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OF FUEL HULL WASTES 

R.L. Dillon 
Battelle Paci iic :lorthv~est Laboratories 

Rjchland, !+lashington USA 

ABSTRACT 

Ongoing work in the United States on treatment of cladding hull residues from 
nuclear fuel dissolution is described. The recort proceeds to the description 
of the Pacific Northwest Laboratories aeli densiiicaiion and decontamination 
program. On a laboratory scale, a two-step process, initial treatment with 
600°C HF-Ar mixtures followed by aqueous decontaminating, has produced effective 
decontamination. The Inductoslag procesj has been selected for densification of 
the predominate1 y Zircaloy was:? stream. Tile process provides for direct me1 t- 
ing of the low density fuel hull residue without intermediate preparation of a 
consumable electrode. Current efforts are addressed to the design and fabri- 
cation of decontamindtion and melting equipment to be installed in a hot ceil 
and remotsly operated. 
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The I'lafu.r? o f  the  Fuel H u l l  Residue 

Most processes proposed f o r  recovery o f  i r r a d i a t e d  UO, from shear.ed fue l  
bund1.e; leave behind a residue o f  m e t a l l i c  c ladding and fue l  hardware. Repre- 

, s e n t a t i v e  processes inc lude d i  r o c t  n i t r i c  ac id  d i s s o l u t i o n ,  . v o l o x i d a t i o n  i n  
which a p r e l i m i n a r y  a i r  ox ida t ion  of UOn p e l l e t s  t o  p a r t i c u l a t e  U 0 oorrdor 
precedes a c i d  d iges t ion ,  2ryochemical d4s;ol u t i o n  i n  n i t r a t e  sa l  &,'and d issd l  u- 
t i o n  i n  l i q u i d  N 0 dis;olved i n  po la r  organic  so lvents .  The Z i r f l e x  head- 
end process i n  d i s h  t h e  Z i rca loy  c lad  d i s s o l t l t i o n  i s  cata lyzed by f l u o r i d e  i o n  ... 

i s .  an exception. The Z i r f l e x  process has had l i m i t e d  a p p l i c a t i o n ,  thus fa r  on ly  
t o  reproces;ing ;I-Reactor f 4 ~ e l  a t  the Hanford f a c i l i t y .  The Z i r f l e x  process o r  
some v a r i a n t  might  be app l i cab le  t o  t h o r i a  o r  thorium a e t a l  f u e l .  I t  can be 
concluded, howzvar, t h a t  i n  the context  o f  head-end processes, p resen t l y  proposed 
f o r  c o m e r c i a l  nuc lear  f u e l ,  metal1 i c  d isso lve r  residues w i l l  be genersted. 

The. f u e l  bundle r s i d u e s  recovered from the hoarl-ond !10, reroval  process 
w i l T  inc lude  s h o r t  lengths of Z i rca loy  c ladding h u l l s ,  i n t e r n a l  fue l  rod s?r ings,  

-- . and spacer o e l l e t s .  They may inc lude as w e l l ,  f u e l  bundle support rods, poison 
rods, massive end f i t t i n g s ,  and fue l  support g r i d s  de?ending on the extent  o f  
f u e l  disassembiy and s o r t i n g  p r i o r  t o  shearing. The n a t e r i a l s  are Z i rca loy ,  
s . ta in less  steo,l. and Inconel i n  the a p p r o x i ~ a t e  weight r a t i o s  o f  24 /4 /1  rescec- 
t t v e l y .  The p rec ise  a m i r n t j  and r a t i o s  o f  these m a t ~ r i a i s  w i l l  depend on the 
r e a c t o r  type, t h e  vendor and :he vintage o f  the f u e l .  ? feta l  residues recovered 
frum t h e  uranium e x t r a c t i o n  head-end w i l l  c o n s t i t u t e  a h i g h l y  rad ioac t i ve ,  t rans -  
u r a n i c  element ( i4U)  contaminated waste stream o f  l a r g e  volume and r e l a t i v e l y  
low d e n s i t y '  (31 .l g/ml ).[I 1 The res idua l  a c t i v i t i e s  on the processed fue l  h u l l s  
are potent ia1:y leachable. A c e r t a i n  mount  o f  f i n e l y  d iv ided  Z i rca loy  ~ e t a l  i s  
o f t e n  associated w i t n  recovered h u l l s ,  which may be subject  t o  segregation durir lg 
t . ransoor ta t ion  of loose h u l l s  and p o t e n t i a l  i g n i t i o n .  

It i s  t h e  put-gos2 o f  t h i s  repor t  to consider treatmeAt opt ions f o r  L!dK 
cladding. hu l  l s ,  t o  rev iew pub1 ished work c u r r e n t l y  i n  progress, and t o  summarize 
i n  somewhat g rea te r  d e t a i l  work a t  the P a c i f i c  kor thnest  Laborator ies .r/ith which 
the au thor  i s  asso i ia ted .  

.Work i n  Erogress 

AsFde from the  PNL program on decontamination and me l t  d e n s i f i c a t i o n  o f  
c l a d s i n g  h u l l s  which i s  the  p r i n c i p a l  subject  o f  t h i s  presentat ion,  there are 
severa l  o t h e r  e f f o r t s  i n  progress under Separtnent of Energy (DOE) Spgn$crjhip. 
A t  t he  Argcnne Nat iona l  Laboratory, '1. Treverrow and t.1. S te ind le r  a re  developing 
c r f t e r i ' a  t o  assure t h a t  fue l  h u l l s  are managed wi thout  undue r i s k  t o  e i t h e r  
opera t ing  personnel o r  the p u b l i c .  These c r i t e r i a  w i l l  emphasize operat ions a t  
the, f u e l  reprocess ing p l a n t  i n  terms o f  the waste form and packaging. A tec ta -  
t i v e  s e t  o f  c r i t e r i a  i s  t o  be c i r c u l a t e d  fo r  comments t o  members o f  regu la to ry  
and' energy development agencies and a lso  t o  p o t e n t i a l  commercial reprocessors. 

Other  work a t  ANL inc ludes an experimental study o f  TRU decontamination 
factors  which r e s u l t  f r o m  the v o l a t i l i z a t i o n  o f  Z i rca loy  h u l l s  (as Zr t1  ) 
t r e a t e d  w i t h  HC1 o r  C1 . Of  the major cons t i tuen ts  i n  Z i rca loy  h u l l s ,  an ly  
zii-coni-un i s  v o l a t i l i z g d  by HC1 a t  ?OO°C l eav ing  behind a TRU w.raste, much 
reduced i n  volume fo r  packaging and shipment t o  a nat ional  repos i to ry .  The 
separati'on i s  somewhat iess  favorsble when Cl:, i s  used. The r e s u l t i n g  decon- 
taminated ZrCl can be converted through a pyPohydrolysis step t o  ZrO, w i t h  
recovery o f  t h g  HCl . A1 i e r n a t i v e i y  the Z r C l ,  might be x e d  t o  form a-z i rconate 
w i t h  i o n  exchange p r o p e r t i e s  fo r  c o l l e c t i o n  d f  TRU o r  f i s s i o n  product a c t i v i t i e s  
a s  proposed by H.S. Levine of the Sandia Laboratory. !,le lunderstand a 1 imi  ted 
e f f n r t  cont inues a t  Safiaia. The process has been r e c e n t l y  described i n  Ref . [? j .  

The Savannah R i v e r  Laboratory i s  c u r r e n t l y  i n  the process o f  d e t a i l e d  study 
o f  s t a t e - o f - t h e - a r t  reprocessing technology. I n  the course o f  t h i s  study 
trea.tment o f  c ladd ing  h u l l s  has Peen reviewed under the ground r u l e s  t h a t  on ly  
proven technologies a re  t o  be considersd. The h u l l  treat,nent c a l l e d  ou t  i s  
i n c o r p o r a t i o n  of the h u l l s  i n  : concrete g rou t .  F1.0. 3oersma, SRL, s ta tes  t h e i r  
process c a l l s  fo r  d r y  3ddi  t i o n  o f  the grout  :o a v ib ra ted  h u l l  c a r i i j t e r .  

The shear ing cpera t ion  i s  not  s t r i c t l y  cssociated w i t h  i e a c h e ~  fu? l  h u l l  
hand.lin9 and t reatment .  3owever, the na:gre o f  the sheared product,  p a r t i c u -  
l a r l ' y  h u l l  lengths,  res idua l  YO2, and f ines  generated are most re levan t  t o  the 



t r ea tmen t  process. Work a t  GRHL i s  r e p o r t e d  i n  Re f . [ 3 ]  on shear head-end t r e a t -  
ment. S o e c i f i c  comparisons a r e  mads o f  t h e  f i nes  generated from i r r a d i a t e d  and 
n o n - i r r a d i a t ~ d  f u e l  c l a d d i n g  d u r i n g  shea r i ng  o p e r a t i o n s .  Sheared ends shorled 
smeared meta l ,  d u c t i l e  t e a r i n g ,  and f e a t h e r  edcjes f o r  bo th  i r r a d i a t e d  and non- 
i r r a d i a t e d  c l a d .  There was no evidence o f  UZr, f o rma t i on  a t  c l a d d i n g - f u e l  
i n t e r f a c e s ;  UZr i s  an e x p l o s i o n  hazard; The h e a r  des ign  d i d  n o t  p i n c h  t h e  
c ladd ing ,  assu r l ng  near q u a n t i t a t i v e  a c i d  l each  o f  U02. 

A l though press compactions o f  o x i d e - f r e e  z i r con ium a l l o y  sc rap  and sponge 
a r e  r o u t i n e l y  made, ve ry  l i t t l e  i s  known about t h e  compact ion p r o p e r t i e s  o f  
o x i d i z e d ,  i r r a d i a t e d  h u l l s  emerging from t h e  chop- leach grocess. Us ing press  
compactiorl equipment a t  t h e  U.S. Eureau o f  i4ines a t  k i bany ,  Oregon, P?IL has 
ar ranged f o r  t h e  p r e p a r a t i o n  o f  seve ra l  compacts a t  va r i ous  oxygen l e v e l s . [ 4 ]  
The compactions were made i n  a 10 cm c y l i n d e r  u s i n g  a 750 g charge o f  au toc laved,  
2.5 cm leng ths  o f  Z i r c a l o y - 4  f u e l  c l a d  t u b i n g .  A s l o w ' r a t e  of  compact ion was 
used t o  a l l o r r  m n i t o r i n g  o f  p ress  ram p ressu re  andd i sp lacemen t .  The pe rcen t  o , f .  
volume r e d u c t i o n  versus compact ion pressure  i s  shown i n  F i g u r e  1. Over a 90: 
volume r e d u c t i o n  was achieved w i t h  a compact ion p ressu re  o f  15,000 p s i .  Some 

, c l a d d i n g  s e c t i o n s  were detached from the  compact d u r i n g  e j e c t i o n  f rom t h e  d i e .  
. S t i l l  o t h e r  sec t i ons  detached d u r i n g  a 60 cm drop t e s t .  These obse rva t i ons  

a p p l i e d  i r r e s p e c t i v e  o f  t h e  e x t e n t  o f  o x i d a t i o n .  F ines were qenera ted d u r i n g  
compaction, more w i t h  t h e  more h e a v i l y  o x i d i z e d  c l a d d i n g  s e c t i o n s .  

The P?iL Oecontaminz i ion  and H e l t  D e n s i f i c a t i o n  Proqram 

I n  Table I, tho  o b j e c t i v e s  o f  t h e  DOE sponsored PPlL Fuel  H u l l  Decontaminat ion  
and D e n s i f i c a t i o n  Program a r e  descr ibed.  These o b j e c t i v e s ,  n e t  i n  t h e i r  e n t i r e t y ,  
d e s c r i b e  processes by which t h e  d i s s o l v e r  res idues  can be t ransformed i n t o  an 
i n e r t ,  h i g h  d e n s i t y  waste s u i t a b l e  f o r  l ong - te rm s to rage ,  o r  w i t n  s u i t a b l e  
decontaminat ion  procedures,  f o r  e a r t h  b u r i a l .  As t h e  t e c h n i c a l  problems and 
c o s t s  become b e t t e r  def ined,  o p t i o n s  such as decontaminat ion ,  seg rega t i on  o f  
f u e l  h u l l  wastes by m a t e r i a l ,  and m e l t i n g  techn iques can be s e l e c t e d  o r  r e j e c t e d  
i n  a r r i v i n g  a t  a c o s t  e f f e c t i v e  process. 

Table I. PROGRAM OBJECTIVES 

Development o f  T o t a l  Process Lead ing t o  Minimum TRU Waste Stream 

C o n s o l i d a t i o n  o f  Fuel  H u l l s  by D i r e c t  M e l t i n g  

Development o f  Decontaminat ion Vethods f o r  TRU Element Removal 

* Demonct rs t ion  o f  Fuel I . lu l l  I n g o t  a3 e ClcJium f o ~  T t . , i L i u~ r~  P. ixat  lor1 

E v a l u a t i o n  o f  Fuel  H u l l  I n g o t  f o r  Long Term TRU Element R e t e n t i o n  

Cost Comparison o f  Treatment A l t e r n a t i v e s  

One nbviotrs method f o r  reduc ing  t h e  volume o f  TRU wastc i s  t h c  rcmoval  o f  
r e s i d u a l  f u e l  and s u p e r f i c i a l  o x i d e  i n  which t h e  b u l k  o f  t h e  a c t i v i t y  i s  absorbed 
Be fo re  decontaminat ion  procedures cou ld  be s .?r ious ly  proposed, i t  -das necessary 
t o  e s t a b l i s h  t h e  d i s t r i b u t i o n  o f  TRU elements i n  a sample o f  a c i d  leached and 
i r r a d i a t e d  f u e l  c l a d .  TRU d i s t r i b u t i o n  has novr been determined f o r  two PUR 
c l a d d i n g  samples: ( a )  Saxton Reactor  UO /PuO,, -:25,000 i.lWD/T s i x  yea rs  o u t  o f  

. t h e  r e a c t o r ,  ( b )  a h i g h  exposure U02, ~ 6 6 , 0 0 0 ~ M ! ~ l ~ / i  one y e a r  o u t  o f  t h e  r e a c t o r .  
The a n a l y s i s  d i d  t h e  f o l l o w i n g :  

O D i s t i n g u i s h e d  s l o w l y  l eachab le  f r a c t i o n  f rom non leachab le .  

Determined TRU element f r a c t i o n s  w i t h i n  50-100 u o f  t h e  c l a d d i n g  
su r face ,  

" Determined a r e s i d u a l  TKU c o n t e n t  i n  t he  metal  assoc ia ted  w i t h  U o r  Th 
i m p u r i t i e s  ill the Z i r c a l o y  i t s e l f .  

The r e s u l t  o f  t h e  80 element d i s t r i b u t i o n  a n a l y s i s  i s  shown i n  F i g u r e  2. The 
base metal  TRV i s  p r g d i c t a b l e  f rom t h e  neu t ron  exposure and t h e  tramp uran ium 
con ten t .  It i s  notewor thy  t h a t  c u r r e n t  Z i r c a l o y  compos i t i ona l  s p e c i f i c a t i o n s  
t o l e r a t e  up t o  3.5 ppm uranium. Th is  va lue  excoeds by more than  a f a c t o r  o f  10 
t h e  c o n c e n t r a t i o n  o f  U which w i l l  l e a d  t o  g r e a t e r  than 10 nCi /g  TRlJ a f t e r  
i r r a d i a t i o n  t o  normal goal  exposure. 



The p o s s i b i l i t y  e x i s t s  t h a t  if a l l  t r aces  o f  s u p e r f i c i a l  con tam ina t i on  can 
53 ~ ~ ~ c e ~ j f u l l y  rezoved, s u f f i c i e n t  decontaminat ion  may be accompl ished d u r i n g  
an op t im ize4  m e l t i n g  s t e p  t o  reduce l e v e l s  o f  r e s i d u a l  T2U belovr 10 nC i /g .  . 

The Decon tsnli n a t i o n  Process 

be have found conven t i ona l  z i rcon iurc  e t c h i n g  p r a c t i c e  i n e f f e c t i v e  on 
specimens o x i d i z e d  i n  h i g h  tenpe ra tu re  water  o r  w i t h  .ox ide f i l m s  formed a t  t h e  
clad-UOZ i n t e r f a c e  a f t e r  h e a t i n g  and/or  i r r a d i a t i o n .  ;{err methods were r e q u i r e d  
t o  decontaminat ion  - ,~ i t hou t  t o t a l  d i s s o l u t i o n  o f  t h e  meta l  subs t ra te .  The most 
e f f e c t i v e  y o c e d u r e  has beon a p re t rea tmen t  w i t h  600°C HF f o l l o w e d  by an 
exposure i n  a s o l u t i o n  developed by t leservey : is] 

0.4M amoniur i l  o x a l a t e  
0.16iil ammonium c i t r a t e  
0.111 ammonium f l u o r i d e  
0.314 hydrogen pe rox ide  

a t  90°C f o r  2 hours .  

, A d e t a i l e d  d e s c r i p t i o n  o f  t he  decontaminat ion  process can be found i n  Eef . [6 ]  

'The a c t i o n  o f  t he  gaseous HF i s  t o  undercut  t h e  o x i d e  l a y e r  f o rm ing  ZrFd 
w i t h  ' poss ib l y  some o x y f l u o r i d e .  F i g u r e  3 i s  a micrograph o f  an o x i d i z ~ d  sample 
a f t e r  t h e  HF t r ea tmen t  showing the  o x i d e  undercut  by t h e  f l u o r i d e  l a y e r  wn ich  
grows p r e f e r e n t i a l l y  a t  t h e  ox ide-meta l  i n t e r f a c e .  I n  F i g u r e  4 an SEi.1 nond is -  
p e r s i v e  X-ray a n a l y s i s  o f  t h e  specimen conf i rms t h e  r e a c t i o n  zone below the  
ox ide  as z i r con ium f l u o r i d e .  

The f l u o r i d e  l a y e r  i s  q u a n t i t a t i v e l y  d i s s o l v e d  i n  t h e  Fleservey s o l u t i o n  
de tach ing  t h e  ox ide  i n  t h e  process. The success o f  the  process depends on t f ie  
completeness w i t h  which t h e  ox ide  i s  pene t ra ted  by t he  HF. I n  c u r  exper ience,  
i r r a d i a t e d  Z i r c a l o y  i s  more s a s i l y  aesca led than n o c i r r a d i a t e d  specimens. 
Presumably because i r r a d i a t e d  ox ides  a r e  l e s s  mechan i ca l l y  sound. Table i I  
i n d i c a t e s  t h e ' z c t i v i  ty o f  a specimen decontaminated i n  t h e  p r e s c r i b e d  f a s h i o n  i s  
reduced t o  t n e  l e v e l  o f  t h e  base metal  a c t i v i t y .  

Table 11. TRU DISTRISUTION IN  IRRAO!ATED, ACID LEACHED 
ZIRCALOY FUEL CLADDING 

a D i s t r i b u t i o n  as Detern ined by '4echanical and Chemical ?=a1 Removal 

i eachab le  A c t i v i t y  idon-Leachable A c t i v i t y  Res idua l  A c t i v i t y  
Source .- I n  su r face  Oxides I n  Sur face ox ides I n  t i a d d i n q  Meta l  

Saxton P:l2 
E.li xed Oxide 
Fuel  9.94 x ci/dm2 9.88 x ci/drn2 2.67 x c i /dm2 

~ x p o s u r e  
PWR 8.7 x 1 0 - ~ ~ i / d m ~  6.7 x 1 0 ' ~ ~ i / d m ~  8.2 x 1 0 - ~ ~ i / d r n ~  

' 

a A c t i v i t y  A f t e r  Decontaminat ion  Process 

Saxton PNR Mixed Oxide Fuel  3.0 x ci/dm2 

High Exposure PWR 8.2 x l ~ - ~ ~ i / d n i ~  

A sma l l  i n t e g r a t e d  decontaminat ion  system has been b u i l t  and i n s t a l l e d  i n  a 
s h i e l d e d  f a c i l i t y  (1706-KEL cave ) . [ 7 ]  Th i s  m i n i - s c a l e  equipment i s  p r i n c i p a l i y  
ded i ca ted  t o  process development i n  suppo r t  o f  h i g h e r  throughpu.t h o t  c e l l  e x p e r i -  
ments t o  be desc r i bed  below. Decontaminat ion r vns  have been made on smal l  
charges o f  bo th  i r r a d i a t e d  and au toc laved  n o n i r r a d i a t e d  f u e l  c l a d d i n g  t u b i n g  
s e c t i o n s .  Sur face ox ides  were cornplet t . ly  removed. Thc sum o f  o x i d e  and meta l  
l o s s  was rough l y  3 gtils/dm2 o f  exposed su r face  f o r  e i t h e r  i r r a d i a t e d  o r  non- 
i r r a d i a t e d  h u l l s .  Some f i n e  und i sso l ved  s o l i d s  a r e  p resen t  i n  t he  4eservey wash 
s o l u t i o n s  which can be d i s s o l v e d  i n  concen t ra ted  }IF made s l i g h t l y  o x i d i z i n g  w i t h  
n i t r i c  a c i d .  Reac t i on  r a t e s  on the  HF r e a c t o r  have been.shown t o  be r e l a t i v e l y  
i n s e n s i t i v e  t o  t he  r a t e  o f  s t i r r i n q  !which i s  necessary to s h i f t  p o i n t s  o f  
c o n t a c t  bet'r~een h u l l s . [ 4 J  



. Experiments have shown t h a t  a  small f l ow o f  gas through the gas contactor  
nus t  be mainta ined to  prcveri i  bu i ldup  o f  reac t ion  product hydroyen nvrhich hydrides 
t h e  h o t ,  def i lmed Z i r c a l o y  surfaces. Careful  e l i m i n a t i o n  o f  water vapor from 
t h e  HF-Arcj~n mix tu re  i n  the gas contactor  i s  essen t ia l  t o  c o r l t r o l l i n q  a t t a c k  on 
t h e  metal s u t s t r a t e .  [a] 

The proposed decontamination scheme seems t o  s a t i s f a c t o r i l y  meet our def ined 
o b j e c t i v e s :  

a )  About 10% o f  the c ladd ing  h u l l  metal i s  l o s t  i n  the decontainination . ' 

process. 

b) S a t i s f a c t o r y  surface dncnntamination l e v e l s  a re  achieved on small 
sample experiments. 

t) Tne secondary waste product can be p y r o l i z e d  t o  ZrO? p lus  contaminant 
ox ides which adequately meet the o b j e c t i v e  o f  minimam TRU waste 
uolumes. 

f h ~  Dens. i ' f icat ion Procsss* 

: Ietals recovered from the d isso lve r  can vary from Z i rca loy  alone t o  Z i rca loy  
w i t h  20% s t a i n l e s s  s t e e l  and Inconel.  I f  n e l t s  a re  i o  be prepared w i thou t  
descz l ing,  up t o  3% z i rconium oxide must be accommodated. The necessi ty  o f  
maki'ng mel ts  under h o t  c e l l  cond i t i ons  impl ies cons t ra in ts  on p o t e n t i a l  m e l t i n g  
technqi-ues o f  which the f o l l o w i n g  are t y p i c a l :  

(1 ) O i r e c t  m e l t i n g  from the  chop-leach residues must be poss ib le  w i thou t  
p r i o r  compaction o r  double mel t ing.  

12) s i g n i f i c a n t  i n t e r a c t i o n  w i t h  c r u c i b l e  mate r ia l s  must be avoided t o  
assure co r ros ion  res is tance and mechanical i n t e g r i t y  o f  the r e s u l t a n t  
ingot ,  a l s o  t o  minimize add i t i ons  o f  contaminated c ruc ib ies  t o  the 
waste stream. 

A low m e l t i n g  Zt--S/S-inconel a l l o y  was a n t i c i p a t e d  from Zr-Fe, Zr-Hi b i n a r y  
. phase d i a g r a m .  These r e s u l t s  were con f i r ced  i n  p rac t i ce .  The Zr-10% SIS-5% 

Inconel me1 ted  a t  about l l O O ° C  versus >100O0C f o r  Z i rca loy-4.  Induct ion heated 
g raph i te  c r u c i b l e  m e l t i n g  o f  the a l l o y s  was demonstrated w i thou t  excessive 
i n t e r a c t i o n  ~ i t h  t h e  g r a p h i t e  c r u c i b i e .  l le l  t i n g  o f  s t r a i g h t  Z i rca loy  produces 
h igh  g r a p h i t e  crucible-me1 t i n t e r a c t i o n  a t  temperatures o f  1800-1 900°C; me1 t i s  
sa tu ra ted  w i t h  carbon. 

, A r e l a t i v e l y  obscure me l t ing  technique, the so-ca l led " Inductos lag"  process 
w a  selected f o r  study, because o f  i t s  g t ~ i c ~ . a l  c u ~ ~ f o ~ ~ i s l t y  w.lrh hUl.1 i r ie l t ing 
c r i t e r i a ,  and because it has been successfu l ly  employed i n  remel t  o f  t i t dn iu rn  
metal scrap. [9,10] The process employs a  s?l i t ,  water cooled copper c r v c i  b l  e, 
the  mol ten metal pool i s  re ta ined  i n  the c r u c i b l e  by a  CaF f lux. [11]  The 
contents  o f  the c r u c i b l e  couples t o  an induc t ion  c o i l .  ~ h $  chop-leach res idue 
al'ong with 1-2% f l u x  i s  fed from a hopper d i r e c t l y  i n t o  the c r u c i b l e .  The r ' r~got 
i s .  con t inuous ly  withdrawn from the bottom o f  the c r u c i b l e .  The general l ayou t  
o f  the  furnace, the  feed system and the ingo t  are shown i n  F igure 5. 

To t h i s  p c i n t  our  inductos lag mel ts  have been made i n  c o l l a b o r a t i o n  w i t h  
P.. G.. C l i t e s  us ing  an experimental furnace fabr i ca ted  and used a t  the U.S. 
Bureau o f  ;.lines' l a b o r a t o r y  a t  Albany, Oreqon. !*le have i n  the course o f  these 
j o i n t  s t u d i e s  prepared mel ts  cover ing nost  o f  the range i n  composit ion we might 
expect t o  encounter i n  p r a c t i c e  (except f o r  r a d i o a c t i v i t y ) .  Our experience w i t h  
Inductos lag me1 t i n g  can be summarized i n  the fo l low ing .  

M e l t f n q  o f  Oescated Zircaloy-l !  I n  the course o f  t h i s  demonstration 40 kg o f  
f r e s h l y  etched Z i rcs loy -$  tub ing  were melted i n  2-1/2 hours t o  form a s i n g l e  
i n g o t  10 cm i n  d iam~t .e r  by 75 cm iong. Thc compo-,iticn o f  the i t ~ y u l  a f t e r  
me1 t i n g  was s t i l l  w i t h i n  spec i f i ca t ions  f o r  reac to r  fue l  c ladding.  Un i fo rm i ty  
o f  composit ion a r ~ d  mechanical p roper t ies  :$as exce l len t .  As a p roo f  o f  f a b r i -  
c a b i l i t y  the i n g o t  was r e f a b r i c s t c d  i n t o  fue l  c lad  t t ;b i r l~ .  Sections o f  the 
r e f a b r i c a t e d  tub ing  were autoclaved under standard ASTM cond i t i ons .  [I 21 Height 
gafns were w i t h i n  s p e c i f i c a t i o n s  and a  lus t rous  b lack surface was developed. 

Tha m e l t  d e n s i f i c a t i o n  i s  described i n  gr.e;iier d e t a i i  I n  Refs , r i j .~ . lOJ  



M e l t i n g  o f  Zr-4,  10 S!S, 5 %  ! n c o n s  The i nduc tos l6g  m e l t i n g  o f  t h e  a l l o y  was 
somewhat d i s a p p o i n t i n g .  The p r o b l r a  i s  t n a t  t he  p:gc?js opera tes  a t  the e u t e c t i c  

' m e l t i n g  p o i n t  w i t h  t h ~  r e s u l t  t h a t  d i s s o i l r t i o n  of  the h i g h e r  m e l t i n g  f2ed mate- 
. r i a l s  i s  s low. i l e l t i n g  was r o u g h l y  o n e - t h i r d  t he  r a t ?  f o r  Z i r c a i o y - 4 .  Sect ions  

o f  t he  i n g o t  showed s u b s t a n t i a l  unmeited feed m a t ~ r i a l  f i x e d  i n  a  m a t r i x  o f  t h e  
e u t e c t i c  a i x t g r e  o f  Zr ,  Fe, N i ,  C r .  S t r u c t u r a l l y  the  ingot. was q u i t e  s a t i s -  
f a c t o r y ,  F i g u r e  6. 

M e l t i n g  o f  Ox id i zed  Z r 2  H e a v i l y  o x i d i z e d  sec t i ons  o f  Zr -4  ' tub ing,  up t o  3% 
rO , were s u c c o s s f u ~  l y  iilel t e d  i n t o  a  Soo~rld u n i f o r m  i n g o t .  The as -cas t  i n a t ? r i a l  

:s $err h a r d  and p robab l y  u n f a b r i c a b l e .  Sowever, t he  exper iment i s  ve ry  i x p o r t a n t  
i n  d e a o n s t r a t i n g  t h a t  f l ~ e l  h u l l  d e n s i f i c 3 t . i o n  by x e l t i n g  can be ach ieved w i t h o u t  
p r i o r  d e s c a l i n g  o r  decontaminat ion .  Whi le these p r o p e r t i e s  have no t  been tes ted ,  
we a r e  c o n f i d e n t  s a t i s f a c t o r y  r e s i s t a n c e  t o  c o r r o s i o n  o r  l e a c h i n g  w i l l  be 
d e m n s t r a t e d .  

Furnace C o n s t r u c t i o n  An Induc tos lag  furnace has beon designed and b u i l t  f o r  
remote, me1 t d e n s i f i c a t i o n  o f  a  feed stream o f  r a d i o a c t i v e  f u e l  h u l l s ,  F igu re  7.  
The major  m o d i f i c a t i o n s  o f  t h e  b a s i c  C l i t e s  and Zeal1 des ign  r e q u i r e d  f o r  adapt -  
a t i o n  t o  h o t  c e l l  o p e r 3 t i o n  i nc iude :  f u l l  l eng th ,  wide opening door f o r  easy 
access t o  fu rnace i n t e r n a l s ,  a  gear d r i v e n  i n g o t  w i thdrawal  mechanism t h a t  
p rov ides  f o r  iraxlmum i n g o t  l e n g t h  f o r  t h e  fu rnace h e i g h t ,  and a  means o f  inde-  
pendent a d d i t i o n  o f  s l a g  t o  t h e  f i e l t .  

Recent work has i n c l u d e d  an i n v e s t i s a t i o n  o f  methods f o r  remote a t tachment  
and detachment of  t h e  i n g o t  from t h e  wi thdrar ra l  mechanism. !Je a r e  e x p l o r i n g  
methods f o r  i n c r e a s i n g  me1 t r a t e s  o f  mixed Z i r ca loy -4% Incone l  f e d  s t o c k .  Me1 t 
r a t e s  increased from 4 . 7  t o  25 kg /h r  when pure  CaF2 was s u b s t i t u t e d  f o r  t h e  
CaF2-NgF2 e u t o c t i c .  

T r i t i u m  Abso ro t i on  and Storaae i n  Z i rcon ium A l l o y  I nqo ts  The m e l t i n g  o f  f u e l  
hardware i n t o  i n g o t s  w i l l  r e l ease  absorbed hydrogen and t r i t i u m .  The a p p r o x i -  
ma te l y  100 ppm of hydrogen evo lved can be re?bsorbed i n t o  another  i n g o t .  The 
abso rp t i on  r a t e  and eau i  i i br ium pressure  o f  hydrogen ove r  Z i r c a l o y  and ir- ( i e ,  
N i ,  C r )  a l l o y  i n g o t s  were s t u d i e d  a t  r e p r e s e n t a t i v e  gas pressures  and concent ra-  
t i o n .  Both  t he  a l l o y  and Z i r c a l o y - 4  absorb h y d r ~ g e n  r a p i d l y  enough t o  be u s e f u l  
f o r  s to rage  o f  t h e  hydrogen reroved from the  d e n s i f i e d  h u l l s .  [6] 

HOT CELL DEF1@WSTRAi'!O?~I OF THE DECONTAklINATIOFi At40 :*\ELI L?EIiSiilCATIOI\I PROCESS 

The Cosmercial Vaste F i x a t i o n  Proqram a t  PNL, when o p e r a t i o n a l ,  w i l l  qene- 
r a t e  about  250 kg o f  f u e l  h u l l  wastes pe r  month as d i s s o l v e r  res idues .  These 
c l a d d i n g  h u l l s  w i l l  come from PWR f u e l  i r r a d i a t e d  t o  goal  exposure and w i l l  be 
f u l l y  p r o t o t y p i c  of  a  rep rocess ing  p l a n t  f ue l  h u l l  waste stream. A supp l y  o f  
h u l l s  shou ld  be a v a i l a b l e  by t h e  end o f  FY 1978. It i s  o u r  p l a n  t o  have r e -  

. motely operab le ,  l n @ l  c dens' l f  I ca , t ' lo r~  dnd dt?cunLar~irrat furl f a c l l  ,It les r w d y  ,fur, 
i n s t a l l a t i o n  i n  a h o t  c e l l  s h o r t l y  a f t e r  t h e  c l a d d i n g  h u l l  wastes become a v a i l -  
ab le .  

An Induc tos lag  m e l t  furnace has been designed and f a b r i c a t e d  f o r  h o t  c e l l  
use. I t  i s  c u r r e n t l y  be ing  i n s t a l l e d  i n  a  mockup area which dupl  i c 2 t e s  t h e  

: f l o o r  geometry and se rs / i ces  a v a i l a b l e  i n  t h e  324 B u i l d i n g  D Hot C e l l .  The semi- 
cont inuous decontaminat ion  process equipment i s  c u r r e n t l y  i n  f a b r i c a t i o n  w i t h  
d e l i v e r y  o f  p r i n c i p a l  components expected i n  e a r l y  December, F igu res  8, 9. The 
completed decontaminat ion  f a c i l i t y  shou ld  be i n s t a l l e d  i n  t h e  mockup area by t h e  
end o f  January 1978, F igu re  10. 

Checkout of t h e  equipment w i l l  proceed i n  two stages. Contac t  o p e r a t i o n  
and c o n t a c t  equipment ad jus tment ,  where requ i red ,  w i l l  r e p r e s e n t  t he  f i r s t  s tage 
i n  t h e  f a c i l i t y  q u a l i f i c a t i o n .  I n  t h e  second s tage t h e  f a c i l i t i e s  w i l l  be 
m o d i f i e d  f o r  nan ipu l  a t o r  o p e r a t i o n  and maintenance. One o r  more s a t i s f a c t o r y  
o p e r a t i o n a l  cyc les  w i l l  be completed before t h e  equipment i s  disassembled and 
reinstalled i n  the 324 S u i l d i n g  0 Hot C e l l .  The h o t  c e l l  i s  expected t o  be 
ready f o r  o p e r a t i o n  o f  t h e  m e l t  d e n s i i i c a t i o n  and decontaminat ion  process w i t h  
i r r a d i a t e d  f u e l  h u l l  feed s t o c k  by t h e  fa1 l o f  1978. Ye p r e s e n t l y  propose t o  
ope ra te  t h i s  f a c i l  i t y  th roughout  t he  Commercial Haste F i x a t i o n  Demonstrat ion 
(about one y e a r ) .  Several  impo r tan t ,  h e r e t o f o r e  u r ~ d e t e r n ~ i r ~ e d  c h a r d c t e r i s i t c s  
o f  t h e  i nduc tos lag  waste metal  i n g o t  w i l l  be e s t a b l i s h e d .  The 2 x t e n t  t o  which 



' the as -cas t  i n g o t  i s  sub jec ted  t o  mechanical s p a i l a t + o ! l  ~f T?iJ ~ 3 f l t ~ l i l ' i i : ~ t : i <  s'ii.:.-; 
o r  o x i d e  i s  unknown, Tne e x t e n t  t o  n h i c n  t he  TRU c o r ~ t e n t  o f  i:",? i s - r a s t  i:;:j:t? i , ;  
s u b j e c t  t o  l e a c h i n g  i s  unknown. 'iliti~ those i n g o t s  ne l toc l .  f rom ii.?co:l-i.a;ii;t~:~ 
f u e l  h u l l s ,  i t  * t ~ i l l  be p o s s i b l e  t o  de te rn i r i e  i f  TRU dscontar i i r ia t io r !  factr;rs j t -c ;  

ob ta ined  i n  the m e l t  th ro i lyh  a p a r t i t i o n i n g  process . t r i th  t h e  f l u x ,  thro3;;ii zone 
re f i nemen t  o r  through v o i a t i  1 i z a t i o n  o f  t h e  impur i  t i e s  5 s  f l u o r i d e s .  

The p r ' i n c i p a l  purpose o f  t h e  h o t  c e l l  demonst ra t ion  i s  a ? r c o f  t e s t  o f  th? 
Mlt  d e n s i f i c a t i o n  process. I f  t h e  remote ly  operable s e l i  and daconiamini : .  ion 
processes f u n c t i o n  r e l i a b l y  over  t h e  course of a y e a r  w i t h  a th rougnput  o f  a 
m e t r i d  t o n  o r  rrore o f  an i r r a d i a t e d  f u e l  h u l l  m a t e r i a l ,  we w i l l  / ld8/e achiov2i; 
t h e  program goal  s. 
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. FIG 3. SEM OF OX I D IZED ZR -4 AFTER TREATMENT W I l l 4  HF AT 6 ~ 0 ' ~  

FIG 4 NOND IS PERS IVE X-RAY ANALYS IS OF THE S PEC I lbEN FROM 
f lG 3 FOR Zr AND F CONTENT 
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FIG 7. DRAW lNG OF INDUCTOSLAG MELTING FURNACE DESIGNED AND 
FABRICATED FOR 1 NCELL MELTING OF AC 1 D LEACHED 
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FIG 9. CONCEPTUAL DES lGN OF AQUEOUS WASHER 
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