ob jec t i ves  Resu l ts  

PSCT 1 V i t r i f y  s imu la ted  waste Successful  v i t r i f i c a t i o n  o f  
package waste package. Of f -yas system 

mai n t a i  ned t o t a l  c o n t a i  nment o f  
Per form ope ra to r  t r a i n i n g  and v o l a t i l e  elements. I d e n t i f i c a -  
equi  pment checkout t i o n  o f  i tems r e q u i r i n g  upgrade. 

PSCT2 V i t r i f y s i m u l a t e d w a s t e p a c k a g e  Successful t e s t  o f  system 
upgrade 

Ve r i  fy c o r r e c t  o p e r a t i  on o f  
system upgrade 

P SRT V i t r i f y  a  makeup s i t e  con ta in -  Successful  v i t r i f i c a t i o n  w i t h  
i ng known q u a n t i t i e s  o f  r ad io -  no re1 ease o f  r a d i  o a c t i  v i  t y  
nuc l  i d e s  

t h r e e  p i  l o t - s c a l e  f i e l d  t e s t s .  Ana lys is  of t h e  da ta  a t  t h e  t ime  o f  t h i s  r e p o r t -  

i n g  shows t h a t  t o t a l  containment 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  me l t  zone and 

w i t h i n  t h e  o f f - y a s  t rea tment  system can be achieved by I S V .  No re lease  o f  r ad io -  

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  p rocess ing  o r  

d u r i n g  t h e  cooldown per iod,  even w i t h  600 nCi /g  t r a n s u r a n i c  (TRu) waste and 

30,000 nCi /g  mixed f i s s i o n  products  i n  t h e  i n i t i a l  19 L waste package o f  s o i l .  

An occupat iona l  s a f e t y  assessment and an economi c  a n a l y s i s  were performed 

f o r  t h e  ISV process d u r i n g  FY 1983. These s tud ies  showed t h a t  a  l a rge -sca le  ISV 

process would reduce occupat iona l  exposures and decrease t h e  cos t  per  volume v i t -  

r i f i e d .  Based on t h e  s a f e t y  o f  I S V ,  economic i ncen t i ves ,  and t h e  successfu l  

p i  1  o t - sca l  e  r a d i o a c t i v e  t e s t ,  work has proceeded on devel opment o f  a  1  arge-sca l  e  

ISV system. A t  t h e  da te  o f  t h i s  w r i t i n g ,  t h e  l a rge -sca le  conceptual  des ign has 

been completed and d e t a i l e d  des ign i s  i n  progress, w i t h  c o n s t r u c t i o n  t o  f o l l o w .  

An ope ra t i ona l  t e s t  o f  t h e  new system i s  scheduled f o r  FY 1985 w i t h  r a d i o a c t i v e  

f i e l d  t e s t s  scheduled f o r  FY 1986 and f o l l o w i n g  years.  

Th i s  r e p o r t  con ta ins  a  systems e v a l u a t i o n  and a p p l i c a t i o n s  assessment o f  t h e  

ISV process. The systems eva lua t i on  i nc l udes  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  

engineer ing- ,  p i  l o t - ,  and l a r ye -sca le  u n i t s  as w e l l  as I S V  performance data.  

Parameters t h a t  a f f e c t  ISV process ing a re  d iscussed as w e l l  as t h e  long- te rm 



d u r a b i l i t y  o f  t h e  waste form. The a p p l i c a t i o n s  assessment c o n s i s t s  o f  an eco- 

nomic ana lys is ,  occupat iona l  and p u b l i c  sa fe ty  ana lys is ,  and a  rev iew o f  waste 

s i t e s  f o r  p o t e n t i a l  I S V  a p p l i c a t i o n .  P a r t  of t h e  i n fo rma t i on  presented w i t h i n  

t h i s  r e p o r t  i s  an ex tens ion  o f  p rev ious  work performed as p a r t  o f  an a p p l i c a t i o n s  

a n a l y s i s  f o r  s t a b i l i z a t i o n  o f  t r a n s u r a n i c  wastes us ing  I S V  (Oma, Farnsworth, and 

Rusin 1982). 



CONCLUSIONS AND RECOMMENDATIONS 



CONCLUSIONS AND RECOMMENDATIONS 

I n  s i t u  v i t r i f i c a t i o n  i s  an emerging technology, s u i t a b l e  f o r  t h e  s t a b i l i -  
t 

z a t i o n  o f  b u r i e d  r a d i o a c t i v e  wastes r e q u i r i n g  i n - p l a c e  s t a b i l i z a t i o n .  The f o l -  

l ow iny  conc lus ions  have been made reya rd i  ng ISV perforrnance and t h e  appl i c a b i  l- 

i t y  o f  s o l i d i f y i n g  TRU wastes a t  Hanford and o t h e r  DOE s i t e s .  

SYSTEM AND WASTE FORM PERFORMANCE 

The p r e d i c t e d  depth l i m i t  o f  a  l a rge -sca le  ISV system i s  10 t o  13 m 

i n  Hanford s o i l s .  The e l e c t r o d e  separat ion,  which determines maxi- 

mum m e l t  depth, can be ad jus ted  from 3.5 t o  s l i g h t l y  over  6 m; t h e  

3.5 m separa t ion  i s  r equ i red  t o  o b t a i n  maximum depth. The peak f l o w  
3 capac i t y  o f  t h e  of f -yas t reatment  system i s  104 m /min, which i s  

adequate t o  con ta in  gaseous re leases from b u r i e d  combust ib les and 

sealed con ta iners .  

Radionucl i des  a re  r e t a i n e d  i n  t h e  me1 t. Areas o f  h i gh  concen t ra t i on  

a re  d i l u t e d  v i a  convec t ion  cu r ren t s .  When gas ven t i ng  occurs on 

encounte r i  ng combusti b l  es t h a t  are contami nated, o n l y  small quan t i -  

t i e s  o f  contaminants assoc ia ted  w i t h  t h e  combust ib les a re  avai  1  ab le  

f o r  r e l ease  t o  t h e  of f-gas system. Those re leases a re  acceptably  

low. 

Metal i n c l u s i o n s  do no t  s i g n i f i c a n t l y  a f f e c t  ISV unless a  f u l l  e lec -  

t r i c a l  s h o r t  c i r c u i t  i s  approached. Dur ing  an engi  nee r i  ng-scale ISV 

t e s t ,  metal  occupying over  70% o f  t h e  e l ec t rode  spacing, and 

account ing f o r  5% o f  t h e  f i n a l  b l ock  weight ,  was success fu l l y  v i t r i -  

f i e d .  

Two adjacent  me l ts  have been fused i n t o  a  s i n g l e  monol i th ,  w i t h  a  

m i  nimum o f  nuc l  i de m i g r a t i o n  between me1 t s .  

Two engineer ing-sca le t e s t s  have v e r i f i e d  t h a t  t h e r e  i s  complete 

d i s s o l u t i o n  o f  cement i n c l u s i o n s  w i t h i n  t h e  g l ass  waste form. 

Cement and concre te  i n c l u s i o n s  w i t h i n  a  waste s i t e  f r a c t u r e  as they  



a r e  heated d u r i n g  ISV. St rong convec t i ve  c u r r e n t s  w i t h i n  t h e  m e l t  

promote d i s t r i b u t i o n  and d i s s o l u t i o n  o f  t h e  fragmented pieces.. 

I S V  i s  capable o f  process ing s o i l s  a t  DOE s i t e s .  S o i l s  f rom n i n e  

d i f f e r e n t  U.S. l o c a t i o n s  were t e s t e d  and found t o  be s i m i l a r  i n  t h e  

p r o p e r t i e s  which cou ld  a f f e c t  t h e  ISV process. 

Transuranic  waste s i t e s  w i t h  a rea l  Pu concent ra t ions  o f  (1.0 kg/m2 

can be v i t r i f i e d  s a f e l y  w i t hou t  a  c r i t i c a l i t y .  S i t e s  which c o n t a i n  

hydrogenated o rgan ics  i n  waste con ta ine rs  a re  1 i m i t e d  t o  an a rea l  Pu 

concent r a t i  on o f  (0.8 ky/m2, 

No c r e d i b l e  concen t ra t i on  mechanism f o r  2 3 9 ~ ~  o r  o t h e r  TRU f i s s i o n -  

a b l e  i so topes  has been i d e n t i f i e d .  The I S V  me l t  zone has s t r o n g  

convec t i ve  c u r r e n t s  which promote d i  1  u t i o n  and thorough m i  x i  ng o f  

waste species.  

L e a c h a b i l i t y  o f  v i t r i f i e d  s o i l  f rom Hanford i s  es t imated  t o  be (1 x 

p a r t s  per  year.  

ECONOMICS AND SAFETY 

Operat ional  and consunlab1 e cos ts  a r e  domi nant , account i  ng f o r  >80% 

o f  t h e  t o t a l  cos t .  Other cos t  elements a re  s i t e  p repa ra t i on  a c t i v i -  

t i e s  and annual equipment charges. 

Costs were developed f o r  12 d i f f e r e n t  ISV con f i gu ra t i ons .  S i x  o f  

t h e  c o n f i g u r a t i o n s  were f o r  TRU contaminated so i  1 s i t e s  and s i x  were 

f o r  b u r i a l  t renches. Costs f o r  TRU contaminated s o i l  s i t e s  ranged 

f rom $l16/m3 t o  $142/m3 o f  so i  1  v i t r i f i e d  where l o c a l  power was 

a v a i l a b l e ;  t h e  cos t  increased t o  $179/m\hen a d i e s e l  generator  was 

used as t h e  power source. The cos t  f o r  a  t y p i c a l  t r e n c h  i n  t h e  

western U.S. ranged from $199 t o  $276/m3, and i n  t h e  eas te rn  U.S. 

f rom $300 t o  $506/m3. 

The cos t s  o f  e l e c t r i c i t y  and inc reased  power and process ing t i m e  

were t h e  p r i n c i p a l  c o n t r i b u t o r s  t o  t h e  eas te rn  versus western t r e n c h  



costs .  The d i f f e r e n c e  between t h e  western TRU contaminated s o i l  

s i t e s  and t renches i s  a t t r i b u t e d  t o  t h e  decrease i n  p rocess ing  

e f f i c i e n c y  when going t o  g r e a t e r  depths. 

S o i l  mo is tu re  increases t h e  t i m e  and power r e q u i r e d  t o  v i t r i f y  a  

waste s i t e ;  however, t h e  e f f e c t  on t h e  maximum a t t a i  nab1 e  geometr ic 

l i m i t s  o f  ISV i s  smal l .  S o i l  mo i s tu re  i s  an economic pena l ty ,  no t  a  

process impediment. 

a The s t a b i l i z a t i o n  o f  a  t y p i c a l  c r i b  and t i l e  f i e l d  a t  Hanford was 
3 es t imated  us ing  s e l e c t i v e  ISV. S o l i d i f y i n g  2900 m of h i g h l y  con- 

taminated s o i l  us i ng  ISV i s  est imated t o  c o s t  between $400,000 and 

$490,000. 

P u b l i c  and occupat ional  exposures f o r  r o u t i n e  opera t ions  a re  accept- 

ab ly  low. The f i r s t  yea r  dose commitment f o r  t h e  maximum exposed 

i n d i v i d u a l  i s  3 x  l o e 8  rem, and t h e  50 year  dose commitment i s  1 x  

1 ~ - ~  rem. The maximum occupat iona l  dose i s  0.01 rem. 

a Occupat ional  doses f o r  pos tu l a ted  abnormal occurrences range f rorn 2  

t o  10 rem. P u b l i c  dose commitments f o r  these  same scenar ios range 

from 5 x  t o  3 x  10" rem f o r  t h e  f i r s t  yea r  dose t o  t h e  maximum 

exposed i n d i  v i d u a l  . 
Far- term r a d i a t i o n  exposure c a l c u l a t i o n s  c l e a r l y  showed t h a t  

a1 though ISV cannot prevent  i n t r u s i o n ,  i t  may m i t i g a t e  t h e  conse- 

quences. Fu tu re  dose performance assessments were developed u s i n g  a  

v a r i e t y  o f  scenar ios f o r  1000 and 10,000 years  i n  t h e  f u t u r e  ( a f t e r  

i n s t i t u t i o n a l  c o n t r o l  ) . Human i n t r u s i o n ,  bo th  i nadve r ten t  and 

de l i be ra te ,  produced t h e  h i ghes t  exposures. 

APPLICATION OF ISV 
4 .  

For Hanford, s e l e c t i v e  I S V  i n  combinat ion w i t h  b a r r i e r s  can be a  

cos t  e f f e c t i v e  i n-pl  ace d isposa l  o p t i  on. S i t e s  a t  Hanford be ing  

cons idered f o r  i n -p l ace  s t a b i l i z a t i o n  i n c l u d e  TKU contaminated s o i l  

s i t e s ,  c a i  ssons, and s o l  i d  waste b u r i  a1 t renches.  



a Whenever exhumation o f  b u r i e d  r a d i o a c t i v e  wastes i s  considered, I S V  

should be eva lua ted  as an opt ion.  I n  spec ia l  cases, I S V  can be an 

a i d  o r  p recursor  t o  exhumation. 

a Most pre-1970 s o l i d  waste b u r i a l  grounds t h a t  would r e q u i r e  i n - p l a c e  

s t a b i l i z a t i o n  can be processed by ISV. S i t e  c h a r a c t e r i z a t i o n  i s  a  

necessary precursor ;  however, c h a r a c t e r i z a t i o n  cos ts  would be modest 

when compared t o  t h e  a l t e r n a t i v e  o f  exhumation, processing, c e r t i f i -  

ca t i on ,  sh ipp ing,  and s to rage  i n  geo log ic  r e p o s i t o r i e s .  The pub1 i c 

and occupat iona l  exposure would be s i g n i f i c a n t l y  l e s s  f o r  t h e  I S V  

op t i on .  

a TRU contaminated s o i l  s i t e s  t h a t  would r e q u i r e  i n -p l ace  

s t a b i l i z a t i o n  cou ld  be processed by I S V .  With t h e  excep t ion  o f  

severa l  deep reverse  w e l l s  a t  Hanford, no major  process l i m i t s  have 

been i d e n t i f i e d .  

RECOMMENDATIONS 

The f o l l o w i n g  recommendations have been made i n  regard t o  t h e  f u t u r e  

d i  r e c t i o n  o f  t h e  program: 

a Cont inue t h e  des ign and deployment o f  t h e  l a rge -sca le  I S V  system. 

Also con t i nue  t h e  technology t r a n s f e r  a c t i v i t i e s  a t  Hanford, v e r i f y -  

i n y  t h e  s t a b i l i z a t i o n  o f  a t  l e a s t  two ac tua l  TRU s i t e s  ( t e n t a t i v e l y  

one TRU contaminated s o i l  s i t e  and one ca isson) .  

a Perform a sys temat ic  ana l ys i s  a t  Hanford t o  determine which TRU 

s i t e s  can b e n e f i t  f rom i n -p l ace  s t a b i l i z a t i o n  us ing  I S V .  A s s i s t  t h e  

app rop r i a te  ope ra t i ng  c o n t r a c t o r  i n  f i n a l  i z i n y  t h e  1 i s t  by cos t -  

b e n e f i t  and p u b l i c  and occupat iona l  exposure analyses. A l i m i t e d  

number o f  o n s i t e  f i e l d  t e s t s  and/or exper iments may be requ i red  t o  

eva lua te  speci  a1 s i t u a t i o n s  . 



Continue engineering- and p i l o t - s c a l e  t e s t i n g  t o  v e r i  

- e lect rode  corrosion resistance 

- computer model i ng predict ions 

- t h e  dynamic c h a r a c t e r i s t i c s  o f  the  melt  

- appl i c a t i  on t o  speci a1 geometries 

- adequacy f o r  processing combustible/hazardous chemi 

f y  : 

ca l  s. 
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PROCESS DESCRIPTION 

Dur i  ng ISV, b u r i e d  waste and surrounding contaminated s o i  1  a re  s t a b i  1  i z e d  

by i n s e r t i n g  e l ec t rodes  i n  t h e  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 lec t rodes .  F i g u r e  6 i l l u s t r a t e s  t h e  process sequence. For  

s ta r t up ,  a  smal l  amount o f  s p e c i a l l y  prepared g r a p h i t e  i s  p laced i n  paths 

between t h e  e lec t rodes  on t h e  s o i l ' s  surface. D i s s i p a t i o n  o f  power th rough 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  me l t  a  1  ayer o f  s o i  1, 

thereby  e s t a b l i s h i n g  a molten, conduct ive path. Th i s  mol ten zone cont inues t o  

grow i n  s ize ,  p rov ided  s u f f i c i e n t  power i s  supp l i ed  t o  overcome heat  losses. 

A t  t h e  h i  yh temperatures (>1700°C) created,  o rgan ic  mater i  a1 s  pyro lyze;  and t h e  

remaining ash, a long w i t h  o t h e r  noncombustible waste ma te r i  a1 s, d i sso l ves  o r  

becomes encapsulated 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 h e  

mol ten s o i l  h e l p  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 f o rm ly .  Upon coo l ing ,  a  

du rab 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 t h e  process 

i s  c o l l e c t e d  and t rea ted .  I f  ground subsidence occurs d u r i n g  ISV, uncontamin- 

a ted  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 m e l t e r  work per-  

formed a t  PNL f o r  va r ious  nuc lear  waste i m m o b i l i z a t i o n  p r o j e c t s  (Bue l t  e t  a l .  

1979). The j ou le -hea t i ng  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 i ng  o f  

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 through t h e  mol ten media. 

I n  ISV, t h e  res i s tance  decreases as t h e  mol ten mass grows; t he re fo re ,  t o  
2 ma in ta i n  a  power l e v e l  h i gh  enough (accord ing  t o  t h e  fo rmu la  P = I R) t o  

FIGURE 6. I n  S i t u  V i t r i f i c a t i o n  Process Sequence 
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con t i nue  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. Wi th  a  g iven  power 

supply  i npu t ,  t h e  amperage i s  inc reased  by a  t rans fo rmer  w i t h  m u l t i p l e  vo l t age  

taps.  

The ISV process i s  s t a r t e d  u s i n g  a  h i ghe r  vo l t age  p o t e n t i a l  and lower  

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

a l l o w  inc reased  amperage t o  t h e  me l t ,  thus  m a i n t a i n i n g  t h e  power i n t o  t h e  m e l t  

a t  n e a r l y  t h e  maximum l e v e l .  The process con t inues  u n t i  1  t h e  heat  1  osses f rom 

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  mol ten s o i l  v i a  t h e  e lec t rodes .  

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

c o n t a 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 i s  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 a l s o  scrubs and f i l t e r s  any hazardous 

components f rom t h e  o f f - gas  stream. 

Th i s  s e c t i o n  descr ibes  components f o r  t h e  f o u r  ISV systems: l a r g e  sca le ,  

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 ,  p i l o t - s c a l e  f i e l d  t e s t s ,  and eng inee r i ng  sca le .  

LARGE-SCALE SYSTEM 

Development and deployment o f  t h e  l a rge -sca le  I S V  system i s  t h e  goal o f  

t h e  ISV program. The l a rge -sca le  system i s  l e s s  c o s t l y  and more adaptable t o  

numerous types  o f  waste s i t e s  than t h e  p i l o t - s c a l e  system. The c o s t  o f  v i t r i -  

f y i n g  a  g i ven  waste volume w i t h  t h e  l a rge -sca le  system i s  one-seventh t h a t  o f  

t h e  p i l o t - s c a l e  system. The l a rge -sca le  system i s  more adaptable because i t s  

h i gh  capac i t y  o f f - gas  system, which can process o f f  gas a t  a  r a t e  o f  

104 rnqmin, i s  b e t t e r  equipped t o  c o n t a i n  sudden gaseous re leases  f rom combust- 

i b l e  and o t h e r  yas-generat ing wastes. The l a rge -sca le  system i s  c u r r e n t l y  

be ing  designed t o  v i t r i f y  contaminated s o i  1  s  w i t h  an e l e c t r o d e  separa t ion  o f  

5.5 m on a  s ide.  It i s  planned t h a t  t h e  process cou ld  be a p p l i e d  t o  h i g h l y  

contaminated p o r t i o n s  o f  TRU contaminated s o i l  s i t e s ,  caissons, and s o l i d  waste 

b u r i a l  s i t e s .  . . 

The off-gas process ing equipment i s  con ta ined  i n  t h r e e  p o r t a b l e  semi- 

t r a i l e r s  dep i c ted  i n  F i g u r e  7. The f i r s t  t r a i l e r  houses t h e  p o r t a b l e  o f f - gas  

system. The second t r a i l e r  f u rn i shes  e l e c t r i c a l  suppor t ,  c o n t a i n i n g  a  power 
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FIGURE 7. Three Po r tab le  Semi-Trai l e r s  f o r  t h e  Large-Scale System 

system p r o v i d i n g  t h e  e l e c t r i c a l  energy d i s t r i b u t e d  t o  t h e  e lec t rodes .  The 

second t r a i l e r  a l s o  con ta ins  t h e  a i r  coo led heat exchangers, which cool  t h e  

gases i n  t h e  p o r t a b l e  o f f - gas  system. The e n t i r e  process i s  moni tored and 

operated f rom a  c o n t r o l  t r a i l e r ,  which houses t h e  c i  r c u i t  p r o t e c t i o n  equipment 

f o r  t h e  e l e c t r i c a l  system, t h e  motor c o n t r o l  cen te r  f o r  t h e  o f f -gas  and c o o l i n g  
. . systems, and t h e  ins t rument  readout and c o n t r o l  s t a t i o n .  The c o n t r o l  t r a i  1  e r  

a l s o  houses a  h o l d i n g  tank  f o r  a d d i t i o n a l  scrub water  and an a i r  compressor f o r  

a c t u a t i o n  o f  pneumatic va lves i n  t h e  o f f -gas  system. 



P,ower System Design 

The power system f o r  t h e  I S V  process u t i l i z e s  a Scott-Tee t rans former  con- 

nec t ion  t o  conver t  three-phase e l e c t r i c a l  power t o  two single-phase loads. The 

single-phase loads are connected t o  two e lec t rodes each, arranged i n  a square 

pa t te rn ,  as shown i n  F igure  8. Se lec t ion  o f  t he  Scott-Tee t ransformer was 

based on i t s  even d i s t r i b u t i o n  o f  cu r ren t  w i t h i n  the  molten s o i l ,  which pro- 

duces a v i t r i f i e d  product almost square i n  shape t o  minimize over lap among 

adjacent se t t i ngs .  The connect ion has been employed du r ing  p i l o t -  and engi-  

neering-scale t e s t s  and i s  commonly used i n  t h e  glass i ndus t r y .  

The v i t r i f i c a t i o n  zone c o n t i n u a l l y  grows as t h e  I S V  process i s  supp l ied  

w i t h  power. This  creates a cons tant ly  changing vo l tage/cur ren t  r e l a t i o n s h i p  

which requ i res  m u l t i p l e  vo l tage taps on t h e  Scott-Tee transformer. The m u l t i -  

p l e  taps a l l ow  more e f f i c i e n t  use o f  t h e  power system by main ta in ing  t h e  power 

f a c t o r  ( t h e  phase re1 a t i  onshi p between cu r ren t  and vo l tage)  near maximum, which 
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FIGURE 8. Scott-Tee Transformer Design f o r  t h e  Large-Scale System 



i s  3750 kW f o r  t h e  l a rge -sca le  system. F i g u r e  9 shows t h e  inc rease  i n  t h e  

average power i n p u t  when us ing  16 t r ans fo rmer  taps  r a t h e r  than  4. Average 

power i s  2900 kW when 4 vo l t age  taps  a re  u t i l i z e d .  Wi th  16 vo l tage  taps  t h e  

average power has been increased t o  3500 kW, which i s  much c l o s e r  t o  t h e  maxi- 

mum power. 

To c o n t r o l  t h e  c u r r e n t  and/or vo l t age  be ing  i n t r oduced  i n t o  t h e  e lec -  

t rodes,  sa tu rab le  reac to r s  w i t h  t h e i  r respec t i ve  c o n t r o l  wi nd i  ngs a re  used f o r  

t h e  l a rge -sca le  system. Sa tu rab le  reac to r s  have been used ex tens i ve l y  f o r  

power c o n t r o l  systems i n v a r i  ous appl i c a t i  ons. Thei r p r i  n c i  p l  e  o f  o p e r a t i  on i s  

s i m i l a r  t o  a  v a r i a b l e  i n d u c t o r  i n  s e r i e s  w i t h  t h e  load, as shown i n  F i g u r e  8. 

By changing t h e  c o n t r o l  w ind ing  c u r r e n t  t o  t h e  sa tu rab le  reac to r ,  t h e  l e v e l  o f  

s a t u r a t i o n  o f  t h e  sa tu rab le  r e a c t o r ' s  core i s  var ied.  Th i s  changes t h e  induc- 

tance  i n  s e r i e s  w i t h  t h e  l oad  o f  t h e  system. By decreas ing t h e  l e v e l  o f  satu-  

r a t i o n ,  a  h i ghe r  vo l t age  drop i s  a t t a i n e d  across t h e  sa tu rab le  reac to r ,  l e a v i n g  

l e s s  vo l t age  and c u r r e n t  a v a i l a b l e  t o  t h e  load, thus  c o n t r o l l i n g  t h e  power t o  

t h e  load. 

FIGURE 9. E f f e c t  o f  Increased Number o f  Vol tage Taps on 
Average Power Output 
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Sa tu rab le  r e a c t o r s  were se lec ted  r a t h e r  than  s o l i d - s t a t e  components f o r  

1  arge-scal  e  o p e r a t i  on because s o l  i d-s ta te  components a re  n o t  ava i  1  a b l e  above 

600 V ,  unless operated i n  ser ies .  Sa tu rab le  r e a c t o r s  a l s o  i n t r o d u c e  fewer har-  

monic f requenc ies  i n t o  t h e  g r i d  system. The sa tu rab le  r e a c t o r s  do, however, . 
have a  de t r imen ta l  e f f e c t  on power f a c t o r .  Power f a c t o r  i s  t h e  cos ine  o f  t h e  

phase angle between t h e  c u r r e n t  and vo l t age  waveforms d i s t r i b u t e d  t o  t h e  power 

system. A power f a c t o r  much l e s s  than  1 g e n e r a l l y  r e s u l t s  i n  c o s t  p e n a l t i e s  t o  

t h e  user, and i s  discouraged by bo th  power genera t ion  and t r ansm iss ion  people. 

Th i s  problem can be overcome by us ing  up t o  16 m u l t i p l e  t aps  on t h e  Scott-Tee t 

t rans fo rmer ,  which keeps t h e  average p r e d i c t e d  power f a c t o r  f o r  t h e  l a rge -sca le  

system h i g h  (near  0.9), we1 1  w i t h i n  t h e  acceptable range. 

The proposed c o n t r o l  scheme i s  t h e  use o f  two o r  more s a t u r a b l e  r e a c t o r s  

on t h e  secondary s i d e  o f  t h e  Scott-Tee t rans fo rmer .  Th i s  has t h e  advantage o f  

independent ly  c o n t r o l l i n g  t h e  power t o  each o f  t h e  s ing le-phase loads. How- 

ever,  t h e  sa tu rab le  reac to r s  must be designed t o  accommodate t h e  f u l l  vo l t age  

and c u r r e n t  ranges due t o  t h e  v a r i a b l e  res i s tance  o f  t h e  m e l t  i n  t h i s  ba tch  

ope ra t i on  process. Th i s  r equ i res  one f u l l  range r e a c t o r  f o r  each phase r a t e d  

a t  maximum load  vo l t age  and c u r r e n t  o r  many sma l l e r  r eac to r s  t h a t  can be con- 

nected i n  s e r i e s  o r  p a r a l l e l  t o  accommodate t h e  r a t i n g s  a t  each vo l t age  tap.  

A three-phase sa tu rab le  r e a c t o r  on t h e  p r imary  o f  t h e  Scott-Tee was a l s o  

cons idered f o r  1  arge-sca le e l e c t r i c a l  c o n t r o l .  Th is  i s  advantageous because 

t h e  vo l t age  t aps  on t h e  secondary o f  t h e  Scott-Tee t r ans fo rmer  keep t h e  vo l t age  

and c u r r e n t  r e l a t i o n s h i p s  very  near t h e  same when compared t o  those  o f  t h e  sec- 

ondary. However, an o v e r r i d i n g  disadvantage o f  three-phase p r imary  c o n t r o l  i s  

t h a t  i n  l a rge -sca le  a p p l i c a t i o n s ,  vendors and manufacturers  have observed ba l -  

ance c o n t r o l  problems on t h e  p r imary  when used w i t h  Scott-Tee t rans fo rmers .  

Th i s  p o t e n t i a l  e f f e c t  and t h e  f a c t  t h a t  independent c o n t r o l  t o  each o f  t h e  s i n -  

gle-phase loads  i s  no t  ach ievab le  w i t h  t h e  p r imary  c o n t r o l  system l e d  t o  t h e  

cho ice  o f  p l a c i n g  t h e  c o n t r o l  on t h e  t r ans fo rmer  secondary. . . 
The power supply  system was s p e c i f i e d  t o  meet f u n c t i o n a l  c r i t e r i a  de te r -  

mined by a  mathematical  model, descr ibed  f u r t h e r  i n  t h e  Process Parameters . . 
chapte r  l a t e r  i n  t h i s  r epo r t .  From t h e  mathematical  s imu la t i ons ,  a  3750 kW 

power supply  was se lec ted  f o r  t h e  l a rge -sca le  system. The model ing p r e d i c t i o n s  



a l s o  s t i p u l a t e  t h a t  t o  meet t h e  f u n c t i o n a l  c r i t e r i a ,  a  l oad  vo l t age  o f  between 

4160 t o  400 V be supp l i ed  w i t h  a  corresponding c u r r e n t  capac i t y  on each o f  t h e  

two secondary phases between 450 and 4000 A, r espec t i ve l y .  

Exc lud ing  c i r c u i t  p r o t e c t i o n ,  t h e  power supply  system i s  -4 m l ong  by 2 m 

wide by 3 m t a l l ,  w i t h  a  t o t a l  weight  o f  about 20 m e t r i c  tons. The power sys- 

tem i s  t h e r e f o r e  w e l l  s u i t e d  f o r  mount ing on a f l a t  bed s e m i - t r a i l e r ,  l e a v i n g  

enouyh room f o r  t h e  a i r  coo led g l y c o l  heat  exchangers. 

Off-Gas Containment and E lec t rode  Support Hood 

A s t a i n l e s s  s t e e l  o f f -gas  hood i s  p laced over  t h e  v i t r i f i c a t i o n  zone t o  

c o n t a i n  any yaseous and r a d i o a c t i v e  e f f l u e n t s  f rom t h e  process and t o  d i r e c t  

them t o  t h e  p o r t a b l e  o f f - yas  t rea tment  system. Shown i n  F igu re  10, t h e  hood i s  

kep t  under a  s l i g h t l y  nega t i ve  pressure (2.5 t o  10 cm water) .  

The hood i s  cons t ruc ted  o f  2.4 x  1.2 m panels which can be d ismant led and 

s to red  i n  t y p e  A ( ~ )  t r a n s p o r t a t i o n  con ta iners .  Because o f  t h e  h i gh  heat l oad  

f rom bu rn ing  combust ib le  wastes a t  t h e  v i t r i f i c a t i o n  sur face,  t h e  o f f -gas  hood 

i s  cons t ruc ted  o f  ma te r i  a1 s  capable o f  w i t hs tand ing  900°C. A non-we1 ded 

( b o l t e d )  hood des ign was favored  f o r  t h e  l a rge -sca le  system because thermal 

expansion from ambient temperature t o  90U°C c rea tes  >2.5 cm expansion i n  any 

d i r e c t i o n .  The panels a re  assembled i n  such a manner t o  r e l i e v e  s t resses  t h a t  

m i  y h t  occur  f rom thermal expansion. 

The hood i s  sealed t o  t h e  sur face  o f  t h e  s o i l  sur rounding 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, h i  gh-temperature r e s i s t a n t  

f i b e r  covered w i t h  a  few cen t imete rs  o f  d i r t .  The s k i r t  ma in ta ins  a seal  dur-  

i n g  processing, which norma l l y  tends t o  d r y  ou t  t h e  d i r t  around t h e  hood, 

i ncreas i  ny a i  r i n l  eakage. 

The buss bars  connected t o  t h e  g r a p h i t e  e l ec t rodes  p ro t rude  through t h e  

hood and a r e  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 a1 low a d j u s t -  . . ment o f  t h e  e l ec t rode  p o s i t i o n  (F igu re  11). The e lec t rodes  and buss bars  a r e  

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  a re  designed t o  . ' 

( a )  Hanford r a d i o a c t i v e  shipment c l a s s i f i c a t i o n .  
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FIGURE 10. Off-Gas Containment Hood f o r  t h e  Large-Scale System 

. . 
w i t hs tand  any movement o f  t h e  mol ten mass aga ins t  t h e  e l ec t rodes  f rom convec- 

t i v e  c u r r e n t s  and t h e  g r a v i t a t i o n a l  and buoyant f o r ces  exer ted  on t h e  e lec -  . . 
t rodes. 
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FIGURE 11. Design o f  Hood Feed-Through f o r  E lec t rode  Buss Bar 

Off-Gas Treatment System 

The l a rge -sca le  o f f -gas  t rea tment  system shown i n  F igu re  12 i s  modeled 

a f t e r  t h e  p i l o t - s c a l e  o f f -gas  system. The o f f  gas i s  d i r e c t e d  f rom t h e  hood t o  

t h e  o f f - gas  t rea tment  system th rough f i v e  3-m sec t i ons  o f  40 cm d i a  p ipe.  When 

h i g h l y  combust ib le  m a t e r i a l  i s  be ing  processed, t h e  o f f  gas may e x i t  t h e  hood 

a t  temperatures up t o  90U0C and e n t e r  t h e  o f f - gas  t r a i l e r  a t  750°C. The o f f  

gas i s  cooled t o  300°C by a f i n n e d  heat exchanger, which i s  cooled w i t h  a  

g l y c o l  s o l u t i o n .  The heat exchanger, which can remove up t o  1060 kW (3.6 m i l -  

l i o n  B t u l h ) ,  i s  bypassable and i s  equipped w i t h  an automat ic  f l u s h o u t  system, 

should t h e  heat  f i n s  accumulate sca le  o r  r a d i o a c t i v e  cons t i t uen t s .  The o f f  

gases a r e  then  d i r e c t e d  i n t o  two p a r a l l e l  wet sc rubb ing  assemblies, which a r e  

r e q u i r e d  t o  accommodate t h e  wide range o f  f l ows  a n t i c i p a t e d .  Normal a i r  
3  in leakage th rough t h e  hood would g i v e  a f l o w  o f  50 s t d  m Imin.  However, when 

combust ib le  wastes a re  present,  combustion a i r  requirements c rea te  a maximum 

o f f -gas  f l o w  o f  up t o  104 s t d  mqmin.  A s i n g l e  wet sc rubb ing  system i s  n o t  

capable o f  ope ra t i ng  w i t h i n  t h i s  range o f  f l ows ,  so para1 l e l  scrubbing assem- 

b l  i e s  were se lected.  





Each scrubbiny assembly c o n s i s t s  of a quench tower  t h a t  removes t h e  

remain i  ng heat  1 oad i n  t h e  o f  f -gas system, a tandem-nozzle Hydro-Sonic 

scrubber, and a vane separator.  The quench tower  rep laces t h e  v e n t u r i - e j e c t o r  

scrubber o f  t h e  p i l o t - s c a l e  u n i t  because t h e  quencher r equ i res  much l e s s  energy 

and water  f l o w  t o  reduce t h e  heat  l o a d  i n  t h e  o f f  gases f rom 300°C t o  <lOO°C. 

The Hydro-Sonic scrubber  i s  designed t o  remove 90% o f  p a r t i c u l a t e s  10.5 pn d ia .  

The vane separa to r  i s  an impingement m i s t  e l i m i n a t o r  capable o f  removing a l l  

d r o p l e t s  112 pm d ia .  The temperature o f  t h e  o f f  gas e x i t i n g  t h e  vane separa to r  

a t  maximum heat l oad  i s  expected t o  be about 6U°C. The o f f -gas  temperature i s  

reduced t o  5Z°C by a condenser a f t e r  t h e  p a r a l l e l  f l ows  from t h e  Hydro-Sonic 

scrubbers a re  recombi ned. 

The condenser removes an a d d i t i o n a l  335 kW (1.1 m i l l  i o n  B t u l h ) ,  the reby  

condensing more water  vapor f rom t h e  o f f  gas. Du r i ng  maximum combustion, t h e  

remain ing water  vapor i n  t h e  o f f  gas a f t e r  e x i t i n g  t h e  f i n a l  vane separa to r  

should match t h e  amount e n t e r i n g  t h e  o f f -gas  system f rom mo is t  s o i l  and combus- 

t i o n  products.  Th i s  w i l l  avo id  an accumulat ion o r  d e p l e t i o n  o f  water  i n  t h e  

two scrubbing tanks. To p reven t  t h e  remain ing mo i s tu re  i n  t h e  o f f  gas l e a v i n g  

t h e  second-stage vane separa to r  f rom condensing i n  t h e  HEPA f i l t e r s ,  t h e  o f f  

gas i s  reheated by -25OC. By r a i s i n g  t h e  temperature o f  t h e  o f f  gas above t h e  

dewpoi n t  , condensat ion o f  mo is tu re  i n  t h e  HEPA f i  1 t e r s  i s  e l im ina ted .  Fo l  1 ow- 

i n g  two stages o f  HEPA f i l t e r s ,  t h e  o f f  gas i s  then  d ischarged t o  t h e  atmos- 

phere th rough an induced-dra f t  b lower  capable o f  ope ra t i ng  a t  a 90°C i n l e t  tem- 

perature.  

The o f f - gas  system i s inst rumented f o r  observa t ion  and c o n t r o l  . D i  f f e r -  

e n t i a l  pressures a re  recorded a t  va r ious  p o i n t s  i n  t h e  o f f -gas  t r a i n .  The o f f -  

gas system i s  moni tored f o r  r a d i o a c t i v e  b u i l d u p  i n  t h e  o f f -gas  l i n e s  and t h e  

stack. A f lowmeter  i s  i nc l uded  i n  t h e  s tack  t o  determine t h e  t o t a l  o f f - gas  

f l o w  as w e l l .  An O2 ana lyzer  i s  i nc l uded  a f t e r  t h e  f i n a l  stage HEPA f i l t e r  t o  

a u t o m a t i c a l l y  c o n t r o l  t h e  combustion a i r  i n l e t  i n t o  t h e  o f f - gas  hood. I f  a 

lower  O2 l e v e l  i s  de tec ted  than  p resc r i bed  by t h e  opera to r ,  a d d i t i o n a l  

combustion a i r  i s  a u t o m a t i c a l l y  i n t r oduced  i n t o  t h e  hood t o  i n s u r e  t h a t  no 



combust ib le,  py ro lyzed  gases gather  downstream i n  t h e  o f f - gas  system. T h i s  

c o n t r o l  system w i l l  n o t  i n t e r f e r e  w i t h  t h e  ope ra t i on  o f  t h e  hood vacuum c o n t r o l  

system, which i s  a l s o  automated. 

The conceptual  des ign f o r  t h e  l a rge -sca le  o f f -gas  system, a long w i t h  t h e  

hood and e l e c t r i c a l  system, has r e c e n t l y  been completed. Upon approval ,  ma jo r  

p ieces o f  equipment w i l l  be purchased f o r  t h e  o f f -gas  and e l e c t r i c a l  systems. 

F o l l  owing t e c h n i c a l  b i d  rev iew o f  t h e  vendors' proposal  s, t h e  d e t a i  1  ed des ign 

w i l l  commence. Cons t ruc t i on  should be completed i n  FY 1985 f o r  t h e  i n i t i a l  

l a rge -sca le  non rad ioac t i ve  t e s t .  A  r a d i o a c t i v e  t e s t  a t  a  Hanford waste s i t e  i s  

c u r r e n t l y  scheduled f o r  FY 1986. 

PILOT-SCALE RADIOACTIVE TEST SYSTEM 

Two d i f f e r e n t  p i l o t - s c a l e  ISV systems have been t e s t e d  and operated us ing  

f o u r  e l ec t rodes  w i t h  a  1.2 m separat ion.  The more advanced system, designed 

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  m a t e r i a l s ,  i s  descr ibed  i n  t h i s  sec t ion ,  w h i l e  

t h e  p i  l o t - s c a l e  f i e l d  t e s t  (PSFT) system i s  discussed i n  t h e  f o l l o w i n g  sec t ion .  

The 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) system 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 .  P r i o r  t o  t h e  PSRT, 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  (PSCTs 1 

and 2). 

Power System Desi yn 

L i k e  t h e  l a rge -sca le  u n i t ,  t h e  PSRT power system a l s o  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 oad  on 

d i a g o n a l l y  opposed e lec t rodes  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  regulated.  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  13) 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 vo l t age  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  corresponding amperage r a t i n g  o f  250 A, 385 A, 

580 A, and 1000 A  per  phase, r espec t i ve l y .  The amount o f  3  phase i n p u t  
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FIGURE 13. Scott-Tee Connection f o r  t h e  PSRT 

power d e l i v e r e d  t o  t h e  t rans fo rmer  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 

any le  o f  t h e  t h y r i s t o r  swi tches l oca ted  i n  each o f  t h e  t h r e e  i n p u t  l i n e s .  

These switches, i n  con junc t i on  w i t h  s e l e c t a b l e  taps  on t h e  t rans fo rmer  

secondary, r egu la te  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 rans fo rmer  taps  a t  50 and 86.6% o f  t h e  p r i -  

mary t ransforrner w i  nd i  ngs. The Scott-Tee connect 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  res i s tance  load. The 

pr 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 .  Dur iny  PSCTs l and 2 and t h e  PSRT, t h i s  power system proved 

very e f f e c t i v e  i n  ma in ta i n i ng  a balanced l o a d  t o  t h e  e lec t rodes .  

O f  f-Gas Containment and E l e c t  rode Support Hood 

Const ructed o f  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 y u r e  14) i s  3.05 m square 

by 0.9 m h igh.  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 water vacuum. 

The o f  f -gas con ta i  nment and e l e c t  rode suppor t  hood i n c l  udes a v i  ewi ng 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  va l ve  and HEPA f i l t e r  



FIGURE 14. Off-Gas Containment and E l e c t r o d e  Suppor t  Hood f o r  t h e  PSRT 



assembly f o r  r e g u l a t i n g  t h e  vacuum on t h e  hood. A center  of f -gas p o r t  a l lows 

f o r  d i r e c t  coup l ing  o f  t he  hood t o  the  processing van and of f -gas treatment 

system. A s k i r t  l i k e  t h e  one used i n  the  large-scale system i s  attached t o  t h e  

bottom o f  a l l  s i de  panels. This  s k i r t i n g  extends -0.6 m away from the  hood, 

a l l ow ing  f o r  a  t i g h t  hood-to-ground seal when covered w i t h  a  l a y e r  o f  s o i l .  

The same type o f  c i r c u l a r  sea l i ng  p la tes  designed f o r  t h e  large-scale system 
were used f o r  t h e  fou r  e l e c t r i c a l  busses o f  t h e  p i  l o t - s c a l e  u n i t .  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 r o t e c t  t h e  

hood from t h e  heat t h a t  rad ia tes  from t h e  p a r t i a l l y  molten surface dur ing  pro- 

cessiny. 

Off-Gas Treatment System 

The of f -gas system designed f o r  t h e  PSRT i s  shown schemat ica l ly  i n  F ig-  

u re  15. The o f f  gas passes through a  ven tu r i -e jec to 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 ied  by two independent scrub r e c i r c u l a t i o n  tanks, each having a  pump and 

heat exchanger. The e n t i r e  of f -gas system has been i n s t a l l e d  i n  a  13.7 m 

(45 f t )  long s e m i - t r a i l e r  t o  f a c i l i t a t e  t ranspor t  t o  a  waste s i t e .  Equipment 

l ayou t  w i t h i n  the  van i s  i l l u s t r a t e d  i n  F igure  16. A l l  o f f -gas components 

except t h e  HEPA f i l t e r s  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 igure 17, which has gloved access f o r  remote operat ions and 

i s  maintained 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 loop coo l i ng  system, which 

cons is ts  o f  an a i r / l i q u i d  heat exchanger, a  coolant  s torage tank, and a  pump. 

A 50% water le thy lene g lyco l  mix i s  pumped from t h e  storage 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 h e  a i  r / l  i q u i d  exchanger, where heat i s  removed from t h e  coolant.  

The v e n t u r i - e j e c t o r  scrubber i s  t h e  same type as used on the  p i l o t - s c a l e  

f i e l d  t e s t  (PSFT) of f -gas system. This u n i t  serves both as a  quencher and h igh  

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

dem nozzle fan  d r i v e )  as i l l u s t r a t e d  i n  F igure  18. 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 h e  f i n e s t  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  
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FIGURE 15. Off-Gas System Schematic f o r  t h e  PSRT 
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captured when t h e  gas i s  mixed w i t h  f i n e  water d rop le ts  produced by spraying 

water i n t o  t h e  exhaust o f  t h e  subsonic nozzle. Mix ing and d r o p l e t  growth con- 

t i n u e  down t h e  leng th  o f  t h e  mix ing tube. Large d rop le ts  conta in ing  t h e  par- . 
t i c u l a t e  are then removed by a separator and drained back i n t o  t h e  scrub tank. 

The u n i t  i s  designed t o  remove over 90% o f  a1 1 p a r t i c u l a t e s  >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 a l .  

Add i t iona l  water i s  removed from t h e  gas system by a condenser having a 
2 heat exchange area of 8.9 m and a f i n a l  separator. As w i t h  t h e  large-scal  e 

u n i t ,  t h e  gases are  then reheated 25OC i n  a 30 kW heater  t o  prevent condensate 

carryover t o  t h e  f i l t e r s .  

The f i r s t  s taye o f  f i l t r a t i o n  cons is ts  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 .  During operat ion, one f i l t e r  i s  used and 

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

The primary f i l t e r  can be changed out  du r ing  operat ion. The second stage HEPA 

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

PILOT-SCALE FIELD TEST SYSTEM 

The PSFT system, which preceded t h e  PSRT system, o r i g i n a l l y  t e s t e d  t h e  

scale-up f e a s i b i l i t y  and performance o f  I S V  on a p i l o t  scale. It i s  not  mobi le 

and was not designed t o  conta in rad ioac t i ve  mater i  a1 s . A de ta i  1 ed d e s c r i p t i o n  

o f  t h e  equipment and i t s  operat ion i s  presented i n  t h i s  sect ion. 

Power System Design 

As descr i  bed prev ious ly  , t h e  Scott-Tee connection requi  res speci f i c t rans-  

former taps a t  50 and 86.6% o f  t h e  pr imary t ransformer windings. This i s  d i f -  

f i c u l  t t o  achieve w i t h  t h e  s i  ngl e-phase transformers t h a t  were avai 1 abl e f o r  

t h e  PSFTs. Since t h e  Scott-Tee power system could not be a t ta ined  w i t h i n  t h e  

budget and t ime schedules a l l o t t e d  f o r  t h e  f i e l d  t e s t s ,  t h e  open-delta e l e c t r i -  .I 

ca l  system was i n s t a l l e d .  L i ke  t h e  Scott-Tee, t h e  open-delta design d e l i v e r s  

power t o  f o u r  e lectrodes i n  a square pat tern.  However, t h e  open-delta system 

can be assembl ed from two standard, s i  ngl  e-phase e l  ec t  r i  ca l  power suppl i es. A 

sketch o f  t h i s  system i s  depicted i n  F igure 19. 
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FIGURE 19. Open-Delta Connect ion f o r  t h e  PSFT Power System 

The open-del ta system d i f f e r s  f rom t h e  Scott-Tee connect ions i n  two ways: 

For a  balanced load, t h e  p r imary  s i d e  c u r r e n t  i s  unbalanced. 

The power d i s t r i b u t i o n  v a r i e s  s l i g h t l y  w i t h i n  t h e  mol ten zone. 

An unbalanced pr imary cu r ren t ,  c h a r a c t e r i s t i c  o f  t h e  open-del ta system, i s  

of l i t t l e  concern f o r  t h e  p i l o t - s c a l e  f i e l d  t e s t  u n i t .  A p p l i c a t i o n  o f  t h e  open 

d e l t a  t o  a  l a r ye -sca l  e  3750 kW u n i t ,  however, would n o t  be adv isab le  due t o  

l i n e  ba lanc ing  and t h e  p o s s i b l e  i n t r o d u c t i o n  o f  harmonics i n t o  t h e  power g r i d .  

Harmonics cou ld  d i s t u r b  e l e c t r i c a l  systems o f  o the r  e l e c t r i c a l  customers w i t h i n  

t h e  area. 

The PSFT u n i t  u t i l i z e d  a  40U kW power supply  w i t h  each o f  t h e  two p a i r s  o f  

e l ec t rodes  capable o f  ope ra t i ng  under t h e  f o l  1  owing vo l t age  and amperage modes: 

-. 960 V ,  208 Alphase 

480 V, 416 Alphase 

320 V, 600 Alphase. 

T h i s  e l e c t r i c a l  system was used s u c c e s s f u l l y  i n  f o u r  PSFTs on Hanford s o i l .  

The i n i t i a l  t e s t  used o n l y  t h e  f i r s t  two vo l t age  taps,  w h i l e  t h e  f i n a l  t h r e e  

t e s t s  added t h e  320 V t a p  t o  a t t a i n  h i ghe r  amperage and g rea te r  m e l t  depth. 



This  e l e c t r i c a l  system was used success fu l l y  i n  f o u r  PSFTs on Hanford s o i l .  

The i n i t i a l  t e s t  used on ly  t h e  f i r s t  two vo l tage taps, w h i l e  t h e  f i n a l  t h r e e  

t e s t s  added t h e  320 V t a p  t o  a t t a i n  h igher  amperage and greater  mel t  depth. 

O f  f-Gas Containment and E l e c t  rode Support Hood 

The hood used f o r  t h e  PSFT se r ies  i s  2.75 m square by 0.5 m h igh  and i s  

constructed o f  20 gauge carbon s tee l  welded t o  support ing I beams and angle 

i r on .  The hood i s  designed t o  wi thstand a 25 cm water vacuum. 

The hood inc ludes  a viewing p o r t  on one s ide  and a center  p o r t  w i t h  a s l i p  

f lange connect ion t o  t h e  of f -gas l i n e .  This  center  of f -gas p o r t  i s  p a r t  o f  a 

hinged access door i n t o  t h e  hood. Four e lec t rode support frames and e lec t rode 

p o r t s  are provided. The e lec t rode p o r t s  are sealed w i t h  a nonconductive f i b e r  

board. The hood i s  a l igned w i t h  a crane and f o u r  l e v e l i n g  supports welded t o  

each corner. 

Off-Gas Treatment System 

P i l o t - s c a l e  f i e l d  t e s t  1 was performed on ly  t o  v e r i f y  scale-up o f  t h e  I S V  

process, so no s imulated hazardous species were added t o  the  t e s t - s i t e  s o i l .  

The o f f -gas  system du r ing  t h i s  t e s t  consis ted o f  t he  containment hood, a non- 

f looded packed tower, and a blower. An upgraded of f -gas system was used du r ing  

PSFTs 2, 3 and 4 t o  a l l ow  t h e  safe t e s t i n g  o f  t he  behavior o f  s imulated hazard- 

ous wastes and heavy metals dur ing  v i t r i f i c a t i o n .  This of f -gas system, shown 

i n  F igure  20, inc ludes a cyc lon i  c-spray scrubber, v e n t u r i - e j e c t o r  scrubber, 

demister, and blower. During operat ion o f  t h e  I S V  process, o f f  gases are drawn 

from t h e  containment hood through a 20 cm of f -gas l i n e  t o  t h e  scrubbing system. 

The cyc lonic-spray scrubber acts both as a quencher and scrubber. The chamber, 

which i s  36 cm d i  a and 250 cm t a l l ,  has a cen t ra l  p ipe  w i t h  52 f i n e  atomi z ing  

nozzles t h a t  spray scrub s o l u t i o n  r a d i a l l y  outward t o  t h e  w a l l s  o f  t h e  

vessel. The hot  o f f  gas enters t a n g e n t i a l l y  a t  t h e  t o p  through a 9 cm d i a  

i n l e t ,  c r e a t i n g  a cyc lon i c  a c t i o n  t h a t  enhances p a r t i c l e  removal and l i q u i d  . - 
deent r a i  nment . Gases, saturated w i t h  water vapor, t y p i c a l  l y  e x i t  a t  -50°C. 

The gases then pass through a 15 cm Ametek model 7014@ v e n t u r i - e j e c t o r  . 

@ Ametek model 7014 i s  a product of Ametek Process Systems, Durham, North 
Carol i na. 



FIGURE 20. Off-Gas System Schematic f o r  the  PSFTs 



scrubber, which removes >90% o f  a l l  p a r t i c l e s  >2 p dia. Heat i s  removed from 

t h e  scrub l i q u i d  by a single-pass tube and s h e l l  heat exchanger. 

The cyc lon ic -spray  scrubber was mod i f ied  fo r  t h e  PSFT 4 due t o  opera t iona l  

problems encountered when combustibles were processed by I S V  du r ing  prev ious 

PSFTs. Because o f  incomplete combustion, l a r g e  q u a n t i t i e s  o f  p a r t i c l e s  had 

entered t h e  o f f -gas  system when combustibles i gn i ted .  The p a r t i c l e s  i n  t u r n  

plugged a l i q u i d  f i l t e r  t h a t  was intended t o  p r o t e c t  t h e  cyc lonic-spray 

scrubber nozzles. To e l im ina te  t h i s  problem, t h e  spray nozzle assembly was 

replaced by one l a r g e  spray nozzle t h a t  d i d  no t  requ i re  a p r e f i l t e r e d  scrub 

so lu t i on .  The modi f ied  spray tower performed adequately as a quencher and 

scrubber. 

ENGINEERING-SCALE SYSTEM 

One o f  t h e  prime developmental t o o l s  f o r  I S V  has been t h e  engineering- 

sca le  1 aboratory t e s t  (ESLT) , operated i n  t he  PNL developmental 1 aboratory. 

The engineering-scale system has many f l e x i b l e  design features f o r  t e s t i n g  new 

concepts. One o f  these features i s  t h e  a b i l i t y  t o  mel t  a t  depth- to-e lect rode 

separat ion r a t i o s  t h a t  were much greater  than dur ing  previous PSFTs. Computer 

modeling shows t h a t  t h e  ESLT system i s  capable o f  me l t i ng  t o  a depth o f  1.8 m 

w i t h  e lec t rode  separat ions between 0.22 and 0.35 m. Because o f  i t s  smal ler  

scale, t he  engineer ing-scale system can t e s t  new concepts a t  a reduced cos t  

w h i l e  ma in ta in ing  a h igh  l e v e l  o f  conf idence i n  i t s  p r e d i c t i v e  c a p a b i l i t i e s  fo r  

l a rge r -sca le  operat ions. Also, many o f  t h e  analyses o f  ISV process l i m i t s  

descr ibed i n  t h i s  repo r t  are based on t h e  18 t e s t s  conducted w i t h  t h e  engineer- 

ing-scale u n i t .  Cold cap behavior and i t s  governing f a c t o r s  are a l so  being 

inves t iga ted .  

The engineer ing-scale power system cons i s t s  o f  a 30 kW Scott-Tee t rans-  

former. The t rans former  has 16 vo l tage taps, s i m i l a r  t o  those described f o r  . - 
t h e  la rge-sca le  system. It can be wired f o r  e i t h e r  pr imary o r  secondary con- 

t r o l  w i t h  sa turab le  reac tors  o r  so l  id -s ta te ,  s i  1  i con  c o n t r o l  l e d  r e c t i f i e r  con- 

t r o l  on t h e  primary. The v i t r i f i c a t i o n  process i s  conducted i n s i d e  a sealed 

metal conta iner  measuring 1.8 m d i a  x 2.4 In t a l l  (F igure 21). 



--t OFF GAS 

FIGURE 21. Engi nee r i  ng-Scale System 

Much o f  t h e  da ta  on process l i m i t s  was gathered from an e a r l i e r  ve rs i on  o f  

t h e  engi  nee r i  ny-scal  e  u n i t  equipped w i t h  a s i  ng l  e-phase e l e c t  rode power supply. 

Th i s  u n i t  was i n s t a l l e d  i n  a sealed metal  con ta ine r  measuring 2 m d i a  x  0.8 m 

t a l l .  The hood was mainta ined under a  s l i g h t  vacuum by a f a c i l i t y  o f f -gas  sys- 

tem. Al though l e s s  f l e x i b l e  than  t h e  present  u n i t ,  i t  prov ided much o f  t h e  

da ta  f o r  t h e  process l i m i t s  ana l ys i s  on combust ib le,  metal ,  and ceramic 

i n c l u s i o n s .  



PERFORMANCE ANALYSIS 



PERFORMANCE ANALYSIS 

The performance o f  t h e  I S V  process has been eva lua ted  us ing  t h e  engineer- 

ing -  and p i l o t - s c a l e  systems descr ibed  p rev ious l y .  The performance o f  t h e  pro-  

cess equipment, process ing f a c t o r s ,  and t h e  waste form i t s e l f  i s  descr ibed  and 

eva lua ted  i n  t h i s  sec t ion .  

EQUIPMENT PERFORMANCE 

The power system, o f f -gas  containment hood, and o f f -gas  t rea tment  system 

were evaluated t o  determine t h e i  r e f f e c t i v e n e s s  i n  v i t r i f y i n g  and c o n t a i n i n g  

hazardous components w i t h i n  t h e  g lass  product.  Th i s  sec t i on  summarizes t h e  

performance assessment o f  these equipment components f o r  t h e  p i l o t - s c a l e  sys- 

t em. 

Power System 

The power system performed w e l l  d u r i n g  a l l  f i e l d  t e s t s .  I n  a l l  b u t  one 

case, no f u r t h e r  adjustments were necessary once 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 placed. No s igns o f  uns tab le  m e l t i n g  behav io r  such as arc ing,  hot  spots ,  

o r  d i s r u p t i o n s  i n  c o n t i n u i t y  were de tec ted  d u r i n g  t h e  s t a r t u p  phases. However, 

d u r i n g  a  r e s t a r t  a t tempt  i n  PSFT 3, cont inuous conduct ion between one d iagonal  

p a i r  o f  e l ec t rodes  was n o t  rees tab l i shed .  Therefore,  i f  conduct ion among t h e  

e l ec t rodes  i s  l o s t  f o r  a  s i g n i f i c a n t  l e n g t h  o f  t ime,  a l l o w i n g  t h e  mol ten s o i l  

t o  coo l ,  t h e  process would have t o  be r e s t a r t e d  us ing  a  new g r a p h i t e  path. 

The e l e c t r i c a l  r es i s tance  o f  t h e  v i t r i f i c a t i o n  zone was lower  than  o r i g i -  

na l  l y  p r e d i c t e d  by a  mathematical model based on one dimensional  heat t r a n s f e r  

because o f  t h e  i n t e r a c t i o n  between t h e  second p a i r  o f  e l ec t rodes  used i n  t h e  

f o u r  e l e c t r o d e  f i e l d - t e s t  system. As a  r e s u l t ,  t h e  i n i t i a l  p i l o t - s c a l e  

(PSFT 1) power system des ign p rov ided  o n l y  enough c u r r e n t  t o  m e l t  t h e  s o i l  t o  a  

depth o f  Nl.l m y  which was l e s s  than o r i g i n a l l y  a n t i c i p a t e d .  Power i n p u t  dur-  

i n g  t h e  f i n a l  hours o f  t h e  t e s t  was c u r r e n t  l i m i t e d .  To inc rease  power 
2  (accord ing  t o  t h e  I R re1 a t i o n s h i p ) ,  h i ghe r  c u r r e n t  i n p u t  was needed t o  compen- 

sa te  f o r  t h e  lower  r es i s tance  i n  o rde r  t o  inc rease  t h e  depth o f  t h e  m e l t  zone. 

For  PSFTs 2 ,  3, and 4, t h e  maximum ope ra t i ng  c u r r e n t  was increased by -50% w i t h  

t h e  a d d i t i o n  of a  320 V t ransformer  t a p  s e t t i n g .    hi's increased c u r r e n t  and 



power a1 lowed t h e  me1 t depth t o  reach 1.5 m. Add i t iona l  lower vol tage taps and 

e lec t rode extensions could a l low t h e  PSFT system t o  achieve even greater  

depths. 

The b u r i  a1 o f  a  208 L (55 ga l )  metal drum f i l l e d  w i t h  ma te r ia l s  resu l ted  

i n  only a  10% drop i n  e l e c t r i c a l  res is tance between t h e  electrodes, which 

agreed we1 1  w i t h  engi neer i  ng-scale 1  aboratory t e s t  (ESLT) resu l t s .  These 

smal ler-scale t e s t s  show t h a t  much l a r g e r  volumes o f  metal can be handled. The 

drums were completely melted dur ing  t h e  tes ts ,  w i t h  t h e i  r contents, t he  contam- 

ina ted s o i l ,  and t h e  ash from the  combustible waste d i s t r i b u t e d  throughout t h e  

g lass block. 

Three t e s t s  have been made w i t h  t h e  p i l o t - s c a l e  rad ioac t i ve  t e s t  power 

system--two nonradioact ive operat ional  t e s t s  (PSCTs 1 and 2) and one rad i  oac- 

t i v e  containment t e s t  (PSRT) (see Table 12). This Scott-Tee t ransformer system 

performed t o  expectat ions, p rov id ing  a  balanced supply o f  power t o  the  melt .  

The performance comparison among t h e  th ree t e s t s  i nd i ca tes  t h e  e f f e c t s  on melt-  

i n g  e f f i c i e n c y  (energy/mass r a t i o ) .  The r a t i o  from the  f i r s t  c o l d  t e s t  

(PSCT 1)  was h igher than prev ious ly  measured because t h e  so i  1  moisture was 

greater  and t h e  power supply system was not  operat ing under optimum condi t ions.  

The est imated energy/mass r a t i o  dur ing  PSCT 2 was a l so  high, 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 operates w i thout  i n t e r -  

rup t ions ,  as was t h e  case i n  the  PSRT, an improved power e f f i c i e n c y  

(0.8 kWh/kg) was achieved, comparable w i t h  s i m i l a r  t e s t  operat ions PSFTs 1 and 

4 (see Table 13). 

O f  f-Gas Contai nment Hood 

The hood cover ing t h e  v i t r i  f i c a t i o n  zone maintained a  vacuum seal over t h e  

molten area throughout most of t he  tes ts .  B r i e f  moments o f  reduced vacuum were 

experienced when t h e  d i r t  seal 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  

subsided. A  s k i r t i n g  made of high-temperature 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 im ina ted  t h e  e f f e c t s  o f  s o i l  subsidence on t h e  hood vacuum. 

S t r u c t u r a l l y ,  t h e  hood has maintained i t s  i n t e g r i t y  through a l l  t he  tes ts .  

The p i l o t - s c a l e  hood was designed t o  w i ths tand an 18 cm water 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  valve was i n s t a l l e d  on t h e  hood t o  

i nsu re  t h a t  t h e  vacuum supply never exceeded t h e  hood's s t r u c t u r a l  1  im i ta t i ons .  



TABLE 12. Comparison f Power System Performance o f  Three P i l o t - S c a l e  
F i e l d  Tests fa)  

Parameter PSCT 1 PSCT 2  PSRT 

Processing t ime,  h  36 2  7  23 

S o i l  s o l i d i f i e d ,  kg 9270 8000( b, 8600( b, 

Approximate dimen- 1.8 x  1.8 x  1.5 1.8 x  1.8 x  1.4 ( b )  1.8 x  1.8 x  1 . 5 ( ~ )  
s ions  o f  s o l i d i f i -  
c a t i o n  zone, m 

Approxi mate vo l  ume 
o f  s o l i  i f i c a t i o n  4 

4.9 

zone, m 

T o t a l  energy consumed, 9920 
kwh 

Average power, kW 27 5  315 300 

Maximum power, kW 410 410 37 5  

( a )  Graph i te  e l ec t rodes  used w i t h  1.22 m x  1.22 m separat ion.  
(b )  Est imated (b locks  s t i l l  i n  t h e  ground). 

Heat r e l a t e d  s t resses  have c rea ted  smal l  c racks i n  t h e  hood i n  t h e  reg ion  

d i  r e c t l y  above t h e  me l t  zone. A r a d i a t i v e  heat  s h i e l d  has been i n s t a l  l e d  over  

t h e  c e n t r a l  r e y i o n  o f  t h e  hood and has s u b s t a n t i a l l y  reduced these  temperature 

s t resses  t o  t h e  metal hood. No new cracks have developed i n  t h e  hood s i nce  t h e  

i n s t a l l a t i o n  o f  t h e  sh ie ld .  

Ove ra l l  t h e  hood has e f f e c t i v e l y  conta ined o f f  gases f rom t h e  me1 t and 

supported t h e  e l ec t rodes  under va ry i ng  thermal cond i t i ons .  Th i s  e f f e c t i v e  con- 

ta inment  was h i g h l i g h t e d  and proven i n  t h e  PSRT, i n  which no a i r bo rne  rad io -  

a c t i v e  contaminants were de tec ted  o u t s i d e  t h e  o f f - gas  hood. 

Off-Gas Treatment System 

Operat ing parameters f o r  t h e  o f f -gas  system used du r i ng  t h e  PSFTs, PSCTs, 

and t h e  PSRT a re  summarized i n  Table 14. The removal e f f i c i e n c y  o f  t h e  o f f - gas  



TABLE 13. Comparison o f  Power System Performance f o r  t h e  
P i  1 ot-Scal e F i e l d  Tests 

Parameter PSFT 1 

Run time, h 2 1 

PSFT 2 

39 

PSFT 3 

38 (49 
i nc l  ud i  ng 
down t ime) 

PSFT 4(") 

80 (89 
i n c l  ud i  ng equip- 
ment t r a n s f e r  
between me1 t s )  

S o i l  s o l i d i f i e d ,  kg 5670 

Approximate dimen- 1.8 x 1.8 x 
sions o f  s o l i d i f i -  1.1 
c a t i o n  zone, m 

Approximate vo l  ume 3.6 
o f  s o l i d i f i c  - 
t i o n  zone, m 3 

E l e c t  rode mater i  a1 Molybdenum Graphi te 

1.22 x 1.22 

Graphite 

1.22 x 1.22 

Graphite 

1.22 x 1.22 Electrode separa- 1.19 x 1.12 
t i o n ,  m 

Tota l  energy 4300 
consumed, kwh 

Average power, kW 205 

Maximum power, kW 300 

( a )  An adjacent mel t  producing a double block. 

system was determined by compari ng p a r t i c u l a t e  mass 1 oadi ngs measured a t  t h e  

hood o u t l e t  t o  those a t  t h e  blower i n l e t  dur ing  PSFTs 3 and 4. Dur ing t e s t  3, 

t h e  e f f i c i e n c y  averaged 65%, wh i l e  t h e  e f f i c i e n c y  averaged 80% dur ing  t e s t  4. 

The reduced of f -gas e f f i c i ency  dur ing  PSFT 3 resu l ted  from t h e  shutdown o f  t h e  

cyc lon ic  spray tower a f t e r  a combustible release plugged a scrub recyc le  

f i l t e r .  

Removal e f f i c i e n c i e s  f o r  t h e  PSCT off-gas system were determined from 

scrub l i q u i d  and HEPA f i l t e r  sample analys is .  The ven tu r i -e jec to r  scrubber 

e f f e c t i v e l y  removed from 81 t o  92% o f  several o f  t h e  n o n v o l a t i l e  so i  1 



TABLE 14. Operat ing Parameters f o r  t h e  P i l o t - S c a l e  Off-Gas System 

Parameter 

Of f -gas f low,  s t d  m3/min 

Hood vacuum, cm water  

Scrub l i q u i d  f lows,  L lmin:  

Cycl  on ic-spray scrubber 

Ven tu r i  - e j e c t o r  scrubber 

Hydro-Soni c scrubber 

Scrubber d e l t a  P, cm water:  

Cyc lon i  c-spray scrubber 

Ven tu r i  - e j e c t o r  scrubber 

Hydro-Soni c scrubber 

Typ ica l  Opera t i  ng Range 

F i e l d  ~ e s t s ( ~ )  Rad ioac t i ve  F i e l d  ~ e s t ( ~ )  

a)  PSFTs 2, 3 and 4. 
b )  PSCT 1, 2 and PSRT. 
c )  Scrubber no t  present.  

components (A1 , Ca, and Fe) d u r i n g  PSCT 1, as shown i n  Table 15. Semi v o l  a t i  1 e 

elements i n c l u d i n g  Cs, K, and Na were more u n i f o r m l y  c o l l e c t e d  by t h e  v e n t u r i -  

e j e c t o r  and Hydro-Sonic scrubbers. The v e n t u r i - e j e c t o r  scrubber was l e a s t  

e f f i c i e n t  a t  removal o f  Zn (20%), t h e  on l y  heavy metal  which appeared i n  quan- 

t i t y .  However, t h e  Hydro-Sonic scrubber and HEPA f i l t e r s  were e f f e c t i v e  a t  

removing t h e  res idua l  Zn as w e l l  as t h e  o t h e r  elements en t ra i ned  i n  t h e  o f f  

gas. Carryover  o f  most elements t o  t h e  HEPA f i l t e r  can be a t t r i b u t e d  t o  t h e  

ext remely  smal l  p a r t i c l e s ,  which a r e  n o t  e a s i l y  removed by t h e  scrubbers and 

condenser. Du r i ng  normal ISV opera t ions ,  t h e  mass mean p a r t i c l e  d iameter  

ranges f rom <0.1 t o  0.8 p. When combust ib le  wastes a r e  present,  t h e  e n t r a i n e d  

p a r t i c l e  s i z e  i s  l a r g e r ,  averaging 1.4 pm, which can be more e a s i l y  scrubbed. . . 
The HEPA f i l t e r s  have shown ample capac i t y  t o  handle t h e  o f f -gas  s o l i d s  l o a d i n g  

t hey  rece i  ve. 
. . 

The secondary c o o l i n g  loop  i s  very  e f f e c t i v e  a t  removing heat f rom t h e  

incoming o f f  gas. Dur ing  t h e  PSCTs t h e  gas i n l e t  temperature averaged 250°C. 

By t h e  t i m e  t h e  o f f  gas e x i t e d  t h e  condenser, i t had'been cooled t o  w i t h i n  8 t o  



TABLE 15. Element Removal by Off-Gas System During PSCT 1 

E l  ement 

Simulated F i s s i o n  Products- 

Co 

Cs 

S r 

Soi 1 Components 

A1 

C a 

F e 

K 

Na 

S i 

Z n 

Tota l  Removed, % 
Ventur i  Hydro-Sonic 
E jec to r  Scrubber HEPA - 

l Z ° C  o f  t h e  ambient a i  r. T y p i c a l l y  90% o f  t h e  temperature drop occurs i n  t h e  

ven tu r i -e jec to r  scrubber. Gas e x i t i n g  t h e  condenser has been cooled t o  below 

i t s  o r i g i n a l  dewpoint, as i nd i ca ted  by a gradual bu i ldup o f  condensate i n  t h e  

process tanks dur ing  operation. The amount o f  condensate i s  dependent on sev- 

e r a l  f a c t o r s  i n c l u d i n g  s o i l  moisture, r e l a t i v e  humidity,  temperature o f  t h e  

ambient a i  r, of f -gas f l ow  rate, and of f -gas temperature. 

PROCESSING PERFORMANCE 

Th is  sec t ion  presents data on element re ten t ion  w i t h i n  t h e  v i t r i f i e d  s o i l ,  

discusses mel t  depth monitor ing, and describes a technique f o r  extending t h e  

l i f e  o f  g raph i te  electrodes. 

Element Retent i  on 

Retent ion o f  simulated hazardous species w i t h i n  t h e  v i t r i f i e d  zone was 

determined by chemical ana lys is  o f  t h e  soi  1 adjacent t o  t h e  s o l i d i f i e d  b lock 

and element releases t o  the  off-gas system. No migra t ion  i n t o  t h e  surrounding 

s o i l  was found du r ing  p i l o t - s c a l e  tes ts ,  so releases t o  t h e  o f f  gas were t h e  



s o l e  source o f  element losses  f rom t h e  v i t r i f i e d  zone. Releases t o  t h e  off-gas 

system were ascer ta ined  by chemical a n a l y s i s  o f  scrub tank so lu t i ons ,  f i l t e r  

s o l i d s ,  and any s o l i d s  which had accumulated on t h e  hood and o f f -gas  l i n e  

wa l l s .  From these  data, s o i l - t o - o f f - g a s  decontaminat ion f a c t o r s  ( D F S ) ( ~ )  were 

ca l cu la ted ,  which helped determine t h e  e f f e c t s  of waste type,  ope ra t i ng  mode, 

and b u r i a l  depth on t h e  r e t e n t i o n  o f  se lec ted  elements. 

Re ten t i on  o f  r a d i o a c t i v e  elements d u r i  ng l a rge -sca le  ISV i s  p r e d i c t e d  t o  

be very  high, based on p i l o t - s c a l e  r e t e n t i o n  data.  Table 16 l i s t s  p r e d i c t e d  

DFs f o r  t h e  l a rge -sca le  system assuming t h a t  t h e  waste elements a re  a t  a b u r i a l  

depth of 1 m. Plutonium, Sr, and U a re  expected t o  have t h e  h i ghes t  DFs ( l o 3  

t o  l o 4 ) .  Decontaminat ion f a c t o r s  f o r  t h e  more v o l a t i l e  elements such as Cs and 
2 Sb should average 1 x 10 o r  g rea te r .  T e l l u r i u m  i s  expected t o  be s l i g h t l y  

more v o l a t i l e ,  w i t h  a DF o f  1 x 10'. These DFs a re  expected t o  inc rease  f o r  

wastes a t  g rea te r  b u r i a l  depths. 

TABLE 16. P red i c ted  Soi l - to-Off-Gas Decontaminat ion Fac to rs  
f o r  t h e  Large-Scale System 

( a )  Waste elements a r e  
assumed t o  be b u r i e d  
a t  1 m depth. 

( a )  Decontaminat ion f a c t o r  i s  t h e  mass of an element , in t h e  s o i l  d i v i d e d  by t h e  
mass re leased  t o  t h e  of f -gas t rea tment  system. 
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A summary o f  so i l - t o -o f f -gas  DFs f o r  t h e  p i l o t - s c a l e  t e s t s  i s  presented i n  

Table 17. These data i l l u s t r a t e  t h a t  most species are  re ta ined q u i t e  w e l l  

(i.e., have h igh  DFs) by t h e  molten s o i l .  Decontamination f a c t o r s  f o r  simu- 

1 ated n o n v o l a t i l e  f i s s i o n  products (Co, Mo, and Sr)  and s imulated t ransuran ics  
2 4 (Ce, La, and Nd) are very high, ranging from -1 x 10 t o  over 1 x 10 . Reten- 

1 t i o n  o f  Cs was a l s o  q u i t e  good, w i t h  DFs ranging from 3 x 10 t o  2 x lo3,  
dependiny on b u r i a l  depth and opera t ing  cond i t ion .  Cadmium, however, consis- 

t e n t l y  e x h i b i t e d  a h igh  l o s s  (DF o f  3 t o  4) due t o  i t s  v o l a t i l e  nature a t  t h e  

h igh  temperatures (>1700°C) o f  t h e  molten s o i l .  Te l l u r i um was re ta ined  we l l  

TABLE 17. Soil-to-Off-Gas Decontamination Factors 
f o r  Nonradioact ive P i l o t -Sca le  Tests 

Decontamination Factors 
Trace Element PSFT 2 PSFT 3 PSFT 4A PSFT 4B PSCT 1 

Simulated F i s s i o n  Products 

Nonvol a t  i 1 e 

CO (a )  (a  8 x l o 1  (a )  6.4 x l o 2  
MO (a )  (a )  >I x l o 5  2 x 10' (a)  

S r 5 x 1 0 ~  2 x 1 0 ~  8 x 1 0 '  l x l o 3  8 . 1 ~ 1 0 ~  

Semi vo l  a t  i 1 e 

C s 

Sb 

Te 

2 x 1 0 3  3 x 1 0 ~  6 x 1 0 ~  2 x 1 0 2  1 . 4 x 1 0 2  

(a)  (a)  8 x l o 2  3 x l o 1  (a )  

( a )  (a 1 1 x l o 2  2 ( a )  

Simul ated Transurani cs 

Ce (a)  7 x 1 0 ~  9 x 1 0 ~  (a )  (a )  

La 2 x l o 2  1 x l o 3  9 x l o 1  5 x l o 3  (a )  

~d 1 x 1 0 ~  1 x 1 0 ~  1 x 1 0 ~  5 x 1 0 ~  ( a )  

Heavy Metals 

Cd 

Pb 

( a )  Element not  present dur ing  t h a t  tes t .  



when b u r i e d  a t  a  depth o f  1.35 m d u r i n g  PSFT 4A b u t  e x h i b i t e d  a  h i g h  l o s s  dur- 

i n g  t e s t  4B, when it was b u r i e d  a t  a  r e l a t i v e l y  sha l low depth o f  0.4 m. Des- 

p i t e  t h e  h i g h  re leases o f  these  two elements f rom t h e  s o i l ,  they  were e f f i -  

c i e n t l y  removed f rom t h e  o f f -gas  stream by wet scrubbing and condensing i n  t h e  

o f f - gas  t rea tment  system. 

Element re leases t o  t h e  o f f  gas were dependent on b u r i a l  depth, c o l d  cap 

cond i t i on ,  and gas genera t ion  w i t h i n  t h e  m e l t  zone. The e f f e c t  o f  depth on 

element r e t e n t i o n  can be seen f rom t h e  da ta  f o r  PSFTs 3  and 4  presented i n  F ig -  

u r e  22. A t  depths o f  20.5 m, 99% o f  t h e  n o n v o l a t i l e  species were re ta ined .  

S imulated s e m i v o l a t i l e  f i s s i o n  products  Cs, Sb, and Te showed t h e  lowest  re ten-  

t i o n ;  however, t h e i r  r e t e n t i o n  increased t o  >99% a t  a  1.35 m b u r i a l  depth. 

Over 99.9% o f  t h e  n o n v o l a t i l e  elements a re  r e t a i n e d  a t  t h e  g rea te r  b u r i a l  

depth. I n  l a rge -sca le  operat ions,  i t  i s  expected t h a t  t h e  vas t  m a j o r i t y  o f  

hazardous species w i l l  be b u r i e d  deeper t han  1.35 m. Contami nant l e v e l s  i n  

secondary wastes such as scrub 1  i q u i d  and HEPA f i l t e r s  w i l l  be minimized, 

i n c r e a s i n g  t h e  ease o f  contaminat ion c o n t r o l  and d isposa l .  

BURIAL DEPTH. m 

FIGURE 22. E f f e c t  o f  B u r i a l  Depth on t h e  Re ten t i on  o f  Se lec ted  
Species W i th i n  t h e  V i t r i f i c a t i o n  Zone 



The e f f e c t  o f  t h e  c o l d  cap on element releases was revealed dur ing  PSFT 2, 

i n  which t h e  c o l d  cap subsided and melted, exposing t h e  molten surface. F ig-  

u re  23 shows t h e  cumulat ive releases o f  Cs and S r  t o  t h e  o f f  gas as a func t i on  

o f  run t ime dur ing  t h i s  t e s t .  As t h e  c o l d  cap began t o  subside (21 hours i n t o  

t h e  t e s t ) ,  t h e  Cs re lease began t o  increase s tead i l y ,  t o  a t o t a l  l o s s  o f  

0.047%. Because o f  i t s  n o n v o l a t i l e  nature, S r  was not  released t o  t h e  same 

extent .  The same t ype  o f  behavior was observed f o r  simulated TRU elements 

( lan than ide se r ies )  i n  t h a t  t h e  e f f e c t  o f  t h e  c o l d  cap i s  much less  pronounced 

f o r  t h e  n o n v o l a t i l e  elements. Releases o f  these elements are more a func t i on  

o f  r a p i d  gas releases from t h e  molten s o i l  due t o  the  decomposition o f  combus- 

t i b l e s  o r  o ther  gas generat ing substances. 

Element releases due t o  rap id  gas generat ion from combustible wastes were 

best i 1 l u s t r a t e d  dur ing  PSFT 3. The sequence o f  events fo l lows.  Bur ied  com- 

bus t ib les  pyro lyze due t o  t h e  h igh  temperatures and i n s u f f i c i e n t  supply o f  oxy- 

gen w i t h i n  t h e  so i  1. These pyrolyzed gases move upward through the  molten zone 

and burn on contact  w i t h  a i r  a t  t h e  surface. This upward movement o f  gas 

increases t h e  entrainment o f  p a r t i c l e s  and creates a d i  r e c t  pathway f o r  t h e  

re lease o f  t h e  more v o l a t i l e  elements. F igure  24 shows t h e  cumulat ive releases 

of Cs, S r ,  and t h e  lanthanides du r ing  PSFTs 3, 4A, and 4B. Periods o f  a c t i v e  

gas re lease are a l so  indicated.  F igure 25 shows s i m i l a r  release data f o r  t h e  

FIGURE 23. Effect o f  Cold Cap on t h e  Release o f  Cs and S r  
t o  t h e  O f f  Gas Dur ing PSFT 2 
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FIGURE 24. E f f e c t  o f  Gas Generat ion on t h e  Release o f  Cs, Sr, and 
Lanthanides t o  t h e  O f f  Gas Dur ing  PSFTs 3, 4A, and 46 

heavy meta ls  Cd and Pb. For most elements, a  no tab le  inc rease  i n  t h e i  r re lease  

t o  t h e  o f f -gas  system occurred d u r i n g  t h e  r a p i d  gas re lease  per iods. However, 

o f f -gas  losses  o f  Cd and Pb were n o t  as s t r o n g l y  dependent on t h e  gas re leases  

d u r i n g  PSFTs 3 and 4A as t h e  losses  o f  Cs, Sr, and t h e  lan than ides  were. 

Cadmium and Pb, which a re  v o l a t i l e  a t  t h e  p rocess ing  temperatures, were 
". 

re leased  con t i nuous l y  throughout  PSFT 4A, showing l i t t l e  o r  no dependence on 

. . r a p i d  gas genera t ion  per iods.  Releases d u r i n g  PSFT 46, however, showed some 

dependence on gas genera t i  on per iods,  s i nce  a h i ghe r  combust ib les l o a d i  ng 

r e s u l t e d  i n  more i n t e n s e  gas releases. 



FIGURE 25. E f f e c t  o f  Gas Generation on t h e  Release o f  Heavy 
Metals t o  t h e  O f f  Gas During PSFTs 3, 4A, and 48 
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both present as n i t  ra tes  which decompose d u r i  ng v i  t r i  f i cat ion.  Cobalt , added . . 

as an oxide, d i d  not  release u n t i l  t h e  c o l d  cap had thinned. Cesium a lso  con- 
. t i nued  t o  re lease gradua l ly  a f t e r  c o l d  cap t h i n n i n g  occurred; however, Sr 

showed no s igns o f  re lease a f t e r  t h e  i n i t i a l  glass penet ra t ion  period. Trans- 
uran ic  elements are  expected t o  behave s i m i l a r l y  t o  Sr. 
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FIGURE 26. E f f e c t  o f  Chemical Form on t h e  Release o f  S imulated 
F i s s i o n  Products t o  t h e  O f f  Gas i n  PSCT 1 

Depth Moni t o r i  ng 

D u r i  ng t h e  engi  nee r i  ng- and p i  1  o t - sca l  e  development phase, growth o f  t h e  

v i t r i f i c a t i o n  zone was moni tored by thermocouples p laced  i n  t h e  s o i l  a t  des ig-  

na ted  p o s i t i o n s .  These in-ground thermocouples a re  n o t  considered f e a s i b l e  f o r  

mon i t o r i ng  v i t r i f i c a t i o n  depth a t  a  r a d i o a c t i v e  waste s i t e .  Therefore,  va r i ous  

m o n i t o r i n g  methods hav ing t h e  p o t e n t i a l  t o  i n d i c a t e  m e l t  depth were i n v e s t i -  

gated. 

Depth T ransm i t t e r  Concept 

A depth t r a n s m i t t e r  system has shown t h e  most promise f o r  economical and 

re1 i a b l e  mon i t o r i ng  o f  t h e  v i t r i f i c a t i o n  zone depth. The depth t r a n s m i t t e r  

method f o r  m o n i t o r i n g  i s  pass ive  i n  t h e  sense t h a t  i t  does no t  r e q u i r e  t r ans -  

m iss i on  o f  energy i n t o  t h e  me l t  volume. I t s  ope ra t i on  necess i ta tes  t h a t  an 

e l e c t r i c a l  c i r c u i t  and t r a n s m i t t e r  be mounted beneath one o r  more o f  t h e  



graph i te  electrodes. For operat ion, several sensors connected t o  t h e  e l  ec- 

t r o n i c  package are i n s t a l  l e d  a t  d i f f e r e n t  depths alongside the  electrodes. As 

t h e  mel t  progresses downward, the  sensors i n d i c a t e  when t h e  mel t  has reached 

t h a t  depth. This event i s  t ransmi t ted  t o  a  rece iver  a t  t h e  ground sur face by a  

low-powered r a d i o  t r a n s m i t t e r  mounted beneath the  electrodes. 

The depth t r a n s m i t t e r  technique has been tes ted  dur ing  PSFT 4, PSCT 1, and 

PSCT 2. A d i f f e r e n t  e l e c t r o n i c  design was used f o r  each t e s t ;  however, t h e  

con f igu ra t i on  was s i m i l a r  f o r  a l l  t e s t s  as i l l u s t r a t e d  i n  F igure  27. 

The depth sensor design which worked we l l  dur ing  f i e l d  t e s t s  i s  shown i n  

Figure 28. The system operates as a  thermal switch, c l o s i n g  a  c i r c u i t  when t h e  

temperature reaches a  s p e c i f i e d  l eve l .  Co i led  s i l v e r  so lder  i s  placed i n  a  

ELECTRODES 

FIGURE 27. Depth Transmit ter  System Conf igura t ion  f o r  Moni to r ing  Me l t  Depth 
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FIGURE 28. Design of Thermal Switch Depth Sensor 

casing and a f f i x e d  t o  the  end o f  a  Type K thermocouple w i t h  leads disconnected 

and pos i t ioned as shown. When t h e  glass approaches t h e  probe, t h e  so lder  

me1 t s ,  c l o s i n g  t h e  c i r c u i t  and thus becoming detectable by t h e  t r a n s m i t t e r  

e lec t ron ics .  The so lder  selected had a  me1 t i n y  p o i n t  o f  645OC, which i s  coo ler  

than t h e  me1 ti ng p o i n t  o f  so i  1. The thermal gradient  near the  mel t  zone i s  so 

steep t h a t  t h e  low me l t i ng  solder  a l t e r s  t h e  pred ic ted mel t  depth by l ess  than 

5  cm from t h e  actual.  Solders o r  o ther  metals w i t h  even h igher me l t i ng  po in ts  

could be used t o  increase t h e  sensor accuracy. 

. . Opt ica l  f i l e  sensors o f  t h e  design shown i n  Figure 29, a1 though not  y e t  

tested,  are being considered as a  replacement t o  t h e  thermal switch concept. 

The advantages o f  t h e  o p t i c a l  probes are t h a t  they are l ess  expensive, substan- 

t i a l l y  simpler,  and w i l l  not  conduct e l e c t r i c i t y  from t h e  mel t  o r  e lectrode t o  

t h e  t r a n s m i t t i n g  e lec t ron ics .  The probes func t i on  as o p t i c a l  pyrometers using 

a  quartz  f i b e r  ra the r  than an a i r  path between measurement zone and detector.  
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FIGURE 29. Design o f  O p t i c a l  F i b e r  Depth Sensor 

P l a s t i c  c l a d  s i l i c a  (qua r t z )  o p t i c a l  f i b e r  o f  a  t y p e  commonly used f o r  da ta  

communication i s  cemented t o  a  s i l i c o n  photodiode de tec to r ,  which i n  l a b o r a t o r y  

t e s t s  r e l i a b l y  d e t e c t s  temperatures above 1200°C a t  t h e  f i b e r  end. As t h e  

f i b e r  i s  heated above 1000°C, i n f r a r e d  emission and t hus  r a d i a t i o n  down t h e  

f i b e r  inc reases  r a p i d l y  i n  t h e  wavelength reg ion  t o  which t h e  p h o t o t r a n s i s t o r  

i s  s e n s i t i v e  ((1 p ) .  F i gu re  30 shows t h e  e f f e c t  o f  f i b e r  end temperature on 

p h o t o t r a n s i s t o r  output .  Tests  w i t h  a  gas f lame showed a  c l e a r ,  r e l i a b l e  

response as t h e  f i b e r  end began t o  glow. Severe c h a r r i n g  o f  up t o  15 cm o f  t h e  

p l a s t i c  f i b e r  j a c k e t  s h i f t e d  t h e  apparent response temperature upward as t h e  

j a c k e t  m a t e r i a l  absorbed l i g h t  f rom t h e  f i b e r ,  bu t  a  c l e a r  i n d i c a t i o n  was s t i l l  

ob ta ined  a t  f i b e r  temperatures est imated a t  1200 t o  1400°C ( t h e  s o f t e n i n g  p o i n t  . . 
o f  t h e  qua r t z ) .  

G raph i t e  e l ec t rodes  a re  much b e t t e r  thermal conductors  than  s o i l ,  so t h e  

m e l t  depth c l o s e  t o  t h e  e l ec t rodes  exceeds t h e  average depth by severa l  c e n t i -  

meters. Depth sensors d i r e c t l y  c o n t a c t i n g  t h e  g r a p h i t e  w i l l  i n d i c a t e  a  depth 



FIBER END TEMPERATURE, OC 

FIGURE 30. E f f e c t  o f  S i l i c a  F i b e r  End Temperature on Photo t rans is to r  Output 

g rea te r  than the  actual.  To minimize t h i s  e f f e c t  an i n s u l a t i v e  spacer should 

be placed between the  sensors and e l  ectrodes. 

Other Mon i to r ing  Concepts 

Other depth mon i to r ing  concepts evaluated p r i o r  t o  s e l e c t i o n  o f  t h e  depth 

t r a n s m i t t e r  system were i n f r a r e d  sensing, u l t rason ics ,  powerldesign parameters, 

acoust ics, and ground penet ra t ing  radar. 

The i n f r a r e d  technique has l i t t l e  or  no value f o r  mon i to r iny  v i t r i f i c a t i o n  

growth. I n f r a r e d  sensing i s  s t r i c t l y  a surface-mapping technique and as such, 

cannot d i  r e c t  l y  measure v i  t r i  f i ca t  i on depth. 



The u l t r a s o n i c  method invo lves  t r a n s m i t t i n g  u l t r a s o n i c  pulses through a  

waveguide coupled t o  t h e  molten g lass and measuring t h e  t r a v e l  t ime o f  t h e  

r e f l e c t e d  pu lse  t o  determine mel t  depth. To do t h i s ,  t h e  waveguide must be 

extended through t h e  porous c o l d  cap and rock l a y e r  i n t o  t h e  molten g lass  dur- 

i n g  processing because these upper regions are  t o o  a t tenua t i ve  f o r  transmis- 

sion. The waveguide i s  no t  capable o f  w i ths tand ing  t h e  h igh  temperature 

(1800°C) o f  t h e  mol ten glass. Moreover, t h e  g lass a t tenua t i on  i s  t o o  h igh  f o r  

p r a c t i c a l  use o f  t h e  u l t r a s o n i c  technique. 

Power i n p u t  and system design parameters combined w i t h  mathematical model- . 
i n g  i s  no t  a  d i r e c t  method o f  measurement. Substant ia l  data on t h e  s o i l  and 

waste p rope r t i es  would be requ i red  be fore  t h i s  method would be re1 i a b l e  f o r  

depth p r e d i c t  i ons. 

Data obta ined by the  acoust ic  and ground penet ra t ing  radar  methods are 

complex and requi  r e  computer aided i n t e r p r e t a t i  on. Subsurface geologic  fea- 

t u r e s  complicate data ana lys is  by a l t e r i n g  t h e  acoust ic  v e l o c i t y  and radar  

images. Both techniques a re  a l s o  sub jec t  t o  in te r fe rence.  The best r e s u l t s  

f o r  mon i to r ing  depth by acoust ic  methods employ subsurface o r  downhole sensors. 

This  would necess i ta te  d r i l l i n g  an a d d i t i o n a l  sha f t  i n  p o t e n t i a l l y  contaminated 

s o i l ,  producing a d d i t i o n a l  exposure and t h e  spreading o f  contaminants. 

Graphite Elect rodes 

Based on an I S V  e lec t rode eva lua t i on  study, g raph i te  was se lec ted  as t h e  

e lec t rode  ma te r ia l  f o r  f u t u r e  development. Through engineering- and p i l o t -  

sca le  t e s t s ,  g raph i te  ox id ized a t  a  r a t e  which i s  acceptable f o r  t h e  smal ler- 

sca le  t e s t s  bu t  unacceptable f o r  a  la rge-sca le  ope ra t i  on, which may r e q u i r e  

over 400 hours t o  complete. Methods t o  extend t h e  l i f e  o f  g raph i te  e lec t rodes 

have been i nves t i ga ted  i n c l u d i n g  u s i  ng more durable g raph i te  mater i  a1 , pro tec-  

t i v e  coat ings,  and d i f f u s i o n  b a r r i e r s .  

Dur ing  PSCTs 1 and 2, t he  c o l d  cap th inned and t h e  surface, p a r t i c u l a r l y  , . 

around t h e  e lect rode,  became q u i t e  hot. Temperatures a t  t he  e lec t rode/g lass  

i n t e r f a c e  ranged from about 1000 t o  1200°C. Glass temperatures near t he  e lec-  

t rode were sometimes >1300°C. The h i  gh temperatures a t  t he  e l  e c t  rodes (which 

acce lera te  ox ida t i on )  were caused by two mechani sms. F i  r s t  , the  power dens i t y  



a t  the  e lectrodes i s  h igher than a t  other  po in ts  i n  t h e  mel t  because a l l  t h e  

cur rent  must converge on each e lec t rode from a  more evenly d i s t r i b u t e d  s t a t e  i n  

t h e  mel t  zone. Secondly, g raph i te  i s  an exce l l en t  heat conductor, t r a n s m i t t i n g  

thermal energy t o  t h e  upper p o r t i o n  o f  t h e  e lec t rode where ox ida t ion  can occur. 

The thermal conduc t i v i t y  o f  g raph i te  i s  5 t o  10 times h igher  than t h a t  o f  

molten so i  1  a t  2000°C. 

A thermal ana lys is  was performed t o  p red ic t  t h e  temperature p r o f i l e  o f  an 

e lec t rode pro t rud ing above t h e  mel t  zone dur ing  ISV. For t h e  analys is  t h e  

temperature o f  t h e  plenum gas was 300°C, and t h e  temperature o f  t he  e lec t rode 

a t  t he  surface o f  t h e  c o l d  cap was 1200°C. A p l o t  o f  t h e  temperature p r o f i l e  

f o r  g raph i te  i s  shown i n  Figure 26, along w i t h  s ta in less  s tee l ,  carbon s tee l ,  

and copper fo r  comparison. As shown, the  graph i te  i s  an extremely good conduc- 

t o r  of heat, w i t h  i t s  performance f a l l i n g  between those o f  carbon s tee l  and 

copper. Temperatures w i t h i n  0.4 m o f  t h e  surface are pred ic ted t o  be > lOOO°C 

f o r  a  rod 1.2 m i n  height.  During c o n t r o l l e d  a i r  t es ts ,  g raph i te  i g n i t e d  and 

burned a t  -1100°C. This pred ic ted behavior (see F igure  31) has been observed 

dur ing  p i  l o t - s c a l e  tes ts .  

TEMPERATURE, "C 

FIGURE 31. Calculated Thermal P r o f i l e  o f  V e r t i c a l  Rods 15 cm d i a  by 
1.2 m Long w i t h  a  Bottom End Temperature o f  1200°C 



A study was conducted t o  evaluate parameters which a f f e c t  g raph i te  oxida- 

t i o n .  S i x  d i f f e r e n t  grades o f  g raph i te  were assessed. D i f fe rences i n  g raph i te  

dens i t y  and p u r i t y  d i d  no t  s i g n i f i c a n t l y  a f f e c t  the  r a t e  o f  g raph i te  ox ida t i on  

i n  a i r  a t  1000°C. The HPC grade, w i t h  the  l a r g e s t  g ra in  size, ox id ized a t  a  

s l i g h t l y  reduced ra te ,  probably due t o  t h e  smal ler  surface area a v a i l a b l e  f o r  

react ion.  Because HPC was a lso  low i n  p r ice ,  i t  was chosen as the  reference 

ISV e lec t rode  mater i  a1 . 
Coatings o f  s i  1  i c o n  carb ide and KNOX (phosphate impregnated) were a1 so 

tested. The KNOX coa t i ng  d i d  no t  slow the  r a t e  of g raph i te  ox ida t i on  i n  t h e  

c o n t r o l l e d  o x i d a t i o n  tes ts .  The s i l i c o n  carb ide coating, however, e l im ina ted 

ox ida t i on  on g raph i te  grades HPC, CS, and SIC-6 (a  specia l  g raph i te  w i t h  prop- 

e r t i e s  compatible t o  the  s i l i c o n  carb ide coat ing)  when app l i ed  i n  a  l a y e r  

250 p (10 m i l )  t h i c k .  

An economic ana lys is  was prepared, comparing costs o f  d i  f f e r e n t  e l e c t  rode 

systems f o r  a  large-scale,  5  m deep operat ion. The g raph i te  e lec t rode  conf ig- 

u ra t i on ,  shown i n  F igure  32, cons is ts  o f  a  0.6 m e l e c t r i c a l  coup l ing  sect ion,  

two 0.6 m s i l i c o n  carbide-coated sect ions, and the  balance o f  1.8 m standard 

sect ions. Based on t h e  parametr ic study resu l t s ,  HPC grade g raph i te  was used 

as t h e  standard e lec t rode  mater ia l .  Another g raph i te  e lec t rode con f i gu ra t i on ,  

us ing  HPC w i t h  s i l i c o n  carbide-coated SIC-6 graphi te,  was a lso  evaluated. If 

thermal c y c l i n g  should cause s i l i c o n  carb ide t o  crack on the  l a r g e r  specimens 

o f  HPC, then SIC-6, which i s  compatible w i t h  the  coat ing, would be required. 

Elect rodes o f  HPC, having a  1.2 m s i l i c o n  carbide-coated sec t i on  a t  t h e  

g l a s s / s o i l  i n te r face ,  are est imated t o  cos t  $4330 per  se t  o f  4. By rep lac ing  

the  1.2 m s i l i c o n  carb ide coated HPC sec t i on  w i t h  s i l i c o n  carb ide coated SIC-6, 

t h e  t o t a l  cos t  increases by 52% t o  $6600 per  e lec t rode set.  For comparison, 

t h e  costs o f  us ing  molybdenum elect rodes were est imated t o  be $21,300, o r  

nea r l y  5  t imes the  cos t  o f  t he  all-HPC opt ion. 

WASTE FORM PERFORMANCE 

Th is  sec t i on  inc ludes a  d iscussion o f  t he  analyses performed on t h e  s o i l  

surrounding the  v i t r i f i e d  b locks t o  determine waste element migra t ion .  The 
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FIGURE 32. Typ i ca l  Con f i gu ra t i on  f o r  a  Graph i te  E lec t rode  

v i t r i f i e d  b l ocks  themselves were a l s o  analyzed t o  t r a c e  t h e  d i s t r i b u t i o n  o f  

s imu la ted  waste elements. I n  a d d i t i o n ,  t h e  d u r a b i l i t y  o f  t h e  g lass  product  has 

been assessed. 

Examinat ion o f  t h e  t h r e e  l a y e r s  i n  each v i t r i f i e d  b l ock  revealed t h a t  d i f -  

f e r i n g  d e n s i t y  m a t e r i a l s  were formed i n  each t e s t  (see F i g u r e  33). An upper, 

low-densi ty  (0.75 kg/L) porous l a y e r  was c rea ted  f rom t h e  coo le r ,  cold-cap, 





sur face  glass. Rocks f u l l y  encompassed by t h e  lower me l t  reg ion  had f l o a t e d  t o  

below t h e  porous zone and formed a rock l a y e r  having a dens i t y  o f  2.2 kg/L. 

F i n a l l y ,  t h e  lower glass l a y e r  c o n s t i t u t e d  t h e  major mass and volume o f  t h e  

me1 t. This  v i t r eous  reg ion  was a l so  t h e  most dense (2.7 kg/L) . 
Mig ra t i on  Analys is  

Most o f  t h e  s o i l  sample analyses f o r  t h e  PSFTs showed no m ig ra t i on  o f  sim- 

u l  a ted contaminant elements beyond t h e  v i t r i f i c a t i o n  zone. Even t h e  p a r t i a l l y  

fused s o i l  a t  t h e  molten edge approached t h e  de tec t i on  l i m i t s  o f  these e le-  

ments. Thus t h e  h igh  v i s c o s i t y  o f  t h i s  reg ion  apparent ly  prevents t h e  migra- 

t i o n  o f  s imulated contaminants ou ts ide  t h e  v i t r e o u s  block. An anomalous m i  gra- 

t i o n  o f  Cs and Sr t o  t h e  small reg ion  d i r e c t l y  below t h e  center  o f  t h e  mel t  d i d  

occur i n  PSFT 2. No o the r  ISV t e s t  has detected contaminant m ig ra t i on  beyond 

t h e  v i t r i f i e d  block. Detec t ion  s e n s i t i v i t y  o f  r ad ionuc l i de  m ig ra t i on  w i l l  be 

improved w i t h  t he  ana l ys i s  o f  s o i l  surrounding t h e  g lass b lock from t h e  radio-  

a c t i v e  f i e l d  t e s t .  This  ana l ys i s  w i l l  be used t o  determine any species migra- 

t i  on. 

The contaminants were un i f o rm ly  d i s t r i b u t e d  throughout t he  v i t r i f i e d  s o i l  

b locks i n  a l l  p i l o t - s c a l e  t e s t s ,  i n d i c a t i n g  extensive convect ive mix ing  du r i ng  

operat ion. Concentrat ion p r o f i l e s  show t h a t  near t h e  edge o f  t he  v i t r i f i c a t i o n  

zone t h e  contaminant concentrat ions decrease t o  na tu ra l  s o i l  l eve l s .  

Concentrat ion p l o t s  have a l so  shown t h a t  w i t h i n  t h e  dense g lass l a y e r  o f  

t h e  me1 t the  contami nant concent r a t i o n s  reach t h e i  r respect  i ve, evenly d i  s t  r i  b- 

u ted  amounts. I n  one p i l o t - s c a l e  t e s t ,  f o r  example, t h e  Cs02 concent ra t ion  was 

0.04 wt%,  t h e  s t ron t i um oxide concent ra t ion  was 0.08 wt%,  and the  lanthanum 

ox ide  concent ra t ion  was 0.05 wt% w i t h i n  t h e  i nne r  g lass zone. These values 

correspond c l o s e l y  w i t h  t h e  p red i c ted  homogeneous values o f  0.04, 0.08 and 

0.04 w t %  , respec t i ve l y  . Apparent ly,  convect i ve m i  x i  ng and an even d i  s t  r i  b u t i  on 

of these compounds occur w i t h i n  t h e  molten core. Contaminant concentrat ions i n  

t h e  rock l a y e r  are lower due t o  t h e  d i l u t i o n  e f f e c t s  o f  t h e  rocks. Samples 

from t h e  uppermost, porous l a y e r  show t h e  same r e l a t i v e  d i s t r i b u t i o n s  and con- 

cen t ra t i ons  of t h e  contaminants as i n  t h e  g lass  reg ion  o f  t h e  melt ;  however, 

t h e  porous reg ion  on ly  encompasses a small ((5 wt%) p o r t i o n  of t h e  v i t r i f i e d  

block. 



While Cs se l ec t i ve l y  m i  grated upward i n  some engi neer i  ng-scale tes ts ,  

there  was no evidence o f  t h i s  movement i n  the  p i l o t - sca le  tes ts .  P i  l o t - sca le  

r esu l t s  i nd i ca te  t h a t  the convective mix ing pat terns may dominate the d i f f u s i o n  

mechanisms through the  molten s o i l  and provide a  uniform d i s t r i b u t i o n  o f  con- 

taminants. An example o f  a  t yp i ca l  d i s t r i b u t i o n  pat tern  f o r  rare  earths i s  

provided i n  Figure 34 f o r  Ce (Oma, Farnsworth, and Rusin 1982). F ina l  concen- 

t r a t i o n  o f  Ce was 14 times less  than i t s  i n i t i a l  concentration. This uniform 

d i s t r i b u t i o n  of the  ra re  earths (Ce, La, and Nd) suggests t ha t  ac t in ides  such 

as Pu, which the r a re  ear th  elements simulate, would not  migrate e i the r .  

Select ive migra t ion (mainly s e t t l i n g )  of Pu has been of concern because o f  i t s  

c r i t i c a l i t y  potent ia l .  This f i na l  d i s t r i b u t i o n  o f  Ce and other elements aids 

i n  d ispe l  1  i n g  the concerns over se lec t i ve  migra t ion e f fec ts .  

INITIAL CONCENTRATION 
(WASTE DRUM PRIOR TO ISV) 

FINAL CONCENTRATION 
(SOIL AFTER ISV) 

I 
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LATERAL DISTANCE FROM CENTER OF WASTE DRUM. m 

FIGURE 34. Cerium Concentration P r o f i l e  Before and A f t e r  
V i t r i f i c a t i o n ,  PSFT 3 



Product Durabi 1  i t y  

A f t e r  each f i e l d  t e s t ,  t h e  v i t r i f i e d  b l ocks  were removed f rom t h e  t e s t  

area and sec t ioned  f o r  eva lua t ion .  The v i t r i f i e d  s o i l  f rom each o f  t h e  t e s t s  

has remained a  s o l i d ,  n e a r l y  c rack - f r ee  b l ock  u n t i l  f r a c t u r e d  open f o r  analy- 

s i s .  I n  yenera l  , t h e  i n t e r i o r  o f  t h e  b l ock  was a  nonporous y l  ass s i m i l a r  t o  

n a t u r a l  obs id i an  (F igu re  33) .  

Leaching s tud ies  o f  t h e  v i t r i f i e d  Hanford s o i l  were conducted t o  determine 

i t s  chemical d u r a b i l i t y .  Two types o f  leach  t e s t s  have been performed on I S V  

f i e l d  t e s t  products:  a  24 hour soxh le t  t e s t  i n  9g°C de ion ized  water and a  

28 day M a t e r i a l s  Cha rac te r i za t i on  Center Test-1 (MCC-1) (MCC 1981) i n  90°C 

s o l u t i o n s  o f  de ion ized  water, s i l i c a t e  water,  and b r i ne .  A comparison o f  t h e  

r e s u l t i n g  co r ros ion  r a t e  d u r i n g  soxh le t  l each ing  w i t h  pub l i shed  da ta  ( P l a t t  

1973; McEl r oy  1975) i s  p rov ided  i n  F igu re  35, showing t h a t  t h e  bu l k  leach  r a t e  

of v i t r i f i e d  s o i l  i s  s i y n i f i c a n t l y  l e s s  than  t h a t  o f  marble o r  b o t t l e  g lass  and 

i s  comparable t o  Pyrex and g ran i t e .  
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FIGURE 35. Leach Resistances o f  Selected M a t e r i a l s  
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Samples o f  the porous, rock, and glass layers  from PSFTs 1 and 2 were 

soxhlet leach tested. The second f i e l d  t e s t  product a lso formed vi t reous and 

c r y s t a l l i n e  phases which were leach tested. These soxhlet leach resu l t s  are 

presented i n  Table 18. Other mater ia ls and t h e i r  respective leach losses are 

l i s t e d  below the ISV samples f o r  comparison, Comparable leach losses are shown 

between the  f i r s t  two f i e l d  t e s t  products and the various layers formed. Soxh- 

l e t  leach resu l t s  show tha t  the leach resistances o f  I S V  products are be t t e r  

than those o f  other waste glasses. This i s  p r ima r i l y  due t o  the high s i l i c a  

and alumina and low a l k a l i  content i n  the I S V  glass. The soxhlet resu l t s  a lso 

ind ica te  t h a t  I S V  glass containing a c r y s t a l l i n e  phase exh ib i t s  a s l i g h t l y  

improved leach resistance. These resu l t s  ind icate  t ha t  c r y s t a l l i z a t i o n  o f  I S V  

glass may ac tua l l y  enhance waste form du rab i l i t y .  

I n  the 28-day MCC-1 leach tests,  glasses w i t h  and wi thout  a c r y s t a l l i n e  

phase were examined. Their leach resistances are shown i n  Table 19. Glass 

contain ing an observable c r y s t a l l i n e  phase, formed from nucleat ion s i t e  growth 

and slow cool ing (Timmerman and Lokken 1983), exh ib i t s  equal o r  be t t e r  leach 

resistance than the single-phase glass. This i s  consistent w i t h  the soxhlet 

TABLE 18. Soxhlet Leach Test Results f o r  PSFTs 1 and 2 

PSFT 1 Samples 

Surface 

Porous layer  

Rock layer  

Glass layer  

PSFT 2 Samples 

Porous layer  

Rock/porous in te r face  

Glass layer  

Glass w i t h  c r ys ta l  l i ne 

W t %  Loss 

0.36 

Comparison w i t h  Glass Samples 

Commercial waste glass (PNL 76-68) 1.6 

Defense waste glass (SRL-131) 2.0 t o  3.5 



TABLE 19. Comparison o f  ISV G l a s s / C r y s t a l l i n e  Leach Resistances 
w i t h  Commercial Waste Glass PNL 76-68 

E l  ement 

A1 

Ba 

Ca 

Fe 

M9 
N a 

S i  

S r 

Cs 

Normal i zed E l  ernental Loss, g ~ m ' ( ~ )  

I S V  Glass C r y s t a l s  PNL 76-68(b) 

( a )  MCC-1 l each  e s t  i n  90°C de ion ized  water, 
sA/Y = 10 m-' f o r  28 days. 

( b )  Strachan, Turco t te ,  and Barnes (1980). 

weight  losses.  Glass leach  r a t e s  f o r  t h e  m a j o r i t y  of elements 1 i s t e d  a r e  s i g -  

n i  f i c a n t l y  l e s s  than  those o f  t h e  commerci a1 h i  yh-1 eve1 waste g lass  

PNL 76-68. Cesi um y i e l d e d  t h e  h ighes t  1 each r a t e  (a1 though s t i  11 low) ,  w h i l e  

t h e  r a r e  ea r ths  leached l e s s  than  t h e  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 .  The leach  

res i s tance  observed i n  t h e  o t h e r  p i l o t - s c a l e  t e s t s  i s  s i m i l a r  t o  t h a t  shown i n  

Tab le  19. 

Leach t e s t s  were a l s o  conducted on v i t r i f i e d  2-12 s o i l  samples us ing  t h e  

MCC-1 t e s t  method. A 200 g s o i l  sample was ob ta ined  f rom w e l l  d r i l l i n g  Hanford 

2-12 c r i b  No. 182 (Kasper 1981). The so i  1 was v i  t r i  f i  ed a t  1600°C i n  a cruc-  

i b l e  p laced w i t h i n  a res is tance-heated 1 abora to ry  furnace. The v i t r i f i e d  me1 t 

was r a d i o a c t i v e l y  nonsmearabl e and f r ee  o f  major cracks, a1 1 owing easy c u t t i n g  

o f  t h e  samples f o r  t h e  MCC-1 l each  t e s t .  

Table 20 l i s t s  o t h e r  MCC-1 l each  t e s t  r e s u l t s ,  g i v i n g  t h e  normal ized e le -  

mental re leases f rom t h e  v i  t r i  f i  ed 2-12 c r i b  s o i  1 , bo ros i  1 i ca te  g l  ass, 



TABLE 20. MCC-1 Leach Test Resul ts  f o r  TRU Waste Forms 

Leach 
Waste Form Time, d 

V i t r i f i e d  Hanford 3 
2-12 so i  1 7 

14 
28 

Boros '1 ' ca te  l b l  
3 

g lass  7 
14 
28 

A1 umi pgfi 1 i c a t e  3 
03 g l  ass 7 
P 14 

28 

3 
cerami c 7 

14 
28 

76-68 g lass 28 
( c o n t r o l  ) 

Normal i zed  Elemental Release, g/m2(a) 
A1 Ca Fe N a S i Pu At.n pH 

( a )  Leached i n  deionized water a t  90°C. 
(b)  Ross e t  a1 . (1982). 



a1 uminosi 1  i c a t e  g lass,  basal t - g l  ass ceramic, and g l  ass PNL 76-68 (Ross e t  a1 . 
1982). Th i s  comparison w i t h  o t h e r  waste forms a l l ows  an e v a l u a t i o n  o f  t h e  

r e l a t i v e  b e n e f i t s  f rom ISV o f  2-12 s o i l .  The o v e r a l l  l each  r a t e  o f  t h e  

v i t r i f i e d  2-12 s o i l  i s  comparable t o  t h e  76-68 g lass  and o the r  TRU waste 

forms. However, t h e  re lease  o f  Pu i s  h i y h e r  f rom t h e  v i t r i f i e d  2-12 s o i l  than  

from t h e  bo ros i  1  i ca te  and a1 umi nos i  1  i ca te  y l  asses. The s im i  1  a r i  t y  between Pu 

re leases  from t h e  v i t r i f i e d  2-12 c r i b  s o i l  and t h e  b a s a l t  y lass  ceramic i n d i -  

cates t h a t  t h e  Pu i n  bo th  waste forms may be i n  a  c r y s t a l l i n e  form t h a t  may be 

more r e a d i l y  leached. Th i s  may be due t o  t h e  1600°C c r u c i b l e  me l t  temperature,  

which i s  l e s s  than  t h e  1800 t o  2000°C temperatures ob ta ined  d u r i n g  I S V .  Thus 

some unmelted o r  c r y s t a l l i n e  m a t e r i a l  m i  yh t  be present  i n  t h e  c r u c i b l e  me l t ,  

maki ng Pu 1 ess 1 each r e s i s t a n t .  However, 1  each r e s i  stance s tud ies  presented 

above on nonradi  o a c t i  ve, v i t r i f i e d  s o i  1  con ta i  n i  ng 1 arge f r a c t i o n s  o f  c r y s t a l  - 
l i n e  products  have i n d i c a t e d  t h a t  t h e  c r y s t a l l i n e  phases a re  no t  de t r imen ta l  t o  

o v e r a l l  l each  res is tance ,  as i s  a l s o  i n d i c a t e d  i n  Table 20, which g ives 

re1 eases f o r  o t h e r  e l  ements . 
The d u r a b i l i t y  o f  t h e  ISV waste form can a l s o  be est imated by examining 

t h e  d u r a b i l i t y  o f  obs id ian,  which i s  a  n a t u r a l l y  o c c u r r i n y  g lass w i t h  s i m i l a r  

phys i ca l  p r o p e r t i e s  and chemical composi t ion (Ewi ng and Hoaker 1979). Obsi d i  an 

i s  formed as a r e s u l t  o f  c o o l i n g  o f  vo l can i c  l a v a  which has l o s t  heat t o o  

q u i c k l y  t o  permi t  c r y s t a l l i z a t i o n .  The weather ing process o f  obs id i an  i n  a  

n a t u r a l  env i  ronment no t  sa tu ra ted  w i t h  f r e e  water  i nvo l ves  hyd ra t i on  o f  atmos- 

p h e r i c  water  t h a t  i s  chemica l l y  absorbed on t h e  sur face.  The water then  d i f -  

fuses i n t o  t h e  obs id i an  as a f unc t i on  o f  t ime  and temperature.  Th is  t y p e  o f  

weather ing would be expected f o r  t h e  I S V  waste form a t  Hanford because o f  i t s  

chemical and phys i ca l  s im i  1  a r i  t y  t o  obs id ian.  

The r a t e  o f  hyd ra t i on  i s  expected t o  be l i m i t e d  by d i f f u s i o n ,  w i t h  t h e  

th ickness  o f  t h e  h y d r a t i o n  p r o f i  1  e  i n c r e a s i n g  p r o p o r t i o n a l l y  t o  t h e  square r o o t  

o f  t h e  h y d r a t i o n  t ime. Laursen and Lan fo rd  (1978) r e p o r t  t h a t  archaeolog ica l  
2  evidence shows t h a t  h y d r a t i o n  r a t e  v a r i e s  f rom 1 t o  20 0 per  1000 years.  I f  

a f r e s h  f r a c t u r e  su r f ace  i s  exposed f o r  1 yea r  a t  a  hyd ra t i on  r a t e  o f  10 pm 2 

pe r  1000 years,  assuming a l i n e a r  weather ing ra te ,  t h e  r e s u l t i n g  h y d r a t i o n  

l a y e r  w i l l  be 1 x cm t h i c k .  



A very conservat ive est imate t h a t  assumes t h a t  t he  hydrated g lass formed 

du r ing  each 1 year pe r iod  has no e f f e c t  on t h e  hydra t ion  r a t e  of adjacent f r e s h  

ma te r ia l  would r e s u l t  i n  a hydra t ion  th ickness  of on ly  1 mn i n  10,000 years. 

Therefore, under environmental cond i t ions  expected a t  Hanford, t h e  ISV waste 

form would be expected t o  remain v i r t u a l l y  unweathered f o r  t ime frames much 

greater  than 10,000 years. Thus leach t e s t i n g  and a long-term geologic  

comparison havei shown t h a t  t h e  I S V  process generates a h i g h l y  durable waste 

form. 

CONCLUSIONS 

Performance o f  t h e  ISV equipment, t he  ISV process, and t h e  waste form has 

been discussed i n  t h i s  sect ion.  The power system has proven t o  be r e l i a b l e  and 

c o r r e c t l y  designed. S ta r tup  and normal opera t ion  have been conducted w i t h  no 

signs o f  uns tab le  behavior such as arcing, ho t  spots, o r  s i g n i f i c a n t  imbalance 

o f  t he  power load. The of f -gas containment hood, developed f o r  t h e  PSRT sys- 

tem, has mainta ined a vacuum seal over t h e  v i t r i f i c a t i o n  zone t o  prevent radio-  

nuc l i de  losses outs ide  t h e  hood. The hood design incorpora tes  a s k i r t i n g  of 

hiyh-temperature r e s i s t a n t  c l o t h  which improves t h e  seal around the  edge. The 

of f -gas system a l s o  performed very we l l .  The system e f f e c t i v e l y  conta ined o f f  

gases and removed a1 1 rad ioac t i ve  species du r ing  t h e  r a d i o a c t i v e  f i e l d  t e s t .  

Retent ion o f  elements w i t h i n  t h e  v i t r i f i c a t i o n  zone has been h igh  dur ing  

p i  1 o t -sca le  t e s t s .  Retent i  on du r ing  1 arge-scale I S V  operat ions i s  p red i c ted  t o  

equal o r  exceed t h e  p i l o t - s c a l e  performance because t h e  waste elements w i  11 

normal ly  be bu r ied  deeper. During large-scale ISV ,  so i l - t o -o f f -gas  DFs f o r  

l e s s  v o l a t i l e  elements such as Pu, S r ,  and U are expected t o  be 1 x l o 3  t o  1 x 

lo4. More v o l a t i l e  elements such as Cs and Sb should have DFs o f  1 x 10' o r  

greater .  These values w i l l  vary depending on waste b u r i a l  depth, t he  presence 

o f  a c o l d  cap, and t h e  presence o f  gas generators w i t h i n  the  mel t  zone. 

Element r e t e n t i o n  increases w i t h  b u r i a l  depth, decreases w i t h  t h e  presence o f  

gas generators, and increases s l i g h t l y  w i t h  the  presence o f  a p r o t e c t i v e  c o l d  

cap. 

A depth t r a n s m i t t e r  system has been tes ted  and shows promise f o r  economi- 

ca l  and re1 i a b l e  mon i to r ing  o f  t he  v i t r i f i c a t i o n  zone depth. The system con- 



s i s t s  o f  a  s e r i e s  o f  sensors a t tached  a long t h e  l e n g t h  o f  an e l e c t r o d e  and con- 

nected t o  a  t r a n s m i t t e r  dev ice  a t  t h e  bottom o f  t h e  e lec t rode .  Dur ing  t h e  ISV 

opera t ion ,  t h e  mol ten g lass  i s  de tec ted  by t h e  sensors and t h e  i n f o r m a t i o n  i s  

t r a n s m i t t e d  t o  an above-ground rece iver ,  g i v i n g  an opera to r  t h e  m e l t  depth 

i n fo rma t i on .  The system i s  s t i l l  i n  t h e  developmental stage and must be v e r i -  

f i e d .  

G raph i t e  e l ec t rodes  are econon~i c a l  and have performed we1 l d u r i n g  engi-  

neer ing-  and p i l o t - s c a l e  t e s t i n g ;  however, o x i d a t i o n  o f  t h e  g raph i t e  does occur  

d i r e c t l y  above t h e  mol ten zone sur face.  The o x i d a t i o n  ra te ,  w h i l e  acceptably  

low f o r  t h e  sma l le r -sca le  systems, i s  n o t  acceptable f o r  a  la rge-sca le  opera- 

t i o n ,  which may r e q u i r e  over  400 hours t o  complete. S i l i c o n  carb ide  was 

i d e n t i f i e d  as a  c o a t i n g  which cou ld  p o t e n t i a l l y  e l i m i n a t e  e l ec t rode  o x i d a t i o n .  

Du r i ng  l a b o r a t o r y  t e s t s  t h e  c o a t i n g  performed very  w e l l  on g raph i t e  a t  1000°C, 

and i s  planned t o  be t e s t e d  d u r i n g  ac tua l  ISV operat ions.  

M i y r a t i o n  o f  s imu la ted  r a d i o a c t i v e  elements ou t s i de  of t he  v i t r i f i c a t i o n  

zone was n o t  de tec ted  du r i ng  t h r e e  o f  t h e  four  PSFTs. Even t h e  p a r t i a l l y  fused 

s o i l  a t  t h e  boundary o f  t h e  mol ten area conta ined m in ima l l y  de tec tab le  amounts 

o f  these elements. M i g r a t i o n  w i l l  be f u r t h e r  eva lua ted  du r i ng  t h e  pos t - run  

a n a l y s i s  o f  t h e  PSKT, where t h e  increased d e t e c t i o n  s e n s i t i v i t y  poss ib l e  w i t h  

r a d i o a c t i v e  contaminants w i l l  determine whether any element m i g r a t i o n  has 

occurred. Contaminants were u n i  forrnly d i s t r i b u t e d  throughout  t h e  v i t r i f i e d  

s o i  1  b l ocks  i n a1 1  p i  1  o t - sca le  t e s t s ,  i nd i  c a t i  ng ex tens i  ve convec t i ve  m i  x i  ng 

d u r i  ny opera t ion .  

The v i t r i f i e d  s o i l  f rom each o f  t h e  t e s t s  has remained a  s o l i d ,  n e a r l y  

c rack - f r ee  b l ock  w i t h  an i n t e r i o r  o f  nonporous g lass  s i m i l a r  t o  na tu ra l  obs id-  

ian .  Leach t e s t i n g  has shown t h a t  t h e  ISV process generates a  h i g h l y  durab le  

waste form, comparable t o  Pyrex and g ran i t e .  The weather ing r a t e  i s  p r e d i c t e d  

t o  be on l y  1 mm i n  10,000 years,  based on geo log ic  da ta  from t h e  weather ing of  

obs id ian,  which i s  chemica l l y  s i m i l a r  t o  t h e  I S V  g lass.  



PROCESS PARAMETERS 



PROCESS PARAMETERS 

Parameters which may a f f e c t  I S V  ope ra t i on  a re  addressed i n  t h i s  sect ion.  

These parameters i n c l u d e  s o i  1  p rope r t i es ,  s i t e  geometry, and waste i nc l us i ons .  

INFLUENCE OF SOIL PROPERTIES 

Hanford so i  1  which inc ludes  s imu la ted  and ac tua l  rad ionuc l  i des  has been 

success fu l l y  v i t r i f i e d  i n  place. S ince t h e  p r o p e r t i e s  o f  s o i l s  w i l l  vary among 

t h e  d i f f e r e n t  waste s i t e s  where ISV cou ld  be appl ied,  i t i s  necessary t o  inves-  

t i  ga te  p o t e n t i a l  process 1  i m i t a t i o n s  due t o  s o i  1  c h a r a c t e r i s t i c s .  The s o i  1  

p r o p e r t i e s  most r e l evan t  t o  t h e  ISV process are: 

a chemi c a l  composi t i on 

a thermal c o n d u c t i v i t y  

a f u s i o n  temperature 

a s p e c i f i c  heat 

a e l e c t  r i  ca l  c o n d u c t i v i t y  

a v i s c o s i t y  

a b u l k  dens i ty .  

Fus ion temperature, s p e c i f i c  heat,  e l e c t r i c a l  c o n d u c t i v i t y ,  and v i s c o s i t y  a re  

dependent on s o i l  composit ion. Thermal c o n d u c t i v i t y  i s  dependent on bo th  com- 

p o s i t i o n  and s o i l  morphology. The bu l k  d e n s i t y  o f  t h e  s o i l  depends on i t s  

morphology. The d e n s i t y  o f  t h e  v i t r i f i e d  m a t e r i a l  i s  re1 a t i  v e l y  i n s e n s i t i v e  t o  

composi t ional  v a r i a t i o n s .  

Soi  1  p rope r t y  da ta  were ob ta ined  f rom 1  i t e r a t u r e  surveys and 1  abora to ry  

c h a r a c t e r i z a t i o n  t e s t s  on s o i l  f rom Barnwel l ,  South Caro l ina ;  Hanford, Washing- 

ton;  Idaho Nat iona l  Engi nee r i  ng Labora to ry  (INEL) , Idaho; Los A1 amos Nat iona l  

Laboratory  (LANL), New Mexico; Maxey F l a t s ,  Kentucky; t h e  Nevada Test S i t e  

(NTS) , Nevada; Oak Ridge Nat iona l  Labora to ry  (ORNL) , Tennessee; S h e f f i e l d ,  

I l l i n o i s ;  and West V a l l e y  Nuclear Serv ices Co., Inc., West Va l ley ,  New York. 

A  d e s c r i p t i o n  i s  g iven below of t h e  e f f e c t s  o f  changes i n  t h e  s o i l  proper- 

t i e s  l i s t e d  above. 



Chemi ca l  Composition 

The chemical compositions o f  s o i l s  from p o t e n t i a l  ISV s i t e s  were deter-  

mined using i nduct i on-coup1 ed plasma (ICP) spectroscopy. These r e s u l t s  a re  

shown i n  Table 21. A1 1 s o i l s  were composed p r i m a r i l y  o f  Si02 and A1203. 

Higher l e v e l s  of these oxides tend t o  increase t h e  chemical durabi 1 i t y  o f  t h e  

r e s u l t i n g  glass, but  have t h e  negative e f fec ts  o f  increas ing v i s c o s i t y  and 

decreasi ng e l e c t  r i  c a l  conducti v i  t y  . A1 1 of t h e  so i  1 s a1 so conta i  ned s i  gni f i - 
cant amounts of Na20 and K20, which ac t  as t h e  pr imary charge c a r r i e r s  i n  

molten so i  1. A number a1 so contained s i g n i f i c a n t  amounts o f  CaO and MgO, 

oxides which tend t o  suppress t h e  e l e c t r i c a l  c o n d u c t i v i t i e s  o f  molten s i l i c a t e s  

(Stanek 1977). 

Thermal Conduct i v i  t v  

Var ia t i ons  i n  t h e  thermal c o n d u c t i v i t i e s  o f  s o i l  can in f l uence  t h e  maximum 

temperature t h a t  can be reached by t h e  molten zone and t h e  r a t e  a t  which heat 

energy can be t r a n s f e r r e d  t o  t h e  unmel t e d  so i  1 . A lower thermal conduc t i v i t y  

w i l l  r e s u l t  i n  a h igher  molten zone temperature f o r  a given r a t e  o f  mel t  propa- 

g a t i  on. However, thermal conduc t i v i t y  v a r i a t i o n s  w i t h i n  t h e  molten zone w i  11 

not  s i g n i f i c a n t l y  a f f e c t  t h e  temperature p r o f i l e  s ince convect ive m i  x i  ng pro- 

duces a r e l a t i v e l y  f l a t  temperature p r o f i  1 e. Va r ia t i ons  i n  thermal conduct i  v- 

i t y  mainly a f f e c t  t h e  boundary l aye r  between t h e  s o i l  f us ion  zone and s o i l  a t  

ambi en t  temperature. 

Thermal c o n d u c t i v i t i e s  o f  s o i l s  a t  ambient temperature are very low, rang- 

i n g  from 0.08 t o  0.16 W/m°K (Table 22). These low c o n d u c t i v i t i e s  r e s u l t  f rom 

t h e  small p a r t i c l e  s izes  present i n  t h e  m a j o r i t y  o f  t h e  s o i l s ,  which increase 

gra in- to -gra in  contact  resistance. Conduction by t h e  gas phase i s  low because 

o f  t h e  extremely small e f f e c t i v e  pore s i z e  o f  these mater ia ls .  The small pore 

s i z e  e l im inates  convect ive heat t r a n s f e r  and e f f e c t i v e l y  reduces conduct ion 

w i t h i n  pores ( P a r r o t t  and Stuckes 1975). S o i l s  which contained rocks and peb- 

bles, such as c e r t a i n  samples from Hanford and NTS, had h igher conduc t i v i t i es .  

Th is  was expected, as conduction through s o l i d  ma te r ia l s  i s  much h igher  than 

through porous, f i  ne-grai ned so i  1. 



TABLE 21. Oxide Composition o f  Soi 1 s 
W t %  

Soi 1 Locat ion  S o i l  Type Depth, cm Na$ K70 Fe703 A1703 SiO:, CaO MgO T i07  Zr02 && 
Barnwell  , SC Fuquay 0-15 0.23 0.19 0.68 2.10 96.2 0.08 0.08 0.42 0.03 -- 

15-76 0.23 0.19 0.57 1.65 96.8 0.03 0.09 0.45 0.03 -- 
76-107 0.25 0.24 5.04 16.3 77.1 0.02 0.16 0.71 0.03 0.14 

396-427 0.26 0.18 4.69 17.0 76.8 0.02 0.13 0.68 0.03 0.17 

Hanford, WA (a )  Surface 3.14 1.57 11.5 12.5 58.0 6.81 3.40 2.06 0.03 0.47 
PSFT l ( b )  N/D 2.87 1.43 8.16 13.6 64.4 5.37 2.51 1.39 -- - - 
PSFT 4(b)  N/D 2.69 1.56 9.86 13.9 60.1 6.41 3.02 1.60 -- 0.52 

LANL, NM Car jo 0-5 2.54 2.68 2.67 12.2 77.5 0.98 0.62 0.60 0.04 0.13 
5-15 2.79 2.80 2.93 12.4 76.8 0.93 0.59 0.62 0.06 0.11 

15-25 2.86 2.97 3.18 12.5 76.2 0.91 0.59 0.65 0.13 -- 
P uye 0-10 3.85 2.96 2.13 12.6 77.2 0.45 0.31 0.27 0.05 0.16 

10-41 3.88 3.81 2.63 13.3 75.0 0.57 0.42 0.36 0.05 -- 
Tu f f  N/D 4.44 4.44 1.23 12.3 76.9 0.46 -- 0.09 0.07 -- 

Maxey F l a t s ,  KY T i l s i t  0- 18 
18-61 

61-142 
142 

NTS, NV 

ORNL, TN 

S h e f f i e l d ,  I L  

Beat ty  

(a)  

Fayet te 

West Val l ey ,  NY Chu rchv i l l e  

( a )  Soi 1 t ype  not  given. 
( b )  Hanford so i  1 .  

Surface 

0-18 1.61 2.01 2.55 9.09 82.4 0.83 0.64 0.82 0.05 -- 
25-102 1.49 1.99 4.44 12.0 77.3 0.62 0.99 0.78 0.06 0.20 

C Hor izon 1.71 1.90 4.48 11.3 77.7 0.89 0.98 0.72 0.04 0.21 



TABLE 22. Thermal Conducti v i  ti es o f  Soi 1 s a t  Ambient Temperature 

Soi 1 Locat ion 

Barnwell, SC 

Hanford, WA 

LANL, NM 

Maxey F la ts ,  KY 

NTS, NV 

ORNL, TN 

Shef f ie ld ,  I L  

West Val ley, NY 

Soi 1 Type Depth, cm 

Fuquay 76-107 

396-427 
(a) Surface 

Car j  o 5-15 

15-25 

Puye 0-10 

10-41 

T u f f  (C 

T i l s i t  0-18 

18-61 

61-142 

>I42 

Beat ty  0-10 

10-36 

36-53 

53-122 
(a) Sur f  ace 

Fayette C Horizon 

Churchvi 1 le  0-10 

30-97 

97-157 

>I57 

Thermal 
Conduct i v i  ty  , Standard 

W/m°K Devi a t i o n  

0.147 

0.154 

0.131 

0.121 

0.096(~)  

0.118(~)  

0.097 

(c )  
0.107 

0.161 

0.157 

0.083 

0.112 

0.121 

0 .096(~)  

0 .I38 

0.104 

0.095 

0.116 

0 -093 

0 .117(~ )  

0.100 

(a)  S o i l  t ype not i d e n t i f i e d .  
(b )  Average value and standard dev ia t i on  ca l cu la ted  from mu1 t i  p l  e 

rep1 i c a t e  measurements. 
( c )  Not determined. 



Measured and a n t i c i p a t e d  values f o r  t h e  thermal c o n d u c t i v i t i e s  o f  Hanford 

s o i l  a re  shown i n  F igure  36. The c o n d u c t i v i t i e s  o f  a1 1  s o i l s  t h a t  were mea- 

sured (NTS, Maxey F l  ats ,  Hanford, and West Val l e y )  approximately doubl ed when 

heated from 200 t o  800°C. Th is  increase was due p r i m a r i l y  t o  an increase i n  

c o n d u c t i v i t y  o f  t h e  porous phase. The i n i t i a l  increase i n  conduc t i v i t y  above 

800°C i s  caused by a  decrease i n  g ra in - to -gra in  contact  res is tance due t o  t h e  

onset o f  s o i l  fusion. Measurements cou ld  no t  be made a t  temperatures above 

1000°C. A t  these temperatures, however, inc reas ing  conduct i  v i  t i  w i t h  i ncreas- 

i ng temperatures i s  caused by r a d i a t i v e  conduction (Bates 1975). This  cont r i  - 
b u t i  on t o  conduc t i v i t y  increases w i t h  temperature3 ( T ~ ) .  The val  ues above 

1000°C were ca l cu la ted  us ing  t h i s  T~ r e l a t i o n s h i p  and t h e  conduc t i v i t y  o f  a  

p o r t i o n  of fused Hanford s o i l  a t  1000°C. Because o f  t he  u n c e r t a i n t i e s  

0 BULK SOlL MEASUREMENTS 

0 FUSED SOlL MEASUREMENTS 

0 VALUES CALCULATED FROM 
FUSED SOlL DATA 
(T3 RELATIONSHIP) 

TEMPERATURE, OC 

FIGURE 36. Thermal Conduc t i v i t i es  o f  Hanford S o i l  



i nherent  i n  t h i s  ca l cu la t i on ,  t h e  e r r o r  bars on t h e  curve are f a i r l y  large. 

S i m i l a r  behavior i s  expected from t h e  remaining s o i l  samples. 

Fusion Temperature 

The temperatures a t  which s o i l s  i n i t i a l l y  fused were determined from ther -  

mal c o n d u c t i v i t y  measurements. These data were avai 1 able f o r  t h e  Maxey F l a t s  

T i l s i t ,  t h e  NTS Beatty, and t h e  West Va l ley  Churchv i l l e  s o i l s .  The i n i t i a l  

f us ion  p o i n t  was assumed t o  be t h e  temperature a t  which t h e  conduc t i v i t y  began 

t o  increase a t  a much h igher  r a t e  than i t  had a t  lower temperatures. The tem- 

pera ture  a t  which t h e  t h e  s o i l  would completely fuse was assumed t o  be -200°C 

h igher  than t h i s  i n i t i a l  fus ion  temperature. Ant ic ipa ted fus ion  temperatures 

o f  t h e  o ther  s o i l s  were ca lcu la ted by comparing t h e i r  Si02 + A1203, K20 + Na20, 

and CaO + MgO l e v e l s  w i t h  those o f  t h e  th ree  prev ious ly  measured s o i l s .  The 

fus ion  temperatures o f  t h e  s o i l s  are l i s t e d  i n  Table 23. Fusion temperatures 

f o r  a1 1 s o i l s  tes ted  ranged from 1100 t o  1400°C, too  low t o  impose any process 

l i m i t .  Glass temperatures observed dur ing  p i l o t - s c a l e  t e s t s  have exceeded 

1700°C, we l l  above t h e  fus ion  point .  

Speci f i c Heat 

Knowing t h e  s p e c i f i c  heat (Cp) o f  a s o i l  i s  important i n  determining t h e  

power required t o  mel t  it. A h igh s p e c i f i c  heat i s  undesirable because i t  

increases t h e  energy needed t o  heat t h e  s o i l  t o  v i t r i f i c a t i o n  and a l so  slows 

t h e  v i t r i f i c a t i o n  rate. 

The Cp values o f  t h e  s o i l s  l i s t e d  i n  Table 24 were measured a t  tempera- 

t u r e s  from 150 t o  55U0C using d i f f e r e n t i a l  scanning calor imetry.  Most s o i l s  

had Cp values i n  t h e  range o f  0.17 t o  0.22 cal/g°C. S o i l  from Maxey F l a t s  was 

higher, a t  0.24 t o  0.27 cal/g°C. These values are cons is ten t  w i t h  those found 

f o r  o ther  ceramic ma te r ia l s  (Norton 1968). The v a r i a t i o n  i n  Cp among t h e  s o i l s  

i s  not  considered an ISV process l i m i t .  

A t  h igher temperatures (1500 t o  2000°C), a Cp value o f  0.25 t o  

0.28 cal/y°C w i l l  be reached by most s o i l s .  The measured and an t i c ipa ted  Cp 

values o f  a Hanford so i  1 i n  t h e  temperature range o f  25 t o  2000°C are shown i n  

F igure  37. Since measurements could not  be made a t  temperatures over 600°C due 
t o  equipment l i m i t a t i o n s ,  it was assumed t h a t  above 400°C, t h e  Cp would 



TABLE 23. Fus ion Temperatures o f  S o i l s  

Soi 1  Locat  i on 

Barnwel l ,  SC 

Hanford, WA 

INEL, ID 

LANL, NM 

Maxey F l a t s ,  KY 

NTS, NV 

ORNL, TN 

S h e f f i e l d ,  I L  

West Val l ey ,  NY 

S o i l  Type 

Fuquay 

(b )  

( b )  
P uye 

Ca r j o  

T u f f  

T i l s i t  

Bea t t y  

T u f f  

( b )  

Faye t t e  

Churchvi 1  l e  

Fus ion 
Temperature, O C  

1 4 0 0 ( ~ )  

1100(a) 

1 1 0 o ( ~ )  

1100(a) 

1 2 a o ( ~ )  

1 3 0 0 ( ~ )  

( a )  Fusion temperature es t imated  from s o i  1  
compos i t i on. 

( b )  S o i l  t ype  no t  i d e n t i f i e d .  

inc rease  l i n e a r l y  w i t h  temperature, and a t  h i ghe r  temperatures should exceed 

5.96 c a l / g  atomO0C (Kingery 1960). Th i s  i s  equal t o  0.26 cal/g°C f o r  Hanford 

s o i  1. 

E l e c t r i c a l  Conduc t i v i t y  

V a r i a t i o n s  i n  t h e  e l e c t r i c a l  c o n d u c t i v i t i e s  o f  mol ten s o i l s  w i l l  impact 

t h e  ope ra t i ng  vo l t age  o f  an ISV system. Low-conductance s o i l s  may l i m i t  t h e  

e l e c t  rode separa t ion  a t t a i n a b l e  i f  t h e  s o i  1  vo l t age  requ i  r e d  du r i ng  s t a r t u p  

exceeds t h e  a v a i l a b l e  supply  vo l tage.  The re fe rence  f u l l - s c a l e  ISV system has 

a maximum supply  vo l t age  o f  4160 V, a  s tandard b u t  a r b i t r a r i l y  se lec ted  l i m i t .  

The e l e c t r i c a l  c o n d u c t i v i t i e s  o f  t h r e e  mol ten s o i l s  were measured us ing  a 

two probe method. The va lues ob ta ined  a re  shown i n  F i g u r e  38. At h i g h  temper- 

a tu res  t h e  Hanford and NTS t u f f  m a t e r i a l s  had very  s i m i l a r  c o n d u c t i v i t i e s .  The 

Maxey F l  a t s  T i  1  s i t  s o i  1  had a c o n d u c t i v i t y  approx imate ly  an o rde r  o f  magnitude 

lower.  Th is  i s  p r i m a r i l y  due t o  i t s  lower  a1 k a l i  ox i de  (Na20 + K20) content.  



Soi 1 Locat ion 

Barnwel l ,  SC 

Hanford, WA 

LANL, NM 

Maxey F la ts ,  KY 

NTS, NV 

ORNL, TN 

She f f i e ld ,  I L  

West Val ley, NY 

TABLE 24. Spec i f i c  Heats o f  Various S o i l  Types, cal/g°C 

S o i l  Type 

Fuquay 

(b)  
Car jo 

P uye 

T i l s i t  

Beatty 
(b 

Fayette 

Churchvi 1 l e  

Depth, cm 

76-107 

Sur f  ace 

15-25 

10-41 

61-142 

53-122 

Sur f  ace 

25-102 

10-30 

30-97 

97-157 

>I57 

(a )  Not determined. 
(b) S o i l  type not  i d e n t i f i e d .  



o MEASURED VALUES 

0 THEORETICAL HIGH TEMPERATURE VALUE - ' 0.28 - 
03 

3 --- 
c 
3 
I 
0 
LL 
h? 
5 0.20 

0.18 
0 400 800 1200 1600 2000 

TEMPERATURE, OC 

FIGURE 37. S p e c i f i c  Heat o f  Hanford S o i l  28-2 a t  Var ious Temperatures 

Before t h e  capabi 1  i ty  t o  measure h i  gh-temperature (>1600°C) e l e c t r i c a l  

c o n d u c t i v i t i e s  ex is ted ,  f i v e  s o i l s  were chosen f o r  measurement us ing  t h e  two 

probe method i n  a  lower  temperature system. Due t o  t h e  h i  yh m e l t i n g  tempera- 

t u r e s  of t h e  s o i l s ,  -10 wt% Na20 was added t o  each sample t o  reduce t h e  m e l t i n g  

t i m e  and temperature. The c a l c u l a t e d  c o n d u c t i v i t i e s ,  co r rec ted  f o r  t h e  Na20 

a d d i t i o n ,  a re  a l s o  shown i n  F i g u r e  38. It can be seen t h a t ,  w i t h  t h e  excep t ion  

o f  t h e  Maxey F l a t s  T i  l s i t ,  a l l  o f  t h e  measured and c a l c u l a t e d  e l e c t r i c a l  con- 

d u c t i v i t i e s  f a l l  w i t h i n  a  narrow range. The c o n d u c t i v i t i e s  o f  o the r  s o i l s  w i l l  

depend, o f  course, on t h e i r  composit ions. A1 k a l i  ox ides (Na20, K20, L i 2 0 )  

i ncrease c o n d u c t i v i t y ,  whi 1  e  t h e  a1 k a l  i ne ea r ths  (CaO , MgO) tend  t o  decrease 

c o n d u c t i v i t y  (Stanek 1977). Soi 1  w i t h  h i  yher amounts o f  r e f r a c t o r y  ox ides 

(S i02,  A1203) has a  h igher  v i s c o s i t y  and t h e r e f o r e  a  lower  e l e c t r i c a l  conduc- 

t i v i t y  due t o  decreased conduct ion i o n  m o b i l i t y .  Based on comparison o f  s o i l  

composit ions, a l l  o t h e r  s o i l s  i n  t h i s  s tudy a re  expected t o  f a l l  w i t h i n  t h e  

range shown i n  F i g u r e  38. 
A 
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FIGURE 38. E l  e c t  r i  c a l  Conduct i v i  t i es o f  Molten Soi 1  s  

The v a r i a t i o n  i n  e l e c t r i c a l  conduc t i v i t y  amony t h e  s o i l s  tested,  even 

i n c l u d i n g  t h a t  o f  t h e  T i l s i t ,  does not  l i m i t  t h e  a p p l i c a t i o n  o f  t h e  ISV pro- 

cess. Such v a r i a t i o n  can e a s i l y  be compensated f o r  by m o d i f i c a t i o n  o f  t h e  

s t a r t u p  technique. Voltage dur ing  s t a r t u p  i s  dependent on t h e  g r a p h i t e - f r i t  

s t a r t u p  mixture, not on so i  1  conduc t i v i t y .  Once the g raph i te  s t a r t u p  ma te r ia l  

has burned, t h e  vol tage reaches i t s  maximum, which i s  dependent on t h e  cross- 

sec t iona l  area and conduc t i v i t y  o f  t h e  molten path. Beyond t h i s  po in t ,  vo l tage 



decreases as t h e  mol ten zone expands. I f  t h e  maximum s t a r t u p  vo l t age  exceeds 

t h e  supply vo l t age  because t h e  s o i l  c o n d u c t i v i t y  i s  low, t h e  s t a r t u p  vo l t age  

can be lowered by i nc reas ing  t h e  w i d t h  and depth o f  t h e  g r a p h i t e - f r i t  pa th  and 
> 

by choosing a  f r i t  which i s  h i g h l y  conduct ive.  These a c t i o n s  w i l l  i nc rease  t h e  

c ross-sec t iona l  area o f  t h e  mol ten pa th  and t h e  g l ass  c o n d u c t i v i t y  i n  t h a t  

path, thus  decreas ing t h e  maximum vo l t age  d u r i n g  t h e  s t a r t u p  per iod.  

F i gu re  39 shows t h e  an t  i c i  pated e l  e c t  r i  c a l  c o n d u c t i v i t y  o f  Hanford so i  1  

du r i ng  t h e  hea t i ng  p o r t i o n  o f  t h e  process. At temperatures below 400°C  t h e  

s o i l  w i l l  no t  have fused a t  a l l  and i t s  c o n d u c t i v i t y  w i l l  be e s s e n t i a l l y  ze ro  

(10 - l 5  o r  10- l6  ohm-cm). Once t h e  s o i l  begins t o  fuse  i t  w i l l  s t a r t  t o  con- 

duct ,  and t h i s  c o n d u c t i v i t y  w i l l  i nc rease  r a p i d l y  u n t i l  t h e  s o i l  i s  complete ly  

molten. The dashed l i n e  i n  F igu re  39 represents  a  p o s s i b l e  behavior  o f  t h e  

s o i l  i n  t h i s  region. S i m i l a r  behavior  i s  expected o f  t h e  o the r  s o i l s  s t ud ied  

i n  t h i s  work. A t  temperatures above 1200 t o  1300°C t h e  s o i l  should be com- 

p l e t e l y  melted. A t  these temperatures t h e  c o n d u c t i v i t y  w i l l  be t h e  same as 

t h a t  o f  t h e  v i t r i f i e d  s o i l s  whose measurements a re  shown i n  F igu re  38. 

V i s c o s i t y  

A mol ten s o i l ' s  v i s c o s i t y  w i l l  a f f e c t  1) t h e  t i m e  requ i red  f o r  m e l t i n g  a t  

a  p a r t i c u l a r  temperature and 2)  t h e  temperature g rad ien t s  w i t h i n  t h e  mol ten 

p o r t i o n  o f  t h e  process. A  more f l u i d  medium w i l l  gene ra l l y  m e l t  more q u i c k l y  

and w i  11 have smal l e r  temperature y rad ien t s  due t o  g rea te r  convec t i ve  m ix i ng  i n  

t h e  mel t .  

The v i s c o s i t i e s  o f  f o u r  mol ten s o i l s  were measured us ing  a  r o t a t i n g  sp in-  

d l e  technique. One sample each was ob ta ined  f rom PSFTs 1 and 4. The o t h e r  two 

s o i l s  were p o r t i o n s  o f  Maxey F l a t s  T i l s i t  and NTS t u f f .  T h e i r  v i s c o s i t i e s  a re  

shown i n  F i g u r e  40. 

The v i s c o s i t i e s  o f  t h e  t u f f  and T i l s i t  a re  s i m i l a r  and about 2  orders  of 
-. magnitude h ighe r  than  those o f  t h e  Hanford samples. Th is  i s  due t o  t h e  h i ghe r  

Si02 + A1203 and lower  Na20 + K20 con ten t  o f  t h e  t u f f  and T i l s i t .  The h ighe r  

F ~ ~ O ~  con ten t  i n  t h e  Hanford m a t e r i a l  a l s o  c o n t r i b u t e d  t o  i t s  lower  v i s c o s i t y .  

Based on t h e  composit ions of t h e  o t h e r  s o i l s  i n  t h i s  study, i t  i s  a n t i c i p a t e d  

t h a t  a l l  w i l l  have v i s c o s i t i e s  w i t h i n  t h e  range found i n  F igu re  40. 



FIGURE 39. E l e c t r i c a l  Conduc t i v i t i es  a t  40 Hz o f  V i t r i f i e d  Hanford 
S o i l  from PSFT 4 

While complete v i t r i f i c a t i o n  o f  ma te r ia l s  such as t u f f  and T i l s i t  may requ i re  

somewhat h igher  mel t  temperatures and longer mel t  times, me l t i ng  can s t i l l  be 

accompl i shed. - 

Densi ty  . ~ 

The decrease i n  so i  1  volume due t o  v i t r i f i c a t i o n  i s  determined by t h e  so i  1  

dens i t y  values before  and a f t e r  melt ing. The bulk dens i t i es  o f  a  number o f  

unmel t e d  so i  1  s  are shown i n  Table 25. These dens i t i es  are most s t rong ly  

100 



FIGURE 40. V i s c o s i t i e s  o f  Molten S o i l s  

a f fec ted  by s o i l  morphology and p a r t i c l e  size, as we l l  as the  degree t o  which 

t h e  s i t e ' s  s o i l  has been disturbed. Also shown are t h e  room temperature dens- 

i t i e s  of t h ree  melted s o i l s .  Although t h e  i n i t i a l  s o i l  dens i t i es  vary s i g n i f i -  

cant ly ,  t h e  f i n a l  dens i t i es  o f  t h e  melted ma te r ia l s  are very s im i la r .  



TABLE 25. Bulk Densi ty  o f  Unmelted S o i l  and Density o f  V i t r i f i e d  S o i l  

Bulk V i t r i f i e d  
Densigy , Densi tj, 

Soi 1 Locat ion S o i l  Type Depth, cm g/cm 9/cm 

Barnwell, SC Fuquay 76-107 0.95 (a)  

396-427 0.97 (a)  

Hanford, WA (b) Surface 1.65 2 -43 

LANL, NM Car jo 5-15 1.07 (a)  

15-25 1.07 (a)  

P uye 0- 10 1.10 (a  

10-41 0 -94 (a)  

Tuf f  (a  1.70 2 -33 

MaxeyFlats,KY T i l s i t  0- 18 0 -94 (a) 

18-61 1.04 (a  

NTS, NV Beat ty  0- 10 1.20 (a )  

10-36 1.20 (a)  

ORNL, TN (b) Sur f  ace 0 .93 (a)  

She f f i e ld ,  I L  Fayet te C Horizon 0.91 (a) 

West Val 1 ey , NY Churchvi 11 e 0- 10 0.71 (a)  

30-97 1.00 (a)  

97-157 1.12 (a)  

(a )  Not determined. 
(b)  S o i l  type not  i d e n t i f i e d .  

F igure  41 shows t h e  way i n  which a t y p i c a l  s o i l ' s  dens i ty  might change 

dur ing  processing. Hanford s o i l  i s  used as an example. During heating, no 

dens i t y  change w i l l  be seen u n t i l  t h e  s o i l  begins t o  fuse a t  -700 t o  900°C. 

The dens i t y  w i l l  then increase u n t i  1 t h e  so i  1 i s  completely fused a t  N1400°C. 

A decrease i n  dens i ty  w i l l  occur a t  h igher  temperatures due t o  t h e  thermal 



FIGURE 41. Chanye i n  Hanford S o i l  Dens i ty  Du r i ng  Processing 

expansion o f  t h e  ma te r i a l .  Dur ing  coo l ing ,  t h e  d e n s i t y  w i l l  i nc rease  as t h e  

mol t e n  s o i  1 c o n t r a c t s  and then s o l  i d i  f ies .  

It i s  expected t h a t  a l l  v i t r i f i e d  s o i l s  i n  t h i s  s tudy w i l l  e x h i b i t  dens- 
3 i t i e s  i n  t h e  range of 2.2 t o  2.5 g/cm , regard less  o f  i n i t i a l  dens i t y .  Those 

s i t e s  w i t h  lower  i n i t i a l  d e n s i t i e s  would r e q u i r e  more b a c k f i l l  m a t e r i a l  f o r  

r econ tou r i ng  t h e  l and  subsequent t o  t h e  ISV process. 

PERFORMANCE PREDICTIONS FOR DIFFERENT SITE GEOMETRIES 

Phys ica l  geometries o f  p o t e n t i a l  ISV waste s i t e s  range from wide, sha l low 

zones (e.g., ponds) t o  narrow, deep zones (e.g., bore sha f t s ) .  The zone which 

an I S V  process can v i t r i f y  i n  one ope ra t i on  has c e r t a i n  w i d t h  and depth l i m i t s  

imposed by maximum vol tage,  maximum power, and s o i l  p rope r t i es .  A mathematical 

model has been developed f o r  p r e d i c t i n g  I S V  process performance f o r  d i f f e r e n t  

b u r i a l  s i t e  geometr ies and f o r  a s s i s t i n g  w i t h  process scale-up t o  a l a r g e  com- 

merc ia l  system. It i s  in tended t o  reduce and i n  many cases e l i m i n a t e  t h e  need 



f o r  expensive and t ime consuming f i e l d  tests.  The modeling s imulat ion can 

reveal the  e f f ec t s  t h a t  changes i n  s o i l  propert ies, power system design, and 

waste s i t e  geometry w i l l  have on process performance. Informat ion such as 

energy consumption, mass v i t r i f i e d ,  operating time, melt depth, and melt  w id th  

are read i l y  ava i lab le  from the  model. 

Mathematical Model 

The ISV mathematical model has been developed using a desktop computer 

equipped w i t h  a BASIC language operating system, During operation o f  the pro- 

gram, the ISV melt  zone depth grows downward i n  equal ly spaced increments, A t  

each step, an energy balance i s  performed using power input, heat losses, and 

s o i l  propert ies t o  determine the mass v i t r i f i e d  and t ime required f o r  the 

v i t r i f i c a t i o n .  Power input  i s  dependent on power transformer size, voltage tap  

select ion, and melt  zone resistance. The equations used t o  ca lcu la te  power are 

v 
P = T  (constant voltage operat i  on) 

and 

P = 1% (constant current  operation) 

The resistance i s  calculated between edge electrodes Re and diagonal electrodes 

R~ as described by the fo l lowing two equations: 

where 

p = average e l e c t r i c a l  r e s i s t i v i t y  o f  the glass 

Se = e lectrode separation along the edge 

Sd = d i  agonal e l  ect  rode separati  on. 



The e l e c t r o d e  d iameter  D  and mol ten g lass  depth Dg a l s o  a f f e c t  res is tance .  The 

o v e r a l l  me1 t zone res i s tance  i s  then  c a l c u l a t e d  by: 

The mathematical model c a l c u l a t e s  heat 1  osses through t h e  exposed upper 

sur face  and i n t o  t h e  surrounding s o i  1. Heat 1  osses i n t o  t h e  s o i  1  a re  c a l  cu- 

l a t e d  us ing  a  constant  heat  f l u x  va lue  a p p l i e d  t o  t h e  mol ten zone s i d e  and bot -  

tom su r face  area i n  con tac t  w i t h  s o i l .  The sur face  heat losses  a re  determined 

i n  a  s i m i l a r  fash ion  us ing  t h e  area def ined by t h e  f o u r  corner  e lec t rodes  f o r  

heat  t r a n s f e r .  Heat f l u x  va lues have been determined from p i l o t - s c a l e  t e s t  

data. Us ing an average s o i l  thermal c o n d u c t i v i t y  o f  0.20 W/m°K, t h e  heat f l u x  
2  f rom mol ten y l ass  t o  surrounding s o i l  ranged f rom 2.3 t o  3.2 kW/m . The maxi- 

mum value, 3.2 kw/m2, was conse rva t i ve l y  se lec ted  as t h e  heat f l u x  te rm f o r  

heat  losses  i n t o  t h e  surrounding s o i l .  Based on a  measured nominal su r face  

temperature o f  570°C, t h e  heat f l u x  through t h e  upper sur face  was 32 kw/m2. 

Th i s  va lue  agrees w i t h  ac tua l  p i l o t - s c a l e  t e s t  da ta  and was se lec ted  as t h e  

sur face  heat f l u x  te rm f o r  t h e  model. 

The model assumes t h a t  g lass  temperature was constant  and thermal conduc- 

t i o n  o f  t h e  e l ec t rodes  had no e f f e c t .  Whi le g lass  temperature does change dur-  

i n g  an ac tua l  ope ra t i on  due t o  changing power dens i ty ,  t h e  average temperature 

used by t h e  model agrees w e l l  w i t h  ac tua l  p i l o t - s c a l e  data. Thermal conduct ion 

by t h e  e l ec t rodes  causes t h e  mol ten zone growth downward t o  be s l i g h t l y  g rea te r  

a t  t h e  e lec t rodes .  

The r e s u l t s  o f  t h e  model were compared w i t h  those o f  PSFT 1 and PSRT. 

Table 26 l i s t s  t h e  parameters used f o r  t h e  model. The model p r e d i c t i o n s  agree 

very  we1 1  w i t h  ac tua l  t e s t  da ta  as shown i n  Table 27. A1 1  p r e d i c t e d  parameters 

dev ia ted  (7% f rom t h e  ac tua l  t e s t  parameters d u r i n g  PSFT 1. F igures  42 and 43 
.. show t h e  power i n p u t  p r e d i c t e d  by t h e  model and t h a t  measured d u r i n g  PSFT 1 and 

PSRT, respec t i ve l y .  The model p r e d i c t i o n s  a re  very c l o s e  t o  t h e  ac tua l  case. 



TABLE 26. Model Parameters Used f o r  PSFT 1 and t h e  PSRT 

Parameter 

Maxi mum power, kW 

Transformer vol tage taps, V 

E l  ec t  rode spaci n y , m 

E l e c t  rode d i  ameter, cm 

Surface heat f 1 ux, kw/m2 

Soi 1 heat f l u x ,  kw/m2 

Average temperature, O C  

Soi 1 heat capaci ty  , ca l  /g°C 

S o i l  moisture content, % 

Soi 1 density,  g/cm 3 

Glass dens i ty  ( a t  temperature), g/cm 3 

PSFT 1 

295 

960 & 480 

PSRT 

400 

1000, 560, & 422 

1.2 

15.2 

3 2 

3.2 

2000 

0.24 

5 

1.6 

2.2 

TABLE 27. Actual and Predicted Test Data f o r  PSFT 1 and t h e  PSRT 

PSFT 1 
Parameter Actual Predicted % Dev. 

Run time, h 21.0 20.7 -1.4 

Mel t  depth, m 1.1 1.17 +6 .O 

Mel t  width, m 1.8 1.92 +6.3 

Volume v i t r i f i e d ,  m3 3.6 3 -4 -5.9 

Mass v i t r i f i e d ,  kg 5670 5380 -5.4 

Average power, kW 205 201 -1.5 

Tota l  energy, kwh 4300 4200 -2.4 

Eneryy/mass, kWh/kg 0 -76 0 -78 +2.6 

PSRT 
Actual Predicted % Dev. 

(a) Estimated values. 
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FIGURE 42. P red i c ted  and Measured Operat ing Parameters f o r  PSFT 1 
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FIGURE 43. P red i c ted  and Measured Operat ing Parameters f o r  t h e  PSRT 



Large-Scal e Mathematical Pred ic t ions  

Since t h e  model r e s u l t s  agreed we l l  w i t h  f i e l d  t e s t  data, t he  model was 

then used t o  p r e d i c t  t h e  performance of a 3750 kW l a rge-sca le  ISV system. The '. 
major con t ro l  var iab les  were e l e c t  rode separat ion, soi  1 moisture, and surface 

heat 1 oss. 

Because res is tance between e l e c t  rode pai r s  drops as the  v i  t r i  f i ed zone 

grows, t h e  large-scale ISV system i s  based on a power t ransformer having 

14 vol tage taps ranging from 4160 V and 450 A per e lec t rode pai  r f o r  s tar tup ,  

down t o  400 V and 4000 A per  e lec t rode p a i r  l a t e  i n  t h e  run. (A t  t h i s  lowest 

vol tage tap, t h e  amperage i s  l i m i t e d  by t h e  physical  s i z e  o f  t h e  t ransformer 

co i ls . )  By s e l e c t i n g  more vol tage taps, a h igher  average power can be main- 

ta ined  dur ing  the  ISV operation. 

F i yu re  44 shows the  required s t a r t u p  vol tage as a func t i on  o f  e lec t rode 

separation. The p l o t  was der ived using the  mathematical model a f t e r  being 

c a l  i brated w i t h  data from t h e  two-el ec t  rode, engi neer i  ng-scal e t e s t  u n i t  and 

four-electrode, p i l o t - s c a l e  t e s t  u n i t .  The data p o i n t  f o r  t h e  p i l o t  scale i s  

t h e  average f o r  t h e  f i r s t  th ree f i e l d  tes ts .  Ex t ra  graph i te  can be added t o  

reduce t h e  magnitude o f  t h e  s ta r tup  voltage, i f  necessary, t o  achieve s ta r tups  

f o r  separat ions l a r g e r  than 6 m. 

Hanford Pred ic t ions  

The e f f e c t  o f  e lec t rode separat ion on mel t  depth and run t ime i n  Hanford 

s o i l  conta in ing  5% moisture can be seen i n  F igure  45. The sur face heat f l u x  

area was assumed t o  be nominal , as it was f o r  t h e  p i  l o t - s c a l e  model. Me1 t 

depths greater  than 15 m would be poss ib le  us ing e lec t rode separat ions (4 m; 

however, run t imes o f  - >600 hours would be necessary. 

As a conservat ive measure, t h e  sur face heat f l u x  was a l so  app l ied  t o  t h e  

t o t a l  upper area o f  t h e  molten glass zone, which expands dur ing  operat ion 
" 

beyond t h e  area def ined by t h e  f o u r  electrodes. This more c l o s e l y  models t h e  

case where no i n s u l a t i v e  co ld  cap i s  present. F igures 46 and 47 show t h e  high- . . 
heat- loss model p red ic t i ons  f o r  s o i l  conta in ing  5 and 25% moisture, respec- 

t i v e l y .  The me l t  depth a t  which heat losses become 90% o f  t o t a l  power var ies  

from 3 m us ing a 7 m e lec t rode separation, t o  11.6 m w i t h  a 3 m e lec t rode 



ELECTRODE SEPARATION, m 

FIGURE 44. Scale-Up C o r r e l a t i o n s  f o r  S t a r t u p  

separat ion.  The increased s o i l  mo is tu re  does no t  reduce t h e  a t t a i n a b l e  m e l t  

depth bu t  i t  does inc rease  t h e  t i m e  requ i red  t o  reach t h a t  depth. S o i l  mois- 

t u r e  has t h e  same e f f e c t  on I S V  as an increased s o i l  heat  capac i t y  would s i n c e  

a d d i t i o n a l  heat i s  r equ i red  t o  conver t  t h e  water a t  ambient temperature t o  a  

superheated vapor. 

Eastern S i t e  P r e d i c t i o n s  

Al though i t  has been shown t h a t  d i f f e r e n c e s  i n  c e r t a i n  s o i l  p r o p e r t i e s  a t  

va r ious  waste s i t e s  throughout  t h e  U.S. a r e  smal l ,  d i f f e r e n c e s  i n  mo is tu re  con- 

t e n t  among s i t e s  a re  la rge .  The s o i l  mo i s tu re  con ten t  above t h e  water t a b l e  a t  
. - eas te rn  s i t e s  such as ORNL o r  SRP averages between 20 and 25% w h i l e  a t  Hanford, 

4 t o  5% i s  more t y p i c a l .  I n  s i t u  v i t r i f i c a t i o n  o f  mo i s t  s o i l  s i t e s  w i l l  

r e q u i r e  a d d i t i o n a l  energy t o  evaporate t h e  water. 
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ELECTRODE SEPARATION, m 

FIGURE 45. E f f e c t  of Elect rode Separation on Mel t  Depth and Run Time f o r  
Hanford S o i l  w i t h  Nominal Heat Losses and 5% Moisture 

Factors which in f luence t h e  l e v e l  of moisture i n  a p a r t i c u l a r  s o i l  a re  

water t a b l e  depth, c l i m a t i c  events, and a s o i l ' s  hyd rau l i c  p roper t ies .  The 

f a c t o r  which has the  l a r g e s t  e f f e c t  on ISV i s  the  water t a b l e  depth. The water 

t a b l e  i s  t h e  upper surface of t h e  water-saturated zone when t h e  a q u i f e r  i s  

unconfined. The degree of sa tu ra t i on  can range from 10 t o  60%, depending on 

s o i l  poros i ty .  Add i t iona l  power i s  requ i red  t o  v i t r i f y  waste below the  water 

t a b l e  s ince water may be recharged i n t o  t h e  area being v i t r i f i e d .  Engineered 
b a r r i e r s  o r  water w e l l s  could be used t o  a r t i f i c i a l l y  lower t h e  water t a b l e  and 

reduce o r  e l i m i n a t e  water recharge du r ing  an I S V  operat ion. 

C l i m a t i c  events, water p o t e n t i a l ,  and hyd rau l i c  c o n d u c t i v i t y  a t  sa tu ra t i on  

are  responsib le f o r  t he  s o i l  moisture content above t h e  water tab le .  The 
-. 

amount o f  p r e c i p i t a t i o n  cont ro ls ,  i n  par t ,  t h e  r a t e  a t  which water i s  added t o  



ELECTRODE SEPARATION, m 

15 

FIGURE 46. E f f e c t  o f  E lec t rode  Separat ion on M e l t  Depth and Run Time f o r  
Hanford S o i l  w i t h  High Heat Losses and 5% Mo is tu re  

HANFORD SOIL 
- 5% MOISTURE 

HIGH SURFACE HEAT LOSSES - 
400 h 

t h e  s o i l ,  w h i l e  s o i l  c h a r a c t e r i s t i c s  determine t h e  conductance o f  water through 
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t h e  waste s i t e .  The volume o f  bonded water i n  s o i l  i s  a l s o  somewhat dependent 

on t h e  r a t e  o f  drainage. 

Water can accumulate i n  a  b u r i a l  t rench,  even though t h e  t r ench  i s  l o c a t e d  

w e l l  above t h e  water  t a b l e .  The permeabil i t y  o f  t h e  d i s t u r b e d  s o i l  p laced over  

t h e  waste s i t e  i s  t y p i c a l l y  much h ighe r  than  t h a t  o f  t h e  surrounding undis- 

t u rbed  s o i l .  Bu r i ed  waste, w i t h  i t s  i r r e g u l a r i t i e s  and vo id  space, f u r t h e r  

increases waste s i t e  permeabi 1  i t y  . Prec i  p i  t a t i  on can accumulate a t  t h e  bottom 

o f  t h e  t rench,  becoming ponded above t h e  ac tua l  water  t a b l e ,  s i nce  water  d r a i n s  

th rough t h e  excavated waste area f a s t e r  than through und is tu rbed  s o i l .  Ponded 

water  may e x i s t  i n  TRU waste t r ench  bottoms a t  s i t e s  1 i ke ORNL and SRP, which 



FIGURE 47. E f f e c t  of Electrode Separation on Mel t  Depth and Run Time f o r  
Hanford S o i l  w i t h  High Heat Losses and 25% Moisture 
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receive h igh  annual r a i  n f a l l  . I n  la rge  waste trenches w i t h  re1 a t i  ve ly  imperme- 

ab le  s o i l  surrounding t h e  trench, ponded water w i l l  increase t h e  requ i red  power 

i n p u t  f o r  ISV .  

- 

- HANFORD SOIL 
25% MOISTURE - HIGH SURFACE HEAT LOSSES 

- 

L i m i t a t i o n s  t o  ISV imposed by s o i l  moisture are most probable a t  ORNL, 

which has trenches excavated t o  depths below t h e  water tab le .  Trenches a t  ORNL 

are t y p i c a l l y  2.1 t o  4.3 m deep, and t h e  depth t o  t h e  water t a b l e  ranges from 

ground l e v e l  t o  4.6 m, depending on l o c a t i o n  and season (Webster 1979). A bur- 

i al-ground scenario was used t o  evaluate p o t e n t i a l  moisture l i m i t a t i o n s  t o  t h e  

ISV process under extreme cond i t ions  a t  ORNL. The b u r i a l  t rench used i n  t h e  

scenario was excavated t o  a depth o f  4.3 m i n  an area w i t h  t h e  water t a b l e  a t  

ground l e v e l  and a h i g h l y  permeable, sandy l a y e r  below t h e  6.4 m l e v e l  (see . - 

F igure  48). Water permeabi l i t y  f o r  ORNL s o i l  averages 3.0 cm/d (Luxmoore, 
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ELECTRODE 

FIGURE 48. Bu r i  al-Ground Scenario f o r  Mo is tu re  L i m i t a t i o n s  Ana lys is  

Spalding, and Monroe 1981). S o i l  i n  t h e  upper 6.4 m i s  conse rva t i ve l y  assumed 

t o  have a  p o r o s i t y  o f  57% and a  pe rmeab i l i t y  o f  6.1 cm/d. The permeabi 1  i t y  of 

t h e  sandy area below 6.4 m i s  assumed t o  be high, a t  500 cm/d. 

The mathematical model was used t o  determine t h e  maximum v i t r i f i c a t i o n  

depth a t t a i n a b l e  f o r  I S V  i n  t h e  scenar io .  Changes were made t o  t h e  model t o  

account f o r  t h e  increased power needed t o  evaporate water,  which cont inues t o  

recharge t h e  v i t r i f i c a t i o n  area because o f  t h e  h y d r a u l i c  head. The model simu- 

l a t i o n s  a re  based on sa tu ra ted  ORNL so i  1  (0.93 g/cm' d r y  bu l k  d e n s i t y )  and an 
3  I S V  g lass  dens i t y  o f  2.5 g/cm (2.2 y/cm3 a t  2000°C). 

The maximum depth a t t a i n a b l e  f o r  va r ious  e l ec t rode  spacings and s o i l  mois- 

t u r e  cond i t i ons  i s  shown i n  F igu re  49. I n  s i t u  v i t r i f i c a t i o n  can e f f e c t i v e l y  

s o l i d i f y  so i  1  t o  t h e  t r ench  bottom w i t h  an e l ec t rode  spacing o f  16 m on a  s i d e  

f o r  t h e  worst-case mo is tu re  scenario.  The pr imary depth l i m i t a t i o n  i s  imposed 

by t h e  a q u i f e r  depth. Based on model p r e d i c t i o n s  shown i n  F igu re  50, mo is tu re  

l e v e l s  w i l l  no t  l i m i t  t h e  ISV process a t  ORNL, p rov ided  t h a t  t h e  des i red  v i t r i -  

f i c a t i o n  zone does no t  j o i n  w i t h  any areas o f  h i gh  permeabi 1  i t y .  
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FIGURE 49. Ef fect  of Sandy Aquifer on Mel t  Depth f o r  Saturated ORNL So i l  w i t h  
High Heat Losses 

ANALYSIS OF WASTE INCLUSION LIMITS 

Many waste s i t e s  conta in bur ied i nc lus ions  w i t h i n  t h e  s o i l  which may 

a f f e c t  t h e  I S V  process. Transuranic contaminated s o i l  s i t e s  o f t e n  i nc lude  wood 

o r  concrete c r i bs ,  ceramic French dra ins,  and t i l e  f i e l d s .  Sol id-waste b u r i a l  

grounds incorpora te  a l a r g e  quan t i t y  and wider v a r i e t y  o f  wastes, such as metal 

drums and process components, combustibles, and concrete monoliths. The s o i l  

i nc lus ions  s tud ied here are metals, cements, ceramics, combustibles, sealed 

conta iners , explosives, and elements which could cause a c r i t i c a l i t y .  

Predicted e f f e c t s  o f  each waste type on t h e  I S V  process are discussed i n  t h e  

f o l l o w i n g  sect ions. 



FIGURE 50. Metal I nc lus ion  Model 

Met a1 s 

Metal , which has a much h igher  e l e c t r i c a l  conduct i  v i  t y  than molten so i  1 , 
can decrease e lec t rode vo l tage when present du r ing  I S V ,  and i n  extreme cases 

can r e s u l t  i n  a shor t  c i  r c u i t .  A mathematical model and a ser ies  o f  f o u r  engi-  

neering-scale t e s t s  were used t o  evaluate the  e f f e c t  o f  metals on t h e  I S V  pro- 

cess. 

The metal i n c l u s i o n  model i s  based on a two-electrode system. F igure  50 

shows the  physical  model, w i t h  the  metal r e s t i n g  a t  t he  bottom o f  t he  mel t  i n  

Zone 2. Zone 1 i s  t h e  high-temperature glass area i n  which t h e  mean tempera- 

t u r e  i s  -1700°C, w h i l e  Zone 2 i s  t he  coo ler  lead ing  edge o f  t h e  mel t  zone. As 

t h e  mel t  grows and proceeds downward through a metal ob jec t ,  t h e  metal w i l l  

me l t  and s e t t l e  i n  t h e  coo ler  Zone 2 area, r e s o l i d i f y i n g  i f  temperatures are  

below t h e  meta l ' s  me l t i ng  p o i n t  (1565OC f o r  carbon s tee l  and 1420 t o  1500°C f o r  

s t a i n l e s s  s tee l  ) . 
The metal i n c l u s i o n  model was used t o  evaluate t h e  e f f e c t  o f  vary ing  

Zone 1 depth, Zone 2 depth, metal width, and metal volume on t h e  e lec t rode 



voltage, power, and power density.  The model co r re la tes  q u i t e  we l l  w i t h  t e s t  

data when no metal was present. 

F igure  51 shows t h e  e f f e c t  o f  t he  metal width as a f r a c t i o n  o f  t h e  elec- 

t rode  spacing on power and vol tage f o r  a p i  l o t - s c a l e  e lec t rode pai  r. As t h e  

f r a c t i o n  increases, t h e  power and vol tage dec l i ne  gradua l ly  u n t i l  t h e  metal 

approaches t h e  e lectrodes and a shor t  c i  r c u i t  occurs. The power d i s t r i b u t i o n s  

as a func t i on  o f  Lm/Le ( l eng th  o f  metal d i v ided  by d is tance between electrodes)  

are shown i n  Figure 52. As t h e  metal path increases between electrodes, high- 

temperature areas form i n  t h e  mel t  between t h e  metal and e lectrodes i n  Zone 2. 

A cool area i s  l i k e l y  t o  form above t h e  metal i n  Zone 1 i f  convect ive cur rents  

are  i n s u f f i c i e n t  i n  t h e  molten glass. The r e s u l t  may be an increased co ld  cap. 

The model a l so  p red ic t s  t h a t  vary ing t h e  mass o f  metal i n  t h e  s o i l  has 

e s s e n t i a l l y  no e f f e c t  on power i n p u t  and e lec t rode vol tage f o r  a given metal 

width. The power and vol tage decrease by ~0.1% when t h e  m e t a l l i c  mass i s  

increased by a fac tor  o f  10 f o r  a given L,/L, r a t i o ,  according t o  t h e  model. 

FRACTION OF ELECTRODE SPACING OCCUPIED BY METAL 

FIGURE 51. E f f e c t  o f  Metal Width on Power and E lec t rode P o t e n t i a l  



FRACTION OF ELECTROOE SPACING OCCUPIED BY H A L  

FIGURE 52. E f f e c t  o f  Metal Width on Power D i s t r i b u t i o n  

Four engineering-scale l abo ra to ry  t e s t s ,  ESLT 10 through ESLT 13, were 

performed t o  v e r i f y  t h e  e f f e c t s  o f  metal i nc lus ions  on the  I S V  process. Sum- 

maries o f  each t e s t  are given i n  Table 28. The q u a n t i t y  o f  metal placed i n  t h e  

s o i l  ranged from 2 t o  5% o f  t h e  f i n a l  v i t r i f i e d  b lock weight. Each t e s t  pro- 

ceeded t o  completion w i t h  no major d i f f i c u l t i e s .  I n  ESLT 12, a s t a i n l e s s  s t e e l  

and a carbon s tee l  can is te r ,  each conta in ing  metal scrap o f  t h e  same composi- 

t i o n ,  were placed edge t o  edge, occupying 71% o f  t h e  d is tance between e lec-  

trodes. To complete t h e  t e s t ,  i t was necessary t o  increase t h e  power t o  the  

engi neering-scale u n i t  from 7 t o  10 kW. This may have been due t o  t h e  h e a t - f i n  

e f f e c t  o f  t he  metal, which increased heat losses t o  t h e  s o i l .  

F igure  53 shows t h e  e f f e c t  o f  metal i nc lus ions  as pred ic ted  by t h e  model 

, . compared t o  actual  data from t h e  engi neer i  ng-scale I S V  system. The model 

p red ic ted  a l a r g e r  drop i n  vo l tage due t o  metal i nc lus ions  than was a c t u a l l y  

observed. At an Lm/Le r a t i o  o f  0.7, engineering-scale t e s t s  showed a vo l tage 



TABLE 28. Summary o f  Resul ts  from Engi neer i  ng-Scale Laboratory Tests 
Containing Metal Inc lus ions  

Test Parameter 

Power l i m i t ,  kW 

Metal mass, kg 

Metal loading, w t %  

E l e c t  rode spaci ng f r a c t i o n  
occupied by metal, Lm/Le 

Combust i b l  e mass, kg 
Run time, h 

Tota l  energy, kwh 

Average power, kW 

Mass sol  i d i  f i ed, kg 

Energylmass, kWh/kg 

ESLT 10 

7 

ESLT 11 

7 

0.9 

2 

0.35 

ESLT 12 

10 

2.4 

5 

0.7 1 

ESLT 13 

10 

1.2 

2 

0.35 

FIGURE 53. Measured and Predicted Voltage Drop Due t o  a M e t a l l i c  I n c l u s i o n  
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drop of 21%. Th i s  means t h a t  t h e  lowes t  vo l tage  t a p  o f  t h e  power t rans fo rmer  

should be designed 21% lower  than  r e q u i r e d  w i t h  normal s o i l  t o  ma in ta i n  t h e  

same h igh  power i n p u t  l e v e l  d u r i n g  ISV o f  s o i l  w i t h  metal i nc l us i ons .  

Cements and Ceramics 

Unl i ke metal s, t h e  e l e c t r i c a l  c o n d u c t i v i t i e s  o f  cement and ceramic waste 

i n c l u s i o n s  a re  n o t  h i g h  enough r e l a t i v e  t o  t h e  s o i l  t o  c rea te  a s h o r t  c i r c u i t .  

Ins tead,  t hey  a re  u s u a l l y  i n  t h e  ox ide  form and a re  very  s i m i l a r  t o  many o f  t h e  

compounds found n a t u r a l l y  i n  s o i l .  The volume o f  cement and ceramic waste 

i n c l u s i o n s  i n  a  waste t r ench  i s  t y p i c a l l y  ve ry  smal l  compared t o  combust ib le  

and m e t a l l i c  waste volumes. The cements and ceramics i n c l u d e  l a r g e  concre te  

casks used t o  con ta in  i n d u s t r i a l  wastes a t  most TRU s i t e s ,  cement paste i n  cor-  

rugated metal  p ipes a t  LANL, and concrete c r i b s  and v i t r i f i e d  c l a y  French 

d r a i n s  a t  Hanford. Because almost a l l  b u r i e d  nonme ta l l i c  m a t e r i a l s  a re  some 

form of cement product,  concrete waste i n c l u s i o n s  a r e  analyzed most e x t e n s i v e l y  

i n  t h i s  sec t ion ,  a l though o t h e r  ceramic m a t e r i a l s  w i l l  a l s o  be discussed. 

Cement can be de f i ned  as an adhesive complex o f  nonme ta l l i c  oxides, w i t h  

1  ime (CaO) as t h e  pr imary cons t i t uen t .  Hardened cement con ta ins  up t o  33.3 wt% 

(20 wt% average) water, which ac t s  as t h e  adhesive f o r  t h e  complexed ox ides 

(Lea 1971). Concrete con ta ins  l e s s  water  (-5%) because o f  t h e  h i gh  volume of 

sand and g rave l  present.  

The compounds i n  cements a re  formed by t h e  i n t e r a c t i o n  d u r i n g  burn ing  of 

CaO, Si02, A1203, and Fe203 compounds. Al though t h e  percentages o f  these  com- 

pounds vary  g r e a t l y  among cement types (see Table 29),  when combined they  make 

up over  85% o f  each cement type.  Po r t l and  cement i s  composed o f  over 90% CaO, 

A1203, and Si02. O f  t h e  t h r e e  major ox ide  c o n s t i t u e n t s  i n  concrete,  bo th  CaO 

and A1203 lower  e l e c t r i c a l  c o n d u c t i v i t y  upon a d d i t i o n  t o  s o i l ,  w h i l e  SiOp does 

no t  (Stanek 1977). Concrete a1 so has a h i ghe r  s p e c i f i c  heat than  s o i  1  . As a 

r e s u l t ,  concrete may n o t  heat  q u i c k l y  enough t o  become complete ly  v i t r i f i e d  

d u r i n g  an ISV operat ion.  



TABLE 29. Composition o f  Various Cements 

Component 

CaO 

Si02 

2'3 

Fe203 

so3 
F eO 

S 

Composi t i on, w t %  

P o r t l  and Cement Other 

64.1 38 t o  65 

22 .O 5 t o  27 

5 05 3 t o  39 

3 .O 0 t o  13 

2 0 1  O t o  4 

0 O t o  4 

0 O t o  1 

(a) Includes Erz, Fe r ra r i ,  Kuhl, Por t land B las t  
Furnace, Eisen-Portland, Hochofen, Slag 
Supersul phated, and High A1 umi na cements 
(Lea 1971). 

To v e r i f y  t h e  a b i l i t y  o f  t h e  I S V  process t o  handle cement, ESLTs 14 and 15 

were conducted using re1 a t i  ve ly  1 arge concrete masses i n  t h e  so i  1. I n  t h e  

f i r s t  t e s t ,  a carbon s tee l  can encapsulated i n  concrete was v i t r i f i e d ,  wh i l e  i n  

t h e  second t e s t ,  two monoliths, one o f  concrete and t h e  other  o f  cement paste, 

were v i t r i f i e d  (see Table 30 f o r  t e s t  summaries). A f t e r  t h e  tes ts ,  a l l  o f  t h e  

concrete had been v i t r i f i e d  w i t h i n  the  blocks. Glass samples o f  t h e  f i r s t  con- 

c r e t e  I S V  t e s t  were analyzed and showed very uniform Ca d i s t r i b u t i o n  throughout 

the  glass melt .  

A t  ambient temperature, hardened P o r t l  and cement, w i t h  >20 wt% water, i s  

much more e l e c t r i c a l  l y  conduct ive than normal so i  1. As heat i s  generated i n  

and around t h e  concrete inc lus ion ,  i t  begins t o  expand as a r e s u l t  o f  t h e  the r -  

mal expansion c o e f f i c i e n t .  A t  temperatures above 100°C, t h e  expansion o f  t h e  

concrete paste and aggregate begins t o  be opposed by a con t rac t i on  mechanism as 

water i s  d r i ven  o f f .  A t  -300°C, con t rac t i on  due t o  water l oss  becomes greater  

than t h e  thermal expansion, and t h e  mater ia l  s t a r t s  shr ink ing,  w i t h  u l t i m a t e l y  

20.5% con t rac t i on  from the  o r i g i n a l  ambient dimensions (Harada e t  a l .  1972; .- 
Zoldners 1971). Th is  continues past 400 t o  450°C, where f ree  ca20H2 i s  dehy- 

drated. The p a r t  i a1 l y  dehydrated cement s t a r t s  expandi ng agai n a t  temperatures 



TABLE 30. Summary o f  Resu l ts  f rom Engi nee r i  ng-Scal e Laboratory  Tests 
Conta in ing  Concrete I n c l  u s i  ons 

Test  Parameter 

Power l i m i t ,  kW 

Cement mass, kg 

Cement loading,  wt% 

Metal mass, kg 

Metal load ing ,  wt% 

E l  ec t rode  spaci ng f r a c t i o n  
occupied by concrete,  Lm/Le 

To ta l  energy, kwh 

Average power, kW 

Mass s o l i d i f i e d ,  kg 

Energylmass, kWh/kg 

ESLT 14 

12 

4.9 

8.8 

0.16 

0.3 

0.44 

ESLT 15 

17 

exceeding 700°C. Because t h e  aggregate i s  c o n t i n u a l l y  expanding w h i l e  t h e  

cement pas te  i s  con t rac t i ng ,  severe c rack ing  occurs. As a r e s u l t ,  t h e  concre te  

s t r u c t u r e  i s  broken up i n t o  sma l le r  fragments which a re  be l i eved  t o  be un i -  

f o rm ly  d ispersed  throughout  t h e  g lass  by convect ion cur ren ts .  A1 though t h e  

r a t e  o f  complete dehydra t ion  i s  slow a t  534OC, complete dehydrat ion occurs 

q u i c k l y  a t  temperatures above 1090°C (Petersen 1966). The I S V  l a rge -sca le  sys- 

tem, as descr ibed  p rev ious l y ,  w i  11 accommodate these water releases. 

The e l e c t r i c a l  r e s i s t i v i t y  o f  t h e  mel ted s o i l  increases as t h e  cement i s  

me l ted  and becomes u n i f o r m l y  dispersed. Th i s  was observed d u r i n g  ESLT 14, i n  

which an 8.8% load ing  o f  concre te  i n  t h e  s o i l  r a i s e d  t h e  mol ten zone's e l e c t r i -  

c a l  r e s i s t i v i t y  s i g n i f i c a n t l y  (see F i g u r e  54). Because t h e  ISV ope ra t i ng  vo l -  

tage  depends i n  p a r t  on t h e  e l e c t r i c a l  r e s i s t i v i t y  o f  t h e  mol ten path and t h e  

d i s tance  between e l  ectrodes, an i ncrease i n e l e c t r i c a l  r e s i  s t i  v i  t y  caused by 

concre te  can be o f f s e t  by a corresponding decrease i n  e l e c t r o d e  spacing. A 
- decreased e lec t rode  spacing should be requ i red  o n l y  i f  t h e  cement i n c l u s i o n  i s  

a t  o r  near t h e  sur face  o f  t h e  waste s i t e .  I f  t h e  concre te  i s  encountered a f t e r  

t h e  m e l t  zone has grown, h i ghe r  vo l t age  taps  should be a v a i l a b l e  on t h e  power 

t rans fo rmer  t o  accommodate any increased r e s i s t i v i t y  caused by t h e  concrete.  



FIGURE 54. Ef fect  of Concrete Inc lus ions  on Mel t  Zone Resistance 

This increased r e s i s t i v i t y  o f  t he  molten zone may be compensated f o r  by a vo l -  

tage increase t o  one of t h e  previous vol tage taps. The power i n p u t  t o  t h e  mel t  

zone w i l l  not  be reduced. 

The volume o f  water vapor given o f f  dur ing  concrete dehydrat ion adds t o  

the  volume normally t rea ted  by t h e  I S V  of f -gas system. Figure 55 shows t h e  

requ i red  of f -gas capaci ty  f o r  various concrete and cement loadings. The graphs 

assume t h a t  t h e  s p e c i f i c  heats and mel t ing  ra tes  o f  s o i l ,  cement, and concrete 

are t h e  same. At most, even a 100% load ing o f  cement paste i n  a TRU s i t e  

increases requ i red  off-gas capac i t ies  by l ess  than a f a c t o r  o f  2. Concrete, - 

which i s  more common than cement paste, can on ly  increase of f -gas requirements 

by 10%. ". 

Large concrete s t ruc tu res  (e.g., t rench caps, c r i b s ,  l a r g e  i n d u s t r i a l  

waste boxes) are common i n  TRU waste s i t e s .  Concrete i s  more conduct ive than 





unmelted s o i l ;  however, an e l e c t r i c a l  s h o r t  i s  no t  p o s s i b l e  du r i ng  I S V  i f  t h e  

concrete occupies a l a r g e  p o r t i o n  o f  t h e  space between e lec t rodes  because t h e  

mol ten s o i l  i s  much more conduct ive than  concrete.  

The v i t r i f i c a t i o n  o f  ceramic m a t e r i a l s  i s  no t  expected t o  l i m i t  t h e  pro-  

cess s i g n i f i c a n t l y .  The h igh  m e l t i n g  p o i n t s  and r e f r a c t o r y  na tu re  o f  most cer-  

amics w i l l  p reven t  them f rom complete ly  m e l t i n g  o r  d i s s o l v i n g .  To determine 

t h e  degree o f  encapsu la t ion  i n  t h e  me l t ,  alumina and z i r c o n i a  b r i c k s  were 

i nc l uded  i n  PSFT 3. V isua l  i n s p e c t i o n  o f  t h e  g lass  a f t e r  v i t r i f i c a t i o n  

revea led  a h i g h  degree o f  ceramic encapsu la t ion  w i t h  minimal su r round ing  vo id  

space. 

Combust i b l  es 

Du r i ng  I S V  of a waste s i t e ,  any s o l i d  combust ib le  waste w i t h i n  t h e  s o i l  i s  

py ro lyzed  i n t o  combust ib le  gases a t  t h e  h i g h  temperatures o f  t h e  me l t .  The 

gases move upward th rough t h e  mol ten zone, expanding as they  a re  heated. Com- 

b u s t i o n  does no t  occur u n t i l  t h e  py ro lyzed  gases con tac t  a i r  a t  t h e  mo l ten  

s o i l ' s  su,rface, s i nce  on ly  l i m i t e d  supp l i es  o f  oxygen e x i s t  i n  t h e  s o i l  and t h e  

mol ten g l ass  i s  reduc ing  i n  nature.  Several  e f f e c t s  o f  these  gas re leases must 

be cons idered i n  e s t a b l i s h i n g  t h e  des ign o f  t h e  hood and o f f -gas  system: 

Gases c a r r y  w i t h  them t o  t h e  o f f - gas  system a p o r t i o n  o f  rad ionuc-  

1 i d e  elements assoc ia ted w i t h  t h e  com~busti b l  e waste. (Note t h a t  

o n l y  t h e  contaminants assoc ia ted  w i t h  t h e  combust ib les a re  a v a i l a b l e  

f o r  re lease-- those a l ready  i nco rpo ra ted  i n  t h e  m e l t  remain w i t h  t h e  

v i t r e o u s  mass .) 

The p r o t e c t i v e  c o l d  cap may break up as t h e  gases a re  released, 

i n c r e a s i n g  heat  losses and hood temperatures. 

Unburned combust ib le  gases which a r e  superheated i n  t h e  mo l ten  zone 

burn  i n  t h e  hood plenum, c r e a t i n g  h i g h  temperatures i n  t h e  hood and 

i n c r e a s i n g  t h e  heat  removal requirements o f  t h e  o f f -gas  system. 

The gas genera t ion  r a t e  o f  b u r i e d  combust ib les determines t h e  maxi- 

mum process ing  f l o w  ra te .  



The magnitude o f  these e f f e c t s  i s  d i r e c t l y  p ropor t iona l  t o  t h e  r a t e  a t  

which pyrolyzed gases are generated and re1 eased. Engineering- and p i  1 ot -scal  e 

t e s t s  have shown t h a t  combustible gas re lease i s  sporadic and may occur i n  a 

very shor t  t ime period. During ESLT 11, 0.2 kg o f  simulated combustible waste 

was placed i n s i d e  a metal can is ter .  Ac t i ve  surface combustion o f  t h e  pyrolyzed 

gases occurred over an 18 minute per iod  dur ing  t h e  12 hour t e s t .  Thus t h e  

re lease per iod  was only 2.5% o f  the  t o t a l  I S V  time. S i m i l a r  observations have 

been made dur ing  t h e  PSFTs. 

For example, PSFT 3 was conducted t o  evaluate I S V  performance w i t h  a 208 L 

(55 gal ) metal drum conta in ing  simulated combustible waste and soi 1 bur ied  

between electrodes. F i  gure 56 i 11 u s t  ra tes  t h e  simul ated waste drum p l  acement , 
and Table 31 gives t h e  waste composition. When t h e  molten s o i l  f i r s t  contacted 

t h e  waste drum, rap id  vent ing o f  pyrolyzed gases and carbonaceous p a r t i c u l a t e  

occurred f o r  N30 minutes. The off-gas p a r t i c l e  load ing was h igh dur ing  t h i s  

period, reaching 3600 mg/m3. Slower vent ings occurred a t  two other t imes l a t e r  

i n  t h e  t e s t ,  l a s t i n g  f o r  15 t o  30 minutes each. The I S V  process was operated 

f o r  38 hours; however, most py ro l ys i s  gas vent ing took place over a per iod  of 

about 1 hour (2.6% o f  t h e  t o t a l  I S V  t ime).  

3 The large-scale system capaci ty  of 104 s t d  m / m i  n i s  capable o f  conta in ing  

combustion gas e f f l u e n t s  from a v a r i e t y  o f  waste conf igurat ions.  Assuming an 

inverse exponential  release r a t e  o f  combustible gases over 30 minutes (based on 

engineering- and p i  l o t - s c a l e  t e s t s ) ,  t h e  1 arge-scale system i s  able t o  conta in 

gas re1 eased from combustible volumes, as shown i n  Figure 57, when molten soi 1 
3 contacts them. Pyrolyzed gases from combustible volumes as l a rge  as 0.9 m can 

be contained wi thout  l o s i n g  hood vacuum wh i le  c o n t i n u a l l y  supplying 20% excess 
3 combustion a i r .  Likewise, a combustible volume o f  >3 m would be contained 

before hood vacuum i s  l o s t  i f  combustion a i r  i s  not  supplied. The same of f -gas 

system i s  capable of conta in ing  t h e  gases generated from a vo id  volume o f  
3 4.3 m w i t h  a design f a c t o r  o f  2. This assumes t h e  gases are released uni -  

formly over a 5 second per iod as molten glass r a p i d l y  f i l l s  t h e  void volume 

(Figure 58). For homogeneous mixtures of combustibles and as l i t t l e  as 30 vol% 

so i  1, t he  1 arge-scale of f -gas system i s  capable of p rov id ing  20% excess combus- 

t i o n  a i r  and conta in ing  combustion gas from 3200 kg combustibles f o r  every 
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FIGURE 56. Simulated Waste Conf igura t ion  f o r  PSFT 3 



TABLE 31. Waste Drum Combustibles Content Dur ing PSFT 3 

Mater i  a1 

Paper 

PV C 

Polyethy lene 

Neopyrene 

Polypropylene 

Cotton 

Buna rubber 

Hydraul ic  o i l  

I o n  exchange r e s i n  

Tef 1 on 

TOTAL 

Wei ght, kg 
16.9 

Weight % 

44 00 

11.7 

11.7 

MOLTEN 
SOIL 

COMBUSTIBLE VOLUME 

FIGURE 57. Gas Release from a Combustible Volume 

meter o f  depth being v i t r i f i e d  per se t t i ng .  The pred ic ted  performance o f  t h e  

process under these types of cond i t ions  i s  a l so  based on a design f a c t o r  o f  2. 

Sealed Containers 

.* 
Gas may a l so  be released r a p i d l y  from a sealed conta iner  i n  s o i l  t h a t  i s  

being v i t r i f i e d .  Containers ho ld ing  combustibles can b u i l d  up pressure, and 



VOID VOLUME 

FIGURE 58. Gas Release from a Void Volume 
, . 

when they are  breached, re lease t h a t  pressure, w i t h  gases escaping t o  t h e  hood 

over a very sho r t  t ime per iod  (-2 seconds). 

I n  some cases a f t e r  the  conta iner  i s  breached, i t  may reseal i t s e l f .  As 

shown i n  F igure  59, the  impervious, fused s o i l  l a y e r  which borders the  v i t r e o u s  

s o i l  becomes sealed t o  the  metal conta iner .  Since the  me l t i ng  temperature o f  

most s t e e l s  i s  near 1400°C and t h e  temperature o f  t h e  p a r t i a l l y  fused zone i s  

l l O O ° C ,  t h e  metal conta iner  can prot rude i n t o  t h e  fused zone, t rapp ing  t h e  

gases i n s i d e  t h e  conta iner .  When enough pressure i s  b u i l t  up, it i s  pos tu la ted  

t h a t  t h e  fused zone cracks, re leas ing  gases i n t o  the  hood. 

Theore t ica l  gas releases have been ca lcu la ted  f o r  var ious geometries o f  

sealed metal conta iners t o  determine the  maximum gas re lease r a t e  a f t e r  t h e  

fused zone has been breached. Table 32 shows a greater  re lease r a t e  w i t h  a 

19 L (5  ga l )  bucket than w i t h  a 208 L (55 g a l )  drum. This i s  due t o  t h e  f a c t  

t h a t  a g reater  pressure i s  requ i red  t o  breach t h e  fused zone over t h e  narrower 

gap between t h e  metal s ides o f  a 19 L bucket, r e s u l t i n g  i n  a h igher  bu rs t  pres- 

sure and a greater  gas re lease rate.  

Sealed conta iners t h a t  do not  conta i  n  gas-generati ng combustibles can a1 so 

re lease gases r a p i d l y  when breached. During PSCT 1, a r a p i d  (2  t o  5 second) .. 
re lease o f  gases exceeding hood vacuum was observed on th ree  occasions from a 

19 L (5  ga l )  metal bucket conta in ing  60 kg o f  chemicals i n  n i t r a t e  form. 
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FIGURE 59. Gas Release from a Sealed Metal Conta iner  

TABLE 32. Gas Release Rates from a Sealed Metal Conta iner  

Bu rs t  Max. Gas 
Pressure, Releas5 Rate, 

Contai  ner  Dia, m atm s t d  m I m i n  

19 L (5  g a l )  bucket 0.27 2 5 64 

34 L (10 g a l )  bucket 0.27 25 64 

208 L (55 g a l )  bucket 0.56 6 35 

Conta iners  of m a t e r i a l  w i t h  a  h i gh  mo is tu re  con ten t  can a l s o  re lease  water  

vapor r a p i d l y .  The 220°C isotherm, which precedes t h e  v i t r e o u s  zone by -25 cm, 

can vapor ize  water  a t  25 atm pressure. The water  vapor, even i n  a  nonme ta l l i c  

con ta iner ,  can c r e a t e  a gas re lease  when breached comparable t o  those l i s t e d  i n  

Table 32. 

It should be noted, however, t h a t  t h e  maximum pos tu la ted  gas re lease  i s  
3  w e l l  w i t h i n  t h e  capac i t y  o f  t h e  l a rge -sca le  o f f - gas  system o f  104 s t d  m /min. 

Therefore,  as l ong  as t h e  combust ib le  o r  vo id  volumes i n s i d e  t h e  sealed con- 

t a i n e r s  meet t h e  c r i t e r i a  o u t l i n e d  i n  t h e  p rev ious  sec t ion ,  t h e  ISV process i s  

designed t o  accommodate such re1 eases. Even though sealed con ta i  ners  1  i m i  t t h e  

a p p l i c a b i l i t y  o f  t h e  p i l o t - s c a l e  o f f -gas  system, t h e i r  presence does n o t  hamper 

t h e  ope ra t i on  o f  t h e  1 arge-sca le system. 



Exp los ives  

The p a r t i a l  o r  f u l l  de tona t ion  o f  chemicals d u r i n g  ISV can r e s u l t  i n  t h e  

same undes i rab le  e f f e c t s  l i s t e d  i n  t h e  p rev ious  s e c t i o n  on combust ib les.  These 

e f f e c t s  may be more pronounced because t h e  chemical s t r u c t u r e s  o f  exp los ives ,  

which i n c l u d e  o x i d i z e r s ,  cause them t o  r e a c t  ve ry  r a p i d l y .  Exp los ives  may 

e x i s t  as i n c l u s i o n s  o r  homogeneous m ix tu res  w i t h i n  s o i l ,  as chemicals w i t h i n  a 

waste con ta iner ,  o r  as m i l i t a r y  ordnance i tems. The p r o b a b i l i t y  o f  b u r i e d  

m i l  i tary -g rade  exp los i ves  i n  TRU waste s i t e s  i s  ext remely  smal l  ; chemical mix- 

t u r e s  such as o rgan ics  and n i t r a t e s  a re  more l i k e l y .  

Cond i t i ons  t h a t  would n i t r a t e  o rgan i c  wastes such as c o t t o n  rags by n i t r i c  

a c i d  a re  very  u n l i k e l y  a t  a  waste s i t e .  To achieve a  s i g n i f i c a n t  degree of 

n i t r a t i o n ,  a  h y d r o p h i l i c  agent such as s u l f u r i c  a c i d  must be p resen t  s i nce  t h e  

f i n a l  degree o f  n i t r a t i o n  i s  s t r o n g l y  dependent on t h e  f i n a l  water  concentra- 

t i o n  e q u i l i b r i u m  (Chedin, T r i b o t ,  and Feneant 1948; Doree 1933; O t t  e t  a l .  

1947). Wi thout  such an agent, l e s s  than  o n e - t h i r d  o f  t h e  hydrox ide  s i t e s  on 

c o t t o n  can become n i t r a t e d ,  even when concentrated 72% n i t r i c  a c i d  i s  present.  

The b u r i a l  o f  m i l i t a r y  exp los ives  would be i n  v i o l a t i o n  o f  t h e  U.S. Army 

AMC Regu la t i on  Sa fe ty  Manual (US Army 1970), which s t a t e s  t h a t  c o l l e c t e d  

exp los i ves  and chemical wastes must no t  be disposed o f  by be ing  bur ied .  U.S. 

mi 1  i t a r y  o rgan i za t i ons  d ispose o f  su rp lus  exp los ives  by burning. Never the less,  

even thouyh i t  would be very poor p r a c t i c e  t o  bury su rp lus  b u l k  exp los i ves  w i t h  

r a d i o a c t i v e  waste, t h e  p o s s i b i l i t y  e x i s t s .  An a n a l y s i s  was performed t o  de te r -  

mine t h e  e f f e c t s  o f  ISV on exp los i ve  i n c l u s i o n s  and m ix tu res  w i t h i n  t h e  waste, 

u s i  ny m i  1  i tary -g rade  exp los ives  as wors t  case. D e s c r i p t i o n s  o f  these  expl  o- 

s i v e s  a r e  g iven  i n  M i l  i t a r y  Explos ives,  U.S. Army Manual TM 9-1300-214 (US 

Army 1967). 

The hazards assoc ia ted  w i t h  t h e  excavat ion,  t r a n s p o r t a t i o n ,  and i n c i n e r a -  

t i o n  o f  d r y  humus s o i l  contaminated w i t h  TNT and/or RDX have been assessed by 

K i  rshenbaum (1982). Exp los ive /so i  1  m ix tu res  were sub jec ted  t o  impact, f r i c -  

t i o n ,  e l e c t r o s t a t i c  shock, and f lame s e n s i t i v i t y  t e s t s .  Contaminated s o i l  mix- 

t u r e s  f rom t h e  Alabama Army Ammunition P l a n t ,  U m a t i l l a  Army Depot, Lou is iana  -- 

Army Ammunition P lan t ,  and Savannah Army Depot were a l s o  assessed. Kirshenbaum 

determined t h a t  s o i l  c o n t a i n i n g  up t o  25 wt% TNT and/or RDX can be excavated, 



t ranspor ted ,  and i n c i n e r a t e d  sa fe ly .  S o i l  c o n t a i n i n g  >10 wt% o f  t h e  exp los ives  

i s  t h e r m a l l y  r eac t i ve ,  which i n d i c a t e s  t h a t  such m ix tu res  unconf ined cou ld  burn  

when heated t o  175 t o  200°C. Th i s  would i n d i c a t e  t h a t  s o i l  c o n t a i n i n g  a homo- 

geneous d i s t r i b u t i o n  o f  >10 wt% up t o  25 w t %  exp los ives  w i l l  behave s i m i l a r l y  

t o  o t h e r  combust ib le  waste s i t e s  and can be v i t r i f i e d  sa fe ly .  

Explos ives can p a r t i a l l y  o r  f u l l y  detonate by t h r e e  mechanisms: 

1. s e l f - h e a t i n y  when h e l d  a t  o r  above a minimum c r i t i c a l  temperature 

f o r  a p e r i o d  o f  t i m e  

2. r a p i d  hea t i ng  o f  an encased o r  con f i ned  exp los i ve  

3. p r e s s u r i z a t i o n  caused by an impact o r  shock wave. 

The minimum c r i t i c a l  temperature f o r  de tona t ion  depends upon t h e  composi- 

t i o n ,  s i ze ,  and concent ra t ion  o f  an exp los ive .  As shown i n  F igu re  60, when t h e  

d iameter  o f  a s p e c i f i c  exp los i ve  increases, t h e  c r i t i c a l  temperature decreases 

(Dobratz 1981). D i l u t i o n  o f  an exp los i ve  w i t h  s o i l  w i l l  i nc rease  t h e  c r i t i c a l  

temperature o r  t h e  s i z e  o f  exp los i ve  requ i red  f o r  an exp los ion  a t  a g iven  temp- 

e ra tu re .  

High explos ives,  which i n c l u d e  ammonium n i t r a t e ,  ammonium pe rch lo ra te ,  

Composit ion A, Composit ion B, H-6, HMX, l e a d  azide, l ead  styphnate, NC, Pento- 

l i t e ,  PETN, p i c r i c  ac id ,  RDX, T e t r y l ,  and TNT, w i l l  decompose complete ly  a t  

temperatures <400°C (Dobratz 1981). A l l  these exp los ives  t y p i c a l l y  m e l t  80 t o  

200°C below t h e i  r decomposit ion temperatures. Du r i ng  ISV, so i  1 be1 ow t h e  

advancing mol ten zone i s  heated t o  100°C, where i t  remains u n t i l  a l l  mo i s tu re  

has evaporated (-2 hours).  Once dry ,  t h e  s o i l  heats  a t  a r a p i d  r a t e  o f  

-lO°C/min u n t i l  i t  fuses i n t o  t h e  mol ten zone. A t  t h i s  hea t i ng  ra te ,  exp los i ve  

i n c l u s i o n s  which a re  no t  con ta ined  would me1 t , soak i n t o  t h e  surrounding so i  1 , 
and decompose r a t h e r  than  s e l f - h e a t  t o  a de tona t ion .  Unmelted exp los ives  w i t h  

a c r i t i c a l  temperature o f  5100°C cou ld  detonate d u r i n g  t h e  t i m e  t h a t  t h e  s o i l  

mo i s tu re  i s  evaporat ing. Thus t h e  p r o b a b i l i t y  o f  a de tona t i on  w i t h i n  a d i s -  

posal  s i t e  i s  reduced s i g n i f i c a n t l y  i f  t h e  exp los i ve  has a c r i t i c a l  temperature 

>lOO°C. Even a moderately s t a b l e  exp los i ve  such as PETN w i l l  n o t  have a c r i t -  

i c a l  temperature as low as 100°C unless t h e  charge d iameter  i s  20.6 m. The 

probabi 1 i t y  o f  such an i n c l u s i o n  i s  smal l  . Contained exp los ives  1 ocated t o  t h e  
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FIGURE 60. The Effect of Charge Diameters on C r i t i c a l  Temperatures f o r  
Some Pure Explosives (Dobratz 1981) 

s ide  o f  t h e  ISV mel t  zone, however, could soak f o r  a s u f f i c i e n t  t ime above t h e  

c r i t i c a l  temperature t o  cause a detonation. 

O f f  gases produced from t h e  decomposition o r  detonat ion o f  explos ives such 

as TNT o r  HMX are not  t o x i c  because they are mostly N2, NOx, H20, Cop, and CO, 

which can be e a s i l y  t r e a t e d  by conventional of f -gas equipment. An a1 k a l i n e  

s o i l  w i l l  ac t  t o  absorb some o f  t h e  n i t r i c  oxides. The gas volume generated by .. 

TNT and HMX ranges from 0.65 t o  0.80 m3/kg o f  explosive. 



I n t a c t  ordnance i tems present a more ser ious  detonat ion p o t e n t i a l .  Bombs 

and s h e l l s  explode i n  a few minutes i n  a f u e l  f i r e ,  u s u a l l y  showing p a r t i a l ,  i f  

no t  f u l l ,  detonat ion. F u l l  o r  p a r t i a l  detonat ion o f  a  225 kg bomb i n  a shal low 

l and  b u r i a l  t r ench  would almost c e r t a i n l y  breach t h e  surface. For  an ISV s o i l  

hea t ing  r a t e  o f  10°C/mi n, a  h i  gh-i n t e g r i  t y  ordnance i t em would explode before 

t h e  s o i l  around i t was fused; there fo re ,  bo th  s o i l  p a r t i c l e s  and molten g lass  

would be e jec ted  from t h e  trench. Ordnance i tems t h a t  are touching o r  t h a t  are 

w i t h i n  a c r i t i c a l  d is tance apa r t  w i l l  a l so  undergo sympathetic detonat ion due 

t o  shock pressur iza t ion .  

A1 1 poss ib le  explos ives have not  been evaluated, so t h e  general sa fe t y  o f  

processing pure explos ives and exp los i ve /so i l  m ix tu res  by ISV has no t  been 

f u l  l y  resolved. Add i t i ona l  work i s  recommended t o  adequately address 1 i m i  t a -  

t i o n s  t o  v i t r i f y i n g  s o i l  which conta ins exp los ive  chemical mixtures. It can be 

stated,  however, t h a t  w i t hou t  proper precaut ions, ISV should no t  be app l i ed  t o  

s i t e s  which conta in  o r  have t h e  p o t e n t i a l  o f  con ta in ing  i n t a c t  ordnance items. 

To determine whether ordnance i tems are present,  a  h i s t o r i c a l  survey should be 

made o f  each s i t e ,  i n c l u d i n g  a search f o r  w r i t t e n  procedures cover ing d isposal  

p r a c t i c e s  du r i ng  t h e  t ime  t h a t  t h e  s i t e s  were i n  use. 

C r i t i c a l i t y  

Since ISV changes t h e  physica l  and chemical nature o f  the  waste, t he  

p o t e n t i a l  f o r  c r i t i c a l  i t y  was evaluated. Transuranic rad ionuc l  ides  which emi t  

neutrons may reach c r i t i c a l i t y  i f  they  are s u f f i c i e n t l y  concentrated o r  i f  t h e  

moderation p rope r t i es  o f  t h e  waste s i t e  become a l t e red .  

Transuranic elements capable o f  sus ta in ing  a nuclear  chain reac t i on  t h a t  

are common t o  waste s i t e s  are l i s t e d  i n  Table 33 w i t h  t h e i r  est imated s u b c r i t i -  

c a l  mass l i m i t s  (ANS 1975; ANS 1982; Clayton 1979). Table 34 shows t h e  radio-  

nuc l i de  content  o f  bu r i ed  and s to red  TRU waste a t  INEL. These values are 

approximate f o r  o the r  TRU waste s i t e s .  Since 2 3 9 ~ u  accounts f o r  t h e  grea tes t  

f r a c t i o n  o f  f i s s i o n a b l e  rad ionuc l ides  a t  TRU waste s i t e s ,  and a l s o  has one o f  

t h e  small e r  s u b c r i t i c a l  mass l i m i t s ,  t he  c r i t i c a l i t y  ana l ys i s  presented i n  t h i s  

sec t i on  i s  based on t h e  e f f e c t s  o f  ISV on t h i s  isotope. 



TABLE 33. Est imated S u b c r i t i c a l  Mass l i m i t s  f o r  Var ious Transuran ic  Nuc l ides  

~ a d i  onucl  l des( b, 
233u 

S u b c r i t i c a l  Mass ~ i m i t  . (a)  
kg  (as metal  ) 

Water S tee l  
Ref 1  e c t o r  Ref I e c t o r  

7  - - 

( a )  Assumes sphe r i ca l  geometr ies and op t ima l  modera- 
t i o n  (ANS 1975; ANS 1982; C lay ton  1979). 

( b )  Those found i n  s i g n i f i c a n t  q u a n t i t i e s  i n  TRU waste. 

TABLE 34. Rad ionuc l ide  Content o f  Bu r i ed  and R e t r i e v a b l e  TRU Waste a t  IN EL(^) 

TRU Bur ied  Waste 
Radi onucl  i des  9 - % 

233u 50 0 -01 

2 3 8 ~ u  31  0 .O1 

2 3 9 ~ u  345,000 89.4 

2 4 0 ~ u  24,300 6.29 

2 4 1 ~  u 1,620 0.42 

2 4 2 ~ u  5 0 0.01 

241~m 15,000 3.88 

244cm 0 0 

T o t a l  weight ,  g 386,000 

To ta l  volume, m 3  62,300 

TRU dens i t y ,  g/m3 6.20 

R e t r i e v a b l e  Waste 
% 9 - 

( a )  Emplaced as o f  12-31-77 (US DOE 1979). 



Moderation E f f e c t s  

An important  f a c t o r  a f f e c t i n g  the  c r i t i c a l i t y  p o t e n t i a l  o f  TRU waste 

trenches du r ing  I S V  i s  t h e  amount and degree o f  neutron-absorbing and neutron- 

r e f l e c t i n g  ma te r ia l  near t h e  f i s s i o n a b l e  mater ia l .  It i s  known t h a t  du r ing  ISV 

a t  l e a s t  f o u r  changes occur t h a t  might cause changes i n  t h e  neutron r e f l e c t i o n /  

absorp t ion  p rope r t i es  o f  t h e  waste s i t e :  

S o i l  dens i f i es  and becomes glass1 i ke. 

Organics and combustibles pyro lyze and are released from t h e  melt. 

Water evaporates out o f  t he  mel t  area. 

Metal me1 t s  and s e t t l e s  t o  t h e  bottom o f  t h e  mel t  zone, leav ing  

most of t h e  v i t r i f i e d  area f r e e  o f  metal. 

C r i t i c a l  l i m i t s  have been ca l cu la ted  f o r  Hanford s o i l  con ta in ing  Pu 

(Ridgway and Car te r  1972). These c a l c u l a t i o n s  were f o r  s o i l  w i t h  30 and 

40 vol% vo id  space conta in ing  Pu and water w i t h i n  t h e  void. The minimum c r i t i -  

ca l  mass i s  t h a t  mass o f  Pu requ i red  t o  reach a  c r i t i c a l  con f i gu ra t i on  under 

opt imal  condi t ions,  and i s  g rea ter  than t h e  s u b c r i t i c a l  mass l i m i t  discussed 

e a r l i e r .  The minimum c r i t i c a l  areal  concentrat ion i s  t h e  minimum Pu mass per 

u n i t  area i n  an i n f i n i t e  s lab  requ i red  t o  achieve c r i t i c a l i t y ,  assuming a  homo- 

geneous Pu d i s t r i b u t i o n  w i t h i n  a  s lab  o f  opt imal thickness. 

The minimum c r i t i c a l  mass f o r  Pu (97 w t %  2 3 9 p ~  and 3  wtg 2 4 0 p ~ )  i n  s o i l  

which i s  f u l l y  saturated w i t h  water i s  given i n  Table 35 f o r  var ious degrees o f  

re f l ec t i on .  Water-saturated s o i l  i s  assumed as a  worst case s ince t h e  minimum 

c r i t i c a l  mass i s  smal lest  when f u l l y  re f l ec ted .  A l l  o f  t he  minimum c r i t i c a l  
3  masses occur i n  t h e  Pu concentrat ion range o f  10 t o  20 kg/m . As a  conserva- 

t i v e  measure, t he  minimum c r i t i c a l  mass i n  Hanford s o i l  i s  assumed t o  be 

1.7 kg, t h e  value f o r  40% vo id  space and f u l l  water r e f l e c t i o n .  

The me l t i ng  process dur ing  I S V  a c t u a l l y  causes t h e  2 3 9 ~ u  minimum c r i t i c a l  

mass t o  increase because water i s  removed. Once t h e  moisture has evaporated, 

t he  minimum c r i t i c a l  mass increases t o  t h a t  of a  d ry  sphere o f  plutonium oxide. 

The s u b c r i t i c a l  l i m i t  f o r  an oxide sphere i s  10.2 kg Pu (11.5 kg as oxide). 

This va l  ue i s  f o r  water- ref  1  ected ox ide spheres a t  optimum condi t ions.  



TABLE 35. Minimum C r i t i c a l  Mass o f  Plutonium i n  Water- 
Saturated Soi 1 

M i  n i  mum C r i  t j c a l  
Mass, kg puta)  

30 Vo1% 40 Vol% 
Ref 1 ec t  i on S o i l  Void S o i l  Void 

Unref 1 ected 4.1 3 .O 

2.54 cm water 3.2 2.3 

F u l l  water r e f l e c t e d  2.4 1.7 

--- -- - - - 

(a)  97 wt% 2 3 9 ~ u  and 3 wt% 2 4 0 ~ u  (Ridsway and - - 
Car ter  1972). 

The minimum c r i t i c a l  areal  concentrat ion f o r  Pu i n  Hanford soi  1 i s  about 
2 2.9 kg/m f o r  f u l l  water r e f l e c t i o n .  The concentrat ion a t  which t h i s  occurs i s  

about 8 kg/m3 f o r  an i n f i n i t e  s lab about 36 cm th i ck .  A waste s i t e  should be - 
2 capable o f  v i t r i f i c a t i o n  i f  i t  has an areal  Pu concentrat ion o f  <1.0 kg/m (33% 

o f  t h e  2.9 kg/m2 c r i t i c a l  areal  concentrat ion)  w i t h  no mechanisms o f  l a t e r a l  

concentrat ion, o r  i f  i t contains a t o t a l  Pu mass ~ 0 . 6  kg (33% o f  t h e  1.7 kg 

minimum c r i t i c a l  mass). 

When f i s s i  1 e and organic materi  a1 s densi f y  p r i o r  t o  combusti b l  e decomposi- 

t i o n ,  t h e i r  p o t e n t i a l  f o r  c r i t i c a l i t y  increases. Plutonium has a smal ler  min i -  

mum c r i t i c a l  mass when moderated by mater i  a1 s w i t h  h igher  hydrogen dens i t i es  

than water. I n  p a r t i c u l a r ,  polyethylene as a moderator r e s u l t s  i n  a minimum 

c r i t i c a l  mass o f  0.36 kg (Thompson 1977). Both polyethylene and polypropylene 

are commonly discarded i n  TRU waste as bags, gloves, b o t t l e s ,  etc. Normal 

storage o f  these items r e s u l t s  i n  a low moderator dens i ty  i n  waste conta iners 

and packages. However, heat ing dur ing  I S V  may cause these mate r ia l s  t o  mel t  

and c o l l e c t  i n  a more dense form a t  t h e  bottom o f  t h e  waste container.  The 

p o t e n t i a l  r e s u l t  i s  a near-optimum d i s t r i b u t i o n  o f  Pu i n  the  organic moderator 

be fore  t h e  I S V  process can decompose these mate r ia l s  and d r i v e  o f f  t h e  hydro- 

gen. This phenomenon, although h i g h l y  u n l i k e l y ,  could occur a t  temperatures 

under 300°C. The minimum c r i t i c a l  areal  concentrat ion f o r  Pu decreases t o  
2 2.4 kg/m f o r  a polyethylene r e f l e c t e d  system. The safe I S V  opera t ing  l i m i t  



becomes 0.8 kg/m2 (33% o f  2.4 kg/m2) when 1 arge q u a n t i t i e s  o f  hydrogenated 

organics l i k e  polyethy lene are  present i n  drums o r  o ther  waste containers. 

Mechani sms f o r  P l  u ton i  um Concentrat ion 

Plutonium concentrat ion mechanisms become important  i f  the  areal  Pu con- 

cent r a t i  on 1 i m i  t s  1 i sted i n  t h e  prev ious sec t i on  are  exceeded. Several mechan- 

isms have been i d e n t i f i e d  f o r  evaluat ion:  

Various TRU radionucl  ides  i n  I S V  glass may become inso lub le ,  a l low- 

i n g  some f i ss ionab le  ma te r ia l  t o  s e t t l e  out o f  t h e  molten glass. 

Dense TRU oxide p a r t i c l e s  may s e t t l e  t o  t he  mel t  bottom. 

Reducing cond i t ions  i n  t h e  molten zone may reduce some f i s s i o n a b l e  

compounds t o  t h e i r  m e t a l l i c  s t a t e  and subsequently cause them t o  

s e t t l e  a t  t h e  mel t  bottom i n  a more concentrated form. 

Although Pu may en te r  t h e  waste s i t e  as a s u l f a t e ,  n i t r a t e ,  hydroxide, 

ha l ide ,  o r  carbonate, most Pu i n  TRU waste i s  converted t o  an ox ide du r ing  I S V  

heat ing  because plutonium oxides are  h i g h l y  s table.  Plutonium ( IV )  s i  1 i c a t e  i s  

a l so  very stable; e.g., i f  any plutonium oxide reac t i on  occurs du r ing  ISV ,  i t 

w i l l  be t o  incorpora te  t h e  Pu i n t o  t h e  s i l i c a t e  mat r ix .  

Reduction of Pu from t h e  oxide t o  t h e  m e t a l l i c  form du r ing  I S V  i s  not  

thermodynamically favorable. An examination o f  t h e  standard f r e e  energy o f  

format ion of var ious oxides as a func t i on  o f  temperature (F igure 61) shows t h a t  

both U and Pu are  h i g h l y  e l e c t r o p o s i t i v e  metals, w i t h  s t a b l e  ox ide forms. This  

i s  usua l l y  t h e  case w i t h  o ther  a c t i n i d e  elements as we l l .  Other major oxides 

i n  t h e  s o i l  ( i n c l u d i n g  Fe203, Si02, and A1203) a re  thermodynamically more 

1 i k e l y  t o  be reduced t o  t h e i  r elemental forms than plutonium oxide o r  uranium 

oxide. 

Based on known p l  u ton i  um oxide so l  ubi  1 i t i e s  i n  high-1 eve1 waste glasses, 

s o l u b i l i t y  l i m i t s  are no t  expected t o  be exceeded du r ing  I S V  o f  any TRU waste 

s i t e .  High-level waste glasses, which are very s i m i l a r  t o  I S V  glass, have 

recorded plutonium oxide so l  ub i  1 i t i e s  h igher  than 2% (Schef f l  e r  e t  a1 . 1977). 



TEMPERATURE, O C  . 

FIGURE 61. Standard Free Energy o f  Formation f o r  Various Metal Oxides 



This s o l u b i l i t y  l i m i t  i s  over 10 t imes greater  than t h e  h ighest  Pu concentra- 

t i o n  a t  any TRU contaminated s o i l  s i t e ,  w i t h  t h e  except ion o f  two o r  t h r e e  

reverse we1 1 s a t  Hanf ord. 

The thorough convect ive mix ing  which i s  c h a r a c t e r i s t i c  o f  I S V  i s  expected 

t o  d i l u t e  any zones o f  h igh  Pu concentrat ion,  f u r t h e r  reducing t h e  p o t e n t i a l  

f o r  a c r i t i c a l i t y .  This  was v e r i f i e d  i n  actual  I S V  t e s t s  where simulated waste 

ma te r ia l  was spiked w i t h  r a r e  ea r th  elements (Ce, La, and Nd), which are  

expected t o  behave s i m i l a r l y  t o  Pu. An example o f  a t y p i c a l  d i s t r i b u t i o n  pat- 

t e r n  has been provided i n  F igure  34. This sampling in fo rmat ion  i l l u s t r a t e s  

t h a t  Ce became un i fo rmly  d i s t r i b u t e d  l a t e r a l  l y  throughout t he  block. This  uni -  

form d i s t r i b u t i o n  o f  t h e  r a r e  ear ths suggests t h a t  ac t i n ides  such as Pu would 

no t  migrate. The d i s t r i b u t i o n  o f  Ce and o ther  elements a ids i n  d i s p e l l i n g  t h e  

concerns over s e l e c t i v e  m ig ra t i on  e f f e c t s .  

Concentrat ion by s e t t l i n g  o f  undissolved plutonium oxide dur ing  I S V  i s  

considered u n l i k e l y  f o r  two bas ic  reasons: 1 )  t h e  I S V  mel t  advances a t  a very 

slow ra te ,  (10 cm/h, so t h a t  any plutonium oxide i n  t h e  upper p a r t  o f  t h e  mel t  

w i l l  have a long t ime per iod  t o  d i sso l ve  be fore  i t could concentrate i n  s ig -  

n i f i c a n t  amounts w i t h  plutonium oxide deeper i n  t h e  waste s i t e ;  and 2) p lu to -  

nium oxide i s  t y p i c a l l y  a f i n e  powder, which, even i f  i t  were t o  remain undis- 

solved, w i  11 become thoroughly mixed w i t h i n  t h e  glass by st rong convect ive cur- 

rents. 

CONCLUSIONS 

Parameters which a f f e c t  t h e  I S V  process have been evaluated, i n c l u d i n g  

so i  1 p roper t ies ,  moisture content,  and waste inc lus ions .  Mathematical p red i  c- 

t i o n s  were made f o r  t h e  la rge-sca le  system a t  Hanford as we l l  as o ther  U.S. 

s i t e s  based on s o i l  proper ty  data. 

S o i l  p rope r t i es  from n ine  waste s i t e s  show l i t t l e  va r i a t i on .  S i t e s  from 

which s o i l s  were tes ted  inc lude Barnwell, South Carol ina; Hanford, Washington; 

INEL, Idaho; LANL, New Mexico; Maxey F la t s ,  Kentucky; NTS, Nevada; ORNL, Ten- 

nessee; She f f i e ld ,  I l l i n o i s ;  and West Val ley,  New York. The s o i l  p rope r t i es  

most important  t o  operat ion o f  t h e  I S V  process ( f u s i o n  temperature, s p e c i f i c  

heat, thermal conduct iv i ty ,  and e l e c t r i c a l  c o n d u c t i v i t y )  are s imi  1 a r  t o  those 



o f  Hanford s o i l s ,  which have been successfu l ly  v i t r i f i e d  dur ing  engineering- 

and p i l o t - s c a l e  tes ts .  No ISV l i m i t a t i o n s  have been i d e n t i f i e d  due t o  s o i l  

property  v a r i a t i o n s  f o r  t h e  soi  1 s tested. 

A mathematical model was developed t o  p r e d i c t  I S V  process performance f o r  

d i f f e r e n t  b u r i a l  s i t e  geometries and t o  a s s i s t  w i t h  scale-up from p i l o t  t o  

l a r g e  scale. The model p red ic t s  t h a t  a mel t  depth o f  from 10 m t o  over 15 m i s  

poss ib le  w i t h  a 3750 kW large-scale process, depending on heat losses. These 

depths are only poss ib le  a t  an e lec t rode separat ion of ~3.5 m. As e lec t rode 

separat ion i s  increased, t h e  mel t  depth becomes l i m i t e d  by sur face heat l oss  

area. A t  a  separat ion o f  6 m, t h e  a t t a i n a b l e  depth ranges from 4 m t o  10 m, 

again being dependent on t h e  heat losses. 

The model p red ic t s  t h a t  an increase i n  s o i l  moisture content above t h e  

water t a b l e  w i l l  not  reduce the  mel t  depth a t ta inab le ;  however, t h e  power 

requ i red  t o  v i t r i f y  the  s o i l  w i l l  increase. I f  the  v i t r i f i c a t i o n  zone i s  below 

t h e  water tab le ,  t h e  s o i l  must have a r e l a t i v e l y  h igh  permeabi l i ty ,  a l l ow ing  

water recharge before t h e  ISV depth l i m i t  i s  reduced s i g n i f i c a n t l y .  Model pre- 

d i c t i o n s  were made f o r  ORNL s o i l ,  assuming the  water t a b l e  i s  a t  ground l e v e l .  

The p red ic t i ons  show t h a t  s o i l  moisture l e v e l s  w i l l  not  l i m i t  t h e  I S V  depth a t  

ORNL, provided t h a t  areas o f  h igh  permeabi l i t y  are not below or  adjacent t o  t h e  

v i t r i  f i  c a t i o n  zone. Techniques are avai 1 able f o r  lower ing the  water tab1 e by 

pumping so t h a t  t h e  a t t a i n a b l e  depth could be increased. 

The e f f e c t s  on t h e  ISV process o f  bur ied  metals, cements, ceramics, com- 

b u s t i  b l  es, sealed containers, and explos ives have been analyzed. C r i t i c a l i t y  

l i m i t a t i o n s  were a l s o  addressed. Both mathematical modeling and engineering- 

sca le  t e s t i n g  p r e d i c t  t h a t  t h e  e f f e c t s  o f  metal i nc lus ions  w i l l  be i n s i g n i f i -  

cant  unless a f u l l  shor t  c i r c u i t  i s  approached. Dur ing t e s t i n g ,  the  metal 

l i m i t  was not  reached. A metal inc lus ion ,  accounting f o r  5% o f  t h e  f i n a l  b lock 

wei yht  and occupying 70% o f  t h e  d is tance between e l  ectrodes , was successful l y  

v i t r i f i e d .  The e lec t rode vol tage was reduced 21% compared t o  t h e  case when no 

metal was present; however, t h i s  was w i t h i n  t h e  c a p a b i l i t i e s  o f  t h e  power 

supply. The large-scale ISV power system w i l l  have 14 vol tage taps, which 

g ives t h e  system t h e  abi 1 i t y  t o  adapt t o  vol tage changes caused by metal i n c l  u- 

sions. 



I n  s i t u  v i t r i f i c a t i o n  o f  s o i l s  c o n t a i n i n g  concre te  o r  pure cement i n c l u -  

s ions  decreases e l e c t r i c a l  c o n d u c t i v i t y  o f  t h e  m e l t  zone and adds water  vapor 

t o  t h e  of f-gas system. The f l e x i b i l i t y  designed i n t o  t h e  la rge-sca le  power 

system compensates f o r  any c o n d u c t i v i t y  change r e s u l t i n g  from v i t r i f i c a t i o n  o f  
3  concre te  o r  cement. Wi th  a  des ign capac i t y  o f  104 s t d  m /min, t h e  l a rge -sca le  

o f  f -gas system wi 11 handl e  water vapor and a i  r i n l  eakage generated d u r i  ng 

v i t r i f i c a t i o n  o f  pure cement. 

Many o t h e r  nonme ta l l i c  ceramic m a t e r i a l s  do n o t  complete ly  me l t  o r  d i s -  

s o l v e  d u r i n g  ISV. Nevertheless, they  a re  e f f e c t i v e l y  encapsulated by t h e  g l ass  

and do n o t  p resen t  a  problem. 

B u r i e d  combust ib le  wastes pyro lyze,  move t o  t h e  m e l t  sur face,  and burn * 

d u r i n g  t h e  ISV process. Th i s  increases both gas volume and heat l o a d  t o  t h e  

o f f - gas  system. The 1  arge-scal  e  o f f -gas  system capac i t y  wi 11 a1 1  ow v i  t r i  f i ca- 

t i o n  o f  a  v a r i e t y  o f  waste con f i gu ra t i ons .  C a l c u l a t i o n s  show t h a t  combusti b l e  
3  3  packages up t o  0.9 m and v o i d  volumes up t o  4.3 m  can be processed w i t h o u t  

1  oss o f  hood vacuum. I f  corr~busti b l  es a re  d i  s t  r i  buted re1 a t i  v e l y  evenly  

th roughout  t h e  s o i  1  , t h e  o f f -gas  system i s  capable o f  handl i ng gases f rom s o i  1  

c o n t a i n i n g  3200 kg o f  combust ib les per  meter o f  depth. Th is  capac i t y  i n c l u d e s  

a d d i t i o n a l  a i r  added t o  t h e  hood t o  ma in ta i n  20% excess combustion a i r  and 

assumes t h a t  t h e  peak combustion r a t e  i s  t w i c e  t h e  average. 

Sealed con ta ine rs  can r a p i d l y  re lease  gas d u r i n g  ISV. However, t h e  maxi- 

mum pos tu la ted  gas re lease  i s  w e l l  w i t h i n  t h e  capac i t y  o f  t h e  l a rge -sca le  o f f -  

gas system. As l o n g  as t h e  combust ib le  and v o i d  volumes i n s i d e  t h e  sealed con- 
3  3  t a i  ner  a r e  w i t h i n  4.3 m and 0.9 m  , respec t i ve l y ,  t h e  ISV process i s  designed 

t o  accommodate such re1 eases. 

S o i l  c o n t a i n i n g  up t o  25 w t %  TNT and/or RDX can be i n c i n e r a t e d  s a f e l y  as 

l o n g  as t h e  m i x t u r e  i s  no t  conta ined (K i  rshenbaum 1982). A  conta ined exp los i ve  

ad jacen t  t o  an ISV m e l t  zone may p a r t i a l l y  detonate i f  i t  i s  heated and a l lowed 

t o  soak a t  i t s  c r i t i c a l  temperature.  A d d i t i o n a l  work i s  needed t o  determine 

t h e  ex ten t  o f  t h i s  p o t e n t i a l  l i m i t a t i o n .  I n t a c t  ordnance i tems can explode 

upon r a p i d  hea t i ng  and should n o t  be processed by ISV. F u r t h e r  s tudy i s  

r e q u i r e d  t o  b e t t e r  d e f i n e  t h e  types  o f  exp los ives  l i k e l y  t o  be present  a t  TRU 

waste s i t e s  and t h e  c o n d i t i o n s  under which those  m a t e r i a l s  can detonate.  



I n  s i t u  v i t r i f i c a t i o n  changes t h e  geometry and moderation c h a r a c t e r i s t i c s  

of a  b u r i a l  s i t e .  When f i s s i o n a b l e  ma te r ia l s  are present i n  t h e  s i t e ,  t h e  

changes may a f fec t  c r i t i c a l i t y  p o t e n t i a l  (keffective ) w i thout  changing f i s s i o n -  

able ma te r ia l  content. 

The study o f  t he  e f f e c t s  o f  I S V  on t h e  c r i t i c a l i t y  p o t e n t i a l  o f  var ious 

TRU waste s i t e s  i nd i ca tes  t h e  fo l lowing:  

No c r e d i b l e  concentrat ion mechanism f o r  2 3 9 ~ u  o r  any o ther  f i s s i o n -  

able nuc le i  has been i d e n t i f i e d .  

As long as a  waste s i t e  t o  be v i t r i f i e d  has a  t o t a l  Pu mass C0.6 kg 

o r  an area l  concentrat ion ~ 1 . 0  kg/m2, i t should be able t o  be s a f e l y  

s t a b i l i z e d  by ISV. For sa fe ty  reasons, these l i m i t s  are se t  a t  33% 

o f  t h e  minimum c r i t i c a l  values. 

When l a r g e  q u a n t i t i e s  o f  hydrogenated organic ma te r ia l s  such as 

polyethylene are present w i t h  Pu i n  waste drums o r  o ther  h igh  i n teg -  

r i  t y  containers, t h e  areal concentrat ion 1  i m i  t i s  reduced s l  i gh t l y ,  

t o  0.8 kg/m2. 
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ECONOMIC ANALYSIS 

Th is  s e c t i o n  presents  an economic ana l ys i s  o f  I S V  based on 12 poss ib l e  

c o n f i g u r a t i o n s  f o r  p i  l o t -  and l a rge -sca le  systems. The f i  r s t  s i x  con f i gu ra -  

t i  ons were eval  uated based on a  r a d i  o a c t i  ve s i t e  appl i c a t i  on, f ede ra l  govern- 

ment ownership, and a  s i t e  w i t h  a  contaminated zone hav ing t h e  dimensions o f  

90 m l o n g  x  30 m wide x  5 m deep. These c o n f i g u r a t i o n s  represent  a  range o f  

f e a s i b l e  a p p l i c a t i o n s  f o r  t h i s  waste s o l i d i f i c a t i o n  process. With t h e  excep- 

t i o n  o f  con f i gu ra t i on  1, which i s  a  p i l o t - s c a l e  system, t h e  c o n f i g u r a t i o n s  a re  

cha rac te r i zed  based on 1  arge-scal e  appl i c a t i o n .  Other c o n f i g u r a t i o n  desc r i  p- 

t o r s  i n c l u d e  l o c a t i o n  (Hanford o r  gener ic  s i t e ) ,  power base ( l o c a l  o r  

p o r t a b l e ) ,  expected heat l o s s  (average o r  h i gh ) ,  and manpower l e v e l  (average o r  

above average). The f i r s t  s i x  con f i gu ra t i ons  a re  summarized i n  Table 36. A  

second s e t  of s i x  c o n f i g u r a t i o n s  ( 7  through 12) was a l s o  evaluated based on 

v i t r i f y i n g  a  gener ic  waste t r e n c h  l o c a t e d  a t  Hanford and a s i t e  i n  t h e  eas te rn  

U.S. Th i s  second s e t  of con f i gu ra t i ons ,  eva lua ted  f o r  comparison w i t h  t h e  

f i r s t ,  w i l l  be discussed l a t e r  i n  t h i s  sect ion.  

A f t e r  i d e n t i f y i n g  t h e  s i x  c o n f i g u r a t i o n s  o f  ISV i nc l uded  i n  t h i s  study, i t  

i s  necessary t o  more s p e c i f i c a l l y  d e f i n e  t h e  c o s t  c o n t r i b u t o r s .  The cos t  

a n a l y s i s  was broken down i n t o  s i t e  a c t i v i t i e s ,  equipment requirements, opera- 

t i  ons, and consumable suppl i es. I n d i  v i dua l  components o f  these ca tegor ies  

TABLE 36. Desc r i p t i ons  o f  S i x  Con f i gu ra t i ons  f o r  ISV o f  TRU 
Contami nated Soi 1  

Manpower Number Run Time 
Con f i gu ra t i on  Scale S i t e  Power Heat Loss Level  o f  Sets Per Set, h 

1 P i l o t  Hanford Local  Average Average 300 220 

2  Large Hanford Local Hi gh Average 48 120 

3  Large Hanford Local  Average Average 48 90 

4 Large Hanford Local  Average Above Avg. 48 9  0  

5 Large Generic Local  Average Average 48 90 

6  Large Generic Po r tab le  Average Average 48 9 0  



are l i s t e d  i n  Table 37 and are described i n  t h e  f o l l o w i n g  sect ions. Some of the  

components are not  inc luded i n  the  cost  o f  every conf igura t ion .  (a )  

The sec t ion  f o l l  owing t h e  cost  component descr i  p t i  on d i  scusses the  f inanc ing 

consequences associated w i t h  federal  ownership o f  I S V  equipment. The next  

TABLE 37. Major Cont r ibu tors  t o  I S V  Costs 

S i t e  A c t i v i t i e s  Equipment 

Transport ing equipment t o  and from s i t e  Power 

C l  e a r i  ng veye ta t i  on Portable generator 
Power 1 i nes 

Rough grading Substat ion 
Power cab1 es 

Removing overburden 
Mechanical 

Acqui r i n g  and app ly i  ng back f i  11 mater i  a1 
El e c t  rode frame and hood 
D r i  11 i ng machinery 

Operations Crane 
Front-end loader 

Process preparat ions 
Off-Gas and moni to r ing  

D r i  11 holes and p l  ace e lectrodes 
Spread g raph i te  s t a r t e r  mater ia l  Off-gas treatment system 
P o s i t i o n  frame and hood, secure e lectrodes Radi a t i  on and o f  f-gas 
Connect power cables and of f -gas l i n e  monitors/alarms 
V i t r i f y  
Disconnect power cables and of f -gas l i n e  
Remove frame and hood Consumable Suppl i es 
B a c k f i l l  v i t r i f i e d  area 
Move power cables along l i n e s  Electrodes 

Processing Fuel 

Off-gas treatment system a E l e c t r i c i t y  
Power system 
Radiat ion o r  t o x i c  chemical moni t o r i  ng 
Me1 t v e r i f i c a t i o n  
O f  f-gas waste d i  sposal 

( a )  For example, each con f igu ra t i on  would requ i re  e i t h e r  power l i n e s  from 
t h e  nearest source o r  a por tab le  generator, but  not  both. 



sec t i on  presents cos t  est imates associated w i t h  implementing each o f  t h e  s i x  

conf igura t ions .  The costs are summarized i n  t h e  t e x t  and compared i n  t a b l e  form. 

SITE ACTIVITIES 

S i t e  a c t i v i t i e s  inc lude t r a n s p o r t i n g  equipment t o  and from the  s i t e ,  c l ea r -  

i n g  vegetat ion, grading t h e  ground, removing overburden, and acqu i r ing  and apply- 

i n g  b a c k f i l l  ma te r i a l  as needed (Table 37). Soi 1 sampl i ng, we l l  logging, and 

o ther  a c t i v i t i e s  associated w i t h  s i t e  cha rac te r i za t i on  have been excluded from 

t h i s  ana lys is  because o f  expected s i m i l a r i t i e s  i n  cos t  regardless o f  t h e  s t a b i l i -  

z a t i o n  a l t e r n a t i v e  employed. Otherwise, t h e  cos ts  developed here represent t h e  

f u l l  cost  o f  v i t r i f i c a t i o n .  

Each o f  t h e  s i x  con f i gu ra t i ons  was analyzed on t h e  basis  t h a t  no overburden 

was removed. I f  overburden could be removed sa fe ly ,  i t would always be advanta- 

geous t o  do so from a cost  standpoint.  For example, removal o f  t h e  t o p  meter 

from a 2700 m2 s i t e  would cost  l ess  than $10,000, compared t o  t h e  hundreds o f  

thousands o f  d o l l a r s  needed f o r  l abo r  and power charges t o  v i t r i f y  t h e  same area 

t o  a 1 m depth. I n  shor t ,  s i t e  a c t i v i t y  costs w i l l  be i n s i g n i f i c a n t  when com- 

pared t o  labor ,  consumable suppl ies, and equipment f o r  t h e  m a j o r i t y  o f  p o t e n t i a l  

I S V  app l ica t ions .  

EQUIPMENT REQUIREMENTS 

Data on equipment requirements were acquired from vendors and cost  est imat- 

i ng manuals (Means 1980; Guthr ie  1974) where possib le.  Other equipment requi  re- 

ments were est imated based on sca l i ng  up from smal ler  sizes. A l l  costs were 

adjusted t o  1982 do l l a rs .  

E l e c t r i c a l  equipment requirements are 1 arge ly  determined by vo l tage and cur- 

ren t  needs. Increased cur ren t  requ i res  l a r g e r  conductors, whereas increased vo l -  

tage requi res more i nsu la t i on .  A t  t h e  h igh  (>lo00 A) l e v e l  o f  cu r ren t  requ i red  

f o r  I S V ,  power cables become ra the r  l a r g e  (-4 cm d i a ) ,  p rec lud ing  t h e i r  cos t  

e f fec t iveness  as a power l i n e .  For t h i s  reason both t h e  pr imary power l i n e  

(200 m from nearest 13.8 kV power source) and secondary power l i n e  (90 m, pa ra l -  

l e l i n g  t h e  v i t r i f i c a t i o n  s i t e )  were assumed t o  c a r r y  13.8 kV power. Power l i n e s  

are more conducive t o  t h e  t ranspor t  o f  h igh-vol tage power, because separat ion i n  



space f u l f i l  1s p a r t  o f  t h e  i n s u l a t i o n  requirements. High-voltage t ransmiss ion 

1  ines  are a l so  more e f f i c i e n t .  Substat ion ( t rans former )  costs a re  s i m i l a r l y  

a f f e c t e d  by vo l tage and current .  Here, t h e  product o f  v o l t s  m u l t i p l i e d  by amps, 

o r  power, i s  t h e  p r i n c i p a l  c o s t - c o n t r o l l i n g  fac to r ,  ra the r  than e i t h e r  vo l tage o r  - 

current .  

Power equipment requirements and the  r e s u l t i n g  costs were est imated based on 

t h e  above i n fo rma t ion  and data acquired from t h e  f o l l o w i n g  sources. The cost  o f  

a  3 MW po r tab le  generator was obtained from OIBrien Machinery CO.,(~) and power 

cab l i ny  cost  data were acquired from t h e  Phelps-Dodge Co. (b )  Power l i n e  and sub- 

s t a t i o n  cos ts  were developed based on u n i t  cos t  and s c a l i n g  data from Means 

(1980) and Guthr ie  (1974). 

Three pieces o f  heavy equipment a re  necessary f o r  I S V  operat ions:  a  d r i l l -  

i n y  o r  augering machine f o r  p lac ing  the  e lect rodes i n  t h e  ground, a  crane f o r  

t r a n s p o r t i n g  t h e  e lec t rode frame and hood from one set  t o  t h e  next,  and a  f r o n t -  

end loader  f o r  b a c k f i l l i n g .  Considerat ion was given t o  the  quest ion o f  r e n t i n g  

r a t h e r  than buying t h e  equipment. Given t h e  length  o f  t h e  p r o j e c t s  (9 months t o  

10 years)  and the  cost  o f  r e n t i n y  these types o f  equipment ( t y p i c a l l y  several  

hundred d o l l a r s  per  day), t h e  choice was made t o  purchase these th ree  pieces o f  

equipment. Heavy equipment costs are based on cost  est imates provided by Highway 

Equipment CO. ,(') Coast Crane CO. and Caterpi  11 a r  Equipment , Inc. ( 4  

Both power equipment and heavy equipment costs a re  i temized i n  Table 38 f o r  

p i l o t -  and la rge-sca le  systems. The power l ine cost  i s  t h e  same f o r  t he  two sys- 

tems because both r e q u i r e  powerl ines o f  t h e  same leng th  and voltage. 

(a )  Telephone conversat ion between D. R. Brown, P a c i f i c  Northwest Laboratory, 
and personnel a t  0 '  B r i  en Machi nery Co., November 1982. 

(b )  Telephone conversat ion between S. A. Weakley, P a c i f i c  Northwest Laboratory, - C  1 
and D. Nelson, Phelps Dodge representat ive,  December 1982. 1 

( c )  Telephone conversat ion between S. A. Weakley , P a c i f i c  Northwest Laboratory, -* 1 
and personnel a t  Highway Equipment Co., October 1979. : 1 

( d )  Telephone conversat ion between L. W. Long, P a c i f i c  Northwest Laboratory, 
and personnel a t  Coast Crane Co., A p r i l  1979. 

( e )  Telephone conversat ion between D. R. Brown, P a c i f i c  Northwest Laboratory, 
and personnel a t  Caterp i  1 l a r  Equipment Inc., December 1982. ' 1  



TABLE 38. Power Equipment and Heavy Equipment Costs fo r  t h e  P i l o t -  and 
Large-Scale Systems 

Cost, 1982 $ 
Equipment 

. . 
P i l o t  Scale Large Scale 

Portable generator(a) N I A  785,000 

Power 1  i nes 15,000 15,000 

Substat ion 7 5,000 150,000 

Power cab1 es 5,500 11,000 

D r i  11 i ng machinery 68,000 68,000 

Crane 56,000 74,000 

Front-end 1  oader 30,000 50,000 

(a )  The por tab le  generator i s  only used i n  conf igura t ion  6. 

S i m i l a r l y ,  t he  d r i l l i n g  machinery i s  t h e  same f o r  both systems since the  elec- 

t rode  s i z e  does not change. Substat ion and power cables scale according t o  power 

l e v e l  ; the  crane and front-end 1  oader scale according t o  t h e  e lectrode frame and 

hood s i z e  and backf i  11 i ng rate,  respect ive ly .  

Costs f o r  t he  p i l o t - s c a l e  of f -gas system p lus  e lec t rode frame and hood were 

quoted by equipment vendors and fab r i ca to rs  and inc lude d e l i v e r y  t o  PNL. Large- 

scale system cost estimates f o r  t h e  same equipment were developed by sca l i ng  up 

p i  1  ot -scal  e  costs according t o  changes i n  t h e  p r i  nc i  pal  design var iable,  off-gas 

f l ow  rate.  Off-gas equipment was broken down i n t o  f l ow  r e l a t e d  and instrumenta- 

t i o n  categories. Flow r e l a t e d  equipment costs, e.g., scrubbers, blowers, 

f i l t e r s ,  tanks, p ip ing,  etc., were scaled up based on i n d i v i d u a l  sca l i ng  f a c t o r s  

f o r  each equipment t ype  and t h e  change i n  capaci ty  ( f l o w  rate) .  Inst rumentat ion 

equipment costs were increased by a  s u b s t a n t i a l l y  smal ler  f r a c t i o n ,  s ince these 

equipment types are not  d i  r e c t l y  a f fec ted  by vol  umet r i  c  changes. 

Costs f o r  t h e  large-scale e lec t rode frame and hood were scaled up from t h e  

p i l o t - s c a l e  equipment i n  a  manner s i m i l a r  t o  t h a t  f o r  t he  of f -gas system. The 

t o t a l  f ab r i ca ted  cost  f o r  frame and hood was d i v ided  i n t o  mater ia l  and labo r  .. 
charges. Mater ia l  charges were adjusted by a  f a c t o r  o f  511.2 ( t h e  r a t i o  o f  

large-scale w id th  t o  p i l o t - s c a l e  width)  based on t h e  increase i n  frame s i z e  and 

requi  rements fo r  heavier gauge materi  a1 . Labor costs, p r i n c i p a l l y  f o r  weldi  ng 



and handling, were a l so  adjusted t o  r e f l e c t  t h e  increased s i z e  and gauge. O f f -  

gas system and of f -gas containment hood costs are  given i n  Table 39 f o r  both t h e  

p i  1  o t -  and 1  arge-scal e  systems. 

OPERATIONS 

Th is  sec t ion  describes the  manpower requi  rements r e s u l t i n g  from t h e  opera- 

t i o n s  associated w i t h  ISV. The labo r - i n tens i ve  nature o f  ISV makes t h e  assess- 

ment o f  manpower requirements and wage ra tes  a  c r i t i c a l  p a r t  o f  t h e  cost  analy- 

s is .  Process prepara t ion  and processing operat ions are analyzed. 

Process P r e ~ a r a t i  on 

The t ime requ i red  f o r  each s e t t i n g  o f  t h e  e lec t rode frame and hood i s  t h e  

sum o f  t h e  v i t r i f i c a t i o n  t ime t o  depth, p lus  t h e  cooldown period, p lus  t h e  t ime 

requ i red  t o  move t h e  of f -gas equipment t o  t h e  next set. Tota l  p r o j e c t  t ime i s  

equal t o  t h e  t ime  per se t  m u l t i p l i e d  by t h e  number o f  sets. The t ime per  se t  f o r  

t h e  p i l o t -  and large-scale systems i s  shown i n  Table 40. The number o f  se ts  

depends on t h e  dimensions o f  t h e  s i t e  t o  be v i t r i f i e d  and t h e  area v i t r i f i e d  per 

set.  This 1  a t t e r  c h a r a c t e r i s t i c  i s  a  func t i on  o f  e lec t rode spacing, v i  t r i  f i ca- 

t i o n  t ime per set, and acceptable allowances f o r  over lap between v i t r i f i e d  

blocks. Appropriate data f o r  determining t h e  t o t a l  number o f  sets f o r  each con- 
I 

f i g u r a t i o n  are  summarized i n  Table 41. I 

TABLE 39. Off-Gas System and Electrode Frame and Hood Costs f o r  t h e  P i l o t -  I 

and Large-Scale Systems I 

Cost, 1982 $ 
Component P i l o t  Scale Large Scale 

F l  ow-re1 ated 184,000 468,000 
o f f -gas  equipment 

Ins t rumenta t ion  f o r  
o f f -gas  equipment 188,000 328,000 

I n s t a l  1  a t i  on o f  
o f  f-gas equi pment 179,000 382,000 

Off-gas containment 
hood; cos t  per s i n g l e  
u n i t  , th ree  requi red 12,000 65,000 



TABLE 40. Time Requirements f o r  Each S e t t i n g  

P i l o t  Scale, Large Scale, 
5-mDepth, 5-mDepth, 

h/set  h /se t  

V i t r i f i c a t i o n  220 9 0 

Cool down per iod  4 16 

Moving equipment 2 .5 - 4 

Tot a1 226 .5 110 

TABLE 41. E l e c t  rode Spacing and V i t r i f i c a t i o n  Set t ings  

Parameter 

E l  e c t  rode spaci ng, m 

Separation between e lec-  
t rodes  o f  adjacent set ,  m 

Width v i t r i f i e d  per  set,  m 

Area t o  be v i t r i f i e d ,  m 

Set m a t r i x  

Number of s e t t i n g s  

P i l o t  Scale, 
5 m Depth 

1.0 

Large Scale, 
5 m Depth 

4.7 

Personnel f o r  process prepara t ion  (see Table 42) a re  requ i red  a t  scheduled 

i n t e r v a l s  (once per s e t t i n g  o f  t h e  of f -gas containment hood). Manpower requi  re-  

ments were est imated f o r  each o f  t he  process prepara t ion  a c t i v i t i e s  f o r  both 

p i l o t -  and large-scale systems. Despite t h e  d i f f e r e n c e  i n  equipment size, t h e  

manpower requirement was est imated t o  be t h e  same f o r  both systems. There are 

two major reasons f o r  t h i s .  F i r s t ,  t h e  p r i n c i p a l  a c t i v i t y  w i t h i n  t h i s  category, 

d r i l l i n g  and placement o f  electrodes, i s  i d e n t i c a l  f o r  each system; and second, 

work crews must o f t e n  be c a l l e d  out f o r  a minimum o f  4 hours, regardless o f  t h e  

l e n g t h  o f  t he  task. 

As a p r a c t i c a l  matter,  l o c a l  union r u l e s  may requ i re  several d i f f e r e n t  types 

o f  crews cover ing the  var ious c r a f t  j u r i s d i c t i o n s .  Each o f  these crews has a 

predetermined number o f  people associated w i t h  it. I n  l i g h t  o f  these fac ts ,  t h e  

economic ana lys is  inc ludes cons idera t ion  of both average and above-average l a b o r  

requirements. These est imates are summarized i n  Table 42. 



TABLE 42. Manpower Requirements f o r  Process Preparat ion 

Job Manpower Rate, man-hourslset 
C l a s s i f i c a t i o n  Average Above Average 

E l e c t r i c i a n  4 8 

Laborer 34 76 

Operator 19 4 2 

A manpower r a t e  was obtained f o r  each person invo lved i n  I S V  operat ions, 

w i t h  appropr iate d i f f e r e n t i a l s  allowed according t o  j ob  c lass  and s i t e  locat ion .  

Processi ng personnel were c l a s s i f i e d  as technic ians , r a d i a t i o n  monitors, o r  engi- 

neers. Process prepara t ion  personnel were c l  ass i  f i e d  as operators, e l e c t r i c i a n s ,  

1 aborers, o r  maintenance. Manpower ra tes  f o r  Hanford operat ions r e f l e c t  cur rent  

costs f o r  J. A.  ones(^) (process preparat ion operat ions p lus  s i t e  work) and PNL 

(processing operat ions)  personnel. The manpower ra tes  cover both d i  r e c t  and 

i ndi  r e c t  ( i n c l u d i n g  overhead) costs. Separate manpower ra tes  were developed f o r  
4- 

process preparat ions and s i t e  work personnel a t  t he  generic s i t e  (Means 1981). 

The lower gener ic -s i te  manpower ra tes  r e f l e c t  U.S. average direct-manpower costs. 

Processing operat ions manpower ra tes  do not  vary s i  gni f i c a n t l y  between Hanford 

and nat iona l  averages. The ra tes  f o r  a l l  o f  t he  l abo r  catagories, summarized i n  

Table 43, were adjusted t o  r e f l e c t  1982 costs. 

Processing 

Dur ing v i t r i f i c a t i o n  o f  rad ioac t i ve  wastes, i t  was est imated t h a t  one person 

would be requ i red  f o r  each o f  t he  f o u r  processing operat ions l i s t e d  i n  Table 37. 

These f o u r  people would be requ i red  f o r  various po r t i ons  o f  each day f o r  t h e  

du ra t i on  o f  t h e  v i t r i f i c a t i o n  program. The sub jec t i ve  nature o f  t h e  hour ly  need 

o f  a r a d i a t i o n  monitor again l e d  t o  t h e  i n c l u s i o n  o f  both a h igh  and low process- 

i n g  operat ions l abo r  estimate. The average and above average manpower requ i re-  

ments f o r  each p o s i t i o n  are o u t l i n e d  i n  Table 44 f o r  day, swing, and graveyard 

s h i f t s .  - 

(a )  Telephone conversat ion between D. R. Brown, P a c i f i c  Northwest Laboratory, 
and P. J. M i l l s ,  J. A. Jones Construct ion Co., November 1982. 



TABLE 43. Manpower Rates f o r  I n  S i t u  V i t r i f i c a t i o n  
( i  nc l  udes i nd i  r e c t  and overhead cos ts )  

Manpower Rate, 1982 $/h 
Hanford S i te ,  Generic Si te,  

Job C l  ass i  f i  c a t i  on Federal ownership Federal ownership 

E l e c t r i c i a n  46 -37 37 -51 

Engineer 45 .00 45 .00 

Laborer 38 -35 31 -03 

Operator 40 -56 32.81 

Rad ia t ion  moni tor  40 .OO 40 .OO 

Technician 40 -00 40 .OO 

TABLE 44. Labor Est imate f o r  Processing Operations a t  a Radioact ive S i t e  

Workers Per S h i f t  
To ta l  Man- Tota l  Man-hours/ 

Job C l  ass i  f i  c a t i  on Day Swing Graveyard Days/Day 100 h Set 

Enyi neer 1 0 0 1 36.7 

Maintenance 0.5 0 0 0.5 18.3 

Operator 2 2 2 6 220 

Radiat ion mon i to r (a )  0.5(1) 1 )  O.1(1) 0.7(3) 25.7 (110) 

To ta l  a.Z(l0.5) 300.7 (385) 

(a )  Values i n  parentheses represent h i  yh manpower est imate 
w i t h  f u l l t i m e  r a d i a t i o n  monitor.  

I n  a d d i t i o n  t o  the  manpower requirements and t h e i r  associated l abo r  charges, 

t h e  cost  o f  d isposing o f  l i q u i d  wastes c o l l e c t e d  i n  t he  of f -gas system must be 

included. Approximately 3028 L (800 yal  ) per la rge-sca le  s e t t i n g  and 757 L (200 

g a l )  per p i  l o t - s c a l e  s e t t i n g  must be disposed o f  a t  a cost  o f  $2.01/L 

($0.53/gal). This  r e s u l t s  i n  addl t i o n a l  charges o f  $20,350 ($1.51/rn3) and 
3 $31,800 ($2.36/m ) f o r  t h e  1 arge- and p i  1 o t -sca le  systems, respect i  ve l y  . 



Consumabl e  Su lp l  i es 

Consumable supp l i es  i nc l ude  e lec t rodes  and e l e c t r i c a l  power o r  f u e l .  The 

g r a p h i t e  e l ec t rodes  employed i n  t h e  v i t r i f i c a t i o n  process remain i n  t h e  ground 

and a re  no t  reused. The number o f  e l ec t rodes  requ i red  f o r  a  g iven  area i s  

d i r e c t l y  p r o p o r t i o n a l  t o  t h e  number o f  s e t s  o f  t h e  e l e c t r o d e  frame r e q u i r e d  t o  

complete v i t r i f i c a t i o n .  Cost da ta  f o r  y raph i  t e  e l ec t rodes  were ob ta ined  from 

bo th  Great Lakes and ~i r c o - ~ ~ e a r ( ~ )  companies . Cyl i n d r i  c a l  e l  e c t  rode 

c o s t s  a re  p r o p o r t i o n a l  t o  weight  ( o r  volume). I n  a d d i t i o n  t o  t h e  raw m a t e r i a l  

costs ,  t h e r e  a r e  a d d i t i o n a l  cos t s  f o r  machining t h e  e l e c t r o d e  tops  and j o i n i n g  

t h e  1.8 m  segments o f  l onge r  e l ec t rodes  w i t h  connectors.  

E l e c t r i c a l  power requ i  rements a r e  a  s i  gn i  f i cant  p o r t i o n  o f  t h e  o p e r a t i  ng 

cos t ,  whether l o c a l  o r  p o r t a b l e  power i s  used. Hanford power cos t s  rough ly  

$0.029/kWh, w h i l e  t h e  average n a t i o n a l  i n d u s t r i a l  r a t e  i s  $0.049/kWh. The mar- 

g i n a l  cos t  o f  power f rom t h e  p o r t a b l e  generator  a v a i l a b l e  f rom 0 '  B r i e n  Machinery 

i s  $0.0825/kWh, based on an e f f i c i e n c y  o f  0.28 L/kWh (0.075 gal/kWh) and a  f u e l  

c o s t  o f  $4.16/L ($ l . lO /ga l ) .  The power requirements f o r  t h e  s i x  c o n f i g u r a t i o n s  

a re  g iven  i n  Table 45. 

TABLE 45. Power Requirements f o r  ISV Con f i gu ra t i ons  1 Through 6 

Energy 
Con f i gu ra t i on  Requirement, kwh 

1 2.904 x  l o 7  

( a )  Telephone conversa t ion  between K. H. Oma, P a c i f i c  Northwest Laboratory ,  
and personnel a t  Great Lakes Carbon Co., March 1983. 

( b )  Telephone conversa t ion  between K. H. Oma, P a c i f i c  Northwest Laboratory ,  
and personnel a t  Airco-Spear Co., March 1983. 



F I NANCI NG 

Federal ownership was assumed f o r  operat ions a t  both Hanford and t h e  generic 

s i t e .  Financing a f f e c t s  t h e  c a p i t a l i z e d  o r  equipment p o r t i o n  o f  I S V  costs. The 

cos t  o f  c a p i t a l  equipment must be spread out  over i t s  usefu l  l i f e  ra the r  than 

a t t r i b u t i n g  purchased equipment costs t o  any s i n g l e  p r o j e c t  o r  year. Th is  

spreading of t h e  c a p i t a l  costs i s  e f f e c t i v e l y  hand1 ed by mu1 t i p l y i n g  c a p i t a l  

costs by t h e  f ixed-charge rate.  The f ixed-charge r a t e  i s  a  f r a c t i o n  which, when 

m u l t i p l i e d  by the  c a p i t a l  investment, represents t h e  c o n t r i b u t i o n  o f  c a p i t a l  

costs, income taxes, and o ther  miscellaneous costs and taxes t o  a  uni form 

annual ized c a p i t a l  cost.  The f ixed-charge r a t e  i s  a  func t i on  o f  t he  cost  of 

c a p i t a l ,  equipment l i f e ,  t a x  rates,  depreciat ion,  and t a x  c r e d i t  allowances. The 

f ixed-charge r a t e  r e s u l t i n g  from t h e  federa l  f i nanc ing  assumptions l i s t e d  i n  

Table 46 i s  0.145. 

The c a p i t a l  cost  per  cubic meter i s  ca l cu la ted  by d i v i d i n g  t h e  annual ized 

c a p i t a l  cost  by t h e  annual v i t r i f i c a t i o n  rate.  The annual v i t r i f i c a t i o n  r a t e  i s  

80% o f  t he  volume t h a t  would be v i t r i f i e d  i f  t h e  equipment were t o  operate 

24 hours a  day, 365 days a  year. The 20% d i f f e r e n c e  a l lows f o r  regu lar  main- 

tenance, unplanned shutdowns, and those per iods when t h e  equipment i s  between 

assigned operations. 

CONCLUSIONS 

The u n i t  cost ,  p r o d u c t i v i t y ,  and consumption data defined and developed i n  

t h e  prev ious sect ions were i n teg ra ted  t o  produce cost  est imates f o r  each o f  t he  

s i x  I S V  conf igura t ions .  These cost  est imates are shown i n  Table 47. 

TABLE 46. Federal Financing Assumptions 

Parameter Value 

Equipment l i f e ,  y r  10 

Cost o f  c a p i t a l ,  % 7 

Depreci a t  i on N/A 

Tax c r e d i t  N/A 

M i  scel  1  aneous costs, % 0.25 

Miscellaneous taxes, % 0  



TABLE 47. Cost Sumnary f o r  ISV Conf igurat ions 1 Through 6  
(based on v i t r i f y i n g  a  90 m x  30 m x  5  m deep s i t e )  

Cost, 1982 $/m3 o f  Soi 1  V i t r i f i e d  
Waste 

Conf igurat ion S i t e  Equipment Labor Disposal Elect rode -- Power To ta l  

1 2 87 609 2  9  6  6  2  858 

2  2  18 63 2  15 4  2  142 

3 2  14 51 2  15 3  2 116 

4  2  14 7  3 2  15 3  2 138 

5  1 14 50 2  15 53 135 

6 1 2 1 50 2  15 90 179 

The most s t r i k i n g  observat ion i s  the  economy-of-scale shown i n  the  compar- 

i son  o f  t he  p i l o t - s c a l e  system ( c o n f i g u r a t i o n  1)  t o  t he  la rge-sca le  system (con- 

f i g u r a t i o n s  2 through 6). V i t r i f i c a t i o n  cos t  decreases by a  f a c t o r  o f  6  as elec- 

t rode  spacing i s  increased from 1.0 t o  4.7 m. Increas ing  e lec t rode spacing 

sharply  decreases t h e  number of sets requ i red  t o  v i t r i f y  t h e  e n t i r e  s i t e  and 

s ince l abo r  and e lec t rode  costs are p ropo r t i ona l  t o  the  number o f  sets, these 

cos ts  a l so  drop sharply. The enhanced u t i l i z a t i o n  o f  t he  c a p i t a l  equipment a l so  

serves t o  p rov ide  economies-of-scale as the  annual v i t r i f i c a t i o n  capac i ty  

increases from 1390 t o  17,900 m31yr. For comparison, t he  charge f o r  low- level  

defense waste d isposal  a t  Hanford i s  $145/m5, and t h e  cost  o f  p lac ing  TRU waste 
3  i n  r e t r i e v a b l e  storage i s  $370/m . Por tab le  power i s  an expensive opt ion,  as 

shown by t h e  comparison o f  cases 5  and 6. Consumables ( f u e l  f o r  t h e  generator) 

become t h e  dominat ing cos t  and equipment costs a l so  r i s e  s u b s t a n t i a l l y  f o r  t h e  

po r tab le  power conf igura t ion .  F i n a l  reconci 1  i a t i  on o f  manpower requ i  rements 

between t h e  average (case 3 )  and above average (case 4) est imates w i l l  have a  

s i g n i f i c a n t ,  bu t  no t  dominating, cos t  e f f e c t .  

The cos t  f i g u r e s  presented i n  Table 47 were used t o  est imate t h e  t o t a l  cost  

f o r  v i t r i f y i n g  t h e  contaminated zone shown i n  F igure  62 f o r  t he  216-Z-1A s i t e  a t  . 
3  Hanford. V i t r i f y i n g  a  waste volume o f  2900 m w i t h  t h e  p i l o t - s c a l e  equipment 

would cos t  $2.5 m i  11 ion. If large-scale equipment were employed, t he  est imated - 
cos t  would be $340,000 based on the' cond i t ions  associated w i t h  c o n f i g u r a t i o n  3. 

I f  t h e  most conservat ive aspects o f  con f i gu ra t i ons  2  and 4  ( h i  yh heat l o s s  and 



Hanford S i t e  Eastern S i t e  

Trench dimensions (L x  W x  D )  (a )  1 5 0 x 1 5 x 7 . 5 m  1 5 0 x 1 5 x 7 . 5 m  
Contaminated zone dimensions ( L  x  W x  D) 151 x  16 x  8  m 152 x  17 x  8.5 m 
S o i l  moisture ( d r y  weight bases) 5% 25% 

FIGURE 62. Charac te r i s t i cs  o f  a  Generic Waste Trench 

( a )  These dimensions are t h e  same as described i n  Murphy and Ho l te r  (1980). 

above average l abo r )  were combined, the  cos t  could be $490,000, s t i  11 l ess  than 

20% o f  t h e  cost  f o r  p i l o t - s c a l e  v i t r i f i c a t i o n .  

The cost  o f  v i t r i f y i n g  a  waste t rench a t  Hanford was compared t o  the  cost  o f  

v i t r i f y i n g  a  t rench a t  a  federal  s i t e  i n  t he  eastern Uni ted States. The dimen- 

s ions of t h e  t rench are  t h e  same fo r  both l oca t i ons  and are shown i n  F igure  62. 

The dimensions o f  t he  contaminated zone t o  be v i t r i f i e d  were assumed t o  be 

an add i t i ona l  0.5 m on each s ide  of the  o r i g i n a l  t rench boundary f o r  the  s i t e  a t  

Hanford and an add i t i ona l  1.0 m on each s ide  f o r  a  s i t e  i n  t h e  eastern U.S. 

It was a l s o  assumed t h a t  t h e  s o i l  of t h e  eastern s i t e  has a  h igher  moisture con- 

t e n t .  Table 48 presents t h e  opera t ing  parameters f o r  a  large-scale I S V  process 

a t  both t h e  eastern and western s i t es .  
" 

D i f fe rences i n  costs among the  conf igura t ions  r e s u l t  from vary ing  t h e  

assumptions regarding s i t e  loca t ion ,  sur face heat loss,  and e lec t rode spacing 



TABLE 48. Operat ing Parameters f o r  a Large-Scale I S V  Process ( con f i gu ra t i ons  7 through 12) 

Heat 
C o n f i y u r a t i o n  S i t e  Loss 

7 West High 

8 West Average 

9 West Average 

10 East  High 

11 East  . Average 

12 East  Average 

E lec t r ode  
Spacing, m 

3.8 

3.8 

6.3 

4.1 

4.1 

6.8 

Separa t ion  
Between 

Adjacent  Sets, m 

1.5 

1.5 

1.7 

1.6 

1.6 

1.7 

Width V i t r i f i e d  
per  Set, m 

5.3 

5.3 

8 .O 

5.7 

5.7 

8.5 

Set 
M a t r i x  

3 x 29 

3 x 29 

2 x 20 

3 x 27 

3 x 27 

2 x 18 

Number 
o f  Sets  

87 

87 

40 

8 1 

8 1 

36 

Run Time 
p e r  Set, h 

210 

140 

430 

410 

230 

840 



(Table 49). S i t e  l o c a t i o n  i s  important  f o r  two reasons. E l e c t r i c a l  power i s  

l ess  c o s t l y  a t  Hanford than a t  t h e  eastern l oca t i on .  The dryness o f  western 

s o i l s  r e s u l t s  i n  an add i t i ona l  cos t  advantage over t h e  eastern s i t e ,  because less  

energy i s  needed t o  remove the  water dur ing  v i t r i f i c a t i o n .  Surface heat l oss  has 

an obvious e f f e c t  on t h e  t ime  (and thus cos t )  requ i red  t o  v i t r i f y  a  given volume 

o f  so i  1. Higher heat losses reduce v i t r i f i c a t i o n  e f f i c i ency  and requ i re  addi- 

t i o n a l  e l e c t r i c  power t o  complete t h e  me l t i ng  process. Elect rode spacing a l so  

has an e f f e c t  on cost. Increas ing  e lec t rode  spacing (compare conf igura t ions  8 

and 9, and 11 and 12) reduces the  number of sets by approximately a  f a c t o r  of 2, 

bu t  increases t h e  run t ime per  se t  by a  f a c t o r  between 3  and 4. 

The cost  of I S V  f o r  each of t h e  t rench conf igura t ions  i s  h igher  than f o r  a l l  
.- of t he  large-scale con f i gu ra t i ons  (2 through 6)  p rev ious ly  evaluated. Spec- 

3  i f i c a l l y ,  one might expect t h e  cos t  o f  con f i gu ra t i on  8  ($199/m ) t o  be c lose r  t o  

t h e  cost  f o r  con f i gu ra t i on  2  ($l16/m3), as described i n  Tables 36 and 37. Both 

con f i gu ra t i ons  are based on Hanford s i t e  cond i t ions  w i t h  an average heat loss. 

Three f a c t o r s  c o n t r i b u t e  t o  the  cost  d i f fe rence:  

The process e f f i c i e n c y  f o r  v i t r i f y i n g  t h e  deeper (7.5 m vs. 5.0 m) 

t rench s i t e  i s  lower (see F igure  46 f o r  i l l u s t r a t i o n  o f  t he  re la -  

t i o n s h i  p between e lec t rode spacing, depth, and run t ime). 

The c l o s e r  e lec t rode spacing requ i red  f o r  t he  t rench c o n f i g u r a t i o n  

r e s u l t s  i n  ex t ra  s e t t i n g s  o f  t he  of f -gas containment hood. 

TABLE 49. Cost Summary f o r  I S V  Trench Conf igurat ions 
7  through 12 

Cost, 1982 $/m3 o f  s o i l  v i t r i f i e d  
Waste 

Conf igura t ion  S i t e  Equipment Labor Di sposal Elect rode -- Power Tota l  

7  1 3 7  125 2  19 92 276 



I n  a  TRU contaminated s o i l  s i t e  (conf igurat ions 2 through 6 ) ,  t h e  

r a t i o  o f  t h e  waste v i t r i f i e d  t o  volume v i t r i f i e d  approaches 1. I n  a  

s p e c i f i c  conf igurat ion  such as a  t rench,  t h i s  r a t i o  decreases, 
3 increasing t h e  cost when viewed from t h e  standpoint o f  $/m o f  waste 

v i t r i f i e d .  
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i s  g iven  by Oma, Farnsworth, and Rusin (1982) .] Gibson (1982) has developed an 

empi r i c a l  re1 a t i o n s h i p  based on c o n d i t i o n s  a t  216-Z-1A t o  es t ima te  Pu m i g r a t i o n  

th rough Hanford s o i  1. 

The 216-Z-1A t i l e  f i e l d  was b u i l t  i n  1949. D e t a i l s  o f  t h e  t i l e  f i e l d  con- 

s t r u c t i o n  a re  shown i n  F i g u r e  63. The su r f ace  dimensions o f  t h e  t i l e  f i e l d  a re  

about 60 x  110 m. The s i d e  w a l l s  o f  t h e  5.8 m  deep excava t ion  were s loped 

inward, r e s u l t i n g  i n  f l o o r  dimensions o f  about 30 m  wide by 80 m  long. An 

e v a l u a t i o n  o f  a  contaminated zone t h a t  i s  5 t o  7.5 m wide by 90 m  l o n g  was made 

and represen ts  an accura te  es t ima t i on  o f  t h e  area requ i  r i n g  v i t r i f i c a t i o n  a t  

t h i s  p a r t i c u l a r  s i t e .  These dimensions a re  used t o  c a l c u l a t e  t h e  number o f  

s e t t i  ngs requ i  red  f o r  bo th  p i  1  o t -  and 1  arge-sca le systems. -. 

The t i l e - f i e l d  d i s t r i b u t i o n  system f o r  t h e  l i q u i d  waste i s  composed o f  

20 cm d i a  f i r e d  c l a y  p i p e  l a i d  ou t  i n  a  herr ingbone p a t t e r n  w i t h  a  79 m l o n g  

. - -  APPROXIMATE SLOPE 
-BACKFILL 

-POLYETHYLENE SHEET 

FIGURE 63. Cons t ruc t i on  o f  t h e  216-Z-1A T i l e  F i e l d  ( P r i c e  e t  a l .  1979) 
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P r i o r  t o  1970, TRU contaminated ma te r ia l  was disposed o f  by b u r i a l  as low- 

l e v e l  waste. The Nat ional  Academy o f  Sciences (NAS 1978) and others have found 

t h a t  r e t r i e v a l  o f  t h i s  waste f o r  d isposal  i n  a  geologic repos i to ry  can be more 

hazardous than d isposing t h i s  waste i n  place. The cu r ren t  approach embodies 

app ly ing  ISV i n  con junc t ion  w i t h  sur face b a r r i e r s  f o r  i n  s i t u  disposal o f  these 

wastes a t  Hanford. 

Current  i n  s i t u  disposal concepts being evaluated inc lude 1)  s o i l  and rock 

b a r r i e r s ,  2) concrete o r  asphal t  b a r r i e r s ,  3)  grout  i n j e c t i o n ,  and 4 )  i n  s i t u  

v i t r i f i c a t i o n .  These types o f  engineered b a r r i e r s  a re  designed t o  p r o t e c t  

against  na tu ra l  erosion, excessive water i n f i l t r a t i o n  through t h e  s i t e ,  p l a n t  

and/or animal i n t r u s i o n ,  and inadver ten t  human in t rus ion .  The most p o t e n t i a l l y  

s i g n i f i c a n t  o f  these mechanisms a t  Hanford and those f o r  which b a r r i e r s  a re  

being designed are  eros iona l  processes, animal and/or p l a n t  i n t r u s i o n ,  and 

inadver ten t  human i n t  r u s i  on. 

The general procedure f o r  per forming a  sa fe ty  ana lys is  o f  a  proposed oper- 

a t i o n  i s  t o  f i r s t  develop a  "source term," i.e. t he  q u a n t i t y  o f  ma te r i a l  a v a i l -  

ab le  f o r  re lease t o  t h e  human environment du r ing  normal cond i t ions  o r  acc i -  

dents; t o  secondly develop "exposure scenarios," which are  the  ways t h a t  people 

would poss ib l y  be exposed t o  t h e  sources; and f i n a l l y  t o  prepare dose e s t i -  

mates, which can then be r e l a t e d  t o  standards t o  g ive  a  q u a n t i t a t i v e  es t imate  

o f  t h e  sa fe ty  o f  t h e  operat ion. This  chapter presents the  r e s u l t s  o f  a  sa fe ty  

ana lys i s  o f  t h e  a p p l i c a t i o n  o f  I S V  t o  a  se lec ted  representa t ive  nuclear  waste 

s i t e ,  i n c l u d i n g  est imates o f  p o t e n t i a l  r a d i a t i o n  dose t o  workers and t h e  gen- 

e r a l  pub l ic .  The reference s i t e  (source term) i s  described, fo l lowed by an 

ana lys i s  o f  t h e  planned operat ions and t h e  s i t e  i n  i t s  f i n a l  s tate.  

SELECTION AND DESCRIPTION OF THE 216-Z-1A TILE FIELD 

The 216-Z-1A t i l e  f i e l d  a t  Hanford was chosen as the  reference s i t e  f o r  

ISV because i t i s  t h e  most h i g h l y  charac ter ized o f  t h e  f o u r  s i t e s  considered, 

as a  r e s u l t  o f  we l l  d r i l l i n g ,  moni tor ing,  and a n a l y t i c a l  programs (Kasper e t  

a l .  1979; P r i c e  e t  a l .  1979). [A d e s c r i p t i o n  o f  t y p i c a l  t i l e  f i e l d s  and c r i b s  



t r u n k  l i n e  and 7  p a i r s  o f  21 m l a t e r a l  sect ions.  The c l a y  d i s t r i b u t i o n  system 

l i e s  on t o p  o f  about 1 m o f  g rave l  and i s  i n  t u r n  covered by almost 2  m o f  
2  g rave l .  Th i s  l a y e r  o f  g rave l  i s  covered w i t h  3250 m o f  0-05 cm t h i c k  po lye th -  

y l e n e  shee t iny  t o  a c t  as an impermeable b a r r i e r .  

From 1949 t o  1959 t h e  216-Z-1A complex rece ived  over f low wastes from t h r e e  

ad jacent  c r i  bs--216-Z-1, 216-2-2, and 216-2-3 (F igu re  64). By 1959 t he  c r i b s  

were deac t i va ted  and t h e  216-Z-1A t i l e  f i e l d  was removed from s e r v i c e  u n t i l  

1964, when i t  was reopened t o  r ece i ve  aqueous and o rgan ic  waste from t h e  Pu 

rec lamat ion  f a c i l i t y  l oca ted  i n  Hanford 's  Z  P lan t .  The waste was re leased t o  

t h e  t i l e  f i e l d  i n  batches. Ca l cu la t i ons  suggest t h a t  t h e  volume o f  l i q u i d  d i s -  

posed a t  any one t ime was normal ly  no t  s u f f i c i e n t  t o  d i s t r i b u t e  through t h e  

e n t i r e  p i pe  system (Crawley 1969). As a  r e s u l t ,  t h e  waste en te red  t h e  sed i -  

ments w i t h i n  a  few meters o f  where i t  entered t h e  d i s t r i b u t i o n  system. 

To make e f f e c t i v e  use o f  t h e  t i l e  f i e l d ,  i t was d i v i d e d  i n t o  t h r e e  sec- 

t i o n s  (F igu re  64). Waste was d ischarged t o  t h e  head o f  t h e  A  sec t i on  from 1964 

t o  1966. I n  1966 t h e  A  s e c t i o n  was bypassed. A  5  cm s t a i n l e s s - s t e e l  p i pe  was 

p laced w i t h i n  t h e  c l a y  p i p e  (see F igu re  63) t o  change t h e  p o i n t  o f  d ischarge t o  

t h e  head o f  t h e  B sec t ion .  I n  1967 t h e  B  s e c t i o n  was bypassed us ing  a d d i t i o n a l  

s t a i n l e s s - s t e e l  p i p e  ( f o r  a  t o t a l  o f  53 m), and then  waste was d ischarged t o  

t h e  head o f  t h e  C sec t ion .  I n  1969 t h e  t i l e  f i e l d  was r e t i r e d  from serv ice .  

Rad ionuc l ide  Waste Form and I nven to rv  

From 1949 t o  1959 t h e  216-Z-1A complex rece ived  wastes o r i g i n a t i n g  f rom 

t h e  a n a l y t i c a l  and developmental 1  abo ra to r i es  and process opera t ions  a t  

Z P lan t .  The waste cons i s ted  p r i m a r i l y  o f  a d i l u t e ,  basic,  aqueous s o l u t i o n  

c o n t a i n i n g  Pu. About 50 g  of Pu i n  1 x  l o 6  L of aqueous waste reached t h e  216- 

Z-1A complex d u r i n g  t h i s  10 yea r  p e r i o d  ( P r i c e  e t  a1 . 1979)- Du r i ng  t h e  second 

p e r i o d  o f  a c t i v i t y  (1964 t o  1969), t h e  t i l e  f i e l d  rece ived  waste o r i g i n a t i n g  

f rom t h e  Pu rec lamat ion  f a c i l i t y .  The b u l k  o f  t h e  waste was a  concentrated 

aqueous s o l u t i o n  o f  n i t r a t e s  w i t h  an average pH o f  1-0.  The volume o f  waste 

rece ived  has been est imated a t  about 5.2 x  l o 6  L (see Table 50) of aqueous 

waste c o n t a i n i n g  about 57 kg o f  Pu. The i nven to ry  o f  waste d ischarged t o  t h e  

i n d i v i d u a l  sec t ions  o f  t h e  t i l e  f i e l d  i s  shown i n  Table 50. 





TABLE 50. Est imate o f  Waste Volume, Plutonium, and 
Americium Discharged t o  t h e  216-Z-1A T i l e  
F i e l d  (Kasper e t  a l .  1979) 

Sec t ion  Volume, L Pu, kg  Am, kg  

A 1.9 x l o 6  30 .O - - 
B 1.9 x l o 6  16.6 -- 
C 1.4 x l o 6  10.8 -- - 

Tot a1 5.2 x l o 6  57.4 l(a) 

( a )  Based on t h e  es t imated  e f f i c i e n c y  o f  t h e  
Am recovery process. 

We1 1 d r i  11 i ng, mon i to r ing ,  and a n a l y t i c a l  programming were conducted t o  

determine t h e  d i s t r i b u t i o n  o f  Pu beneath t h e  complex (Kasper e t  a l .  1979; P r i c e  

e t  a l .  1979). The da ta  generated f rom t h i s  e f f o r t  were used t o  cons t ruc t  

a c t i v i t y  p r o f i l e s  f o r  i n d i v i d u a l  we l l s .  Based on g r a v i m e t r i c  da ta  and t h e  

a c t i v i t y  p r o f i l e  ( P r i c e  e t  a l .  1979), c ross  sec t i ons  beneath t h e  t i l e  f i e l d  

revealed t h e  geology and t h e  d i s t r i b u t i o n  o f  t h e  TRU elements. F i gu re  65 shows 

a nor th-south c ross  s e c t i o n  and F igures  66, 67, and 68 show east-west cross 

sec t i ons  o f  t h e  combined Pu and Am a c t i v i t y  beneath t h e  c r i b  complex. 

P r i c e  e t  a l .  (1979) concluded t h a t  t h e  h i ghes t  concen t ra t ions  o f  Pu and Am 

(3.8 x nCi/g and 2.6 x l o 3  nCi/g of sediment, r e s p e c t i v e l y )  occur w i t h i n  

t h e  f i r s t  3 m o f  sediment beneath t h e  c e n t r a l  d i s t r i b u t i o n  pipe. The maximum 

v e r t i c a l  e x t e n t  of TRU a c t i v i t y  was found about 30 m below t h e  bottom o f  t h e  

t i l e  f i e l d  (which i s  s t i l l  25 m above t h e  reg iona l  water  t a b l e ) .  The da ta  a r e  

repo r ted  i n  P r i c e  e t  a l .  (1979) f o r  t h e  t e s t  w e l l  (299-W18-149) c o n t a i n i n g  t h e  

h i ghes t  concen t ra t i on  o f  Pu and Am as a f u n c t i o n  o f  depth. 

The f i s s i o n  products  present  i n  t h e  216-Z-1A t i l e  f i e l d  a re  6 0 ~ o ,  ' O S ~ ,  

l o 6 ~ u ,  and 1 3 7 ~ s .  The a c t i v i t i e s  o f  each o f  these  mater i  a1 s a re  c0.3 C i  . 
Chemical Waste Form 

Organic wastes c o n s i s t i n g  ma in ly  o f  carbon t e t r a c h l o r i d e  (CC1 4 )  and 

t r i b u t y l  phosphate (TBP) were d ischarged t o  216-Z-1A i n  an aqueous s o l u t i o n  

w i t h  an average pH o f  1.0 d u r i n g  t h e  5 year  p e r i o d  f rom 1964 t o  1969 
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FIGURE 66. D i s t r i b u t i o n  o f  To ta l  Transuranic  A c t i v i t y ,  East-West Cross 
Sec t ion  Through P o i n t s  A-A' (see F i g u r e  64) ( P r i c e  e t  a1 . 
1979) 

(Owens 1981). A d d i t i o n a l  nonrad ioac t i ve  e f f l u e n t  species and t h e i  r mol a r i  t i e s  

were 0.15 - M HN03, 0.2 - M AlF(N03)2, 0.3 - M Mg(N03)2, 0.2 - M Ca(N03)2, and 0.95 - M 

NaN03. 

Dur ing  v i t r i f i c a t i o n  o f  t h e  re fe rence  s i t e ,  t h e  proposed ISV a c t i v i t i e s  

would p l ace  workers i n  p r o x i m i t y  t o  r a d i  a t  i on f i e l d s  . M i  no r  atmospheric 

re leases o f  rad ionuc l  i d e s  would expose members o f  t h e  general  pub1 i c  t o  very  
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FIGURE 67. D i s t r i b u t i o n  o f  Tota l  Transuranic A c t i v i t y ,  East-West Cross 
Sect ion Through Points B-B' (see Figure 64) (P r i ce  e t  a l .  
1979) 

low l e v e l s  o f  rad ia t ion .  Accidents o r  unplanned events could f u r t h e r  expose 

both workers and t h e  pub l ic .  These cases are developed and examined i n  t h e  

f o l l o w i n g  sect ions. 

Normal Operations 

The source terms used f o r  c a l c u l a t i o n  o f  t h e  occupational and p u b l i c  expo- 

sures are based on 1) measurement o f  gaseous evo lu t i on  o f  elements dur ing  v i t -  

r i f i c a t i o n ,  2) c a p a b i l i t i e s  o f  t he  of f -gas system as present ly  designed, and 

3)  est imates of rad ionuc l ide  inventory  i n  t h e  waste s i t e .  
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FIGURE 68. D i s t r i b u t i o n  o f  To ta l  Transuranic  A c t i v i t y ,  East-West Cross 
Sec t ion  Through Po in t s  C-C'  (see F igu re  64) ( P r i c e  e t  a l .  
1979) 

Release r a t e s  f rom t h e  s o i l  d u r i n g  v i t r i f i c a t i o n  were es t imated  f rom pre- 

v i ous  I S V  f i e l d  t e s t s  (Oma, Farnsworth, and Rusin 1982). Rate cons tan ts  were 

developed f o r  t h r e e  p o s s i b l e  ope ra t i ng  cond i t i ons :  ope ra t i on  w i t h  a  c o l d  cap, 

ope ra t i on  w i t h o u t  a  c o l d  cap, and r a p i d  vent ing.  Release r a t e  f r a c t i o n s  f o r  

elements i n  t h e  s i t e  a r e  l i s t e d  i n  Table 51. Operat ion w i t h  a  c o l d  cap o f  s o l -  

i d i f i e d  s o i l  was assumed t o  occur du r i ng  75% o f  t h e  runs. Rout ine ope ra t i on  

w i t h o u t  a  c o l d  cap was assumed f o r  t h e  remaining 25%. Rate constants  f o r  vent-  

i n g  p e r t a i n  o n l y  t o  s i t e s  c o n t a i n i n g  combust ib les and were used o n l y  as a  bas i s  

f o r  r e l ease  i n  some o f  t h e  acc iden t  scenarios.  T o t a l  f r a c t i o n s  o f  m a t e r i a l  

re leased  i n  a  s i n g l e  run  were based on a  120 hour run  t ime. 



TABLE 51. Elemental F rac t i ons  Released Dur ing  V i t r i f i c a t i o n  
o f  t h e  216-Z-1A S i t e  

Element Wi th  Cold Cap, %/h Wi thout  Cold Cap, %/h Gas Venting, %(a )  

C o  (5 x  10- 3 (b )  5  0.58 avg; 1.2 max ( c >  

C s  (5 x  10- 30))  5  1.6 avg; 3.5 max ( 4  

S r 0  5  0.1 avg; 0.12 max(b) 

TRU 0  5  0.38 avg; 1.0 max ( c  

R u  0  0  

( a )  Percent o f  element assoc ia ted w i t h  combust ib les on ly .  
( b )  Release f r a c t i o n s  of 5  x  were used f o r  t h e  exposure ana l ys i s .  
( c )  Maximum gas ven t i ng  r a t e  was used f o r  c e r t a i n  acc iden ta l  r e l ease  

scenar i  0s. 

The c o l l e c t i o n  e f f i c i e n c y  o f  each component o f  t h e  o f f - gas  system was 

es t imated  f rom prev ious  t e s t s  and f rom manufacturers '  data.  Conse rva t i ve l y  

es t imated  decontaminat ion f a c t o r s  (DFs) f o r  each component a re  1  i s t e d  i n  

Table 52 f o r  t h e  elements present  i n  t h e  waste s i t e .  

The 216-Z-1A waste i nven to ry  as repo r ted  by Owens (1981) ( w i t h  s l i g h t  mod- 

i f i c a t i o n s )  p rov ided  t h e  bas i s  f o r  t h e  r a d i o n u c l i d e  source term. Table 53 

l i s t s  t h e  i s o t o p e  i nven to ry  f o r  t h e  e n t i r e  216-Z-1A waste s i t e  and f o r  t h e  

reg ion  v i t r i f i e d  d u r i n g  each run. For  purposes o f  ana lys is ,  t h e  waste inven-  

t o r y  was assumed t o  be concentrated a lony  t h e  waste d i s t r i b u t i o n  pipe, i n  a  

volume approx imate ly  90 m x  5  m x  4 m (see F igu re  69).  A h i g h l y  r a d i o a c t i v e  

zone (10 t imes  t h e  a c t i v i t y  o f  t h e  remain ing contaminated areas) was l o c a t e d  a t  

each o f  t h e  main d i s t r i b u t i o n  po in t s .  The concent ra t ions  o f  r a d i  onucl  i des  i n  

each of these  " h o t t e r "  zones are g iven  i n  Table 53, as a re  t h e  i n t e g r a t e d  120- 

hour re lease  f r a c t i o n s  f o r  ope ra t i on  w i t h  and w i t h o u t  a  c o l d  cap. A1 so g iven  

i n  t h i s  t a b l e  a r e  t h e  t o t a l  q u a n t i t i e s  re leased per  run (over  a  h o t  spo t ) .  The 

s e t  was assumed t o  have a  c o l d  cap d u r i n g  75% o f  t h e  run  and no c o l d  cap f o r  

t h e  remain ing 25%. The f r a c t i o n  re leased  d u r i n g  ven t i ng  was no t  used f o r  nor-  

mal o p e r a t i  on c a l c u l a t i o n s .  .. 



TABLE 52. Hood-to-Stack Decontaminat ion Fac to rs  f o r  t h e  Off-Gas 
Treatment System 

Component Cs o r  S r  TRU o r  Co 

Quench tower 10 10 

Hydro-Soni c scrubber 10 10 

Separator 1 1 

Tube and s h e l l  10 l o 2  
condenser 

Separator  1 1 

Heater 

HEPA f i l t e r  

TABLE 53. I n v e n t o r i e s  and Release F rac t i ons  f o r  120 h Runs 
a t  t h e  216-Z-1A S i t e  

F r a c t  i on F r a c t  i on Q u a n t i t y  
I nven to ry  Re1 eased: Re1 eased: Re1 eased f rom 

216-Z-1A With Without S o i l  Du i n  
Per ?zjy Cold Cap Radi onucl i de Inven to ry  C i Cold Cap set ,  c i  ray8)  

2 3 8 ~ u  1 . 8 x 1 0 1  4 . 3 x 1 o o  0 6.0 x 6.5 x 10-3 

2 3 9 ~ u  8.5 x l o 2  2 .O x l o 2  0 6.0 x 3.0 x 10-I 

z40P u 2.1 x l o 2  5.0 x 101 0 6.0 x 10-3 7.5 x 10-2 

( a )  I nven to ry  i s  f o r  one o f  t h r e e  "hot spots"; o t h e r  runs c o n t a i n  1/10 t h i s  
a c t i v i t y .  

( b )  Assumes runs had c o l d  cap 75% o f  t ime, no c o l d  cap 25% o f  t ime. 
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Occupat ional  Exposure Du r i ng  Rout ine Operat ions 

Occupat ional  doses f o r  r o u t i n e  opera t ions  were es t imated  f o r  a c t i v i t i e s  

o c c u r r i n g  d u r i n g  v i t r i f i c a t i o n  runs and d u r i n g  t h e  changeover p e r i o d  between 

runs. 

A c t i v i t i e s  du r i ng  t h e  run  f o r  which doses were c a l c u l a t e d  i n c l u d e  

1 )  observ ing  t h e  me l t ,  2 )  work ing i n  t h e  van c o n t a i n i n g  t h e  o f f -gas  system, and 

3 )  o t h e r  a c t i v i t i e s  t h a t  cause a  worker t o  be i n  t h e  v i c i n i t y  o f  t h e  s i t e .  

A c t i v i t i e s  d u r i n g  t h e  changeover p e r i o d  i n c l u d e  1 )  p l a c i n g  t h e  e lec t rodes ,  

2 )  p l a c i n g  t h e  hood, and 3 )  d r a i n i n g  and f l u s h i n g  t h e  of f-gas system scrub s o l -  

u t i o n  tanks. Worker l o c a t i o n s  and t ask  du ra t i ons  developed f o r  each a c t i v i t y  

a r e  l i s t e d  i n  Table 54. For  t h i s  ana lys is ,  p l a c i n g  t h e  e lec t rodes  inc ludes  

d r i l l i n g  t h e  ho les f o r  t h e  e lec t rodes ,  i n s e r t i n g  t h e  e lec t rodes ,  and spreading 

t h e  g r a p h i t e l f r i t  between t h e  e lec t rodes .  P l a c i n g  t h e  hood i nc l udes  moving t h e  

hood f rom one l o c a t i o n  t o  t h e  next ,  and hooking up and checking t h e  e l e c t r i c a l  

and o f f - gas  systems. D r a i n i n g  t h e  scrub tanks  takes 48 man-hours and i nc l udes  

TABLE 54. Occupat ional  Doses f o r  216-Z-1A V i t r i f i c a t i o n ,  
120 Hour Run, 15 Sets 

T o t a l  Occupa- 
To ta l  t i  onal Who1 e  

Number o f  Man-Hours Man- Body Dose, 
A c t i v i t y  Personnel pe r  Run Hours man- rem 

Overburden removal 1 - - 100 2  x  10-lo 

E lec t rode  emplacement 4  6  0  900 9  x  10'~ 

Hood placement 4  16 240 1 x  l o -8  
Observat ion o f  me l t  1 24 360 2  x  10-s 

Work i n  o f f -gas  van 1 30 450 5  x  

D r a i n i n g  o f  c o l l e c t i o n  tanks  1 48 7 20 7 l o e 4  
Work i n  s i t e  v i c i n i t y  1 120 1800 1 x  l o -8  
Background r a d i a t i o n ( a )  1 120 1800 1 x  l o - 2  

( a )  Background exposure r a t e  i n  uncontaminated area assumed t o  be 
7 pR/h. 



p repa r i ng  and f l u s h i n g  each tank  t h r e e  t imes. An a d d i t i o n a l  a c t i v i t y ,  removing 

overburden, was n o t  r equ i red  f o r  t h e  re ference s i t e  b u t  has been i n c l u d e d  i n  

t h i s  a n a l y s i s  o f  t h e  v i t r i f i c a t i o n  process. 

The ISOSHLD model (Engel, Greenborg, and Hendrickson 1966) was used t o  

c a l c u l a t e  t h e  doses f rom r o u t i n e  occupat iona l  a c t i v i t i e s .  The c a l c u l a t i o n s  

f u r t h e r  assumed t h a t  1 )  t h e  s i t e  would be covered by a  1 m l a y e r  o f  uncontamin- 

a ted  overburden and 2) t h e  e n t i  r e  s i t e  i n v e n t o r y  would be con ta ined  w i t h i n  t h e  

zone t o  be v i t r i f i e d ,  i .e., t h e  t o p  4  m  o f  waste. A l l  o f  t h e  r o u t i n e  doses 

es t imated  a r e  c o n t r i b u t e d  p r i m a r i l y  f rom 6 0 ~ o  and 137cs. 

The g r e a t e s t  occupat iona l  doses f o r  t h e  e n t i  r e  s i t e  r e s u l t  f rom e l e c t r o d e  

emplacement because o f  t h e  workers '  assumed p r o x i m i t y  t o  contaminated ma te r i  a1 s  

brought  t o  t h e  su r f ace  d u r i n g  h o l e - d r i l l i n g  f o r  t h e  e lec t rodes .  The maximum 

c o l l e c t i v e  dose i s  9  x  lo-' man-rem, w h i l e  t h e  maximum i n d i v i d u a l  dose i s  1 x  

10-' rem (see Table 54). Th is  dose i s  s i g n i f i c a n t l y  l e s s  than  t h e  DOE guide- 

1  i n e s  o f  5  r em ly r  o r  3 r e d q u a r t e r  whole body exposure t o  an i n d i v i d u a l  worker 

(DOE Order 5480.1A, US DOE 1981a), even w i t h  conserva t i ve  assumptions. For  

comparison, t h e  n a t u r a l  background exposure r a t e  i n  t h e  Hanford area i s  about 

7  pR/h, so t h e  h i ghes t  r o u t i n e  occupat iona l  dose rece ived  by a  worker f rom ISV- 

r e l a t e d  a c t i v i t i e s  i s  l e s s  than  o r  equal t o  t h e  exposure f rom n a t u r a l  back- 

yround. 

The low dose assoc ia ted  w i t h  100 hours o f  overburden removal, 2  x 10- lo  

man-rem, i n d i c a t e s  t h a t  t h i s  a c t i v i t y  w i l l  n o t  measurably c o n t r i b u t e  t o  t h e  

o v e r a l l  dose o f  ISV. 

Pub1 i c  E x ~ o s u r e  Du r i  na Rout ine  O ~ e r a t i o n s  

The q u a n t i t i e s  o f  rad ionuc l  i d e s  re1 eased t o  t h e  o f f -gas  system f rom t h e  

v i t r i f i c a t i o n  o f  t h e  216-Z-1A s i t e  a re  shown i n  Table 53. The o f f - gas  DFs 

g i ven  i n  Table 34 i n d i c a t e  t h a t  t h e  re lease  f r a c t i o n  wi 11 be -1 x  o f  t h e  

amount vented f rom t h e  s o i l  t o  t h e  o f f - gas  system. Th is  a i r b o r n e  re l ease  o f  

r a d i  oac t  i v i  t y  i s  t h e  dominant exposure pathway t o  t h e  pub1 i c  f rom v i  t r i  f i c a t i  on 

o f  t h e  s i t e .  

Standard Hanford models and methods were used t o  c a l c u l a t e  doses t o  mem- 

bers  o f  t h e  p u b l i c  f rom these  re leases (Nap ie r  1982). These models i n c l u d e  



c o n t r i b u t i o n s  t o  dose f rom submersion i n  contaminated a i r ,  i n h a l a t i o n  o f  gases 

and p a r t i c u l a t e s ,  and i n g e s t i o n  o f  food  crops upon which t h e  a i r bo rne  m a t t e r  

may be deposi ted . 
One-year doses and 50-year dose commitments f o r  t h e  c r i t i c a l  organ(a)  o f  a  

maximum exposed i n d i v i d u a l  l i v i n g  on t h e  Hanford s i t e  boundary and t o  t h e  gen- 

e r a l  p u b l i c  l i v i n g  w i t h i n  80 km o f  t h e  s i t e  a re  g iven  i n  Table 55. The l a r g e s t  

s i t e - s p e c i f i c  doses t o  t h e  body f rom a i r bo rne  re leases a re  t o  bone: a  50-year 

dose commitment o f  1 x  rem t o  t h e  maximum exposed i n d i v i d u a l ,  and 5  x  10' 1 

man-rem t o  t h e  e n t i r e  popu la t ion .  The major  c o n t r i b u t o r s  t o  dose a re  t h e  nuc- 

1  i d e s  2 3 9 ~ u ,  2 4 0 ~ u ,  and 241~m. 

.. The DOE r e g u l a t i o n s  on exposure t o  t h e  general  pub l i c ,  DOE Order 5480.1A, 

Chapter 11 (U.S. DOE 1981a), l i m i t  t h e  dose t o  t h e  maximum-exposed i n d i v i d u a l  

t o  c0.5 remlyr,  and 0.175 remly r  t o  t h e  average i n d i v i d u a l  i n  t h e  pub l i c .  The 

doses c a l c u l a t e d  f o r  ISV ope ra t i on  a t  t h e  216-Z-1A s i t e  a re  i n s i g n i f i c a n t  i n  

comparison w i t h  these standards, an i n d i c a t i o n  o f  t h e  o v e r a l l  s a f e t y  o f  t h e  ISV 

o p e r a t i  on. 

Pos tu l a ted  Abnormal Operat ions 

Th i s  s e c t i o n  presents  t h e  es t imated  r a d i o l o g i c a l  e f f e c t s  o f  p o t e n t i a l  

c r e d i b l e  acc iden ts  ( o r  abnormal ope ra t i ng  c o n d i t i o n s )  d u r i n g  ISV. The acc i -  

dents  considered a re  be l i eved  t o  represent  t h e  wors t  impacts p o s s i b l e  d u r i n g  

ISV. The acc iden t  scenar ios a re  based on present  designs and planned ope ra t i ng  

cond i t i ons .  They a re  no t  p r e d i c t i o n s  t h a t  any o f  these  acc iden ts  w i l l  happen. 

TABLE 55. C r i t i c a l  Organ Dose Commitments t o  t h e  P u b l i c  f rom 
Rout ine ISV Operat ions 

Maximum Exposed Populat ion,  
Dose I n d i v i d u a l  , rem man-rem 

1 s t  y r  3  x  l o -8  9  

50 y r  1 5  x  1 0 - I  

- - -  -- -- 

( a )  C r i t i c a l  organ i s  t h a t  organ r e c e i v i n g  t h e  h i ghes t  dose. 

173 



The approach used t o  develop t h e  accident ana lys is  and subsequent dose 

eva luat ion  was t o  1) i d e n t i f y  the  var ious steps o f  t h e  ISV operat ion, 

2) determine re lease mechanisms t h a t  could breach t h e  rad ionuc l ide  containment 

systems and release radionucl ides t o  t h e  biosphere f o r  each step, 3) est imate 

t h e  maximum f r a c t i o n  o f  radionucl ides  t h a t  might be released, and 4) ca l cu la te  

doses r e s u l t i n g  from t h e  estimated re1 eases. 

The accident scenarios are b r i e f l y  described, fo l lowed by a d iscussion o f  

t he  occupational and pub1 i c  doses r e s u l t i n g  from the accidenta l  re1 eases. 

Descr ip t ion  o f  Accidental Release Scenarios 

The consequences o f  accidents poss ib le  dur ing the  v i t r i f i c a t i o n  o f  an area -. 

are dependent on t h e  q u a n t i t i e s  o f  radionucl ides involved. To put an upper . 
bound on the  poss ib le  releases, a l l  accidents described are assumed t o  occur 

dur ing  o r  a f t e r  120 hours o f  operat ion a t  t he  most h i g h l y  contaminated zones i n  

t h e  reference s i t e .  This cond i t i on  represents the  l a r g e s t  contami nated so i  1 

volume t h a t  would be ava i l ab le  f o r  any s i n g l e  event and the  maximum source f o r  

t h e  var ious accidents. 

Four accident scenarios have been i d e n t i f i e d  as having the  p o t e n t i a l  t o  

occur a t  t he  representat ive s i t e  216-Z-1A. These are 1 )  an uncont ro l led  vent- 

i n g  from a subsurface s t ruc ture ,  2) a break i n  the  of f -gas containment pipe, 

3 )  a 1 i q u i d  1 eak i n  the  of f -gas con t ro l  van, and 4 )  a gaseous leak i n  the  o f f -  

gas van. Three add i t i ona l  scenarios are a l so  i d e n t i f i e d  as being poss ib le  a t  

o ther  s i t es ,  but  not a t  216-Z-1A. These inc lude 5) t h e  p o s s i b i l i t y  o f  acc i -  

denta l  excavation o f  t he  waste wh i le  removing overburden, 6 )  c r i t i c a l i t y  o f  

f i ss ionab le  mater i  a1 s, and 7 )  a waste-i nduced explosion. These accidents are 

on ly  addressed qua1 i t a t i  ve l y  t o  g ive  perspect ive t o  po ten t i  a1 hazards o f  t he  

I S V  process. 

1. Uncontro l led vent ing from a subsurface s t ruc ture .  The run i s  pro- 

ceeding normally when l o c a l i z e d  vent ing o f  gas from the waste-s i te 

sur face outs ide the  hood i s  noticed. The phenomenon, which i s  

i nves t i ga ted  by a r a d i a t i o n  monitor, i s  shor t - l i ved,  and the  run 

cont inues unabated. It i s  l a t e r  determined t h a t  t he  vent ing was due 

t o  l i m i t e d  v o l a t i l i z a t i o n  and p ressu r i za t i on  o f  waste l i q u i d  



remain ing i n  a  6 m l o n g  s e c t i o n  o f  t h e  s t a i n l e s s  s t e e l  d i s t r i b u t i o n  

pipe. Doses f o r  t h i s  scenar io  were es t imated  us ing  t h e  waste 

concen t ra t i on  l i s t e d  i n  Table 53. The source te rm i s  l i s t e d  i n  

Table 56. 

2. Break i n  l i n e  between hood and o f f -gas  system. The run i s  proceed- 

i n g  normal ly ,  w i t h  no c o l d  cap. The e f f l u e n t  l i n e  between hood and 

o f f - yas  system breaks, r e l e a s i n g  t h e  gaseous e f f l u e n t s  d i r e c t l y  t o  

t h e  atmosphere. Power t o  t h e  e l ec t rodes  i s  c u t  o f f  immediately. 

As a  c o l d  cap forms over  t h e  me l t  area, t h e  e f f l u e n t s  re leased t o  

t h e  atmosphere decrease e x p o n e n t i a l l y  w i t h  a  112-hour ha l f - t ime .  

Gaseous e f f l u e n t s  a re  re leased t o  t h e  atmosphere f o r  a  4 hour pe r i od  

be fo re  a  s u f f i c i e n t  c o l d  cap i s  formed t o  prevent  f u r t h e r  discharge. 

The doses f o r  t h i s  scenar io  were est imated assuming t h e  re lease  

r a t e s  determined f o r  t h e  absence o f  a  c o l d  cap, l i s t e d  i n  Table 51. 

The q u a n t i t i e s  o f  r a d i  onucl i des  re1 eased a re  repor ted  i n  Table 56. 

3. C o l l e c t i o n  tank  leak.  The run i s  p rogress ing  i n  a  normal manner 

w i t h  on l y  20 hours remaininy u n t i l  t h e  run i s  t o  be completed. A  

leak  develops i n  t h e  bottom o f  one quencher-scrubber c o l l e c t i o n  

tank,  which a l l ows  t h e  e n t i r e  contents  o f  t h e  tank  t o  s p i l l  i n t o  t h e  

pan t h a t  l i n e s  t h e  f l o o r  o f  t h e  hood. The d e c i s i o n  i s  made t o  com- 

p l e t e  t h e  run w i t hou t  one o f  t h e  scrubbers.  Ten 112-hour sampl ing 

per iods  a re  spent i n  t h e  o f f -gas  van, r e s u l t i n g  i n  an a d d i t i o n a l  

dose t o  t h e  worker. No rad ionuc l i des  a re  re leased t o  t h e  atmos- 

phere, so t h i s  acc iden t  does no t  a f f e c t  t h e  p u b l i c .  The t o t a l  quan- 

t i t i e s  o f  r ad ionuc l i des  s p i l l e d  t o  t h e  hood a r e  l i s t e d  i n  Table 56. 

4. Gaseous e f f l u e n t  re lease  t o  t h e  off-gas vans. The run i s  progress- 

i n g  i n  a  normal manner when a  l eak  develops i n  t h e  o f f -gas  system 

a f t e r  t h e  o f f  gas c l e a r s  t h e  b lower  and i s  i n s i d e  t h e  van. Because 

t h e  o f f  gas i s  very humid and cou ld  damage t h e  equipment, t h e  run i s  

te rmina ted  a t  t h i s  po in t .  Therefore,  t h e  workers spends o n l y  one 

112-hour sampl ing p e r i o d  i n  t h e  contaminated atmosphere. Th i s  acc i -  

dent would no t  inc rease  t h e  exposure o f  t h e  o f f s i t e  popu la t i on  above 

t h a t  rece ived  from normal opera t ions .  The source te rm i s  l i s t e d  i n  

Table 56. 





5. Excess overburden removal. The reference s i t e  216-Z-1A has on ly  

-1.5 m o f  overburden, making i t s  removal unnecessary. However, 

o ther  s i t e s  a t  Hanford are more deeply buried. V i t r i f i c a t i o n  o f  

deep l aye rs  o f  overburden may not  be p r a c t i c a l  o r  economically 

j u s t i f i a b l e .  Therefore, t he  overburden might be removed using con- 

vent ional  earthmoving techniques. 

As t h e  overburden i s  removed using l a r g e  earthmoving equipment, 

i t i s  checked by r a d i a t i o n  monitors. It i s  assumed tha t ,  due t o  

inaccura te  survey o r  operator e r r o r ,  a  sec t ion  o f  contaminated so i  1 

i s  uncovered. The e r r o r  i s  discovered immediately by the  monitor,  

and t h e  area i s  covered w i t h  c lean s o i l .  The area t h a t  was 

uncovered i s  assumed t o  be the  w id th  o f  the  contaminated zone, about 

6 m x  2 m. The amount o f  contaminated dust suspended from c l e a r i n g  

and cover ing t h i s  area i s  2 kg, released over a per iod  o f  10 min- 

utes. The s o i l  i s  assumed t o  have t h e  rad ionuc l ide  concentrat ion o f  

t he  "hot  zones.'' The rad ionuc l ide  re lease i s  1 i s t e d  i n  Table 56. 

6. C r i t i c a l i t y .  De ta i l ed  ca l cu la t i ons  have shown t h a t  a minimum c r i -  

t i c a l  areal  concentrat ion o f  Pu metal i n  wet Hanford s o i l s  i s  

2.9 kg/m2, w i t h  f u l l  water r e f l e c t i o n  (Oma, Farnsworth, and Rusi n 

1982). According t o  t h e  same study, t h i s  value increases t o  
2 14.5 kg/m f o r  d ry  s o i l  w i t h  Pu i n  t h e  ox ide form. A sa fe ty  f a c t o r  

2 o f  0.33 i s  appl ied, suggesting t h a t  any s i t e  w i t h  <1.0 kg/m f o r  wet 

s o i l  ( o r  about 5 kg/mZ f o r  d ry  s o i l  w i t h  plutonium oxide)  would be 

acceptable f o r  I S V  w i thout  danger o f  inducing a c r i t i c a l i t y .  

The peak s o i l  concentrat ion o f  2 3 9 ~ u  i n  reference s i t e  216-Z-1A 

i s  4 x  l o 4  nCi/g 2 3 9 ~ u  and 2 4 0 ~ u  i n  a l i m i t e d  area around the  d i s -  

t r i  bu to r  p ipe (Kennedy e t  a1 . 1982). This l e v e l  o f  contaminat ion 

reaches a depth o f  1 m below t h e  pipe. Using an a c t i v i t y  f r a c t i o n  

o f  80% 2 3 9 ~ u ,  t h i s  would be about 5 x  g 2 3 9 ~ u / g  so i  1. 

Thus, t he  areal  concentrat ion would be 0.9 kg/m 239Pu. This  i s  

we1 1 be1 ow the  acceptable areal  concent ra t i on ,  and even f u r t h e r  

below t h e  c r i t i c a l  concentrat ion.  No mechanisms du r ing  t h e  I S V  pro- 

cess can be pos tu la ted  which r e s u l t  i n  l a t e r a l  concentrat ion o f  t he  



Pu (Oma, Farnsworth, and Rusin 1982); t he re fo re ,  a  c r i t i c a l i t y  i n c i -  

dent i s  n o t  cons idered p o s s i b l e  f o r  t h i s  s i t e .  Because t h e  216-Z-1A 

s i t e  con ta ins  a g rea te r  contaminat ion l e v e l  then  any o f  t h e  o t h e r  

contaminated s o i l  s i t e s ,  c r i t i c a l i t y  i s  n o t  o f  g rea t  concern f o r  

these  types  o f  s i t e s .  However, i f  I S V  a p p l i c a t i o n  i s  t o  be used f o r  

o t h e r  s i t e  types, such as caissons o r  r e t r i e v a b l y  s to red  TRU wastes, 

a  more d e t a i l e d  c r i t i c a l i t y  i n v e s t i g a t i o n  would be i n  order .  

7. Explos ions.  The I S V  process r e s u l t s  i n  very  h i g h  temperatures i n  

t h e  s o i l / g l a s s  volume. I f  conta ined o rgan ic  m a t t e r  i s  encountered, 

i t  w i l l  gene ra l l y  py ro l yze  and combust when t h e  gases reach t h e  s o i l  

sur face.  The o n l y  t ime  t h a t  t h i s  m igh t  no t  occur i s  d u r i n g  v i t r i f i -  

c a t i o n  of s i t e s  con ta i  n i  ng h i g h l y  r e a c t i v e  o r  p o t e n t i  a1 l y  exp l  o s i  ve 

ma te r i a l s .  The o f f - gas  system i s  designed t o  c o n t a i n  l a r g e  t r ans -  

i e n t  p ressure  surges, bu t  a  l a r g e  enough exp los ion  cou ld  cause vent -  

i n g  around t h e  hood, o r  even d i s r u p t  t h e  hood and o f f - gas  l i n e s .  

Th i s  would r e s u l t  i n  a  re lease  mechanism s i m i l a r  t o  t h a t  desc r i bed  

above f o r  an o f f -gas  l i n e  leak.  For  such a scenar io ,  t h e  gas-vent- 

i n y  re lease  r a t e s  o f  Table 51 would be more a p p l i c a b l e  than  t h e  no- 

co ld-cap r a t e s  used f o r  t h e  l i ne -b reak  scenario.  Releases and doses 

cou ld  be as much as an o rde r  o f  magnitude g rea te r  than  f rom a s imp le  

1 i ne break. 

No exp los i ve  m a t e r i a l s  a re  be1 i eved  t o  be p resen t  i n  t h e  216-2- 

1A s i t e ,  o r  i n  most o f  t h e  o t h e r  TRU contaminated s o i l  s i t e s .  How- 

ever,  t h e  concen t ra t i on  and c o n f i g u r a t i o n  o f  combust ib le  ma te r i  a1 s  

and t h e i  r p o t e n t i a l  f o r  exp los ion  would be eva lua ted  f o r  each be fo re  

v i t r i f i c a t i o n  would be attempted. 

Doses R e s u l t i n g  from Pos tu la ted  Releases 

The acc iden t  w i t h  t h e  most damaging consequences i s  a  break i n  t h e  o f f - gas  

l i n e  b e f o r e  t h e  o f f  gases a re  t r ea ted .  F i r s t  yea r  l u n g  doses t o  a  worker 

s tand ing  downwind o f  t h e  vented gases cou ld  be as h i gh  as 10 rem. F i r s t  yea r  

doses t o  members o f  t h e  general  p u b l i c  ou t  o f  t h e  immediate v i c i n i t y  would be 

much lower,  on t h e  o rde r  o f  0.03 rem t o  t h e  l u n g  o f  a  maximum exposed 



i n d i v i d u a l  5  m i l e s  away on S t a t e  Highway 240. The cumulat ive f i r s t  yea r  dose 

t o  t h e  e n t i r e  popu la t i on  80 km around t h e  s i t e  would be on l y  100 man-rem. 

Doses t o  workers f rom re leases d u r i n g  v i t r i f i c a t i o n  a re  g iven  i n  Table 57. 

Doses t o  t h e  p u b l i c  f rom these  same a c t i v i t i e s  a re  l i s t e d  i n  Table 58. 

The r a d i o l o g i c a l  consequences o f  u n c o n t r o l l e d  ven t i ng  o f  a  f r a c t i o n  o f  t h e  

waste i nven to ry  are lower  than  those  f o r  a  break i n  t h e  o f f -gas  l i n e .  The 

TABLE 57. Occupat ional  Doses f rom Pos tu la ted  Acc iden ta l  Releases (120 hour 
run, 15 sets ,  concentrated i n v e n t o r y )  

Number Length 1 s t  Year Dose Commitment 
o  f o  f t o  Each Worker, rem 

Acc ident  Personnel Exposure To ta l  Body Bone Lung 

Uncont r o l l  ed 1 1 min 1 2 2  l o 0  
ven t  i ny 

Of f -yas  l i n e  1 5 min 6 x  l o m 3  1 x  10-I 1 x  l o1  
break 

1 5 h  5  x  1 0 - I  --- --- 
1  eak 

Gaseous re1 ease 1 30 min 2  3  4  
t o  van 

Excess overburden 2  10 min 3  1~~ 4 l o - 2  5  l o 0  
removal 

( a )  Ex te rna l  r a d i a t i o n  exposure on ly .  

TABLE 58. P u b l i c  Dose Commitments f rom Pos tu la ted  Acc iden ta l  Releases 

Maxi mum 
Exposed I n d i v i d u a l  , rem Populat ion,  man-rem 

Acc ident  1 s t  y e a r ( a )  50 yea r  (b )  1 s t  year  ( a )  50 year (b )  

Uncon t ro l l ed  ven t i ng  5  x  5 2 x  10 - I  2  x  l o o  
Of f -yas l i n e  break 3  x  10 '~  3  x  10 - I  1 x  l o 2  1 x  l o 3  
Excessive overburden 1 x  10" 9 x  10'~ 3 x  l o1  3  x  l o 2  

removal 

( a )  Luny dose. 
( b )  Bone dose. 



f i r s t  yea r  l ung  dose t o  t h e  maximum exposed worker would be 2  rem, as shown i n  

Table 57. F i r s t  year  l uny  doses t o  members o f  t h e  general  pub1 i c  remain low, 

5 x rern f o r  t h e  maximum exposed i n d i v i d u a l  and 0.2 man-rem t o  t h e  sur-  

rounding popu la t i on  (Table 58). 

The o n l y  o t h e r  acc iden t  w i t h  p o t e n t i a l  f o r  o f f s i t e  re lease  o f  radionuc- 

l i d e s  i s  t h e  acc iden ta l  pene t ra t i on  o f  t h e  waste w h i l e  removing overburden 

(a1 though overburden removal i s  no t  planned f o r  s i t e  216-Z-lA) . The mon i to rs  

and equipment opera to rs  cou ld  rece i ve  as much as 5  rem, i f  n e i t h e r  were wear ing 

r e s p i  r a t o r s  a t  t h e  t ime,  w h i l e  t h e  o f f s i t e  i n d i v i d u a l  would p robab ly  r ece i ve  

(0.01 rem. 

The o t h e r  acc iden ts  s tud ied  have no atmospheric re1 ease o f  r a d i  onucl  ides .  . 
The nuc l i des  a re  con ta ined  i n  t h e  gloveboxes i n  t h e  o f f - gas  system t r a i l e r .  

Doses t o  workers i n  t h e  van a re  0.5 rern f o r  t h e  l i q u i d  l e a k  and 0.04 rem f o r  

t h e  gaseous leak,  as repor ted  i n  Table 57. 

There a re  no standards f o r  doses r e s u l t i n g  from acc iden ta l  re leases.  How- 

ever, acc iden ts  t h a t  r e s u l t  i n  any i n d i v i d u a l  r e c e i v i n g  a  t o t a l  body dose 

>25 rern must be repor ted  immediately,  and any t h a t  r e s u l t  i n  a  dose >5 rern f o r  

t h e  t o t a l  body must be repor ted  w i t h i n  72 hours (DOE Order 5484.1, Chapter 1; 

U.S. DOE 1981b). None o f  t h e  p u b l i c  doses from p o t e n t i a l  acc iden ts  a t  s i t e  

216-Z-1A f a l l  w i t h i n  t h i s  cateyory.  Whi le t h e  maximum c a l c u l a t e d  dose o f  

10 rern t o  t h e  lungs o f  an occupa t i ona l l y  exposed worker exceeds t h e  ca lendar  

qua r te r  l i m i t  o f  5  rem, t h e  dose commitment does no t  exceed t h e  annual l i m i t  o f  

15 rem. S i  nce r a d i  a t i  on doses rece i  ved i n acc iden ta l  condi t i ons a re  chargeable 

t o  t h e  r a d i a t i o n  exposure records o f  t h e  exposed i n d i v i d u a l ,  t h e  d e c i s i o n  as t o  

whether t h e  i n d i v i d u a l  cou ld  con t i nue  t o  work i n  a  r a d i a t i o n  area would have t o  

be made on a  case-by-case bas is  (Order 5480.1AY US DOE 1981a). 

POTENTIAL FAR-TERM RADIATION EXPOSURES 

Fo l l ow ing  ISV o f  a  waste s i t e ,  t h e  rad ionuc l i des  i n i t i a l l y  present  remain 

locked  i n s i d e  a  l a rge ,  obs id ian-1 i ke mono1 i t h .  A key ques t ion  i n  de te rm in ing  

t h e  s u i t a b i l i t y  o f  a  s i t e  f o r  ISV i s  t h e  r e l a t i v e  b e n e f i t  gained by v i t r i f y i n g  

t h e  s i t e .  The measure o f  b e n e f i t  i s  t h e  reduc t i on  o f  p o t e n t i a l  r a d i a t i o n  dose 

f rom t h e  waste s i t e  t o  i n d i v i d u a l s  i n  t h e  f u t u r e .  



The p o t e n t i a l  rou tes  th rough which people may be exposed t o  r ad ionuc l i des  

o r  r a d i a t i o n  a re  c a l l e d  exposure pathways. The general  pathways can be thought  

o f  as ex te rna l  exposure, i n h a l a t i o n ,  and i nges t i on .  Ex te rna l  exposure r e s u l t s  

f rom d i  r e c t  r a d i a t i o n  f rom a i  r, water, s o i  1, and contaminated s t r uc tu res .  

I n h a l a t i o n  doses can r e s u l t  f rom b r e a t h i  ng aeroso ls  re leased from f a c i  1  i t i e s  o r  

resuspended ma te r i a l s .  Pathways o f  i n g e s t i o n  a re  water, f i s h ,  water fowl ,  o t h e r  

game, food crops, animal products ,  o r  d i  r e c t  consumption o f  small amounts o f  

m a t e r i a l  t r a n s f e r r e d  from contaminated sur faces t o  t h e  hands. The p o t e n t i a l  

dose t o  an i n d i v i d u a l  t h a t  m igh t  r e s u l t  from r e s i d u a l  contaminat ion a t  a  s i t e  

( t h e  A1 lowable Residual  Contaminat ion Level  , o r  ARCL) (Napier  1982) i s  ca lcu-  

1  a ted  i n  a  r a d i a t i o n  exposure scenar io  ana l ys i s  by summi ng t h e  exposures 

through a l l  o f  t h e  se lec ted  pathways. 

The key t o  ARCL i s  an a n a l y s i s  o f  t h e  maximum annual r a d i a t i o n  dose t o  an 

i n d i v i d u a l .  Th is  dose i s  c a l c u l a t e d  by summing t h e  doses from app rop r i a te  

exposure pathways. The pathways a re  chosen depending on t h e  ways an i n d i v i d u a l  

cou ld  be exposed f o r  t h e  re lease  mode considered. The c o l l e c t i o n  o f  app rop r i -  

a t e  pathways i s  c a l l e d  an exposure scenar io .  The a b i l i t y  t o  choose t h e  expo- 

sure scenar io  i s  what g ives  t h e  method t h e  f l e x i b i l i t y  t o  handle many types  o f  

s i t e s ,  i n v e n t o r i e s ,  and l oca t i ons .  

P r e l i m i n a r y  i n v e s t i g a t i o n s  have been performed t o  determine t h e  l o c a t i o n  

o f  t h e  i n d i v i d u a l  most l i k e l y  t o  be a f f e c t e d  by contaminated s i t e s .  I n  a  pre- 

v ious  study o f  cond i t i ons  a t  Hanford, i n d i v i d u a l s  were pos tu l a ted  t o  l i v e  down- 

wind and downstream a t  d is tances  o f  10 km, 1 km, and o n s i t e  (Napier  1982). For  

a l l  t imes  and f o r  a l l  exposure scenar ios,  r a d i a t i o n  dose r a t e s  t o  t h e  i n d i v i d u -  

a l s  l i v i n g  ou t  o f  t h e  immediate v i c i n i t y  o f  t h e  contaminated areas were found 

t o  be orders o f  magnitude sma l l e r  than  those  rece ived  by t h e  o n s i t e  i n d i v i d u a l .  

Thus, t h e  o n s i t e  exposure scenar ios have been determined t o  be t h e  most c r i t i -  

ca l .  For  u n r e s t r i c t e d  use, t h e  general  t ypes  o f  p o t e n t i  a1 exposure scenar ios 

f o r  maximum-exposed i n d i v i d u a l s  a r e  as f o l l o w s :  

T rans ien t  

Permanent r e s i d e n t  

- w e l l  d r i l l i n g ,  excavat ion 

- con tac t  w i t h  s o i  1  , i n h a l a t i o n  o f  resuspended ma te r i  a1 



- d r i n k i n g  o f  we1 1  water 

- backyard garden 

Inadver ten t  i n t r u d e r  

I n t e n t i o n a l  i nt ruder  

- resource recovery 

- use o f  recovered resource. 

The p o t e n t i a l  f o r  r a d i a t i o n  doses t o  i n d i v i d u a l s  has been examined f o r  

each o f  these general scenarios. The most r e s t r i c t i v e  are  examined i n  d e t a i l  

i n  t h i s  repor t .  For contaminated s o i l  areas, t he  permanent res ident  i s  t h e  

i ndi  v i  dual most 1  i k e l y  t o  rece i  ve r a d i  a t i  on doses, a1 though t h e  i n t  ruder  has 

t h e  p o s s i b i l i t y  o f  rece i v ing  the  h ighes t  doses. 

For t h e  purposes o f  t h i s  analys is ,  dose est imates have been ca l cu la ted  f o r  

i n d i v i d u a l s  exposed a t  t imes 1000 and 10,000 years i n  t h e  fu tu re .  For compari- 

son, dose est imates are provided f o r  t h e  216-2-1A reference s i t e  w i t h  t h r e e  

poss ib le  end-state conf igura t ions :  1) i t s  present cond i t i on  (no mi t i  g a t i  ve 

a c t i o n  taken),  2)  w i t h  a  rock and earthen b a r r i e r ,  and 3) w i t h  t h e  most h i g h l y  

contaminated zone v i t r i f i e d  and the  remainder covered w i t h  a  b a r r i e r .  

For  each o f  t he  exposure scenarios l i s t e d  above, a  number o f  pathways 

e x i s t  which prov ide a  rou te  f o r  rad ionuc l ide  t ranspor t  from t h e  waste t o  t h e  

biosphere. For Hanford, these may be general ized as groundwater t ranspor t ,  

b i o t i c  t r a n s p o r t  (as i n  crops o r  animal products),  atmospheric t ranspor t ,  and 

d i  r e c t  contact.  

For waste s i t e s  i n  t h e  200 East and 200 West Areas a t  Hanford, t h e  ground- 

water pathways c o n t r i b u t e  on ly  marg ina l ly  t o  dose. The d is tance from the  waste 

t o  t h e  groundwater (>60 m) , coupled w i t h  the  h igh  s o r p t i o n  o f  Hanford so i  1s and 

the  low annual r a i n f a l l ,  r e s u l t  i n  l i t t l e  rad ionuc l ide  m ig ra t i on  t o  t h e  ground- 

water (NAS 1978; Issacson and Brown 1978). Studies have f u r t h e r  shown t h a t  

even i f  the  rad ionuc l ides  are leached t o  groundwater, o f f s i t e  popu la t ion  doses 



a r e  very  smal l  (Wal l  ace e t  a1 . 1980), and t hus  a re  no t  o f  concern. Thus, 

t r a n s p o r t  through t h e  vadose zone(a) t o  groundwater i s  n o t  impor tan t  f o r  most 

Hanford s i t e s .  

The pathways o f  concern t o  t h e  r e s i d e n t  i n d i v i d u a l ,  then, a re  d i r e c t  i r r a -  

d i  a t i on ,  i n h a l a t i o n  o f  resuspended ma te r i  a1 , and i n g e s t i o n  o f  contaminated 

crops and animal products  ( i  11 u s t r a t e d  i n  F i  yure 70). The r e l a t i v e  importance 

o f  each o f  these pathways i s  a  f u n c t i o n  o f  t h e  l e n g t h  o f  exposure, as de f i ned  

by t h e  exposure scenario.  

The s i t e  does no t  pose any hazard f o r  t r a n s i e n t s ,  e i t h e r  as it now e x i s t s  

o r  w i t h  any b a r r i e r s  o r  v i t r i f i c a t i o n  app l ied .  The dose r a t e  a t  t h e  ground 

su r f ace  a t  any t ime  i n  t h e  f u t u r e  w i l l  be e s s e n t i a l l y  a t  background l eve l s .  

Th i s  i s  shown i n  Table 59. The presence o f  t h e  overburden on t h e  s i t e  ac t s  as 

s h i e l d i n g  t o  any pene t ra t i ng  r a d i a t i o n ,  as we1 1  as e l  i m i  nates any poss i  b i  1  i t y  

o f  i n h a l a t i o n  o f  contaminated sur face  ma te r i a l s .  

It i s  poss ib l e  t h a t  a  f u t u r e  i n h a b i t a n t  o f  t h e  s i t e  m igh t  grow a  home- 

vegetable garden d i r e c t l y  on t o p  o f  t h e  waste s i t e .  I f  no remedial ac t i ons  a r e  

taken  a t  t h e  216-Z-1A s i t e ,  t h i s  i n d i v i d u a l  cou ld  r e c e i v e  up t o  10 rem ly r  f rom 

such exposure. The dose r a t e  does n o t  change from 1000 t o  10,000 years  i n  t h e  

f u t u r e ,  i n  s p i t e  o f  t h e  r a d i o a c t i v e  decay o f  t h e  waste, because t h e  sur face  

overburden would be s imul taneously  eroding, a l l o w i n g  g rea te r  uptake by t h e  

crops. An e f f e c t i v e  b a r r i e r  t o  c rop  pene t ra t i on  o f  t h e  wastes, such as a  

r o c k l s o i l  cap o r  v i t r i f i c a t i o n ,  cou ld  lower  t h e  dose p o t e n t i a l  by a t  l e a s t  

3 o rders  o f  magnitude, t o  around 10 mremlyr, i f  i t  d i d  no t  prec lude t h e  pathway 

e n t i r e l y .  These r e s u l t s  a re  a l s o  shown i n  Table 59. 

The scenar ios t h a t  v i v i d l y  i 11 u s t r a t e  t h e  d i f f e r e n c e s  between no-ac t i  on, 

b a r r i e r  a p p l i c a t i o n ,  and s e l e c t i v e  ISV a r e  those  t h a t  i n v o l v e  phys i ca l  i n t r u -  

s i o n  i n t o  t h e  ac tua l  waste zone such as w e l l - d r i l l i n g  th rough t h e  waste zone o r  

d i g y i  ng basements, i r r i g a t i o n  d i t ches ,  sewer 1  i nes, o r  highways. (The d r i l l  i n g  

scenar io  does no t  c o n t r i b u t e  t o  d r i n k i n g  water  contaminat ion because t h e  

( a )  A  subsurface zone c o n t a i n i n g  water  below atmospheric pressure and a i r  o r  
gases a t  atmospheric pressure (a1 so unsa tu ra ted  zone o r  zone o f  a e r a t i o n ) .  
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TABLE 59. P u b l i c  Dose Est imates f o r  Far-Term Rout ine  Scenarios 

Year1,OOO Year10,OOO 

Di r e c t  I r r a d i a t i o n  Maximum Annual To ta l  Body Dose 

N o n v i t r i  f i e d  s i t e  Background Background 

V i t r i f i e d  s i t e  Background Background 

B a r r i e r  over  s i t e  Background Background 

I n g e s t i o n  Maximum Annual Bone Dose, rem 

N o n v i t r i f i e d  s i t e  10 10 

V i t r i f i e d  s i t e  0 -01 0.01 

B a r r i e r  over  s i t e  0.01 0.01 



chances o f  n u c l i d e  m i g r a t i o n  t o  t h e  groundwater a re  very  smal l ,  and because 

Hanford w e l l s  a re  cased t o  prevent  co l lapse .  

A d r i l l i n g  scenar io  i s  t h e  wors t  case f o r  a  g lass  ( v i t r i f i e d )  waste form. 

The a c t i o n  o f  a  d r i  11 b i t  on t h e  hard waste causes i t t o  fragment i n t o  very  

smal l  p a r t i c l e s  t h a t  can be inhaled.  However, t h e  p a r t i c l e s  a re  more dense and 

l e s s  s o l u b l e  than  u n v i t r i f i e d  s o i l ,  so t h e  resuspension i s  s l i g h t l y  l e s s  than  

f o r  s o i l ,  and t h e  t r a n s l o c a t i o n  o f  i n h a l e d  p a r t i c l e s  f rom l u n g  t o  bone ( t h e  

c r i t i c a l  organ) i s  g r e a t l y  reduced. The q u a n t i t y  of r a d i o a c t i v e  m a t e r i a l  t h a t  

may be brought t o  t h e  sur face  f rom d r i l l i n g  th rouyh  a  ho t  spot  i s  a l s o  reduced 

through v i t r i f y i n g ,  s i n c e  t h e  h o t  spot  s o i l  i s  d i l u t e d  by a  l a r g e  volume o f  

c l eane r  m a t e r i a l  when t h e  s i t e  i s  v i t r i f i e d .  Thus, even though d r i l l i n g  tends 

t o  maximize t h e  exposure p o t e n t i a l  f o r  t h e  g l a s s i f i e d  waste, t h e  p o t e n t i a l  

doses a re  l e s s  than f o r  d r i l l i n g  th rough t h e  u n v i t r i f i e d  s o i l  beneath t h e  sur-  

face  o f  a  s i t e .  

The presence o f  t h e  i n t r u d e r  i n  t h e  waste zone, as might occur f rom d i g -  

g i ny  through t h e  s i t e  f o r  a  basement o r  d i t c h ,  i s  a  worst  case f o r  non- 

v i t r i f i e d  mater i  a1 . The fo rces  i nvo l ved  i n  d i  y y i  ng r e s u l t  i n  h i  yh resuspension 

o f  t h e  non-agglomerated s o i l s ,  and t h e r e f o r e  r e s u l t  i n  h i gh  i n h a l a t i o n  doses. 

The y lass  mono l i t h  o f  t h e  v i t r i f i e d  s i t e ,  however, w i l l  break i n t o  l a r g e  chunks 

upon impact, and t h e  f r a c t i o n  avai  1  a b l e  f o r  resuspensi on and i nhal a t i  on wi 11 be 

very  smal l .  Th i s  can be seen i n  Table 60. The l u n g  doses t o  i n t r u d e r s l r e s i -  

dents  a t  t h e  216-Z-1A s i t e  f rom n o n v i t r i f i e d  m a t e r i a l  a re  q u i t e  h i g h  f a r  i n t o  

t h e  f u tu re .  However, t h e  dose t o  an i n t r u d e r  f rom t h e  v i t r i f i e d  s o i l  i s  

a c t u a l l y  o f  t h e  same order  o f  magnitude as t h a t  dose he might  r ece i ve  i f  he 

never i n t r u d e d  a t  a l l  and o n l y  grew crops on t h e  v i t r i f i e d  s i t e  (see Table 59). 

The process o f  v i t r i f i c a t i o n  reduces p o t e n t i a l  dose t o  f u t u r e  i n t r u d e r s  t o  

reasonable l e v e l  s  , which sur face  b a r r i e r s  a1 one cannot do. 

The v i t r i f i e d  s o i l  b l ock  resembles b lack,  sh iny  obs id ian.  I f  a  f u t u r e  

i n t r u d e r  were t o  r e c l a i m  a  l a r y e  p iece  and use i t  i n  h i s  home ( f o r  example, t o  

b u i l d  a  f i  rep1 ace o r  c o f f e e  tab1  e )  , he cou ld  be exposed t o  d i  r e c t  p e n e t r a t i n g  

r a d i a t i o n .  For t h e  rad ionuc l  i d e  m i x t u r e  i n  t h e  216-Z-1A re fe rence  s i t e ,  t h i s  



TABLE 60. P u b l i c  Dose Commitments f o r  Far-Term I n t r u s i o n ,  rem 

D r i l l i n g  

Unmodified s i t e  

V i t r i f i e d  s i t e  

B a r r i e r  over s i t e  

Excavat i on 

Unmodified s i t e  

V i t r i f i e d  s i t e  

B a r r i e r  over s i t e  

Vitri f l e d  

Year 1000 

1 s t  50 Year ( b )  

Year 10,000 

1 s t  50 Year (b)  

(a )  Lung dose. 
(b )  Bone dose. 
( c )  To ta l  body dose. 

cou ld  r e s u l t  i n  a dose r a t e  o f  about t w i c e  t h e  na tu ra l  background i n  

1000 years, f a l l i n g  t o  a dose r a t e  equal t o  background i n  10,000 years. These 

values are  g iven i n  Table 60. 

POTENTIAL CHEMICAL HAZARDS 

The 216-Z-1A s i t e  has received unknown q u a n t i t i e s  o f  p o t e n t i a l l y  hazardous 

organic  chemicals (Owens 1981) such as carbon t e t r a c h l o r i d e  (CC14), t r i  b u t y l  

phosphonate (TBP), and d i b u t y l b u t y l  phosphonate (DBBP). Carbon t e t r a c h l o r i d e  

i s  a h i g h l y  t o x i c  substance and suspected carcinogen (IARC 1971). Much o f  i t s  

t o x i c i t y  may be t h e  r e s u l t  o f  metabol ic  t rans format ions  which i n c l u d e  conver- 

s i  on t o  chloroform, hexachl oroethane, and phosgene (Cook, Daughton, and 

Alexander 1978; Kubic and Anders 1980). It appears t h a t  CC14 i s  re1 a t i v e l y  

s t a b l e  i n  s o i l s  and groundwater w i t h  no evidence o f  m ic rob ia l  decomposit ion. 

The alkyl-phosphates such as TBP are  apparent ly  prone t o  chemical hydro ly -  

s i s  and t h e r e f o r e  should be degraded i n  s o i l s .  However, a recent  survey o f  

Canadian d r i n k i n g  water supp l ies  (Wi l l iams and Lebel 1981) shows t h a t  TBP i s  



present  i n  r i v e r s ,  lakes, we l l s ,  and brooks. Whi le assessments have assured 

r a p i d  h y d r o l y s i s  and b iodeyrada t ion  o f  a lky l -phosphates such as TBP i n  aqua t i c  

environments, these substances have been found i n  aqua t i c  oryanisms. 

The alkyl-phosphonates have been s tud ied  more i n t e n s i v e l y ,  y e t  f i r m  da ta  

a r e  s t i l l  l ack iny .  Alkyl-phosphonates such as DBBP are  be l i eved  t o  be pe rs i s -  

t e n t  i n  t h e  environment because o f  t h e  res i s tance  o f  t h e  C-P bond t o  chemical 

h y d r o l y s i s ,  thermal decon~pos i t i  on, p h o t o l y s i  s, and b i  01 og i  c a l  d r a i  naye. Th i s  , 
coupled w i t h  t h e  f a c t  t h a t  alkyl-phosphonates a re  now be iny  found i n  su r f ace  

waters,  suyyests t h a t  they  may be p e r s i s t e n t  i n  t h e  environment. 

Hanford s o i  1s probably  do no t  support  a l a r g e  enough m i c r o b i a l  popu la t i on  

f o r  a l ony  enouyh p e r i o d  d u r i n g  t h e  year  t o  s i g n i f i c a n t l y  reduce TBP, DBBP, and 

CC14, so any losses would most l i k e l y  be minor, r e s u l t i n g  from v o l a t i  1 i z a t i o n  

and d i s s o l u t i o n  i n  so i  1 water. 

Carbon t e t r a c h l o r i d e ,  TBP, and DBBP present  h e a l t h  hazards i n  t h e i r  own 

r i g h t ,  and form o the r  t o x i c  substances when heated t o  decomposit ion. Several  

papers document t h e  fo rmat ion  o f  perch loroethane and perchlorobenzene f rom 

thermal p y r o l y s i s  (Tsuye, Leary, and Isenhour 1974; K e i t e r  e t  a1 . 1978), and 

t h e r e  a re  severa l  papers desc r i  b i n y  t h e  fo rmat ion  o f  s u b s t a n t i a l  q u a n t i t i e s  of 

perch lo roe thy lene  from p y r o l y s i s  o f  CC14 i n  t h e  presence o f  c a t a l y t i c  m a t e r i a l s  

( i n c l u d i n g  metal ox ides)  (Kuznetsov and Pekhov 1967; Dynsenov e t  a l .  1974). 

Gaseous c h l o r i n e  can a l s o  be expected ( J a r v i s  1970), as w e l l  as ox ides o f  

c h l o r i n e  and phosgene. Carbon t e t r a c h l o r i d e ,  t e t r a c h l  o roe thy l  ene, and per-  

c h l  orobenzene a re  on t h e  U .S. Envi ronmental P r o t e c t i o n  Agency's (EPA's) 1 i s t  o f  

129 p r i o r i t y  po l  1 u t a n t s  ( K e i t h  and Tei  11 i ard  1979) f rom i n d u s t r i  a1 and waste- 

water  discharges. However, i n  I S V  p i l o t - s c a l e  t e s t s ,  py ro lyzed  o rgan ics  

i g n i t e d  upon re lease  f rom t h e  m e l t  zone and a c t i v e l y  burned w i t h i n  t h e  o f f -gas  

containment hood. Therefore,  t h e  o rgan ics  present  a t  a p a r t i c u l a r  s i t e  a re  no t  

expected t o  pose a se r i ous  h e a l t h  hazard d u r i n y  t h e  ISV process. 

CONCLUSIONS 

The maximum occupat ional  dose rece ived  f o r  any r o u t i n e  a c t i v i t y  a t  t h e  

216-Z-1A s i t e  was 9 x l o - *  man-rem. Th is  r e s u l t e d  f rom e l e c t r o d e  emplacement 

f o r  t h e  e n t i r e  s i t e .  The maximum dose rece ived  by a s i n g l e  worker d u r i n g  



v i t r i f i c a t i o n  of t h e  e n t i  r e  s i t e  i s  est imated t o  be 1 x lo-' rem, received 

w h i l e  i n s t a l l i n g  electrodes. Even though t h i s  dose was based on conservat ive 

assumptions, it i s  s i g n i f i c a n t l y  below t h e  DOE gu ide l ines  o f  5 rem/yr o r  

3 remlquarter t o  an i n d i v i d u a l  worker. Therefore, i t can be assumed t h a t  f o r  

TRU s i t e s  a t  Hanford where t h e  ISV process may be considered, t h e  process would 

not  be r e s t  r i  c ted by considerat ions o f  occupati  onal dose. 

The general pub1 i c  could poss ib ly  be exposed t o  r a d i a t i o n  and radionuc- 

l i d e s  from ISV of t h e  216-Z-1A waste s i t e ,  both i n  t h e  sho r t  term du r ing  t h e  

actual  operat ion, and i n  t h e  long term f o l l o w i n g  cessat ion o f  waste management 

a c t i v i t i e s  a t  t h e  s i t e .  The doses are est imated t o  be f a r  below federa l  stan- 

dards. 

The f r a c t i o n  o f  isotopes released w i  11 be -1 x 10'~ of the  amount vented 

t o  the  of f -gas system from the  s o i l .  The l a r g e s t  doses r e s u l t i n g  from v i t r i f y -  

i ng t h e  e n t i  r e  inventory  are t o  bone, w i t h  a 50 year dose commitment o f  1 x 

rem t o  the  maximum exposed i n d i v i d u a l  and 5 x 10- I  man-rem t o  t h e  e n t i r e  

popul a t  i on. 

The DOE regu la t ions  on exposure t o  t h e  general p u b l i c  l i m i t  t h e  dose t o  

any i n d i v i d u a l  t o  (0.5 remlyr, and 0.175 rem t o  the  average i n d i v i d u a l  i n  t h e  

pub l ic .  Thus, the  doses ca lcu la ted f o r  rou t i ne  I S V  operat ion a t  t h e  216-Z-1A 

s i t e  are 4 orders o f  magnitude below t h e  standards, an i n d i c a t i o n  o f  t he  over- 

a l l  a c c e p t a b i l i t y  o f  t h e  operation. 

I f  t h e  s i t e  i s  v i t r i f i e d  and covered by a 1 m l a y e r  o f  so i  1, t h e  doses an 

i n d i v i d u a l  would receive a f t e r  p l a n t i n g  a garden over t h e  s i t e  and consuming 

t h e  produce would be a t  l e a s t  3 orders o f  magnitude less  than they would be i f  

t h e  s i t e  d i d  not  receive remedial act ion.  Surface b a r r i e r s  could a l so  have 

t h i s  e f f e c t  by reducing doses through crop ingest ion.  The f i r s t  year dose com- 

mitment a t  any t ime i n  the  f u t u r e  would be less  than t h e  DOE annual l i m i t  o f  

0.5 rem t o  t h e  c r i t i c a l  organ. 

The major b e n e f i t  o f  I S V  comes i n  the  considerat ion o f  f u t u r e  inadver ten t  

( o r  i n t e n t i o n a l )  i n t rude rs  i n t o  t h e  waste zone. Reduction i n  r a d i a t i o n  dose 

from 1 t o  as much as 5 orders o f  magnitude may be achieved over no-act ion o r  

sur face b a r r i e r  app l ica t ion .  



Cur ren t  b a r r i e r  designs a re  capable o f  p reven t i ng  su r f ace  e ros ion  and 

p l a n t  o r  animal i n t r u s i o n  i n t o  t h e  s i t e .  However, t h e r e  i s  no way t o  p r e d i c t  

f u t u r e  human a c t i v i t y  w i t h  enough c e r t a i n t y  t o  p rec lude  t h e  p o s s i b i l i t y  o f  an 

i nadve r ten t  human i n t r u s i o n .  A1 though i n  s i t u  v i t r i f i c a t i o n  cannot p reven t  an 

i n t r u s i o n ,  i t may m i t i g a t e  i t s  consequences. 



WASTE SITE APPLICATIONS ASSESSMENT 



WASTE SITE APPLICATIONS ASSESSMENT 

The purpose o f  t h i s  sec t ion  i s  t o  present t h e  ph i losoph ica l  and techn ica l  

considerat ions fo r  t h e  appl i c a t i  on o f  I S V  t o  t h e  s t a b i  1  i z a t i  on o f  rad ioac t i ve  

waste. Examples o f  Hanford s i t e s  where I S V  i s  being considered as an imnob i l i -  

za t i on  step w i  11 be presented as we1 1. An overview o f  p o t e n t i a l  I S V  appl i c a -  

t i o n s  t o  other  DOE s i t e s  was developed by Oma, Farnsworth, and Rusin (1982). 

DOE i s  eva luat ing  opt ions (US DOE 1982) f o r  the  long-term disposal o f  TRU 

waste. These opt ions must be feas ib le ,  t e c h n i c a l l y  e f f e c t i v e ,  environmental ly 

acceptable, ope ra t i ona l l y  safe, and af fordable.  

Because o f  t he  r a d i o t o x i c i t i e s  and long h a l f - l i v e s  o f  t he  TRU radionuc- 

l i des ,  deep geologic emplacement i s  the  disposal method favored by DOE. This 

method w i l l  i s o l a t e  TRU wastes from the  environment and minimize p o t e n t i a l  

t h rea ts  t o  p u b l i c  hea l th  and safety.  However, t he  National Academy o f  Sciences 

(NAS 1978) has s ta ted t h a t  r e t r i e v a l  o f  bur ied TRU f o r  disposal i n  a  geologic 

repos i to ry  could be more hazardous than disposing t h e  waste i n  place. Further,  

DOE'S long-range master p lan f o r  defense t ransuranic waste management (DOE 

1983) s ta tes  t h a t  "deep geologic disposal may not  be the  most economical means 

o f  safe disposal f o r  a l l  TRU wastes." DOE Order 5820.1 (US DOE 1982) a l lows 

DOE f i e l d  organizat ions t o  e s t a b l i s h  new o r  a l t e r n a t i v e  TRU waste management 

pract ices.  I S V  i s  one o f  t h e  engineered permanent disposal a l t e r n a t i v e s  being 

considered f o r  "greater  confinement' disposal (confinement which i s  g reater  

than shallow land b u r i a l ) .  

I n  seeking t e c h n i c a l l y  e f f e c t i v e ,  feasib le,  and a f fo rdab le  waste manage- 

ment o f  TRU wastes ( i nc lud ing  Hanford s o i l s ) ,  I S V  i s  considered a  new in-p lace 

s t a b i  1  i za t ion  method t o  cornplement geologic d i  sposal . I S V  could be a tech- 

n i c a l l y  and environmental ly acceptable technique t h a t  might preclude t h e  neces- 

s i t y  o f  exhumation and geologic disposal.  For Hanford s o i l s ,  a  combination o f  

s e l e c t i v e  v i t r i f i c a t i o n  and b a r r i e r s  may be the  most cost e f f e c t i v e  i n-pl ace 

s tab i  1  i z a t i o n  technique (Kennedy e t  a1 . 1982). 



The f o l l o w i n g  d i scuss ion  a p p l i e s  o n l y  t o  b u r i e d  TRU wastes t h a t  r e q u i r e  

remedial  ac t i on ,  rang ing  f rom TRU contaminated s o i l  s i t e s  ( c r i b s ,  t i l e  f i e l d s ,  

d i t ches ,  etc.) t o  s o l i d  b u r i a l  s i t e s  ( t renches,  caissons, etc,). It i s  a l s o  

assumed t h a t  g r o u t i n g  i s  n o t  a  s t a b i l i z a t i o n  o p t i o n  f o r  b u r i e d  TRU because i t s  

l o n g  term (>10,000-year) s t a b i  1  i ty  has no t  y e t  been shown (Young e t  a1 . 1982). 

Wi th  these c o n s t r a i n t s ,  t h r e e  bas i c  s t a b i l i z a t i o n  op t i ons  remain: engineered 

b a r r i e r s ,  exhumation, and ISV. 

ENGINEERED BARRIERS 

The use o f  s o i l ,  r i p r a y ,  and bou lder  covers as an engineered b a r r i e r  i s  

c u r r e n t l y  b e i n g  cons idered as a method f o r  reduc ing i n t r u s i o n  i n t o  shal  low- land 

b u r i a l ,  uranium t a i  1  i ngs s i t e s ,  and se lec ted  TRU s i t e s .  The cos ts  o f  cove r i ng  

b u r i e d  waste w i t h  s o i  1  and r i  prap o f  random s i zes  has been recorded by Means 

(1980). These values were used t o  es t ima te  t h e  cos t  o f  excavat ing,  hau l ing ,  
3 3  and spreading a d d i t i o n a l  cover ma te r i  a1 : about $12/m f o r  s o i  1, $26/m f o r  

3 r i p r a p ,  and $42/m f o r  boulders  (Kennedy e t  a l e  1982). These numbers need t o  

be ad jus ted  t o  t h e  l e v e l  o f  1982 d o l l a r s .  I n  add i t i on ,  t h e  incrementa l  cos t s  

assoc ia ted  w i t h  work ing i n  a  r a d i a t i o n  zone should be added. An a d d i t i o n a l  

al lowance should be made f o r  s e l e c t i v e  placement o f  boulders  and revege ta t i on  

and f o r  any ins t rument  necessary t o  measure near-term performance. Rough p lan-  
3 n i n g  es t imates  i n d i c a t e  t h a t  t h i s  would inc rease  t h e  cos t s  t o  $21/m f o r  s o i l ,  

3 $45/m f o r  r i  prap, and $90/m3 f o r  boulders.  (Rockwell i s  c u r r e n t l y  per fo rming  

c o s t  es t imates  f o r  engineered b a r r i e r s  f o r  TRU s i t e s  a t  Hanford. When t h e  

Rockwell es t imates  a re  a v a i l a b l e  t hey  wi 11 rep lace  t h e  es t imates  g i ven  above.) 

Engi neered b a r r i e r s  a r e  a v i a b l e  g rea te r -con f  i nement cand ida te  f o r  western I 

I 

( a r i d )  s i t e s  where t h e  groundwater pathway i s  no t  expected t o  be s i g n i f i c a n t .  
I I 

However, i f  an unconf ined a q u i f e r  i s  c l o s e  t o  t h e  western d i sposa l  s i t e ,  bar-  I 

I 

r i e r s  a lone may be i n s u f f i c i e n t .  I 

I 

I 

For  eas te rn  (wet)  s i t e s ,  t h e  h y d r o l o g i c a l  pathway i s  g e n e r a l l y  s i g n i f i c a n t  I 
I 

l 

and thus  may p rec lude  t h e  use o f  engineered b a r r i e r s  a lone  f o r  long- term pro-  I 

- I 

t e c t i o n ,  Cur ren t  b a r r i e r  designs a re  capable o f  p reven t i ng  su r f ace  eros ion,  4 1 
' I 

p l a n t  and animal i n t r u s i o n ,  and water  i n f i l t r a t i o n  i n t o  t h e  s i t e .  However, 
I 

I 

I 

t h e r e  i s  no way t o  p r e d i c t  a c t i v i t y  w i t h  enough c e r t a i n t y  t o  p rec lude  human I 



i n t r u s i o n  f o r  long per iods (1000 t o  10,000 years).  Reviewing the  r e s u l t s  o f  

t h e  fa r - te rm performance assessments o f  b a r r i e r s  when faced w i t h  human 

i n t r u s i o n ,  t he  need f o r  supplementary treatment p r i o r  t o  t h e  e rec t i on  o f  an 

engi neered b a r r i e r  i s  suggested. Para1 1 e l  i ng a "defense i n  depth" ph i  1 osophy , 
t h e  supplementary treatment would lessen t h e  consequences o f  inadver ten t  human 

in t rus ion .  

EXHUMATION AND REPOSITORY DISPOSAL 

Exhumation i s  t h e  f i r s t  i n  a se r ies  o f  steps usua l l y  lead ing  t o  geologic  

disposal.  Exhumation i s  fo l lowed by inspect ion,  processing, packaging o f  TRU, 

c e r t i f i c a t i o n ,  shipping, and f i n a l l y  d isposal  i n  a geologic  reposi tory.  Dur ing  

t h e  inspect ion,  processing, and c e r t i f i c a t i o n  steps, i f  i t i s  determined t h a t  

some of t he  exhumed ma te r ia l  i s  low l e v e l  waste, i t may be disposed o f  as such. 

Experience a t  INEL (US DOE 1982) has shown t h a t  s i g n i f i c a n t  q u a n t i t i e s  o f  sec- 

ondary wastes can be generated t h a t  may be considered TRU. I n  some cases t h e  

volume of secondary waste approaches 50% o f  t he  volume o f  waste exhumed. 

Developing cos t  est imates f o r  exhumation, processing, c e r t i f i c a t i o n  , ship- 

ping, and disposal i n  a geologic  repos i to ry  i s  d i f f i c u l t  because o f  t he  l i m i t e d  

da ta  base and wide v a r i e t y  o f  cond i t ions  t h a t  bur ied  wastes face. Based on 

experience a t  INEL, i t i s  reasonable t o  assume t h a t  exhumation costs w i l l  be 

$7,000 t o  $17 ,000/m3 (-1200 t o  $500/f t3).  Processi ng and c e r t i f i c a t i o n  o f  

r e t r i  evably s to red TRU scheduled f o r  emplacement i n  a geologic  repos i to ry  are 

est imated t o  cost  a t  l e a s t  $2000/m3. The processing and c e r t i f i c a t i o n  steps 

are  requi  red t o  insure  compliance w i t h  the  repos i to ry  waste acceptance c r i -  

t e r i a .  It i s  reasonable t o  assume t h a t  t h e  processing and c e r t i f i c a t i o n  costs 

f o r  exhumed ma te r ia l  would be a t  l e a s t  as much as f o r  c u r r e n t l y  generated TRU. 

Some allowance should be made f o r  t h e  secondary wastes generated du r ing  these 

steps. The authors are r e l u c t a n t  t o  assign a cos t  a t  t h i s  t ime because o f  t h e  

h igh  degree of unce r ta in t y  i n  at tempt ing t o  make a general estimate. Rather, 

t h i s  cos t  element i s  i d e n t i f i e d  f o r  t he  b e n e f i t  o f  those at tempt ing t o  make 

s p e c i f i c  estimates. 

I n t e r i m  storage i s  another cos t  element t h a t  needs t o  be considered. I f  

t h e r e  i s  a delay between processing, c e r t i f i c a t i o n ,  and shipping because 



repos i to ry  space i s  not  ava i lab le ,  then an allowance f o r  i n t e r i m  storage i s  

necessary. I n t e r i m  storage would cost  a t  l e a s t  $2000/m3 f o r  low l e v e l  wastes 

requi  r i  ng greater  conf i nement whi 1 e awai t ing  f i nal geologic d i  sposal . 
U n t i l  design f o r  a TRU-waste shipping conta iner  (TRU PAC) i s  approved, i t  

i s  d i f f i c u l t  t o  est imate shipping costs. A t  t h i s  t ime i t  w i l l  be i d e n t i f i e d  as 

a cost  element t o  be considered. Geologic repos i to ry  charges are an t i c ipa ted  

t o  be about $4500/m3 (US DOE 1980). This can vary w i t h  t h e  cost  recovery scen- 

ar io ,  so f o r  p lanning purposes a range o f  $3000 t o  $5000 i s  suggested. The 

cos t  considerat ions presented above are l i s t e d  i n  Table 61. 

TABLE 61. Cost Considerations Associated w i t h  Exhumation o f  TRU 
and I t s  Disposal i n  a Geologic Repository 

Ac t i  v i  t y  

Exhumati on 

Processing and c e r t i f i c a t i o n  

Secondary waste 

I n t e r i m  storage 

Shipping 

Repository charges 

TOTAL 

A1 1 owance requi  red  

A1 1 owance i f  requi  red  

A1 1 owance requi  red  

3,000 t o  5,000 

12,000 t o  24,000 p l u s  
a1 1 owances 

I n  a d d i t i o n  t o  t h e  ra the r  s i g n i f i c a n t  costs o f  exhumation, t h e  avai 1 abi 1 - 
i t y  o f  repos i to ry  space and t h e  p o t e n t i a l  increase i n  pub1 i c  and occupational 

exposure should be considered i n  s tud ies  o f  t h e  t rade -o f f s  between exhumation 

p l u s  geologic disposal and i n-pl ace s t a b i  1 i za t ion  w i t h  g rea te r  confinement 

techniques. 

I n  reviewing t h e  in format ion  presented above, it appears t h a t  a greater  

confinement disposal technique i s  p re ferab le  t o  exhumation and geologic dispo- 

sal .  Fur ther ,  it would appear t h a t  a combination o f  g reater  confinement tech- 

niques w i l l  be t h e  most cost e f f e c t i v e  approach. For bu r ied  TRU s i t e s  a t  Han- 

fo rd  t h a t  requi  r e  remedi a1 act ion,  a combi na t ion  o f  sel e c t i  ve v i  t r i  f i c a t i  on and 

engi neered b a r r i e r s  w i  11 be a cost  e f f e c t  i ve approach. 



SELECTIVE ISV AT HANFORD 

A l i s t  o f  s i t e s  t o  be considered f o r  disposal by greater  confinement tech- 

niques (combining selected v i t r i f i c a t i o n  and b a r r i e r s )  was developed f o r  Han- 

ford.  The c r i t e r i a  f o r  es tab l i sh ing  t h e  l i s t  were twofo ld:  f i r s t ,  t h a t  s i t e s  

conta in  a s i g n i f i c a n t  quan t i t y  (1500 g) o f  Pu and second, t h a t  s i t e s  requ i re  

remedi a1 ac t i on  based on p re l im ina ry  screening ca l cu la t i ons  using t h e  ARCL 

technique. The candidate s i t e s  t h a t  were i d e n t i f i e d  are  shown i n  Tables 62 

(TRU contaminated s o i l  s i t e s )  and 63 ( s o l i d  waste s i t es ) .  

The approach f o r  s e l e c t i v e  v i t r i f i c a t i o n  i n  combination w i t h  engineered 

b a r r i e r s  i n  a TRU contaminated s o i l  s i t e  ( t i l e  f i e l d )  i s  shown g raph ica l l y  i n  

Figures 69 and 71. Using t h i s  approach, a l l  of t h e  TRU (>I00 nCi1g) i s  imrnobi- 

l i z e d  i n  t h e  v i t r i f i e d  mass. The v i t r i f i e d  mass f o r  t h i s  s i t e  i s  about 

3200 m3; t he  cost  would be about $500,000 f o r  2 months o f  operat ion (from data 

presented i n  the  Economic Analysis chapter). A b a r r i e r  would be placed over 

t h e  v i t r i f i e d  mass and the  balance o f  t h e  s i t e  t o  prevent erosion o f  t h e  

surrounding s o i l  and t o  prevent p lan ts  and burrowing animals from i n t r u d i n g  

i n t o  t h e  low l e v e l  ((100 nCi/g) wastes. 

V i t r i f i c a t i o n  o f  a s o l i d  b u r i a l  s i t e  i s  more complex. The c a p a b i l i t i e s  of 

t he  large-scale system are shown i n  Figure 72. It should be noted t h a t  t h e  

vo id  and combustible package volumes represent t h e  system capabi 1 i t i e s  t o  han- 

d l e  a s i n g l e  event; t h a t  i s ,  t he  hot a i  r lgases released over a 2 t o  10 second 

period. As long as the  gas releases are spaced f u r t h e r  apart, m u l t i p l e  events 

could be handled w i t h  the  present ly  designed large-scale system. I m p l i c i t  i n  

t h i s  statement i s  t h e  need t o  con t ro l  f l ow  o f  t he  molten glass dur ing  process- 

ing. Some con t ro l  of processing r a t e  can be achieved by ad jus t i ng  power l e v e l ;  

however, when vo id  volumes are 1 arge, pretreatment p r i o r  t o  v i t r i f i c a t i o n  i s  

recommended. 

Pretreatment cons is ts  of f i l l i n g  t h e  vo id  w i t h  a s u i t a b l e  s o l i d  t h a t  would 

be incorporated i n t o  t h e  v i t reous mass. Research i n t o  t h e  proper type o f  mate- 

r i  a1 and method of app l i ca t i on  i s  required. However, t h e  development e f f o r t  



TABLE 62. Candidate TRU Contaminated S o i l  Waste S i t e s  f o r  Se lec t i ve  
V i t r i f i c a t i o n  and Engineered B a r r i e r s  (Harmon and King 1980) 

S i t e  

216-8-7A & B 

216-S-1 & 2 

216-T-18 
216-T-32 

216-Z-1A Complex 

216-2-3 

216-2-7 

216-2-8 

216-2-9 

216-2-12 

216-2-18 

Type 

C r i b  

C r i b  

Cr ib  
Cr ib  

T i l e  f i e l d  

C r i b  

Cr ib  

French d r a i n  

Trench 

Cr ib  

C r i b  

Locat i on 

200E 

Area, n? 

310 

700 

340 
320 

1600 

550 

780 

1.2 

5 30 

1900 

340 

Pu, kg 

4.3 

1.2 

1.8 
3.2 

64 

5 7 

TABLE 63. Candidate Sol i d  Waste S i tes  f o r  Se lec t i ve  V i t r i f i c a t i o n  
and Engineered B a r r i e r s  (Harmon and King 1980) 

Type 

Caisson 1 

Caisson 3 

Caisson 4 

Caisson A1 pha 1 

Caisson Alpha 2 

Caisson Alpha 3 

Caisson U N I - 1  
( p l  ugged) 

Bur i  a1 ground 

Bur i  a1 ground 

Bur i  a1 ground 

Bur i  a1 ground 

Bur i  a1 ground 

Volume, m 3 

6.4 

5.4 

4 07 

5.8 

3 07 

4 -3 

0.3 

Area, tn2 Pu, kg 

0.47 

( a )  A l l  s i t e s  are located i n  t h e  200W area. 
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FIGURE 71. Cross-Section View o f  Trench Incorpora t ing  Greater Confinement 
S t a b i l i z a t i o n  Technique 

i s  expected t o  be minor. Current plans are leaning toward t h e  i n j e c t i o n  o f  

glass beads o r  sand i n t o  vo id  volumes i n  caissons. 

The setup f o r  v i t r i f i c a t i o n  o f  a  caisson i s  shown schematical ly i n  Fig- 

ure 73. Note t h a t  voids have been f i l l e d  w i t h  sand or  glass t o  cont ro l  t h e  

f l ow  o f  t h e  v i t reous  mass dur ing  processing. The f i g u r e  a lso  i l l u s t r a t e s  how 

gas re1 ease events can be con t ro l  l e d  by f i  11 i ng t h e  space between sealed con- 

t a i n e r s  w i t h i n  t h e  caisson. A more d e t a i l e d  d iscussion o f  c o n t r o l l i n g  gas 

releases i s  provided i n  t h e  Process Descr ip t ion  chapter, which discusses t h e  

c a p a b i l i t i e s  o f  t h e  large-scale system. Pre l im inary  estimates i n d i c a t e  t h a t  a  

caisson can be v i t r i f i e d  i n  one I S V  operat ion l a s t i n g  about 2 weeks. 

Along w i t h  o ther  studies, cost  and t ime est imates o f  disposal by v i t r i f i -  

ca t i on  versus other  opt ions s t i l l  need t o  be performed. However, p re l im ina ry  

evaluat ions i n d i c a t e  t h a t  t h e  t ime f a c t o r  f o r  s i t e  s t a b i l i z a t i o n  using I S V  i s  

compet i t ive w i t h  other  methods. 

V i t r i f i c a t i o n  o f  s o l i d  waste b u r i a l  trenches i s  s i m i l a r  t o  t h e  approach 

discussed f o r  TRU contaminated s o i l  s i t es .  The approach inc ludes s e l e c t i v e  

v i t r i f i c a t i o n  i n  combination w i t h  engineered ba r r i e rs .  Charac ter iza t ion  o f  t h e  

s i t e  t o  be v i t r i f i e d  would be a  necessary precursor; however, most o f  t h e  char- 

a c t e r i  za t i on  could be accomplished wi thout  physical  contact  w i t h  t h e  waste 
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FIGURE 73. V i t r i f i c a t i o n  o f  a Typical  Hanford Caisson 

using equipment such as ground penet ra t ing  radar. Again t h e  l oca t ion ,  and 

treatment as necessary, of vo id  volumes t h a t  exceed t h e  large-scale system 

capabi 1 i ty  woul d be requi  red. 

There i s  s i g n i f i c a n t  p o t e n t i a l  a t  the Hanford s i t e  f o r  use o f  i n  s i t u  

v i t r i f i c a t i o n  as a disposal technique f o r  TRU wastes. Also, t h e  most cos t  

e f f e c t i v e  approach appears t o  be a combination o f  s e l e c t i v e  v i t r i f i c a t i o n  and 

engineered ba r r i e rs .  

Before ISV can be chosen as t h e  d isposal  technique f o r  t h e  candidate TRU ., 
s i tes ,  several key items need t o  be accomplished: 

t e s t i n g  o f  t he  large-scale ISV system a t  ac tua l  waste s i t e s  



determinat ion t h a t  in-p lace s t a b i l i z a t i o n  w i t h  engineered b a r r i e r s  

i s  an acceptable p r a c t i c e  through completion o f  an environmental 

impact statement being prepared f o r  waste disposal a t  Hanford 

performance o f  d e t a i l e d  cos t /bene f i t  s tudies comparing I S V  t o  o ther  

disposal opt ions 

review o f  candidate s i t e  records i n  s u f f i c i e n t  d e t a i l  t o  screen out  

s i t e s  t h a t  would exceed process c a p a b i l i t i e s .  Se lec t ive  cha rac te r i -  

za t i on  e f f o r t s  should a lso  be conducted. 
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