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HOT C E L L  PREPARATION OF TESTING MATERIALS 

R.  E. THORNHILL AND C.  A .  KNOX 
Battel l e ,  Pacific Northwest Laboratories 
Richland, WA 99352, U.S.A. 

ABSTRACT 

I t  i s  important in nuclear waste repository development t h a t  testing be 
done with materials containing a radionuclide spectrum representative of 
actual wastes. To meet the need for  such materials,  the Materials Charac- 
ter izat ion Center (IIICC) has prepared simulated high level waste ( H L W )  glas- 
ses with radionuclides representative of a b o u t  lo-,  300-, and  1000-year-old 
waste. A quantity of well characterized spent fuel also has been acquired 
for  the same purpose. Glasses containing 10- and 300-year-old wastes, a n d  
the spent fuel specimens, must be fabricated in a h o t  c e l l .  Hot cell  condi- 
t i o n s  (high radiation f ie ld ,  remote operation, and d i f f icu l ty  of repairs)  
require t h a t  procedures a n d  equipment normally used in materials preparation 
out-of-cell be modified for  hot-cell applications. 

tion of t e s t  specimens of these glasses a n d  spent fuel.  One of the glasses 
i s  a 76-68 composition, which i s  ful ly  loaded with actual commercial reactor 
f iss ion product  waste. The other glass contains simulated Barnwell Nuclear 
Fuel Plant waste, doped w i t h  d i f ferent  combinations of f iss ion products a n d  
actinides.  The spent fuel i s  a 10-year-old PWR material. Special tech- 
niques have been used t o  achieve high quality,  well characterized testing 
materials, including specimens in the form of segments, wafers, cylinders, 
and powders o f  these materials. 

This paper discusses the fabrication of two glasses, and the prepara- 

INTRODUCTION 

The Materials Characterization Center (MCC) has the task of preparing 
and supplying nuclear, waste related Approved Testing Materials (ATMs) for 
a l l  repository programs. 
t o  support licensing of repositories; i t  i s  essential  t h a t  these materials 
be of h igh  quality and well characterized. 
( H L W )  glasses and  spent fuel specimens must be done remotely in a radiochem- 
ical  hot c e l l ,  using special techniques t o  achieve the required high quality.  
This paper de ta i l s  the fabrication of two such waste glass ATMs a n d  the pre- 
paration of spent fuel ATM t e s t  specimens. 

These materials [ l ]  will  be used t o  generate d a t a  

Preparation of high level waste 

PREPARATION OF WASTE GLASS TESTING MATERIALS 

Fabrication in the h o t  cel l  i s  complicated as a l l  work must be done 
Viewing i s  t h r o u g h  with master-slave manipulators and an  overhead crane. 

4 - f t  lead-glass windows. 
able a n d ,  i f  possible, remotely repairable. Special consideration must be 
given to materials of construction because many standard materials f a i l  
rapidly in the high gamma flux atmosphere of the h o t  c e l l .  

To the extent possible, a l l  preparatory work for  ATMs i s  clone outside 
the h o t  cell  where measuring and fabricating can be more easi ly  controlled. 
All of the nonradioactive components (including the glass-forming components 
and the nonradioactive "waste" chemicals) are  prepared as a glass f r i t  and 
the composition verified by ICP analysis. The actinides are oxidized, 
weighed, and blended with the f r i t  in a glove box. 

Equipment must be modified so i t  i s  remotely oper- 

The g l a s s - f r i t / ac t in ide  



blend i s  then introduced t o  the h o t  c e l l .  The glass f r i t ,  the actinides,  
and  the radiochemicals then are blended in the ball mill for  several hours. 

Equipment 

in the h o t  cel l  i s  as bars. 
needed and  prepared t o  the specifications of the sponsor, i . e . ,  par t ia l  
bars ,  cubes, wafers, or ground a n d  sieved powders. A remotely operable 
b a r  mold has been designed a n d  fabricated from 304L s ta in less  s teel  ( S S ) ,  
which yields two 3/4-in. x 3/4-in. x 7-in. bars  per glass pour. The b a r  
molds have a special handle for a f a s t  grasp with manipulator fingers so 
the molds can be quickly transferred t o  an annealing furnace a f t e r  the 
glass had been poured. 
oactive glass f r i t s  prior t o  being used with MCC glass batches. 

able of operating temperatures t o  15OO0C, and an annealing furnace cap- 
able of operating temperatures t o  1000°C. 
they can be opened with manipulator fingers and the heating elements can 
be remotely replaced i f  they f a i l .  
temperature i s  required t o  maintain the integri ty  of the glass bars and  
minimize fracturing, cracking, crystal formation, e tc .  Therefore, a tem- 
perature prof i le  was run on the annealing furnace before use to correlate  
actual annealing temperatures in the furnace with the control thermocouple 
readout. 

A number of other pieces of equipment were instal led in the h o t  cel l  t o  
complete th i s  work, including a ball mill for  blending glass batch chemi- 
cals ,  a pulverizer f o r  fracturing the glass bars, a grinder for  crushing 
glass,  and  an  electronic balance in a lead cave for  weighing radioisotopes. 
The ball mill and  the grinder are  commercially available units.  
izer  and the balance were remotized, i . e . ,  the controls a n d  other electron- 
ics are located outside the h o t  ce l l .  

The most convenient form for fabrication and  storage of waste glasses 
Specimens can be taken from these bars as 

This transfer technique was tested using nonradi- 

a melting furnace cap- Two furnaces were installed in the h o t  c e l l :  

These furnaces were modified so 

Accurate control of the annealing 

The pulver- 

ATM- 5 

ATM-5, the f i r s t  waste glass fabricated in the h o t  cell  for  the MCC,  
i s  a fu l ly  loaded waste glass incorporating h i g h  level liquid waste ( H L L W )  
generated from reprocessing of  Point Beach reactor fuel a t  PNL in 1978. 
This HLLW had  been stored in a SS t a n k  since t h a t  time. The H L L W  was "cal- 
cined" by boiling i t  dry in a clean SS t a n k .  
t h a t  t h i s  type of calcination process would make i t  d i f f i c u l t  t o  recover 
the calcine i f  i t  caked on the t a n k  walls and had t o  be scraped o u t  of the 
t a n k .  However, the calcine was an ash-like product  which did n o t  adhere 
t o  the vessel walls a t  a l l  and  was easi ly  recovered. 
by shielded I C P  spectrometry, and was discovered t o  contain an unexpectedly 
high concentration of iron, possibly a storage t a n k  corrosion product from 
the years of storage. 
be used t o  prepare a ful ly  loaded 76-68 type of waste glass.  

I n  the course of fabrication the 76-68 galss had  t o  be melted twice. 
During the i n i t i a l  melting of the blended powder, the formation of sodium 
mo?ybdate must be prevented, since i t  would occur in 76-68 glass as a low 
melting low viscosity second phase with undesirable chemical properties. 
TO prevent the formation of sodium molybdate, a reducing agent (s i l icon 
metal) was added t o  the batch chemicals. Since the s i l icon would a t t a c k  
platinun! metal, t h i s  radioactive batch was melted in a Inconel crucible a t  

There was some i n i t i a l  concern 

This waste was analyzed 

The composition of the calcine was such t h a t  i t  could 
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1100°C for  3 h .  
t o  fracture the glass for  remelting. 

a platinum crucible a t  1300°C. The b a r  molds were preheated on a h o t  plate 
t o  minimize thermal shock when the molten glass was poured. The glass bars 
in the molds were immediately placed in the annealing furnace a t  480°C, 
annealed f o r  2 h ,  and then permitted t o  furnace cool t o  room temperature. 
Each b a r  was assigned a unique number and placed in a sotrage rack .  
of 3 kg of waste glass ATM-5 was made. 

The molten glass then was poured into a SS beaker of water 

The fractured glass was blended in the ball mill and then remelted in 

A t o t a l  

ATM-6 

ATM-6 i s  a simulated waste glass fabricated t o  a composition typical 
of the proposed produ t of the Barnwell Nuclear Fuel Plant. I t  i s  d ed 
with de eted UO (238 , 235U), T h o  (232Th), NpO (237Np) ,  Cm 0 ( 2 4 0 i m ) ,  
PuO (29APu,  2 3 9 6 ~ ~  2 4 8 P u ) ,  SeO (7&e),  Cs20 (13?Cs) and Tc20; t 9 9 T c ) .  
Ios?opes selected and the i r  con?entrations are  representative of actual 
waste glass and/or  are sui table  for  analysis of leach t e s t  specimens. 

As before, the nonradioactive components were prepared outside the h o t  
cel l  and the actinides were oxidized and weighed in a glove box. The 75Se 
had been procured as a solution, so the nonradioactive glass f r i t  was f i r s t  
wetted with th i s  solution in the h o t  cell  and  dried for  24 h a t  95°C. The 
remaining radiochemicals then were blended as solids with the f r i t  for  
2 h in the ball mill .  Formation of sodium molybdate has n o t  been observed 
in Barnwell-type glass,  so the mixture was melted a t  1300°C in platinum, 
and  the bars were annealed a t  500°C. 
ber and transferred t o  storage. 

Approximately 500 g o f  ATM-6 was required as crushed, sieved material. 
After removal of archive samples from the center a n d  each end of seven bars 
of ATM-6, the remainder of each bar  was fractured t o  pieces of (0.6 cm using 
the glass pulverizer. These pieces then were crushed in a powr grinder 
and  subsequently sieved i n t o  three par t ic le  s ize  ranges: -60+115, -115+250 
a n d  -250 Tyler mesh s ize .  The power grinder was operated for  only a few 
seconds a t  a time before sieving the glass t o  minimize the production of 
fines.  
into storage. The crushed, sieved material was packaged a n d  provided t o  
the user. 

Each b a r  was assigned a unique num- 

Archive samples were taken of each par t ic le  s ize  range a n d  placed 

Table I presents a compositional summary o f  ATM-5 a n d  ATM,-6. 

PREPARATION OF SPENT F U E L  SPECIMENS 

ATM-101 i s  H B  Robinson ( P W R )  spent fue l ,  obtained a s  nine selected 
rods shipped t o  PNL from Idaho Falls as 27 1~3-ft-long sections.  Prior t o  
being shipped f o r  Idaho, the cut ends of the rods had been covered with a 
p las t ic  cap. 
i n  the h o t  c e l l ,  exposing the fule t o  the cel l  atmosphere, a storage rack 
was fabricated a t  PNL t h a t  provides individual a i r t i g h t  tubes for  each rod .  
One end of each tube i s  welded, while the other end has a threaded end cap. 
This makes retrieval of the rods simple. Each rod was transferred t o  the 
storage rack, mdintaining axial oriantation for  future cutting diagrams. 

A typical cutting diagram fGr sampling a spent fuel rod requires 1 2  or 
more transverse cuts .in a 3 - f t  section t o  provide analytical samples as well 
as the portions of the rod t o  be used as ATM specimens [3]. Some of the 
cut saniples have been as small as 0.5-in. in length. Other samples had t o  
be sealed with a n  epoxy coating over each c u t  t o  ensure no fuel was lo s t  

Since there was concern t h a t  the p las t ic  would rapidly degrade 
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Tab le  I .  ATM-5 and ATM-6 Glass Composi t ion ( a )  

Waste Components 

G 1  ass Addi ti ves 

2'3 

B2°3 
CaO 

L i  20 
Na20 

S i02  

T i  02 
ZnO 

Waste Components 

Ce02 

Moo3 

Na20 

Nd203 
Zr02 

Others ( c o n s t i t u e n t s  less than  

Fe203 

1 w t %  i n  e i t h e r  g l a s s )  
A c t i n i d e s  and R a d i o a c t i v e  Dopants 

24 1 Am2 03 

244Cm203 

1 3 7 ~ s 2 ~  

2 3 7 ~ p ~ 2  
2 3 8 ~  u o2 

%eo2 

2 3 2 ~ h o ~  

239+240puo 

99 

2 

Tc207 

U308 (dep le ted )  

ATM-5 w t %  ( 

-- 
9.50 

2.00 
-- 

13.01 

40.00 

3.00 

5.00 

1.03 

7.56 

1.15 

5.51 

1.81 

1.75 

7. 18 (b )  

0.16 

0.01 
1 .o2 (b )  

0.31 
0.06  
-- 
-- 

0. 46(b)  
-- 
4.17 

ATM-6, w t %  
~~ 

5.64 

9.19 
--  
4.38 

14.40 

49.00 
- I- 
- ,- 

1 .06 

0 .53  

1 I, 54 

( i  n c l  uded above) 

1 62 

0 .64  

2.39 

- -. 
6.5 E-5 

3.0 E-3 

0.358 
2.5 E-3 

2.0 E-2 

1.9 E-7 

0.128 

1.1 E-2 

2.4 

( a )  Based on l i m t e d  analyses t o  da te .  
( b )  I nc ludes  c o n s t i t u e n t s  o f  NWVP c a l c i n e  n o t  analyzed;  es t ima ted  concen- 

t r a t i o n s  f o r  those elements a r e  based on p u b l i s h e d  compos i t ion  of PW-8 
waste [2] 
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f rom t h e  c l a d d i n g  d u r i n g  s h i p p i n g  and hand l i ng .  
i n d i c a t e  t h e  a x i a l  o r i e n t a t i o n  on some samples. 

low-speed saw equipped w i t h  a Buehler  l o w - c o n c e n t r a t i o n  diamond w a f e r i n g  

I t  was a l s o  necessary t o  

For  ATM-101 specimens prepared t o  da te  each c u t  was made w i t h  an Isomet 

blade: T h i s  u n i t  was i n s t a l l e d  i n  a housing so t h a t  i t  operates 
t a b l e  saw. The t a b l e  was f e d  i n t o  t h e  saw b lade  t o  c u t  t h e  f u e l  
u n i t  was s e l f - f e e d i n g  by a c o n f i g u r a t i o n  o f  p u l l e y s ,  cables,  and 
Spec ia l  chucks were f a b r i c a t e d  t o  h o l d  t h e  f u e l  r o d  i n  p o s i t i o n .  
a l s o  h e l d  t h e  c u t  sample w h i l e  t h e  epoxy was a p p l i e d  o r  t h e  a x i a  
t i o n  was marked. The chuck was moved a long  a s l i d e r  b a r  t o  prov  
c o r r e c t  sample l e n g t h .  

There were two s e r i o u s  problems w i t h  t h e  o r i q i n a l  saw used 

l i k e  a 
rod .  The 
wei gh t s  . 

de t h e  

The chuck 
o r i  enta-  

o c u t  t h e  
2 h / c u t )  ATM-101 specimens. 

un less  t h e  b l a d e  was h e a v i l y  dressed; d r e s s i n g  t h e  b l a d e  would contaminate 
t h e  samples. Second, t h e  f a i r l y  expensive saw, which c o u l d  n o t  be remote l y  
r e p a i r e d ,  has a s h o r t  l i f e  i n  t h e  h i g h  gamma f i e l d  o f  t h e  h o t  c e l l .  There- 
fore,  a new saw was designed and f a b r i c a t e d  f o r  f u t u r e  work o f  t h i s  t ype .  
It was made as f l e x i b l e  as p o s s i b l e  and can handle much l a r g e r  samples 
(up t o  1 - i n .  d i a )  as w e l l  as h e a v i e r  samples. A t  t h e  same t ime,  i t  can 
a c c u r a t e l y  c u t  t h e  smal l  samples. T h i s  des ign  i s  a l s o  modeled a f t e r  a 
t a b l e  saw, b u t  t h e  feeder p l a t e  t r a v e l s  on l i n e a r  mo t ion  bear ings ,  which 
g r e a t l y  reduces t h e  drag a s s o c i a t e d  w i t h  t h e  p l a t e  and decreases t h e  f o r c e  
r e q u i r e d  t o  f e e d  t h e  samples th rough  t h e  saw. 
employed i n s t e a d  of t h e  b e l t  d r i v e  p r e v i o u s l y  used. 
i n c r e a s e d  rpm, r e s u l t i n g  i n  g r e a t l y  reduced c u t t i n g  t imes.  
much l e s s  l i k e l y  t o  b i n d  up and s i e z e  w h i l e  c u t t i n g  t h e  ex t reme ly  h a r d  
uranium f u e l .  The e n t i r e  u n i t  i s  f a b r i c a t e d  f rom m a t e r i a l  which shou ld  
l a s t  i n d e f i n i t e l y ,  w i t h  t h e  e x c e p t i o n  o f  a $100 motor .  
diamond b l a d e  and t h e  motor  can be remote l y  r e p l a c e d  i f  r e q u i r e d .  T h i s  
u n i t  has been demonstrated t o  p r o v i d e  qu ick ,  c l e a n  c u t s  on spent  f u e l  and 
g lass .  

Fo r  t h e  ATM-101 specimens d e s c r i b e d  above, a f t e r  t h e  c u t t i n g  was 
completed t h e  f u e l  was removed f r o m  those r o d  p o r t i o n s  des igna ted  f o r  
u n c l a d  ATM-101 specimens. Thses segments were c u t  i n t o  ~ 2 - i n .  l e n g t h s  
w i t h  a t u b i n g  c u t t e r .  
i t  w i t h  a hammer. 
MG-2 power g r i n d e r  equipped w i t h  a Carborundum m o r t a r  and p e s t l e .  The 
fue l  was ground f o r  %5 sec., then poured on to  a 60-mesh ( T y l e r  s e r i e s )  s i e v e .  
A l l  +60 mesh f u e l  was r e t u r n e d  t o  t h e  g r i n d e r .  
u n t i l  a l l  t h e  f u e l  passed through t h e  60-mesh s ieve .  I n  t h i s  manner, ~400 g 
of  ground, s i e v e d  spent  f u e l  i n  3 p a r t i c l e  s i z e  ranges (-60+115, -115-250, 
and -250 T y l e r  Mesh) was produced. 
range were p l a c e d  i n t o  s torage.  

F i r s t ,  t h e  c u t t i n g  was v e r y  S T O W  (as l o n g  a s  

A d i r e c t  d r i v e  motor  was 
T h i s  motor  a l s o  had 

T h i s  u n i t  i s  

F ina l l :+ ,  t h e  

The f u e l  was removed f rom each p i e c e  by s t r i k i n g  
The b a r e  f u e l  was weighed and p laced  i n  a T o r s i o n  Model 

T h i s  procedure was repeated 

A r c h i v e  samples o f  each p a r t i c l e  s i z e  

CONCLUSIONS 

Spec ia l  techniques have been used t o  conduct p r e p a r a t i o n  o f  n u c l e a r  
waste m a t e r i a l s  and specimens i n  a h o t  c e l l .  T h i s  has i n c l u d e d  s e l e c t i o n  
and/or m o d i f i c a t i o n  of commercial equipment ope rab le  i n  t h e  hot: c e l l ,  and 
des ign  ana f a b r i c a t i o n  of s p e c i a l  equipment. P r e p a r a t i o n  of h i g h  q u a l i t y  
waste g lasses and spent  f u e l  specimens has been s u c c e s s f u l l y  conducted. 
These Approved T e s t i n g  M a t e r i a l s  a r e  c u r r e n t l y  b e i n g  c h a r a c t e r i z e d  and 
a r e  a v a i l a b l e  upon reques t  by q u a l i f i e d  users.  
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