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SUMMARY 

1. PROGRAM MANAGEMENT (TASK 000) 

The objective of the program is to develop the technological and 
engineering base needed for recovery and recycle of 233U from spent HTGR 
fuel and to facilitate the establishment of an actual fuel recycle 
capability when required by National policy. The development will 
address primarily the recycle needs of the reference Medium-Enriched 
Uranium-thorium (MEU) fuel cycle in the 1995-2000 year period and also 
the High-Enriched Uranium-thorium (HEU) and the Low-Enriched Uranium (LEU) 
fuel cycles. To accomplish this objective, the developmental effort will 
be carried through appropriate laboratory, engineering, and prototype 
stages that will focus on the design of an HTGR Recycle Reference Facility. 

As principal contractor, Union Carbide Corporation - Nuclear Division 
revised the Principal Contractor Program Management Plan to provide a 
control mechanism for assuring uniform engineering and management practices 
among the contractors participating in the program. 
Plan was also revised to reflect recent changes in National policy and 
technical programmatic advancement. 

The National Program 

2. STUDIES AND ANALYSES (TASK 100) 

Disposition of thorium from spent reactor fuels is still under 
study. Calculations showing high radioactivity for at least 25 years 
after reprocessing have been confirmed. 

A technique for computerized calculations of material mass flows 
together with nuclide decay through recycle processes was developed. 

An assessment of effects of changing fuel cycles from a high-enriched 
uranium to a medium-enriched uranium showed that only minor changes in 
the development program would be required. 

An evaluation of available 3U cross-section data used for criti- 
cality analysis was published. 

A computer code for calculating gama-ray dose rates associated 
with 3U materials was developed and experimentally confirmed. 

Generic environmental assessment activities resulted in a compre- 
hensive report on radiation dose to the world population and associated 
health effects from potential I4C released by HTGR fuel recycle. 
preliminary assessments were published addressing the quality of infor- 
mation available for assessing potential environmental impacts of 
large-scale implementation of a thorium-based fuel cycle. 

Two 
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Support  f o r  Gas-Cooled Reac tor  commerc ia l iza t ion  s t u d i e s  by o t h e r s  
w a s  cont inued  t o g e t h e r  w i t h  a s s i s t a n c e  t o  a n  ongoing DOE r e a c t o r  s t r a t e g y  
s tudy  . 

A p r e l i m i n a r y  e v a l u a t i o n  of p r o l i f e r a t i o n  p o t e n t i a l  f o r  some 33 
f u e l  c y c l e s  w a s  completed and pub l i shed  wi th  work by o t h e r s  t o  p rov ide  
t h i s  l eve l  of  a n a l y s i s  f o r  a t o t a l  of 67 f u e l  c y c l e s .  

3.  REPROCESSING DEVELOPMENT (TASK 300) 

The f u e l  r e p r o c e s s i n g  technology work i n c l u d e s  d e f i n i t i o n  of flow- 
s h e e t s ,  development of components, and d e f i n i t i o n  of o p e r a t i n g  and remote 
maintenance t echn iques .  Technology development i s  p r i m a r i l y  c e n t e r e d  a t  
Oak Ridge N a t i o n a l  Labora tory  (ORNL) and General  Atomic Company (GA). 
The ORNL developments are  r e p o r t e d  i n  t h i s  r e p o r t .  

Hot Labora tory  Development 

These developments are t h e  on ly  sou rce  of d a t a  i n v o l v i n g  a p p r e c i a b l e  
amounts of r a d i o a c t i v i t y .  

Hot Labora tory  Development u t i l i z e s  t h e  ORNL b u i l d i n g  4507 h o t  ce l l s .  

The release and t r a n s p o r t  of 12 ’1  i n  a modi f ied  gr ind-burn-leach 
f lowshee t  u s i n g  i r r a d i a t e d  Peach Bottom Reactor  f u e l  w a s  s t u d i e d .  Most 
of t h e  12’1  w a s  found i n  t h e  b u r n e r  a sh ,  t h e  H a s t e l l o y  X f i l t e r ,  and 
t h e  f i r s t  c h a r c o a l  adso rbe r .  A d d i t i o n a l  exper iments  are p lanned  t o  
account  f o r  a l l  t h e  12’I. 

The f low p r o p e r t i e s  of i r r a d i a t e d  crushed g r a p h i t e  and f u e l  e lements  
w e r e  determined by t h e  J e n i k e  method. 
work a t  GA, t h e s e  tes ts ,  and a n  a n a l y s i s  of t h e  e f f e c t s  of i r r a d i a t i o n  on 
equipment des ign ,  i s  be ing  w r i t t e n .  

A f i n a l  r e p o r t ,  which combines co ld  

A head-end r e p r o c e s s i n g  system capab le  of hand l ing  %600-g b a t c h e s  
of c rushed  f u e l  has  been des igned ,  f a b r i c a t e d ,  t e s t e d ,  and p repa red  f o r  
i n s t a l l a t i o n  i n  t h e  h o t  c e l l .  The system i n c l u d e s :  f u e l  r o d  c r u s h e r ,  
a 76.2-mm-diam f l u i d i z e d  bed b u r n e r ,  a r o l l  c r u s h e r  t o  c r u s h  f u e l  k e r n e l s ,  
a secondary b u r n e r ,  a d i s s o l v e r ,  and a c c e s s o r i e s .  

A r e p o r t  w a s  pub l i shed  on gaseous f i s s i o n  product  releases from 
HTGR-type f u e l  s t o r e d  a t  t empera tu res  up t o  300°C. 

An ORNL t o p i c a l  r e p o r t  now n e a r i n g  complet ion p r e s e n t s  new tempera ture  
e q u i l i b r i u m  d a t a  f o r  t h e  system of thorium n i t r a t e ,  n i t r i c  a c i d ,  and 
30 v o l  % t r i b u t y l  phosphate  i n  n-dodecane. The d a t a  p rov ide  a n  improved 
f i t  t o  t h e  computer program f o r  So lven t  E x t r a c t i o n  P rocesses  Having 
I n t e r a c t i n g  S o l u t e s  (SEPHIS). 
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Impor tan t  accomplishments i n  t h e  area of r e p r o c e s s i n g  wastes inc luded  
h o t - c e l l  s t u d i e s  t o  c h a r a c t e r i z e  t h e  waste S i c  h u l l s  and s p e n t  s in t e red -me ta l  
f i l t e r s  r e s u l t i n g  from head-end p rocess ing  of test f u e l  e lements .  Also 
accomplished w a s  a n  e x p l o r a t o r y  h o t - c e l l  s tudy  t o  i n v e s t i g a t e  f e a s i b i l i t y  
of p r e f e r e n t i a l l y  removing r a d i o n u c l i d e s  from t h e  s in t e red -me ta l  f i l t e r s .  

Three d i f f e r e n t  t ypes  of i r r a d i a t e d  test f u e l s  p rocessed  t o  o b t a i n  
wastes f o r  c h a r a c t e r i z a t i o n  s t u d i e s  were Triso-U02/Biso-ThOZ, Triso-UCn/ 
Biso-ThCn, and Triso-(U,Th)C2/Biso-ThC2. The r e s u l t s  from t h e  s tudy  
showed t h e  fo l lowing  t r e n d s :  (1) t h e  q u a n t i t i e s  of non leachab le  r ad io -  
n u c l i d e s  i n  t h e  w a s t e  S i c  h u l l s  v a r i e d  wi th  bo th  t h e  n u c l i d e  type  and t h e  
f u e l  t ype ;  t h e  q u a n t i t i e s  of n u c l i d e s  r e t a i n e d  by t h e  f i l t e r s  fo l lowed 
a s imi l a r  t r e n d ;  ( 2 )  t h e  t o t a l  r a d i o a c t i v i t y  of t h e  w a s t e  S i c  h u l l s  w a s  
e s t i m a t e d  t o  b e  of t h e  o r d e r  of 1000 Ci/kg,  w h i l e  t h a t  of t h e  s in t e red -me ta l  
f i l t e r  exceeded 70 C i / k  - ( 3 )  t h e  predominant n u c l i d e s  i n c l u d e  U ,  S r ,  
1 C 6  Ru, 125Sb,  1 3 4 C s ,  "'is, 1 3 4 C e ,  and 1 5 4 E ~ .  According t o  t h e  p r e l i m i -  
nary  r e s u l t  of t h e  s tudy  a s s o c i a t e d  wi th  l e a c h i n g  of t h e  s i n t e r e d - m e t a l  
f i l t e r s ,  t h e  major p o r t i o n  (> %70%) of predominant f i s s i o n  p roduc t s  
(except  ruthenium) could  be removed by l e a c h i n g  wi th  6 - M HNO3 i n  about  
30 min. 
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Cold Labora tory  Development 

S i l v e r  z e o l i t e  can be  a n  e f f e c t i v e  so rben t  p reven t ing  i o d i n e  accumulation 
i n  t h e  - Krypton Adsorb t ion  i n  - Liquid  - Carbon Dioxide (KALC) p rocess .  

The removal of  methyl i o d i d e  from flowing l i q u i d  CO2 w a s  s t u d i e d .  

Molecular sieves can b e  used f o r  t h e  f i n a l  s e p a r a t i o n  of C02 and 
krypton  fo l lowing  t h e  KALC p rocess .  Linde 5 A  molecular  s i e v e  y i e l d e d  
a product  c o n t a i n i n g  g r e a t e r  t han  50% K r  i n  oxygen c o n t a i n i n g  less t h a n  
10 ppm C02. 

P re l imina ry  expe r imen ta l  and t h e o r e t i c a l  i n v e s t i g a t i o n s  of a n  
a l t e r n a t e  p rocess  t o  remove 1 4 C  and "Kr from HTGR o f f -gases  were 
conducted. The new p r o c e s s  removes t h e  COz f i r s t  by r e a c t i o n  w i t h  a 
Ca(0H)z s l u r r y  followed by krypton  removal by Fluorocarbon Adsorp t ion  
- System f o r  t h e  Treatment of E f f l u e n t s  from ~ep~ocessors (FASTER) i n  
o t h e r  p r o c e s s e s s u c h  as molecular  sieves. 

Cold Engineer ing  

n e n t s  N z ,  C O ,  and Xe d i s t r i b u t e  as p r e d i c t e d  from e q u i l i b r i a  d a t a .  A 
more c r u s h i n g - r e s i s t a n t  a l t e r n a t e  t o  t h e  woven w i r e  r e f e r e n c e  packing 
showed s a t i s f a c t o r y  e f f i c i e n c y  and flow c a p a c i t y .  
computer models w a s  cont inued  t o  improve accuracy  and ease of  u se .  

Engineer ing  tests of t h e  KALC p rocess  demonstrated t h a t  minor compo- 

Development of 

4 .  REFABRICATION DEVELOPMENT (TASK 500) 

Cold Labora tory  Development 

A r e f e r e n c e  f lowshee t  w a s  i d e n t i f i e d  f o r  f u e l  r e f a b r i c a t i o n  s c r a p  
recovery.  
i n  o r d e r  t o  i d e n t i f y  equipment i t e m s  f o r  f u r t h e r  development a t  t h e  
co ld-engineer ing  scale. 

Experiments were performed i n  g reen  rod  c r u s h i n g  and bu rn ing  
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I r o n  w a s  found t o  c o n c e n t r a t e  p r e f e r e n t i a l l y  on uranium-loaded i o n  
exchange r e s i n .  This  r e q u i r e s  a m o d i f i c a t i o n  i n  t h e  r e s i n  l o a d i n g  
procedure .  

Hot Labora tory  Development 

An experiment  determined t h e  e f fec ts  of  s e l f - r a d i o l y s i s  on 
r e s i n  d u r i n g  s t o r a g e  f o r  up t o  s i x  months b e f o r e  r e s i n  c a r b o n l z a t i o n .  
F u l l y  loaded  r e s i n  w a s  s t o r e d  (1) under w a t e r ,  ( 2 )  s e m i - w e t  (15-20% HzO), 
and ( 3 )  d r y .  The 
e f f e c t s  of r a d i a t i o n  clanage w e r e  measured as changes i n  t h e  p r o p e r t i e s  
of t h e  carbonized  and conver ted  f u e l  k e r n e l s .  We could  s t r i p  99.55% of 
t h e  uranium from t h e  r e s i n  a f t e r  s i x  months of w e t  s t o r a g e ,  t h e  most 
s e v e r e  c o n d i t i o n .  The on ly  ev idence  of r a d i a t i o n  damage w a s  s u r f a c e  
d e t e r i o r a t i o n  and d u s t i n g  of t h e  p a r t i c l e s  beg inn ing  a f t e r  about  s ix  
months of w e t  s t o r a g e .  L imi ted  s t o r a g e  of t h e  loaded  r e s i n  does n o t  l e a d  
t o  s e r i o u s  d e g r a d a t i o n  of t h e  p roduc t  f u e l  k e r n e l s .  

3U-loaded 

Both Amberl i te* and Duol i te?  r e s i n s  w e r e  i n v e s t i g a t e d .  

Cold Engineer ing  Development 

The development s t u d i e s ,  d e s i g n ,  and p r e l i m i n a r y  o p e r a t i o n  of a 
r e s i n  f e e d  p r o c e s s i n g  f a c i l i t y  w e r e  completed and  r e p o r t e d .  The c a p a c i t y  
of t h e  i n d i v i d u a l  p r o c e s s  components is  about  1 kg U/hr ,  which is  adequa te  
t o  suppor t  t h e  Hot Engineer ing  Test and would r e q u i r e  l i t t l e  sca le -up  
f o r  a commercial r e c y c l e  p l a n t .  

A complete  eng inee r ing - sca l e  sys tem f o r  l o a d i n g  uranium o n t o  t h e  
r e s i n  f u e l  k e r n e l  p r e c u r s o r  w a s  i n s t a l l e d  and t e s t e d .  The sys tem i s  
f u l l  scale (4 kg U/batch) f o r  t h e  Hot Engineer ing  Test, and w i t h  t h e  use  
of  two b a t c h  l o a d i n g  c o n t a c t o r s  would b e  f u l l  scale (24 kg U/day) f o r  
a commercial f a c i l i t y .  W e  made 54 ba tch  load ing  runs  v i t h o u t  a s i n g l e  
f a i l u r e  of t h e  chemical  f l owshee t  o r  any i n a b i l i t y  t o  c o n t r o l  t h e  chemical  
f l owshee t  c o n d i t i o n s .  

2 3 3  

A semicont inuous uranium l o a d i n g  c o n t a c t o r  w a s  demonst ra ted  a t  
eng inee r ing  scale. A 50-mm Higgins  c o n t a c t o r  w a s  des igned  and b u i l t  t o  
work w i t h  t h e  e x i s t i n g  eng inee r ing - sca l e  equipment.  The throughput  of  
f u l l y  loaded  r e s i n  w a s  25 kg U/day, f u l l  scale f o r  2 3 3 U  r e c y c l e .  
p rocess  c o n t r o l  as w e l l  a s  s a t i s f a c t o r y  procedures  f o r  s t a r t - u p  and 
shutdown w e r e  demonstrated.  

Adequate 

Con t ro l  of r e s i n  l o a d i n g  w i t h  remote i n s t r u m e n t a t i o n  w a s  demonst ra ted .  
Cont ro l  of  c o n t a c t  t i m e ,  pH of t h e  u r a n y l  n i t r a t e  (which i n d i c a t e s  t h e  
U / N 0 3  r a t i o ) ,  and d e n s i t y  of  t h e  u r a n y l  n i t r a t e  (which i n d i c a t e s  uranium 
c o n c e n t r a t i o n )  were demonstrated.  Thermal d e n i t r a t i o n  o f  u r a n y l  n i t r a t e  
f o r  r e s i n  l o a d i n g  w a s  i n v e s t i g a t e d ,  b u t  t h e  r e s u l t s  were n o t  encouraging .  

T e s t s  of t h e  0.24-m-diam r e s i n  c a r b o n i z a t i o n  fu rnace  h a s  cont inued ,  
and s a t i s f a c t o r y  o p e r a t i n g  c o n d i t i o n s  have been  determined.  The f u r n a c e  

*Trademark of Rohm and Haas Company. 
?Trademark of Diamond-Shamrock Company. 
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system can carbonize batches up to 8 kg of loaded resin ( 4  kg uranium). 
The optimum process condition requires about 6.5 hr per batch, resulting 
in a throughput of about 12 kg U/day. 
argon transfer system for loading the particles into the furnace, 
unloading the hot (300-600"C) particles, remotely sensing the level of 
carbonized particles in the unloading hopper, and transferring the 
pyrophoric particles into an inert-atmosphere glove box for weighing 
and sampling before resin conversion. The sequencing of the steps in 
the argon particle transfer system is controlled by a programmable 
controller, which continuously monitors the system and provides suffi- 
cient interfaces to eliminate operator error. The system showed little 
or no retention of particles in the transfer lines nor any damage to 
the particles. The hopper level detector was successfully demonstrated 
with hot (300-600"C) particles. The integrated resin carbonization 
system, including the effluent gas scrubber and argon transfer system, 
performed satisfactorily during a series of ten runs. The resin carboni- 
zation process was studied by differential thermal analysis (DTA) and 
thermogravimetric analysis (TGA). A model for the decomposition process 
was postulated. 

The furnace system includes an 

The design, fabrication, and bench testing of a remote coater loop 
was completed. An addition to the existing 0.13-m coater, the remote 
coater loop will perform the following functions: unload a batch of 
coated particles, scalp off all soot .balls etc., transfer to a weighing 
hopper and weigh to an accuracy of 0.1%, oxtract a representative sample 
for characterization, and when necessary return the particles to the 
coating furnace for subsequent coating operations. The remote coater 
loop also allows a used coating chamber to be remotely replaced. During 
the reporting period, all components were installed in a mockup assembly 
and tested. During extended mockup operation, the equipment performed 
very satisfactorily. The mockup unloader loop was disassembled and 
incorporated with the existing 0.13-m coating furnace. Extensive testing 
of the entire system will follow. 

Coating development in ORNL's 0.13-m coater and also in General 
Atomic's 0.24-m coater has shown that a new multiple-inlet porous-plate 
gas distributor is preferred over a single-inlet conical gas distributor. 
Principal advantages of the porous plate distributor are simplicity, 
assurance that the particles will not drain from the coater during upset 
conditions, improved material accountability, and more uniform gas 
distribution leading to better coating properties. Properties that are 
improved are particle sphericity, isotropy, uniformity of thickness and 
microstructure of low-temperature isotropic coatings, and fewer defective 
silicon carbide layers. 

The effects of coating variables on the properties of coated fuel 
particles were studied in a number of statistically designed and analyzed 
experiments. These studies will lead to improved coated particle perfor- 
mance by means of better control of the coating process. Improved 
analytical techniques for determining failed silicon carbide coatings 
and permeable outer pyrolytic carbon coatings have been investigated 
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a l s o .  The f e a s i b i l i t y  of moni tor ing  hydrogen bu i ldup  i n  t h e  nonhydro- 
genous scrubbing  medium i n  t h e  c o a t i n g  of f -gas  sc rubbe r  h a s  been  demon- 
s t r a t e d  by c o n s t r u c t i n g  and t e s t i n g  a s p e c i a l  moni tor ing  a p p a r a t u s .  

A d e v i c e  h a s  been des igned  and f a b r i c a t e d  f o r  s u b d i v i s i o n  of  small 
samples (10-20 g) of  p a r t i c l e s  i n t o  r e p r e s e n t a t i v e  subsamples f o r  m u l t i p l e  
a n a l y s e s  o r  tests. Devices f o r  sampling streams of microspheres  such  
as b a t c h e s  of coa ted  p a r t i c l e s  w e r e  e v a l u a t e d .  A t en - s t age  two-way 
sampler  produced a r e p r e s e n t a t i v e  sample w i t h  a c o n s t a n t  batch-to-sample 
r a t i o .  The d e s i g n  o f  a d e v i c e  t o  de te rmine  microsphere  c r u s h i n g  s t r e n g t h  
a u t o m a t i c a l l y  h a s  been  s t a r t e d .  Extended o p e r a t i o n  of t h e  p a r t i c l e  s i z e  
a n a l y z e r  h a s  cont inued  du r ing  t h i s  y e a r .  I t s  m o d i f i c a t i o n  t o  measure 
microsphere  s p h e r i c i t y  i s  under  way. 

A t h e o r e t i c a l  s tudy  of  t h e  e f f e c t s  of f u e l  rod inhomogeneity on 
tempera ture  d i s t r i b u t i o n  i n  f u e l  rods  i n d i c a t e d  t h a t  f u e l  rods  produced 
by a 20-way-spl i t ter  i nc remen ta l  b l ende r  w i l l  have minimal v a r i a t i o n  i n  
f u e l  rod  tempera ture  and w i l l  m e e t  t h e  ax ia l  f u e l  homogeneity s p e c i f i c a t i o n .  
A 20-way s p l i t t e r - b l e n d e r  w a s  f a b r i c a t e d  and w i l l  b e  t e s t e d .  Extended 
o p e r a t i o n  of t h e  eng inee r ing - sca l e  f u e l  rod molding machine w i t h  a 
programmable c o n t r o l l e r  h a s  cont inued .  With t h e  e x c e p t i o n  of t h e  program- 
ming module, no f a i l u r e s  have occur red  i n  t h e  system. The f a c i l i t y  f o r  
f a b r i c a t i n g  t h e  matrix p e l l e t s  f o r  f u e l  rod  molding w a s  upgraded wi th  
improved v e n t i l a t i o n  equipment,  fume hoods f o r  a l l  o p e r a t i o n s ,  a n  improved 
(and s a f e r )  h e a t e r  f o r  t h e  h o t  mixer, and t h e  a c q u i s i t i o n  of l a r g e  r i f f l e r s .  

T e s t  f u e l  r o d s  w e r e  f a b r i c a t e d  and c h a r a c t e r i z e d  f o r  u s e  i n  t h r e e  
test e lements  t o  b e  inc luded  i n  t h e  f i r s t  r e l o a d  of t h e  F o r t  S t .  Vra in  
Reac to r .  The f u e l  r o d s  were f a b r i c a t e d  on t h e  eng inee r ing - sca l e  f u e l  
rod  molding machine i n  f o u r  p roduc t ion  campaigns of 272, 1 7 9 ,  303, and 
188 f u e l  rods .  The i n f l u e n c e  of t h e  s u l f u r  impur i ty  i n  pe t ro leum p i t c h ,  
used as a b i n d e r  i n  f u e l  r o d s ,  on t h e  s u l f u r  c o n c e n t r a t i o n  of f i r e d  f u e l  
r o d s  w a s  i n v e s t i g a t e d .  Commercially a v a i l a b l e  pe t ro leum p i t c h  now 
c o n t a i n s  much more s u l f u r  t han  d i d  t h a t  a v a i l a b l e  i n  t h e  p a s t .  Acceptab le  
s u l f u r  l eve ls  may b e  ob ta ined  by e i t h e r  mixing s p e c i a l l y  p u r i f i e d  low-sulfur  
p i t c h  w i t h  t h e  commercial ly  a v a i l a b l e  p i t c h  o r  by c u r i n g  t h e  f u e l  rods  a t  
18O0-185O0C f o r  a t  least  30 min t o  v o l a t i l i z e  t h e  s u l f u r .  New a n a l y t i c a l  
p rocedures  have been  developed f o r  t h e  heavy metal a n a l y s i s  of uncarbonized 
f u e l  rods .  

An automated n o n d e s t r u c t i v e  d e v i c e  f o r  measuring t h e  f u e l  homogeneity 
of  f u e l  r o d s  h a s  been f a b r i c a t e d  and i n s t a l l e d  and i s  be ing  t e s t e d .  The 
dev ice  u s e s  mul t i ene rgy  gamma r a y  a t t e n u a t i o n  w i t h  select ive K-edge absorp-  
t i o n  f o r  measurement of  f u e l  rod homogeneity. The d e v i c e  w a s  des igned  t o  
measure t h e  homogeneity of thorium and uranium s e p a r a t e l y .  The speed of 
t h e  a n a l y s i s  w i l l  be  determined i n  t h e  e m p i r i c a l  e v a l u a t i o n  of t h e  equip-  
ment, b u t  t h e  d e v i c e  i s  in tended  t o  i n s p e c t  a s i g n i f i c a n t  f r a c t i o n  of t h e  
f u e l  r o d s  produced i n  a commercial r e c y c l e  f a c i l i t y .  

Development of t h r e e  n o n d e s t r u c t i v e  a s s a y  dev ices  h a s  cont inued:  
t h e  prompt-neutron, delayed-neutron,  and c a l o r i m e t r i c  a s s a y  d e v i c e s .  
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Work on t h e  prompt-neutron a s s a y  device  concent ra ted  on t h e  de t e rmina t ion  
of t h e  optimum i n t e r n a l  c o n f i g u r a t i o n  t o  g i v e  t h e  h i g h e s t  s igna l - to -  
background r a t i o  f o r  making measurements. The p r e c i s i o n  of a s i n g l e  
a s say  measurement w a s  e s t a b l i s h e d  as 0.6% by repea ted  measurements of 
two s t a n d a r d s .  The prompt-neutron dev ice  i s  in tended  t o  a s s a y  100% of 
t h e  f u e l  rods  produced i n  a r e f a b r i c a t i o n  p l a n t .  The delayed-neutron 
a s say  dev ice  w a s  upgraded by t h e  a d d i t i o n  of a n  improved sample 
loader-unloader  i n  t h e  pneumatic t r a n s f e r  system. The delayed-neutron 
system is slower than  t h e  prompt-neutron dev ice ,  b u t  i t  can b e  more 
p r e c i s e  i f  t h e  i r r a d i a t i o n  and measurements are r e p e a t e d .  Among a group 
of 10-min measurements, t h e  s t anda rd  d e v i a t i o n  w a s  0.15%. An optimum 
o p e r a t i n g  s t r a t e g y  f o r  t h e  delayed-neutron dev ice  w a s  determined.  The 
c a l o r i m e t r i c  a s s a y  dev ice  w a s  modif ied t o  avoid  co r ros ion .  

S t a t i s t i c a l l y  designed and analyzed experiments  have been performed 
t o  c h a r a c t e r i z e  t h e  performance of coa ted  f u e l  p a r t i c l e s  dur ing  cure- in-  
p l ace .  The e f f e c t s  of t h e  fo l lowing  v a r i a b l e s  on t h e  d e f e c t i v e  f r a c t i o n  
of coa ted  p a r t i c l e s  w e r e  determined: coated p a r t i c l e  c rush ing  s t r e n g t h ,  
h e a t i n g  ra te ,  p o s i t i o n  of t h e  f u e l  rods  w i t h i n  t h e  f u e l  element b lock ,  
and pe rmeab i l i t y  of t h e  g r a p h i t e .  F i s s i l e  and f e r t i l e  p a r t i c l e s  were 
t e s t e d  i n  s e p a r a t e  experiments .  The tests were conducted i n  one-s ix th  
segments of f u e l  element b locks ,  because of t h e  s i z e  l i m i t a t i o n s  of t h e  
eng inee r ing - sca l e  equipment. These experiments  demonstrated that  t h e  
d e f e c t i v e  par t ic le  f r a c t i o n  can be maintained w e l l  below t h e  1 X 

s p e c i f i c a t i o n  i f  t h e  p a r t i c l e  c rush ing  s t r e n g t h  and cure- in-place h e a t i n g  
rate are c o n t r o l l e d  a t  t h e  nominal se t  p o i n t  v a l u e s .  The o t h e r  v a r i a b l e s  
d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  d e f e c t i v e  p a r t i c l e  f r a c t i o n .  

I n  a j o i n t  e f f o r t  w i th  t h e  Advanced Fuel  Recycle Program, t h e  des ign  
and f a b r i c a t i o n  of a th ree -ax i s  p o s i t i o n  c o n t r o l  system f o r  remote c o n t r o l  
of a b r i d g e ,  c a r r i a g e ,  and t e l e scop ing  tube  h o i s t  have cont inued .  Later 
expansion of t h e  th ree -ax i s  system t o  i n c o r p o r a t e  c o n t r o l  of an  e l e c t r o -  
mechanical manipulator  and t e l e v i s i o n  camera pan and t i l t  i s  a n t i c i p a t e d .  
The p r i n c i p a l  e lements  of t h e  c o n t r o l  equipment a re  nonvisua l  p o s i t i o n  
i n d i c a t i o n  and c o n t r o l  and wireless o p t i c a l  s i g n a l  t r ansmiss ion .  I n  
a d d i t i o n ,  image p rocess ing  techniques  f o r  improving c l o s e d - c i r c u i t  
t e l e v i s i o n  systems are be ing  i n v e s t i g a t e d .  

The i n i t i a l  t e s t i n g  of t h r e e  c rush ing  dev ices  f o r  b reak ing  t h e  
s i l i c o n  c a r b i d e  c o a t i n g s  on s c r a p  p a r t i c l e s  b e f o r e  burn ing  away t h e  
remaining carbon c o a t i n g s  h a s  begun. The t h r e e  c r u s h e r s  are a n  impact 
m i l l ,  a s p e c i a l l y  designed r o l l  c rushe r  used i n  r e p r o c e s s i n g  head-end 
work, and a novel  c r u s h e r ,  c a l l e d  t h e  Whis t le ,  which w a s  designed 
in-house.  The Whis t le  c r u s h e r  pneumat ica l ly  accelerates t h e  p a r t i c l e s  
through a sand b l a s t  nozz le  and impinges them a g a i n s t  a tungs t en  c a r b i d e  
impact b lock .  The impact m i l l  appea r s  t o  c rush  t h e  p a r t i c l e s  i n t o  
undes i r ab ly  f i n e  f ragments ,  whereas t h e  o t h e r  two c r u s h e r s  produce l a r g e  
fragments  and a minimum of d u s t .  Add i t iona l  t e s t i n g  w i l l  cont inue .  

Approximately 550 l i t e r s  (150 g a l )  of used pe rch lo roe thy lene  scrubbing  
medium w a s  r ecyc led  t h i s  yea r  fo l lowing  d i s t i l l a t i o n  i n  eng inee r ing - sca l e  
equipment. A co r ros ion  problem a s s o c i a t e d  wi th  HC1 format ion  i n  t h e  
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p e r c h l o r o e t h y l e n e  w a s  i d e n t i f i e d  and a program t o  i d e n t i f y  p e r c h l o r o e t h y l e n e  
s t a b i l i z e r s  and c o r r o s i o n - r e s i s t a n t  materials w a s  i n i t i a t e d .  The f e a s i b i l i t y  
of i n c i n e r a t i n g  p e r c h l o r o e t h y l e n e  d i s t i l l a t i o n  bottoms i n  a mol t en - sa l t  
b u r n e r  and r e c o v e r i n g  t h e  uranium from t h e  p e r c h l o r o e t h y l e n e  bottoms h a s  
been demonst ra ted .  

5. IN-PLANT WASTE TREATMENT (TASK 600) 

The work under t h i s  t a s k  i s  b e i n g  c a r r i e d  o u t  w i t h  t h e  main o b j e c t i v e  
of  deve lop ing  t e c h n o l o g i e s  t o  c o n v e r t  d i f f e r e n t  w a s t e  streams from t h e  
HTGR f u e l  r e c y c l e  o p e r a t i o n s  i n t o  forms a c c e p t a b l e  f o r  s h i p p i n g  and 
long-term i s o l a t i o n .  The major accomplishments d u r i n g  t h e  p a s t  y e a r  
i n c l u d e :  (1) moni to r ing  t h e  p r o g r e s s  i n  o t h e r  HTGR t a s k s  and i n  t h e  
l i g h t  water  r e a c t o r  (LWR) w a s t e  development programs, ( 2 )  an e n g i n e e r i n g  
e v a l u a t i o n  of v a r i o u s  waste p r o c e s s i n g  a l t e r n a t i v e s  and i d e n t i f i c a t i o n  
of r e s e a r c h  and development needs  f o r  p o s s i b l e  a d a p t a t i o n  t o  t h e  HTGR 
case, (3)  r ev iew and s y s t e m a t i c  a n a l y s i s  of s e l e c t e d  i s o l a t i o n  concep t s  
f o r  h i g h - l e v e l  wastes (HLW) t o  p rov ide  t h e  b a s i s  f o r  de t e rmin ing  t h e  
a c c e p t a b l e  HLW forms f o r  i s o l a t i o n ,  ( 4 )  completion of t h e  c o l d  
l a b o r a t o r y - s c a l e  s tudy  on t h e  l i m e  p r o c e s s  f o r  d i r e c t  f i x a t i o n  of I 4 C  as 
C a C 0 3 ,  and (5) completion of  p l a n s  f o r  temporary d i s p o s a l  and f i n a l  
p r o c e s s i n g  and i s o l a t i o n  of w a s t e s  from t h e  Hot Eng inee r ing  T e s t  F a c i l i t y .  

The mon i to r ing  a c t i v i t y  a s s o c i a t e d  w i t h  o t h e r  HTGR t a s k s  w a s  focused  
p r i m a r i l y  on p r o g r e s s  i n  f u e l  r e p r o c e s s i n g  (Task 300), e s p e c i a l l y  on 
p r o g r e s s  i n  h o t - c e l l  head-end p r o c e s s i n g  s t e p s  t h a t  g e n e r a t e  h i g h - l e v e l  
s o l i d  wastes. A c l o s e  c o o r d i n a t i o n  h a s  a l s o  been ma in ta ined  w i t h  t h e  
a c t i v i t y  i n  f u e l  r e f a b r i c a t i o n  (Task 500) i n  t h e  area of s c r a p  recovery  
and w a s t e  h a n d l i n g .  R e v i e w  and e v a l u a t i o n  of t h e  p u b l i s h e d  l i t e r a t u r e  
were t h e  major means of mon i to r ing  development i n  t h e  LWR waste p rocess ing  
t e c h n o l o g i e s .  L imi ted  contacts w i t h  a f e w  o t h e r  DOE s i t e s  have been made 
t o  exchange more c u r r e n t  and d e t a i l e d  in fo rma t ion  and t o  e s t a b l i s h  a 
l i a i s o n  f o r  f u r t h e r  c o o p e r a t i v e  e f f o r t s .  

In  t h e  cour se  of moni tor ing  t h e  LWR waste development programs 
mentioned above, t h e  d a t a  f o r  numerous p r o c e s s i n g  a l t e r n a t i v e s  w e r e  
c o n s o l i d a t e d  and o rgan ized  s o  as t o  pe rmi t  s y s t e m a t i c  e v a l u a t i o n  of t h e s e  
a l t e r n a t i v e s .  The r e s e a r c h  and development needs f o r  deve lop ing  satis- 
f a c t o r y  p r o c e s s i n g  t echno log ie s  f o r  HTGR wastes w e r e  i d e n t i f i e d .  

Var ious  concepts  f o r  i s o l a t i o n  of HLW from t h e  b i o s p h e r e  have been 
reviewed, and t h e  p e r t i n e n t  d a t a  were ana lyzed  and c o n s o l i d a t e d  t o  high- 
l i g h t  e s s e n t i a l  c h a r a c t e r i s t i c s  of t h e s e  concep t s ,  which are d i v i d e d  i n t o  
t h r e e  c a t e g o r i e s :  (1) i s o l a t i o n  on e a r t h ,  ( 2 )  e x t r a t e r r e s t r i a l  d i s p o s a l ,  
and ( 3 )  e l i m i n a t i o n  by t r a n s m u t a t i o n .  Most of t h e  proposed a l t e r n a t i v e s  
are based  on t h e  g e o l o g i c  i s o l a t i o n  concep t s ,  and u t i l i z a t i o n  of r e p o s i -  
t o r i e s  i n . d e e p  c o n t i n e n t a l  g e o l o g i c  fo rma t ions  is  r e c e i v i n g  t h e  major 
emphasis a t  p r e s e n t .  
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The f i x a t i o n  of C 0 2  w i th  a l i m e  s l u r r y  i n  a s t i r r e d  t ank  r e a c t o r  
appea r s  t o  b e  f e a s i b l e .  The r e a c t i o n  i s  f a s t ,  and C 0 2  can  b e  v i r t u a l l y  
comple te ly  removed. Scale-up c a l c u l a t i o n s  i n d i c a t e  t h a t  r easonab ly  s i z e d  
equipment would remove C O 2  adequa te ly  f o r  a f u l l - s c a l e  r ep rocess ing  p l a n t .  

The p re l imina ry  p l a n s  f o r  waste p rocess ing  a f t e r  h o t  eng inee r ing  
tests have been completed.  They inc lude  p l a n s  f o r  c h a r a c t e r i z a t i o n ,  
temporary s t o r a g e ,  and d i s p o s a l  of t h e  r e p r o c e s s i n g  and r e f a b r i c a t i o n  
wastes genera ted  du r ing  t h e  HET and subsequent  p rocess ing  o f  t h e  wastes 
f o r  convers ion  i n t o  forms a c c e p t a b l e  f o r  i s o l a t i o n .  

6. GENERAL SUPPORT (TASK 800) 

The g e n e r a l  suppor t  t a s k  i n c l u d e s  (1) a n a l y t i c a l  methods and systems 
development, (2)  q u a l i t y  a s su rance ,  and ( 3 )  f u e l  i r r a d i a t i o n  t e s t i n g  and 
examinat ion.  

The r e f a b r i c a t i o n  a n a l y s i s  (Subtask 820) work is  done i n  con junc t ion  
w i t h  t h e  f u e l  r e f a b r i c a t i o n  t a s k  (Task 500) and i s  r e p o r t e d  under t h e  
a p p r o p r i a t e  s e c t i o n s  i n  Chap. 4 .  

S tandard  ANSI N 45.2-1977, "Qual i ty  Assurance Requirements f o r  
Nuclear  F a c i l i t i e s , "  w a s  e s t a b l i s h e d  as t h e  b a s i c  q u a l i t y  a s su rance  
requi rements  s t a n d a r d .  A supplement t o  ANSI  N 45.2-1977, L-050, w a s  
d r a f t e d  and reviewed by r e p r e s e n t a t i v e s  of GA, ACC, and ORNL. 

Two capsu le  i r r a d i a t i o n  tests (HRB-14 and -15B)  f o r  t h e  High Flux 
I s o t o p e  Reac tor  w e r e  des igned .  They w i l l  t e s t  f u e l  made by t h e  r e f a b r i -  
c a t i o n  t a s k  (Task 500) and t h e  c a p s u l e s  w i l l  b e  f a b r i c a t e d  i n  1978. The 
tests are done i n  con junc t ion  w i t h  t h e  HTGR Base-Technology Program, and 
d e t a i l s  are r e p o r t e d  by t h a t  program. 

The green  f u e l  rods  f o r  t h e  F o r t  S t .  Vra in  Reac tor  E a r l y  V a l i d a t i o n  
Tests were f a b r i c a t e d  and sh ipped  t o  GA f o r  i n c o r p o r a t i o n  i n t o  t h r e e  
g r a p h i t e  f u e l  b locks .  

Two r e p o r t s  were w r i t t e n  d u r i n g  t h i s  r e p o r t i n g  pe r iod :  (1) P o s t i r r a -  
d i a t i o n  Examination of t h e  Recycle  Tests Elements from t h e  Peach Bottom 
Reactor  and ( 2 )  Opera t ion  and P o s t i r r a d i a t i o n  Examination of ORR Capsule 
OF-2: Acce lera ted  T e s t i n g  of  HTGR Fuel .  

7.  MAJOR FACILITIES (TASK 900) 

HTGR Recycle  Reference F a c i l i t y  (Subtask 930) 

A c t i v i t y  on  t h i s  p r o j e c t  remained ve ry  l o w  throughout  t h e  y e a r .  
Func t iona l  requi rements  documents w e r e  d r a f t e d  f o r  t h e  o v e r a l l  r e c y c l e  
p l a n t  and two major  f u n c t i o n a l  areas t o  h e l p  guide  o t h e r  development 
a c t i v i t i e s .  
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Hot Engineer ing  T e s t  F a c i l i t y  (Subtask 920) 

Design, c o n s t r u c t i o n ,  and o p e r a t i o n  of  h o t  eng inee r ing  tests f o r  
t h e  r e c y c l e  of  HTGR f u e l s  is  a s u p p o r t i n g  o b j e c t i v e  o f  t h e  N a t i o n a l  Program 
P l a n  f o r  HTGR Fuel  Recycle  Development. The Hot Engineer ing  T e s t  P r o j e c t  
h a s  been o rgan ized  t o  ach ieve  t h i s  o b j e c t i v e  and i s  admin i s t e red  by t h e  
Na t iona l  HTGR Fuel  Recycle  Development Program. 

The Hot Engineer ing  T e s t  (HET) P r o j e c t  w i l l  u se  as i t s  p r i n c i p a l  
f a c i l i t y  t h e  Thorium Uranium Recycle  F a c i l i t y  (TURF) a t  ORNL and w i l l  
p rov ide  f o r  two major  areas of HTGR n u c l e a r  f u e l  r e c y c l e  - r e p r o c e s s i n g  
and r e f a b r i c a t i o n .  

HET r e p r o c e s s i n g  i n c l u d e s  systems and equipment necessa ry  t o  demon- 
s ta te  HTGR f u e l  r e p r o c e s s i n g  i n  t h e  p re sence  of  h i g h - l e v e l  r a d i o a c t i v i t y  
from i r r a d i a t e d  F o r t  S t .  Vra in  r e a c t o r  f u e l  e lements .  The impor tan t  
p rocess  s t e p s  t o  b e  demonstrated i n c l u d e  pr imary burn ing ,  p a r t i c l e  
c l a s s i f i c a t i o n  and material t r a n s p o r t ,  p a r t i c l e  c rush ing ,  secondary 
burn ing ,  d i s s o l u t i o n  and feed  ad jus tment ,  s o l v e n t  e x t r a c t i o n ,  
uranium-thorium p roduc t  hand l ing ,  and o f f -gas  t r ea tmen t .  

HET r e f a b r i c a t i o n  i n c l u d e s  t h e  sys tems and equipment necessa ry  t o  
demonst ra te  p o r t i o n s  of  t h e  HTGR f u e l  r e f a b r i c a t i o n  p r o c e s s e s  t h a t  may 
be a f f e c t e d  by t h e  r a d i a t i o n  a s s o c i a t e d  w i t h  
q u a n t i t i e s  of 2 3 2 U .  
l o a d i n g ,  c a r b o n i z a t i o n ,  convers ion ,  c o a t i n g ,  l i m i t e d  rod  f a b r i c a t i o n ,  
and i n s p e c t i o n  t o  produce r e p r e s e n t a t i v e  ' 'green" uncarbonized f u e l  r o d s  
c o n t a i n i n g  3~ f i s s i l e  p a r t i c l e s .  

3U c o n t a i n i n g  s i g n i f i c a n t  
P rocess  s t e p s  t o  b e  demonstrated i n c l u d e  r e s i n  

Cold P r o t o t y p e  T e s t  F a c i l i t y  - R e f a b r i c a t i o n  (Subtask 960) 

(CPTF-Refab) i s  t o  develop f u l l - s c a l e  remote ly  o p e r a b l e  and ma in ta inab le  
equipment t h a t  is  p r o t o t y p i c  of t h a t  t o  be  used i n  t h e  HTGR Recycle  
Reference F a c i l i t y  (HRRF). To reduce  development c o s t s ,  t h e  equipment 
w i l l  b e  developed by u s i n g  t h o r i a  o r  n a t u r a l  o r  d e p l e t e d  u r a n i a .  This  
p r o j e c t  i nvo lved  f o u r  a c t i v i t i e s  du r ing  t h e  p a s t  y e a r :  t h e  cure- in-place 
(CIP) fu rnace ,  t h e  p r o t o t y p e  c o a t e r  (0 .24 m), t h e  f u e l  rod  f a b r i c a t i o n  
machine,  a l l  of which are t o  be des igned ,  procured ,  and i n s t a l l e d  a t  
ORNL f o r  i n i t i a l  t e s t i n g ,  and a f e a s i b i l i t y  s tudy  on t h e  CPTF-Refab t o  
d e f i n e  t h e  requi rements  and d e s i g n  c r i t e r i a  f o r  t h e  f a c i l i t y  and equipment.  

The o b j e c t i v e  of t h e  Cold P ro to type  T e s t  F a c i l i t y  - R e f a b r i c a t i o n  

A r e p o r t  of t h e  f e a s i b i l i t y  s t u d y  and a p re l imina ry  d r a f t  of concep- 
t u a l  d e s i g n  c r i t e r i a  f o r  t h e  CPTF-Refab were prepared  and i s s u e d  i n  
c o n j u n c t i o n  w i t h  t h e  R.  M. Parsons  Company. D e t a i l e d  d e s i g n  of a l l  
s e c t i o n s  of t h e  CIP fu rnace  o t h e r  t han  t h e  l o a d i n g  chamber w a s  completed.  
A thermoanalys is  of t h e  f u r n a c e  and a n  a n a l y s i s  t o  de te rmine  t h e  stresses 
and s t r a i n s  i n  t h e  f u e l  e lements  as they  pass  through t h e  f u r n a c e  w e r e  
a l s o  completed.  A concep tua l  d e s i g n  w a s  completed f o r  t h e  0.24-m-diam 
co ld  p r o t o t y p e  c o a t i n g  fu rnace .  Using t h e  concep tua l  d e s i g n  r e p o r t ,  a 
t i m e  s chedu le  and c o s t  estimate f o r  des ign ,  f a b r i c a t i o n ,  and i n s t a l l a t i o n  
of  t h e  f u r n a c e  w a s  gene ra t ed .  The d e s i g n  c r i t e r i a  f o r  t h e  co ld  p r o t o t y p e  
f u e l  rod  molding machine were p repa red ,  and t h e  concep tua l  d e s i g n  of t h e  
machine i n i t i a t e d .  The conceptua l  d e s i g n  and c o s t  estimate w i l l  b e  comple- 
t e d  i n  FY 1978 .  



1. PROGRAM MANAGEMENT (TASK 000) 

M. M. Mar t in  

1.1 INTRODUCTION 

Much of t h e  p o t e n t i a l  o f  t h e  High-Temperature Gas-Cooled Reac tor  

(HTGR) re l ies  on use  of  Th-233U f u e l  c y c l e ,  which depends on availa- 

b i l i t y  of s o p h i s t i c a t e d  technology f o r  chemical  p rocess ing ,  r e f a b r i c a -  

t i o n ,  sh ipp ing ,  waste d i s p o s a l ,  and o t h e r  a l l i e d  f u e l  c y c l e  o p e r a t i o n s .  

This  program, HTGR Fuel  Recycle Development, which t h e  Department of 

Energy h a s  organized  N a t i o n a l l y  i n t o  10  t a s k s  and 47 s u b t a s k s ,  w i l l  

p rov ide  t h e  t e c h n o l o g i c a l  and eng inee r ing  d a t a  base  t o  f a c i l i t a t e  

t ime ly  r e c y c l e  of  HTGR f u e l .  Union Carb ide  Corpora t ion  - N u c l e a r  

D i v i s i o n  (UCC-ND) i s  t h e  p r i n c i p a l  c o n t r a c t o r  f o r  t h i s  Na t iona l  program, 

w i t h  r e s p o n s i b i l i t i e s  f o r  d e f i n i t i o n  of requi rements ,  c o o r d i n a t i o n ,  and 

d i r e c t i o n  of t e c h n i c a l  a c t i v i t i e s  f o r  bo th  UCC-ND and o t h e r  p a r t i c i p a t i n g  

c o n t r a c t o r s .  

I n  FY 1975 and FY 1976 t h e  p r i n c i p a l  o b j e c t i v e  of t h e  program w a s  

t o  des ign ,  b u i l d ,  test ,  and o p e r a t e  a n  HTGR Fuel  Recycle  Demonstrat ion 

F a c i l i t y  f o r  t h e  High-Enriched Uranium-thorim (HEU) HTGR f u e l  c y c l e .  

Concern about  s a fegua rds  and p r o l i f e r a t i o n  of n u c l e a r  weapons, however, 

i n  FY 1977 s t i m u l a t e d  i n t e r e s t  i n  t h e  HTGR be ing  ope ra t ed  on 

p r o l i f e r a t i o n - r e s i s t a n t  f u e l  and reduced emphasis on c o n s t r u c t i o n  of 

major r e c y c l e  f a c i l i t i e s .  

A s  a d i r e c t  r e s u l t  of t h e  concern about  s a fegua rds  and p r o l i f e r a -  

t i o n ,  t h e  program now addres ses  t h e  r e c y c l e  needs f o r  Medium-Enriched 

Uranium-thorium (MEU) HTGRs. S p e c i f i c a l l y ,  t h e  MEU (approximately 

20%-enriched uranium f i s s i l e ,  thorium f e r t i l e ,  two-pa r t i c l e  

p r o l i f e r a t i o n - r e s i s t a n t  f u e l )  i s  t h e  r e f e r e n c e  f u e l  f o r  HTGR Fue l  

Recycle  Development. Ongoing e f f o r t s  on HEU and t h e  Low-Enriched 

Uranium (LEU) f u e l  c y c l e s  w i l l  con t inue  as long  as t h e  r e s u l t s  apply  

t o  MEU. F u r t h e r ,  t h e  program w i l l  f ocus  on t h e  des ign  of a n  HTGR 

Recycle  Reference F a c i l i i t y  (HRRF) i n s t e a d  of  emphasizing t h e  cons t ruc-  

t i o n  and o p e r a t i o n  of t h e  HTGR Fue l  Recycle  Demonstrat ion F a c i l i t y ,  
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The long-range o b j e c t i v e s  of t h e  program, as g iven  i n  t h e  HTGR 

Fuel  Recycle Cevelopment Na t iona l  Program P l a n ,  are as f o l l o w s .  

S p e c i f i c  O b j e c t i v e .  The o b j e c t i v e  of t h i s  program is t o  develop 

t h e  t e c h n o l o g i c a l  and eng inee r ing  b a s e  needed f o r  recovery  and r e c y c l e  

of 2 3 3 U  from s p e n t  HTGR f u e l  and t o  f a c i l i t a t e  t h e  e s t a b l i s h m e n t  of an 

a c t u a l  HTGR f u e l  r e c y c l e  c a p a b i l i t y  when r e q u i r e d  by N a t i o n a l  p o l i c y .  

The development w i l l  a d d r e s s  p r i m a r i l y  t h e  r e c y c l e  needs  of t h e  

r e f e r e n c e  Medium-Enriched Uranium-thorium (MEU) f u e l  c y c l e  i n  t h e  

1995-2000 year  p e r i o d  and a l s o  t h e  High-Enriched Uranium-thorium (HEU) 

and Low-Enriched Uranium (LEU) f u e l  c y c l e s .  To accomplish t h i s  o b j e c t i v e ,  

The developmental  e f f o r t  w i l l  be  c a r r i e d  through a p p r o p r i a t e  l a b o r a t o r y ,  

e n g i n e e r i n g ,  and p r o t o t y p e  s t a g e s  t h a t  w i l l  cu lmina te  i n  t h e  des ign  of 

a n  HRRF. 

Suppor t ing  O b j e c t i v e s .  The s u p p o r t i n g  o b j e c t i v e s  f o r  t h e  long-range 

program are as f o l l o w s :  

1. To conduct a program of r e s e a r c h  and development t o  p rov ide  

t h e  necessa ry  t e c h n o l o g i c a l  and e n g i n e e r i n g  d a t a  b a s e  t o  a l low t h e  

d e s i g n  of t h e  HRRF. 

2 .  To  focus  t h e  r e s e a r c h  and development a c t i v i t i e s  by e a r l y  

s e l e c t i o n  of f u e l  s p e c i f i c a t i o n s  and p rocess  f l o w s h e e t s  and t o  s e e k  t h e  

maximum p o s s i b l e  degree  of commonality among t h e  f u e l  s p e c i f i c a t i o n s  

and t h e  processes r e q u i r e d  by t h e  v a r i o u s  f u e l  c y c l e  o p t i o n s .  

3 .  To des ign  and c o n s t r u c t  a Hot Engineer ing  T e s t  F a c i l i t y  (HETF) 

t o  p rov ide  f a c i l i t i e s  and equipment s u i t a b l e  f o r  e n g i n e e r i n g - s c a l e  

p r o c e s s i n g  tests us ing  i r r a d i a t e d  HTGR f u e l s  and 2 3 3 U  t h a t  c o n t a i n s  

s i g n i f i c a n t  amounts of 3 2 U  and f i s s i o n  p roduc t s .  

4 .  To conduct h o t  eng inee r ing  tests i n  t h e  HETF t o  de te rmine  t h e  

e f f e c t s  of s i g n i f i c a n t  l e v e l s  of r a d i a t i o n  on s p e c i f i c  o p e r a t i o n s  and 

equipment i n  t h e  r e p r o c e s s i n g  and r e f a b r i c a t i o n  p r o c e s s e s ,  i n c l u d i n g  

primary waste t r e a t m e n t .  

5 .  To d e s i g n ,  c o n s t r u c t ,  and test s e l e c t e d  c o l d  p r o t o t y p e  equipment, 

which w i l l  a n t i c i p a t e  as n e a r l y  as p r a c t i c a b l e  t h e  p r o c e s s i n g  equipment 

f o r  HRRF. The o b j e c t i v e  of t h e  c o l d  p r o t o t y p e  equipment s t a g e  i s  t o  

e s t a b l i s h  t h e  c o n f i g u r a t i o n  and o p e r a t i n g  c h a r a c t e r i s t i c s  of equipment 
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in tended  f o r  HRRF t o  t h e  maximum degree  

us ing  n o n i r r a d i a t e d  f i s s i l e  and f e r t i l e  

w i l l  (1) b e  f u l l  scale,  ( 2 )  i n c o r p o r a t e  

a l lowed by t h e  cons t r a in t s  of  

materials. Thus, t h e  s t a g e  

remote f e a t u r e s  t h a t  may a f f e c t  

performance of equipment o r  q u a l i t y  of t h e  p roduc t ,  and ( 3 )  i n c o r p o r a t e  

e s s e n t i a l  f e a t u r e s  t h a t  are r e q u i r e d  t o  demonstrate  t h a t  equipment can 

be disassembled,  reassembled,  o r  o the rwise  main ta ined  remote ly ,  

6 .  To o p e r a t e  t h e  c o l d  p ro to type  equipment f o r  a l e n g t h  of  t i m e  

s u f f i c i e n t  t o  de te rmine  t h a t  t h e  proposed p rocesses  and equipment are 

commercially f e a s i b l e ,  can  b e  s a f e l y  ope ra t ed  and main ta ined  remote ly ,  

and w i l l  produce f u e l  w i th  commercially a c c e p t a b l e  performance. The 

c o l d  p ro to type  equipment w i l l  a l s o  be  used t o  develop o p e r a t i n g  procedures  

f o r  a n  HRKF. 

7,  To des ign  a n  HRRF f o r  t h e  f u l l - s c a l e  demonst ra t ion  of r e p r o c e s s i n g  

and r e f a b r i c a t i n g  spen t  f u e l  from HTGRs such t h a t  t h e  f a c i l i t y ,  a s s o c i a t e d  

equipment, and o p e r a t i n g  procedures  w i l l  be  l i c e n s a b l e ,  be  commercially 

f e a s i b l e ,  and minimize t h e  p o t e n t i a l  f o r  p r o l i f e r a t i o n  of n u c l e a r  

weapons. The d e s i g n  w i l l  be  used t o  guide t h e  development a c t i v i t i e s  of  

a l l  t h e  o t h e r  suppor t ing  o b j e c t i v e s .  

8. T o  p rov ide  f o r  j o i n t  i n d u s t r y  and government coope ra t ion ,  

i n c l u d i n g  t h e  des ign  of t h e  HRRF, and t o  p rov ide  program t e c h n i c a l  d a t a  

t o  i n d u s t r y .  

9 .  To conduct a program of i r r a d i a t i o n  t e s t i n g  t o  v a l i d a t e  t h e  

performance of t h e  product  produced by t h e  fo rego ing  t e c h n o l o g i c a l  

and eng inee r ing  development and t o  supply  material  € o r  reprocessing 

r e s e a r c h  and development i n  t h e  h o t  l a b o r a t o r y  s t a g e .  

10.  To u t i l i z e  t h e  program, p a r t i c u l a r l y  t h e  d e s i g n  of t h e  HRRF, 

as a b a s i s  f o r  economic e v a l u a t i o n  of  f u e l  r e c y c l e  and as a b a s i s  f o r  

l i c e n s i n g  a c t i o n s  i n c l u d i n g  sa fegua rds  d e f i n i t i o n ,  r e c y c l e  s t a n d a r d s ,  

and r e c y c l e  s a f e t y .  

11. To conduct a cont inuous  course  of s t u d i e s  t o  d e t e c t  t h e  impact 

on t h i s  program caused by changes i n  t h e  economic, t e c h n o l o g i c a l ,  

r e g u l a t o r y ,  o r  environmental  s t a t u s  of t h e  n u c l e a r  i n d u s t r y  and by 

changes i n  Na t iona l  p o l i c i e s .  

12. T o  provide  an  act ive program as a means f o r  coope ra t ion  w i t h  

i n t e r e s t e d  f o r e i g n  governments such as t h e  F e d e r a l  Republ ic  of  Germany. 
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13. To conduct  t h e  program through use  o f  a management system t h a t  

w i l l  e n s u r e  t h e  o r d e r l y  and e f f i c i e n t  l e a d e r s h i p ,  o r g a n i z a t i o n ,  and 

p l ann ing  and c o n t r o l  of all t h e  o t h e r  s u p p o r t i n g  o b j e c t i v e s ,  

1 . 2  MANAGEMENT PLANNING AND REPORTING (SUBTASK 010) 

1 . 2 . 1  P r i n c i p a l  Con t rac to r  Program Management P l a n  - (T. F .  Scanlan)  

The P r i n c i p a l  Con t rac to r  Program Management P l a n  (PCPMP) p rov ides  

a c o n t r o l  mechanism f o r  a s s u r i n g  uniform eng inee r ing  and management 

p r a c t i c e s  among t h e  c o n t r a c t o r s  p a r t i c i p a t i n g  i n  t h i s  program. 

I n  r e sponse  t o  p a r t i c i p a t i n g  c o n t r a c t o r  comments, a new Department 

of Energy - Nuclear  Power Development (DOE-NPD) D i v i s i o n  work-breakdown 

s t r u c t u r e ,  and d e s i r e  f o r  improved program c o n t r o l ,  t h e  f i r s t  d r a f t  of 

t h e  PCPMP w a s  e x t e n s i v e l y  r e v i s e d .  The major  achievements  of t h e  

r e v i s i o n  are as fo l lows :  

1. c l a r i f i c a t i o n  of PCPMP requi rements  a p p l i c a b i l i t y ,  

2 .  e s t a b l i s h m e n t  of  a Na t iona l  program t e c h n i c a l  o r g a n i z a t i o n  t h a t  

conforms t o  DOE-NPD d i v i s i o n  work-breakdown s t r u c t u r e  requi rements  

( t h e  r e v i s e d  Na t iona l  program t e c h n i c a l  o r g a n i z a t i o n  c h a r t  i s  

p r e s e n t e d  i n  F ig .  1.1), 

3 .  c l a r i f i c a t i o n  of t h e  r e s p o n s i b i l i t i e s  of pe r sonne l  and c o n t r a c t o r s  

d e l e g a t e d  l e a d  r o l e s ,  

4 .  adop t ion  of a n  advanced p r o j e c t  management concept  developed by 

t h e  ae rospace  i n d u s t r y  f o r  c o n t r o l  of l a r g e  p r o j e c t s ,  

improvement of  t h e  mechanism f o r  ma in ta in ing  d e s i g n  c o n t r o l ,  5 .  

6 .  i n c l u s i o n  of t h e  q u a l i t y  a s s u r a n c e  program o r g a n i z a t i o n  c h a r t .  

I n  a d d i t i o n  t o  r e v i s i n g  t h e  PCPMP, 18 of 26 d e t a i l e d  implementat ion 

procedures  c a l l e d  o u t  i n  t h e  PCPMP were pu t  i n t o  f i n a l  d r a f t  form. 

The f i n a l  d r a f t s  of t h e  PCPMP and 18 implementing procedures  are 

c u r r e n t l y  be ing  prepared  f o r  t r a n s m i t t a l  t o  t h e  p a r t i c i p a t i n g  con t r ac -  

t o r s  f o r  t h e i r  rev iew and comment. 
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1.3  PROGRAM PLANNING AND REPORTING (SUBTASK 0 2 0 )  

1 .3 .1  Na t iona l  Program P l a n  - M .  M. Mar t in  

The Na t iona l  Program P lan  f o r  HTGR Fue l  Recycle  Development w a s  

r e v i s e d  t w i c e  du r ing  FY 1977. The most r e c e n t  r e v i s i o n  of  t h e  p l a n ,  

which i s  da ted  October  1977, p r e s e n t s  t h e  program o b j e c t i v e s  l i s t e d  i n  

S e c t .  1.1, d e f i n e s  t h e  v a r i o u s  tasks, a s s i g n s  r e s p o n s i b i l i t y  and s u b t a s k s ,  

and g i v e s  t h e  schedu le  and r e s o u r c e  requi rements  f o r  achievement of t h e  

o b j e c t i v e s .  

The f i r s t  r e v i s i o n  of t h e  N a t i o n a l  Program P l a n  i n  FY 1977 responded 

t o  comments from t h e  Department of Energy (DOE) on t h e  October 1976 

i s s u a n c e  of t h e  p l an .  The second r e v i s i o n ,  completed du r ing  

September 1977,  encompassed a l l  known e f f e c t s  of changes i n  Na t iona l  

p o l i c y  and t e c h n i c a l  programmatic advancement t h a t  had occur red  

du r ing  t h e  l a t t e r  p o r t i o n  of FY 1977. For example, major  m o d i f i c a t i o n s  

s i n c e  i s s u a n c e  of t h e  f i r s t  r e v i s i o n  inc luded :  a new r e f e r e n c e  f u e l  

c y c l e  (MEU) t o  a d d r e s s  concern of s a fegua rd  and p r o l i f e r a t i o n  of 

n u c l e a r  weapons; d e f e r r a l  of FY 1979 p r o j e c t  a u t h o r i z a t i o n  f o r  t h e  Hot 

Engineer ing  Test F a c i l i t y  u n t i l  FY 1980 ( s i n c e  de layed  u n t i l  N 1983) ;  

emphasis on d e s i g n  of a n  HTGR Reference  Recycle  F a c i l i t y  i n s t e a d  of 

c o n s t r u c t i o n  and o p e r a t i o n  of a n  HTGR Fuel  Recycle  Demonstrat ion 

F a c i l i t y ;  and r e o r g a n i z a t i o n  of c o n t r a c t o r s '  t a s k  and s u b t a s k  des igna-  

t i o n s  t o  conform t o  DOE'S budget  and r e p o r t i n g  work-breakdown s t r u c t u r e  

f o r  t h e i r  Fue l  Cycle Research and Development Programs. The Na t iona l  

Program P l a n  a l s o  p r e s e n t s  a r a t i o n a l e  f o r  t h e  c u r r e n t  program schedu le  

and an  updated d i s c u s s i o n  o f  key t e c h n i c a l  i s s u e s  and t h e i r  c u r r e n t  

s t a t u s .  



2. STUDIES AND ANALYSES (TASK 100) 

A. R. Olsen 

2 .1  INTRODUCTION 

The S t u d i e s  and Analyses Task (Task 100) has  t h e  r e s p o n s i b i l i t y  

f o r  p rov id ing  o v e r a l l  t e c h n i c a l  guidance t o  t h e  b a l a n c e  of t h e  develop- 

ment program. A c t i v i t i e s  i nc luded  i n  t h i s  t a s k  i n c l u d e  l i a i s o n  w i t h  

t h e  HTGR program r e a c t o r  development a c t i v i t i e s  t o  ma in ta in  c u r r e n t  

i n fo rma t ion  on r e a c t o r  f u e l  element des igns  and a n t i c i p a t e d  r e a c t o r  

mass f lows t o  d e f i n e  t h e i r  i n f l u e n c e s  on f u e l  c y c l e  f u n c t i o n a l  flow- 

s h e e t s ;  development and maintenance of r e f e r e n c e  f l o w s h e e t s ;  assessment  

of l e g a l  r e g u l a t o r y  i n f l u e n c e s  on plant-wide requi rements ;  g e n e r i c  s t u d i e s  

of r e c y c l e  a l t e r n a t i v e s ;  envi ronmenta l  s t u d i e s  and a n a l y s e s  i n  suppor t  of 

major p r o j e c t s ;  economic c o s t - b e n e f i t  a n a l y s e s  t o  s u p p o r t  commerciali- 

z a t i o n  s t u d i e s  and t o  p rov ide  g u i d e l i n e s  f o r  f a c i l i t y  des ign  and t h e  

development t a s k s ;  and r e c y c l e  sys tem i n t e g r a t i o n  and d e s i g n  s t u d i e s  

t o  e s t a b l i s h  equipment p r o d u c t i v i t y  des ign  requi rements  i n c l u d i n g  

a v a i l a b i l i t y ,  m a i n t a i n a b i l i t y ,  su rge  c a p a c i t i e s ,  and sys tem i n t e r f a c i n g .  

I n  a d d i t i o n  t o  t h e s e  ongoing a c t i v i t i e s ,  i n  t h e  l a s t  h a l f  of t h i s  y e a r  

w e  had a major r o l e  i n  a number of suppor t ing  s t u d i e s  f o r  t h e  

N o n p r o l i f e r a t i o n  A l t e r n a t i v e s  Systems Assessment Program. 

2 .2  ENGINEERING ANALYSES (SUBTASK 110) 

2 .2 .1  Thorium Conversion A l t e r n a t i v e s  - A .  R. Olsen 

The thorium con ten t  of  s p e n t  f u e l  e lements  has  been cons ide red  a 

by-product of t h e  r e p r o c e s s i n g  o p e r a t i o n s .  D i s p o s i t i o n  of t h i s  

by-product must be  cons idered  i n  terms of  t h e  r e g u l a t i o n s  concern ing  

i t s  s t o r a g e ,  r e source  u t i l i z a t i o n ,  and o v e r a l l  f u e l  c y c l e  economics. 

The need f o r  a s t u d y  of convers ion  a l t e r n a t i v e s  was recognized  i n  t h e  

p a s t  when p re l imina ry  a n a l y s e s  showed t h a t  t h e  r a d i a t i o n  levels, wi thou t  

uranium contaminat ion ,  would be  too h igh  f o r  p e r i o d s  up t o  25 y e a r s  

a f t e r  r e p r o c e s s i n g  t o  permi t  t h i s  material t o  b e  handled  i n  a f r e s h  

f u e l  f a b r i c a t i o n  p l a n t .  During t h e  p a s t  y e a r ,  t h e s e  p r e l i m i n a r y  

7 
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a n a l y s e s  have been confirmed, b u t  i nadequa te  in fo rma t ion  i s  a v a i l a b l e  

t o  d e f i n e  t h e  e f f e c t s  of uranium contaminants .  Such con tamina t ion  w i l l  

i n c r e a s e  t h e  r a d i o a c t i v i t y  of t h e  thorium even i f  on ly  trace q u a n t i t i e s  

are invo lved .  With the  i n t r o d u c t i o n  of an a l t e r n a t e  f u e l  c y c l e  f o r  

p r o l i f e r a t i o n  r e s i s t a n c e ,  t h e  i n c r e a s e d  q u a n t i t y  of plutonium i n  t h e  

s p e n t  f u e l  w i l l  f u r t h e r  compl ica te  t h e  contaminant problem. Consequently, 

t h e  d e t a i l e d  s tudy  has  been postponed pending a d e f i n i t i o n  of which c y c l e  

i s  t o  be  addressed  i n  t h e  r e c y c l e  development program. The c u r r e n t  

r e f e r e n c e  f lowshee t  p rov ides  f o r  convers ion  of t h e  thorium n i t r a t e  t o  

thor ium ox ide  and o n - s i t e  s t o r a g e  of t h e  powder t o  comply wi th  r e g u l a t o r y  

r equ i r emen t s .  

2 .2 .2  Recycle Mass Flows - J. A .  Carpen te r ,  Jr ,  

Techniques f o r  c a l c u l a t i o n  of  t h e  mass f lows of b o t h  n u c l i d e s  and 

chemica ls  through a t y p i c a l  r e c y c l e  p l a n t  were developed. Th i s  work i s  

t o  p rov ide  a qu ick  c a l c u l a t i o n a l  technique  f o r  f u t u r e  envi ronmenta l  

s a fegua rds  and des ign  s t u d i e s .  Computer code ORIGEN2,  an upgraded 

v e r s i o n  of ORIGEN, w a s  used t o  c a l c u l a t e  bo th  t h e  i n - r e a c t o r  g e n e r a t i o n  

of i s o t o p e s ,  t h e  p o s t i r r a d i a t i o n  decay, and t h e  d i v e r s i o n  of  t h e  f u e l  

element components i n t o  t h e  v a r i o u s  streams i n  t h e  r e c y c l e  p l a n t .  Calcu- 

l a t i o n s  w e r e  completed f o r  t h e  r e p r o c e s s i n g  of a h igh-enr iched  uranium 

(HEU) f u e l  element;  c a l c u l a t i o n s  f o r  r e f a b r i c a t i o n  and waste t r e a t m e n t  

w e r e  i n  p rogres s .  This  work w i l l  b e  extended t o  c a l c u l a t i o n s  f o r  t h e  

medium-enriched uranium (mu) f u e l  c y c l e s  nex t  y e a r .  

2.2.3 A l t e r n a t e  Fue l  Cycle E v a l u a t i o n s  - A .  R. Olsen 

The a d a p t a b i l i t y  of t h e  HTGR t o  a wide v a r i e t y  of f u e l  c y c l e s ,  each  

of which can  b e s t  meet t h e  r equ i r emen t s  f o r  a g iven  s e t  of economic, 

r e s o u r c e  u t i l i z a t i o n ,  and p o l i t i c a l  ground r u l e s ,  is a wel l - recognized  

advantage  of t h e  system. During t h e  p a s t  y e a r ,  t h i s  a d a p t a b i l i t y  w a s  

cha l l enged  by t h e  Na t iona l  o b j e c t i v e  o f  s t u d y i n g  and d e f i n i n g  

p r o l i f e r a t i o n - r e s i s t a n t  f u e l  c y c l e s .  The r e a c t o r  des ign  group a t  

General Atomic Company conducted a p re l imina ry  a n a l y s i s  of a v a r i e t y  of 

such f u e l  c y c l e s  du r ing  t h e  l a s t  q u a r t e r  of t h i s  year . ’  

ranged from t h e  h igh -conver s ion - ra t io  uranium-thorium c y c l e  p r e v i o u s l y  

The f u e l  c y c l e s  



cons ide red  as t h e  r e f e r e n c e  f o r  our f u e l  r e c y c l e  development program t o  

a throwaway f u e l  c y c l e  i n v o l v i n g  on ly  low-enriched uranium (LEU). 

The s t u d i e s  and a n a l y s e s  a c t i v i t y  has been predominantly one of 

moni tor ing  t h e s e  p re l imina ry  s t u d i e s  and a s s e s s i n g  t h e  i m p a c t  of  t h e  

v a r i o u s  o p t i o n s  on f u e l  r e c y c l e  p rocess  and development r equ i r emen t s .  

Now a n  MEU f u e l  c y c l e  appea r s  t o  o f f e r  t h e  b e s t  compromise between 

economic and r e source  u t i l i z a t i o n  on t h e  one hand and p r o l i f e r a t i o n  

r e s i s t a n c e  on t h e  o t h e r .  The p r e c i s e  l e v e l s  of enrichment and t h e  

a p p r o p r i a t e  uranium-to-thorium-to-carbon r a t i o s  have n o t  y e t  been 

i d e n t i f i e d .  However, a p r e l i m i n a r y  assessment of t h e  c y c l e s  h a s  l e d  

t o  t h e  fo l lowing  conc lus ions  f o r  t h e  f u e l  r e c y c l e  program. 

1. All t h e  s p e c i f i c  p rocess  development c u r r e n t l y  under way is  

a p p r o p r i a t e  t o  bo th  t h e  o r i g i n a l  HEU c y c l e  and t h e  MEU c y c l e .  

2 .  Changes i n  t h e  f i s s i l e  k e r n e l  c h a r a c t e r i s t i c s  of t h e  € u e l  

e lements  w i l l  b e  r e q u i r e d  f o r  improved i n - r e a c t o r  n e u t r o n i c s  charac- 

t e r i s t i c s .  This change may r e s u l t  i n  t h e  need t o  r e p l a c e  t h e  weak-acid- 

r e s i n  f i s s i l e  k e r n e l  p r e p a r a t i o n  p rocess  wi th  a s o l  p r e c i p i t a t i o n  

p r o c e s s .  

3 .  Addi t iona l  development w i l l  be  r e q u i r e d  i n  t h e  r e p r o c e s s i n g  

area t o  p rocess  t h e  MEU s p e n t  f u e l ,  which w i l l  c o n t a i n  a s i g n i f i c a n t  

amount of plutonium i n  a d d i t i o n  t o  t h e  uranium and thorium con ta ined  

i n  t h e  HEU s p e n t  f u e l .  

During t h e  f i r s t  q u a r t e r  of n e x t  y e a r ,  t h e  r e a c t o r  f u e l  c y c l e  

e v a l u a t i o n s  w i l l  b e  cont inued  and an e f f o r t  w i l l  b e  made t o  d e f i n e  a 

1 1  r e fe rence"  MEU f u e l ,  which w i l l  permi t  development of r e f e r e n c e  r e c y c l e  

p rocess  f u n c t i o n a l  f low diagrams and m a s s  f low a n a l y s e s .  

element des ign  c h a r a c t e r i s t i c s  f o r  each  f u e l  c y c l e  w i l l  b e  determined 

and documented. This  i n fo rma t ion  w i l l  then be  used t o  review t h e  

r e c y c l e  development program t o  ensu re  a d a p t a b i l i t y  of t h e  p rocess  and 

equipment t o  e i t h e r  t h e  MEU o r  HEU cyc le .  

D e t a i l e d  f u e l  

2.2.4 C r i t i c a l i t y  Eva lua t ion  - S.  R .  McNeany 

During t h e  r e p o r t i n g  p e r i o d ,  work has  concen t r a t ed  on t h e  e v a l u a t i o n  

of 2 3 3 U  c r o s s  s e c t i o n s  f o r  u s e  i n  c r i t i c a l i t y  c a l c u l a t i o n s  and t h e i r  



10 

subsequent use in analysis of fuel refabrication equipment. An ORNL 
report2 detailing the work was recently published 

of the report is in process of publication for Nuclear Science and 

Engineering. Briefly, the results of this work are as follows. 

A condensed version 

Eleven 3U solution critical assemblies spanning an H/2 3U ratio 
range of 40 to 2000 and a bare metal 233U assembly have been calculated 

with the ENDF/B-IV and Hansen-Roach cross sections. The results from 

these calculations are compared with the experimental results and with 

each other. We observed an increasing disagreement between calculations 

with ENDF/B and Hansen-Roach data with decreasing H/2 3U ratio, indicative 

of large differences in their intermediate-energy cross sections. The 

Hansen-Roach cross sections appeared to give reasonably good agreement 

with experiments over the whole range, whereas the ENDF/B calculations 

yielded high values for keff on assemblies of low moderation. 

tation of the 233U cross sections in the intermediate energy range and 

that further evaluation of this nuclide is warranted. In addition, we 

recommend that an experimental program be undertaken to obtain 

criticality data at low H/ 
criticality safety guidelines. 

We conclude that serious problems exist in the ENDP/B-IV represen- 

3U 

3 U  ratios for verification of generalized 

With respect to specific pieces of fuel refabrication equipment, 

we find t ha t  fuel particle storage hoppers and resin carbonization 

furnaces are criticality safe up to 229 mm (9.0 in.) in diameter 

providing water and other hydrogenous moderators are excluded. In 

addition, we find no criticality problems arising from accumulation of 

particles in the off-gas scrubber reservoirs provided reasonable 

administrative controls are exercised. 

2.2.5 Radiation Calculations -R. M. Young and S. R. McNeany 
Gamma-ray exposure rates have been experimentally determined to 

verify the calculational accuracy of the computer code USHLD. It 
calculates gamma-ray dose rates associated with thorium-uranium fuels 

for various source and shield geometries. Dose rates result primarily 

from relatively high-energy gamma rays emitted by decay products of 
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. Thermoluminescent dos imet ry  w a s  used t o  a s c e r t a i n  r a d i a t i o n  232.13. 

dose rates, which w e r e  c o r r e l a t e d  wi th  t h e  r e s u l t s  of USHLD computation 

employing d i f f e r e n t  s h i e l d  materials, s h i e l d  t h i c k n e s s e s ,  and source-to- 

dose p o i n t  d i s t a n c e s .  

Genera l ly  d i s c r e p a n c i e s  between c a l c u l a t e d  and measured gamma-ray 

dose rates w e r e  less than 20%. Almost t h r e e - f o u r t h s  of t h e  c o r r e l a t i o n s  

agreed  t o  10% o r  less. About one-fourth of  t h e  comparisons f o r  measured 

and c a l c u l a t e d  dose rates r e v e a l e d  d i f f e r e n c e s  i n  t h e  10 t o  20% range,  

The remaining c o r r e l a t i o n s  (about  6%) showed d i s c r e p a n c i e s  g r e a t e r  t h a n  

20%. The u n c e r t a i n t y  of dose  ra te  measurement very  n e a r  t h e  2 3 2  U source  

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

having  maximum pe rcen tage  d i f f e r e n c e s  ( i . e , ,  abou t  21%).  Other compara- 

t i v e l y  l a r g e  d i f f e r e n c e s  may be  r e l a t e d  t o  t h e  g e n e r a l  c a l c u l a t i o n a l  

t r e a t m e n t  of r a d i a t i o n  bu i ldup  f a c t o r s  f o r  dense o r  high-2 materials. 

The o v e r a l l  agreement between c a l c u l a t e d  and expe r imen ta l ly  determined 

dose rates is  cons ide red  very  good, a l lowing  f o r  t h e  normal u n c e r t a i n t i e s  

i n  s h i e l d  t h i c k n e s s ,  composi t ion ,  and d e n s i t y ;  sou rce  homogeneity, 

composition, and age; and t h e  u s u a l  p h y s i c a l  measurement i n a c c u r a c i e s .  

I n  o r d e r  of i n c r e a s i n g  gamma-ray a t t e n u a t i o n ,  t h e  s h i e l d i n g  

materials i n v e s t i g a t e d  i n c l u d e  L u c i t e ,  s a f e t y  g l a s s ,  l e a d  g l a s s ,  s t ee l ,  

and l e a d .  A d d i t i o n a l l y ,  gama- ray  dose  rates a t  va ry ing  d i s t a n c e s  

wi thou t  s h i e l d s  were measured expe r imen ta l ly .  

The r e s u l t s  of t h e  exper imenta l  program and t h e  development of 

t h e  computer code are  be ing  documented. 

2.3 ENVIRONMENTAL STUDIES (SUBTASK 120) 

2 .3 .1  Global and Generic S t u d i e s  - H .  R. Meyer and J .  E .  T i l l  

A comprehensive assessment w a s  completed of t h e  r a d i a t i o n  dose  

t o  t h e  world popu la t ion  and a s s o c i a t e d  h e a l t h  e f f e c t s  from p o t e n t i a l  

I4C releases by t h e  n u c l e a r  i n d u s t r y  between 1975 and 2020, i n c l u d i n g  

1 4 C  r e l e a s e d  by HTGR f u e l  r e c y c l e . 3  

de r ived  from source  t e r m s  through t h e  use  of a multicompartment model 

of t h e  g l o b a l  carbon cyc le ,  dose - ra t e  f a c t o r s  based on 14C s p e c i f i c  

a c t i v i t y  i n  v a r i o u s  organs of man, and h e a l t h - e f f e c t  i n c i d e n c e  f a c t o r s  

Measures of h e a l t h  impact were 
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recently recommended by the International Commission on Radiological 

Protection (ICRP) . Three scenarios for world-wide 4C releases were 

considered: 

be produced in fuel cycles is released; (2) an optimistic scenario, 

which assumes a decontamination factor of 100 for fuel reprocessing; and 

( 3 )  an intermediate scenario, which simulates a phased improvement in 

the effluent treatment technology at reprocessing plants. The results 

of the study indicate that potential cumulative health effects resulting 

from the pessimistic scenario (1) would be substantially less than those 
associated with nuclear weapons testing or from the equilibrium level 

of natural 14C in the environment. Health effects from this scenario 

would, however, be comparable to those resulting from the natural 14C 

produced between 1975 and 2020. The optimistic and intermediate scenarios 

(2 and 3 ,  respectively) predict that reactor-produced 14C would attain 
an equilibrium level at approximately 37% of the natural production 

rate (3.7 X l o 4  Ci/year) by 2020. 
from these latter two scenarios represent about 22% of those from natural 

14C produced between 1975 and 2020 and less than 0.04% of those from 

natural 14C in equilibrium in the environment. On the basis of this 

analysis, we recommended that standards for environmental 14C be set by 

appropriate National and international commissions and regulatory 

agencies, with due consideration of probable numbers of health effects 

from total levels of radioactive and chemically toxic substances, weighed 

against economic factors associated with the various global energy 

scenarios. 

(1) a pessimistic scenario, in which all I4C projected to 

Potential cumulative health effects 

Two preliminary assessments were completed regarding the quality 

of existing information available for the evaluation of potential environ- 

mental impacts resulting from large-scale implementation of a thorium-based 

fuel The purpose of the studies was to assist in the develop- 

ment of a hazard assessment policy for the proposed Nonproliferation 

Alternative Systems Assessments Program (NASAP) sponsored by the 

Department of  Energy, and to identify areas in which further research is 

necessary to allow detailed evaluation of the environmental hazards 

associated with thorium fuel cycles in general. Both the hazard assess- 

ment data base and the available assessment methodology were evaulated. 
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While t h e s e  s t u d i e s  do n o t  p r e s e n t  e x h a u s t i v e  coverage  of a l l  

p r a c t i c a l  thorium f u e l  c y c l e s  and p e r t i n e n t  l i t e r a t u r e ,  t h e y  r e p r e s e n t  

a n  a t t empt  t o  s p e c i f y  those  i s s u e s  l i k e l y  t o  appear  t o  be  s i g n i f i c a n t  

du r ing  exhaus t ive  a n a l y s e s ,  and c o n s t i t u t e  formal  recommendations as 

t o  methodology t o  be used i n  accomplishing such  a n a l y s e s .  

2.3 .2  Environmental S t u d i e s  - H o t  Engineer ing  T e s t  F a c i l i t y  - 
J.  A. Carpenter ,  Jr.  

C a l c u l a t i o n s  of t h e  sou rce  terms, bo th  n u c l i d e  and chemical,  of 

r o u t i n e  and a c c i d e n t a l  releases t o  t h e  environment du r ing  t h e  cour se  of 

t h e  Hot Engineer ing  T e s t  were performed and used t o  c a l c u l a t e  expec ted  

doses t o  t h e  g e n e r a l  popu la t ion .  The dose r e s u l t s  w e r e  r e p o r t e d  i n  t h e  

d r a f t  Environmental Impact Statement ( s e e  Sect. 2 . 3 . 4 ) .  

Using d a t a  s u p p l i e d  by General Atomic Company, w e  c a l c u l a t e d  by 

t h e  ORIGEN computer code t h e  s p e n t  f u e l  composition of a HEU F o r t  

S t .  Vra in  f u e l  element cooled  180 days.  S i m i l a r  c a l c u l a t i o n s  were 

performed by General Atomic Company us ing  i t s  own codes,  and e x c e l l e n t  

agreement w a s  found between t h e  two sets of r e s u l t s .  The f lows  of t h e  

components of the  element through t h e  r e p r o c e s s i n g  and t h e  f low of f u e l  

through r e f a b r i c a t i o n  were ana lyzed  by means of a s p e c i a l  computer 

program and t h e  ORIGEN2 computer code. The source  terms f o r  a i r b o r n e  

n u c l i d e s  s o  c a l c u l a t e d  w e r e  used i n  t h e  AIRDOS computer program t o  

de te rmine  t h e  r e s u l t a n t  doses t o  t h e  g e n e r a l  popu la t ion .  

2 . 3 . 3  HTGR Recyle Reference F a c i l i t y  - J .  A. Ca rpen te r ,  Jr. 

N o  work s p e c i f i c a l l y  d i r e c t e d  a t  a s s e s s i n g  t h e  p o t e n t i a l  environ- 

mental  impacts of t h e  HTGR Recycle Reference F a c i l i t y  (HRRF) w a s  conducted 

i n  t h i s  pe r iod .  A n c i l l a r y  work on f lowshee t s  and m a s s  f l ows ,  i n  prepara-  

t i o n  f o r  such envi ronmenta l  s t u d i e s  t o  be  conducted i n  t h e  n e x t  p e r i o d ,  

w a s  performed. Th i s  work is  r e p o r t e d  i n  S e c t s .  2.2 .2  and 7 .1 .4 .  

2 . 3 . 4  Environmental Impact  Statement Development - J.  A. Ca rpen te r ,  Jr .  

An environmental  assessment  and a d r a f t  envi ronmenta l  i m p a c t  s t a t e m e n t  

(EIS) were prepared  f o r  t h e  Hot Engineer ing  T e s t .  

t o  be  modi f ied  t o  encompass t h e  MEU f u e l  c y c l e  i n  t h e  n e x t  p e r i o d ,  w i t h  

i s s u a n c e  of t h e  f i n a l  r e p o r t  when needed by t h e  p r o j e c t .  

The ETS is  expec ted  
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2 . 4  ECONOMIC COST-BENEFIT S T U D I E S  (.SUBTASK 130) 

2 . 4 . 1  Gas-Cooled Reac tor  Commercialization S t u d i e s  - A .  R ,  Olsen 

Under a c o n t r a c t  w i t h  DOE, Ramco began a Gas-Cooled Reac tor  

Commercialization Study i n  January  1977. One phase of t h i s  s tudy  

involved  t h e  t e c h n i c a l  assessment of t h e  f u e l  c y c l e .  The HTGR f u e l  

r e c y c l e  program w a s  committed t o  p rov ide  a s i g n i f i c a n t  amount of 

a s s i s t a n c e  t o  t h e  f u e l  c y c l e  phase of t h e  s tudy .  Th i s  commitment 

i nc luded  p r o v i s i o n  of r e f e r e n c e  r e c y c l e  p rocess  f l o w s h e e t s ,  c u r r e n t  

s t a t u s  of technology summaries and p r e l i m i n a r y  a n a l y s e s  and i n f o r m a t i o n  

on f u e l  element f lows and p r o c e s s i n g  equipment r equ i r emen t s .  The 

technology areas inc luded  r e p r o c e s s i n g ,  r e f a b r i c a t i o n ,  waste t r e a t m e n t ,  

and waste i s o l a t i o n .  

Th i s  commitment w a s  m e t  by t h e  S t u d i e s  and Analyses Task by t h e  

compi l a t ion  and d i s t r i b u t i o n  t o  a l l  s t u d y  p a r t i c i p a n t s  of a comprehensive 

d r a f t  r e p o r t  e n t i t l e d  Fuel Cycle Technology Assessment I n f o m a t i o n  

Summary for  Ramco - Commercialization i n  A p r i l  1977. 

During subsequent phases  of t h e  s t u d y ,  we provided  t e c h n i c a l  

i n fo rma t ion  on r e q u e s t .  I n  a d d i t i o n ,  w e  p a r t i c i p a t e d  i n  t h e  f u e l  c y c l e  

economic a n a l y s i s  by p r o v i d i n g  in fo rma t ion  on t h e  r e s e a r c h  and develop- 

ment c o s t s  from e x i s t i n g  Na t iona l  program p l a n s  and c r i t i c a l  reviews of 

t h e  c a p i t a l  and o p e r a t i n g  c o s t s  d e r i v e d  by Ramco f o r  t h e  v a r i o u s  phases 

w i t h i n  t h e  r e c y c l e  p o r t i o n  of t h e  f u e l  c y c l e .  

It shou ld  be  noted  t h a t  ou r  involvement i n  t h e  commerc ia l i za t ion  

s tudy  w a s  as a t e c h n i c a l  i n fo rma t ion  s u p p l i e r .  The f i n a l  assessment  

of t h e  technology,  e v a l u a t i o n  of commercial p o t e n t i a l ,  and recommenda- 

t i o n s  f o r  a cour se  of a c t i o n  are t h e  r e s p o n s i b i l i t y  of Ramco and o t h e r  

p a r t i c i p a n t s  and w i l l  b e  inc luded  i n  t h e i r  r e p o r t .  6 

2 . 4 . 2  Fuel  Cycle E v a l u a t i o n  Cost Study Support  - A .  R. Olsen and 
W .  L .  Carter 

I n  November 1976, w e  w e r e  asked  t o  p rov ide  a s s i s t a n c e  t o  a r e a c t o r  

s t r a t e g y  s tudy ,  which w a s  e v a l u a t i n g  a wide v a r i e t y  of a l t e r n a t i v e  

r e a c t o r  and f u e l  combina t ions ,  The f u e l  r e c y c l e  c o s t  s t u d i e s  were 

funded i n  p a r t  by t h e  s t r a t e g y  s t u d y  ac t iv i tes  b u t  w e r e  based  on t h e  
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done e a r l y  i n  1976 .  D r a f t  r e p o r t s ” ”  w e r e  p repared  t o  d e t a i l  

t h e  f u e l  element d e s c r i p t i o n s ,  p rocess  f u n c t i o n a l  f l owshee t s ,  methodology, 

and economic assumptions used i n  e s t i m a t i n g  t h e  c o s t s  f o r  r e p r o c e s s i n g  

and r e f a b r i c a t i o n  of t h e  r e a c t o r - f u e l  combinations t o  b e  addressed  i n  

t h e  o r i g i n a l  assessment  s tudy .  These d r a f t s  were then  c i r c u l a t e d  t o  

commercial p rocesso r s  and i n t e r e s t e d  p a r t i c i p a n t s  of t h e  s tudy .  Following 

t h e s e  reviews,  i n t e r i m  c o s t  estimates inc lud ing  c o s t  p r o j e c t i o n s  as a 

f u n c t i o n  of i n d u s t r y  s i z e  w e r e  extended t o  cover  a d d i t i o n a l  r e a c t o r - f u e l  

combinat ions and submi t ted  f o r  u se  i n  t h e  s t r a t e g y  s t u d i e s .  

S ince  such c o s t  estimates are an  i t e r a t i v e  p rocess  and must be 

updated as a d d i t i o n a l  technology d e f i n i t i o n  becomes a v a i l a b l e ,  t h i s  work 

i s  con t inu ing  and be ing  expanded t o  cover  a l l  r e a c t o r - f u e l  c y c l e s  i n  

t h e  c u r r e n t  Nonpro l i f e ra t ion  A l t e r n a t i v e s  Systems Assessment Program. 

2 . 4 . 3  Thorium Assessment Program Support  -W. L.  Carter and A. R. O l s e n  

During t h e  l as t  q u a r t e r  of t h i s  y e a r ,  we  extended our  s t u d i e s  i n  

suppor t  of t h e  thorium assessment  program. The c u r r e n t  s tudy  inc ludes  

a n  assessment  of t h e  s t a t u s  of technology f o r  r e p r o c e s s i n g  and r e f a b r i -  

c a t i o n  f o r  v a r i o u s  r e a c t o r - f u e l  combinations and t h e  development of 

p re l imina ry  schedules  and c o s t  estimates f o r  t h e  r e q u i r e d  r e s e a r c h  

and development i n  t h e s e  areas needed t o  q u a l i f y  a g iven  r e a c t o r - f u e l  

c y c l e  f o r  commercial a p p l i c a t i o n .  These s t u d i e s  w i l l  be  inco rpora t ed  

i n  a r e p o r t  t o  be i s s u e d  nex t  y e a r .  

2 . 4 . 4  Nonpro l i f e ra t ion  Analys is  Support  

2 . 4 . 4 . 1  Nonpro l i f e ra t ion  Analys is  Support  - Phase 1 - W .  L. Carter, 
R. H. Rainey, and D. R. Johnson 

P r e s i d e n t  Carter’s n u c l e a r  power p o l i c y  s t a t emen t  of A p r i l  7 ,  1 9 7 7 ,  

d i r e c t e d  t h a t  U.S. nuc lea r  r e s e a r c h  and development be  a c c e l e r a t e d  i n t o  

nuc lea r  f u e l  c y c l e s  t h a t  do n o t  involve  d i r e c t  a c c e s s  t o  materials 

usab le  i n  n u c l e a r  weapons. The Department of Energy ( then  Energy 

Research and Development Adminis t ra t ion)  embarked on a campaign t o  

e v a l u a t e  a l ternate  f u e l  c y c l e s  having p o s s i b l e  p r o l i f e r a t i o n  r e s i s t a n c e ,  

and 67 f u e l  c y c l e s  were i d e n t i f i e d  f o r  s tudy .  O W ’ S  assignment w a s  t h e  

e v a l u a t i o n  of thorium c y c l e s  p l u s  t h e  HTGR cyc le s ;  t h i s  l i s t  c o n s t i t u t e d  

3 3  f u e l  c y c l e s .  



1 6  

Level 0 and Level  1 f u n c t i o n a l  f low diagrams w e r e  p repared  t o  d e f i n e  

t h e  p r i n c i p a l  o p e r a t i o n s  of r e p r o c e s s i n g  and r e f a b r i c a t i o n  f o r  t h e s e  

f u e l s  as r e q u i r e d  f o r  l i g h t - w a t e r  r e a c t o r s ,  heavy-water r e a c t o r s ,  f as t  

b reede r  r e a c t o r s ,  and HTGRs.  Head-end o p e r a t i o n s  f o r  a l l  r e a c t o r  c y c l e s  

could  be  r e p r e s e n t e d  by two Level 1 diagrams - one f o r  metal f u e l s  and 

one f o r  g r a p h i t e  f u e l s ;  r e p r o c e s s i n g  o p e r a t i o n s  by 1 4  l e v e l  1 diagrams; 

and r e f a b r i c a t i o n  o p e r a t i o n s  by two Level  1 diagrams - one each  f o r  

m e t a l  and g r a p h i t e  f u e l s .  

e v a l u a t e d  f o r  a cu r so ry  t e c h n i c a l  assessment  of t h e  n u c l e a r  material i n  

p rocess  w i t h  r ega rd  t o  i t s  a t t r a c t i v e n e s s  f o r  d i v e r s i o n .  The e lements  

of t h e  e v a l u a t i o n  w e r e  needed development, material l o c a t i o n ,  material 

d e s c r i p t i o n ,  and r a d i a t i o n  h a z a r d ,  Ra t ings  were a s s i g n e d  t o  t h e s e  

e lements  t o  a l l o w  comparison among t h e  f u e l  c y c l e s .  

The p r i n c i p a l  o p e r a t i o n s  of each  diagram were 

The i n i t i a l  phase (Phase I> of t h i s  n o n p r o l i f e r a t i o n  a n a l y s i s  h a s  

been r epor t ed . "  

which c e r t a i n  f u e l  c y c l e s  w e r e  more p r o l i f e r a t i o n  r e s i s t a n t  t han  o t h e r s ;  

however, an e v a l u a t i o n  of t h e  "back-end" of t h e  f u e l  c y c l e  a l o n e  i s  

i n s u f f i c i e n t  t o  i d e n t i f y  t h e  most o v e r a l l  p r o l i f e r a t i o n - r e s i s t a n t  c y c l e .  

I n  g e n e r a l ,  f i s s i l e  material i n  most r e f a b r i c a t i o n  o p e r a t i o n s  i s  

s u s c e p t i b l e  t o  d i v e r s i o n  s i n c e  i t  has been decontaminated and is  i n  a 

p h y s i c a l  form ( s o l i d  ox ides )  t h a t  might be used f o r  a c rude  weapon. 

F i s s i l e  m a t e r i a l  i n  head-end o p e r a t i o n s  i s  u n a t t r a c t i v e  f o r  p r o l i f e r a t i o n  

because  of t h e  i n t e n s e  r a d i o a c t i v i t y  t h a t  would make removal from t h e  

p l a n t  q u i t e  d i f f i c u l t .  I n  r e p r o c e s s i n g ,  t h e  material becomes more 

a t t r a c t i v e  as i t  proceeds  through t h e  p l a n t  and is  p u r i f i e d .  Low-enriched 

uranium f u e l s  are u n a t t r a c t i v e  under a l l  c o n d i t i o n s  because  of t h e  

i s o t o p i c  d i l u e n t  t h a t  can on ly  b e  removed by an i s o t o p e  s e p a r a t i o n  p r o c e s s .  

Thorium-based f u e l s  have an added f e a t u r e  t h a t  makes them u n a t t r a c t i v e  

t o  d i v e r s i o n  - t h e  " n a t u r a l "  p r o t e c t i o n  of 232U and i t s  a s s o c i a t e d  

e n e r g e t i c  gamma emiss ion .  This r a d i a t i o n  ensu res  t h a t  a l l  hand l ing ,  

i n c l u d i n g  weapon f a b r i c a t i o n ,  of 

behind  heavy b i o l o g i c a l  s h i e l d s .  

The e v a l u a t i o n  w a s  s u f f i c i e n t  t o  i d e n t i f y  areas i n  

3U f u e l s  must be  c a r r i e d  out remotely 
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2 . 4 . 4 . 2  N o n p r o l i f e r a t i o n  Ana lys i s  Support  - P h a s e  I1 - A. R ,  Olsen 

With t h e  completion of t h e  Phase 1 a n a l y s i s ,  a c t i v i t y  has  begun on 

t h e  Phase 11 e v a l u a t i o n .  This e v a l u a t i o n  w i l l  examine t h e  p rocesses  i n  

t h e  back-end of t h e  c y c l e  i n  g r e a t e r  d e t a i l .  P rocess  f lowshee t s  w i l l  

be developed t o  t h e  Level  2 f u n c t i o n a l  d e t a i l  and material m a s s  f lows 

and stream compositions d e f i n e d .  This w i l l  p e r m i t  a more d e t a i l e d  

assessment of t h e  material a t t r a c t i v e n e s s  f o r  c o v e r t  d i v e r s i o n  t o  

weapons a p p l i c a t i o n s  f o r  each  p r o c e s s  s t e p .  

I n  a d d i t i o n ,  Phase I1 w i l l  ex tend  t h e  e v a l u a t i o n s  t o  cover  r e source  

requi rements  estimates. These estimates w i l l  i n c l u d e  t i m e  and c o s t  

estimates f o r  bo th  t h e  r e s e a r c h  and development: of t h e  f u e l  r e c y c l e  

p rocesses  t o  a commercially v i a b l e  s t a t u s  and estimates of t h e  c a p i t a l  

and o p e r a t i n g  c o s t s  of t y p i c a l  commercial f a c i l i t i e s .  

F i n a l l y ,  t h e  Phase I1 s t u d i e s  w i l l  i n c l u d e  e v a l u a t i o n  of t h e  

p r o c e s s e s  and r e s o u r c e s  t h a t  might b e  r e q u i r e d  f o r  d i v e r s i o n  of material  

from s e l e c t e d  p o r t i o n s  of the f u e l  c y c l e  by c o v e r t ,  o v e r t ,  o r  c o v e r t  an2 

o v e r t  s c e n a r i o s .  

These e v a l u a t i o n s ,  scheduled  f o r  completion nex t  y e a r ,  t o g e t h e r  

w i th  o t h e r  s u p p o r t i n g  a c t i v i t i e s ,  are expec ted  t o  p rov ide  s u f f i c i e n t  

i n fo rma t ion  t o  permi t  t h e  assessment  s tudy  t o  reduce  t h e  c u r r e n t  l a r g e  

number of p o s s i b l e  a l t e r n a t i v e  r e a c t o r - f u e l  c y c l e s  t o  a l i m i t e d  number 

of c y c l e s  p rov id ing  t h e  h i g h e s t  p o t e n t i a l  f o r  reducing  t h e  p r o l i f e r a t i o n  

p o t e n t i a l .  

2.4.4.3 Spik ing  of S p e c i a l  Nuclear Materials - J.  E. Se l le  

The purpose of  t h i s  work w a s  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of 

u s i n g  r a d i o a c t i v e  s p i k a n t s  i n  n u c l e a r  f u e l  as a d e t e r r e n t  a g a i n s t  t h e f t  

o r  d i v e r s i o n  f o r  c l a n d e s t i n e  purposes .  To do t h i s ,  w e  surveyed t h e  

thermodynamic and phase r e l a t i o n s h i p s  of cand ida te  s p i k a n t s  and t h e i r  

decay p roduc t s  w i th  f u e l  c o n s t i t u e n t s ,  as w e l l  as p r e v i o u s  work on t h e  

d i s t r i b u t i o n  of f i s s i o n  p roduc t s  and i n t e r a c t i o n s  of f i s s i o n  p roduc t s  

and c l add ing .  This was done i n  an a t t empt  t o  i d e n t i f y  any p o t e n t i a l  

problems a s s o c i a t e d  w i t h  t h e  use  of s p i k a n t s .  
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I n i t i a l  work i d e n t i f i e d  e i g h t  c a n d i d a t e  s p i k a n t s  by means of a 

s u b j e c t i v e  a n a l y s i s  of some 64 r a d i o a c t i v e  n u c l i d e s .  The fo l lowing  

c r i t e r i a  ’ w e r e  used: 

1. Hal f - l i f e :  An a b s o l u t e  cu t -of f  of two months w a s  a p p l i e d .  

Nucl ides  w i t h  h a l f  l ives  between two and t h r e e  months were cons ide red  

on ly  i f  t hey  had v e r y  high-energy (>1 MeV) gamma r a y s  of h i g h  i n t e n s i t y .  

2 .  Production method: Produc t ion  methods r e q u i r i n g  charged 

par t ic les  o r  (n,2n) r e a c t i o n s  were e l i m i n a t e d  on t h e  b a s i s  of c o s t  o r  

i n e f f i c i e n c y  of p roduc t ion .  

3 .  Other: No n u c l i d e  w a s  cons ide red  as a primary c a n d i d a t e  t h a t  

d i d  no t  s a t i s f y  a t  least t h r e e  of t h e  fo l lowing  cr i ter ia :  

approximate ly  e i g h t  months t o  approximate ly  50 y e a r s ;  (b) E ( y l  2 1000 keV; 

w i t h  0 > 1 X m2 on a n u c l i d e  w i t h  a n a t u r a l  abundance exceeding  l o % ,  
o r  i s  a f i s s i o n  p roduc t .  

(a) h a l f - l i f e  

2 25% f o r  E > 1000 keV; (d) can  b e  produced by ( n , y )  r e a c t i o n  
(c) I ( Y )  (Y) 

The c a n d i d a t e  s p i k a n t s  s e l e c t e d  on t h e  b a s i s  of t h e s e  c r i te r ia  

are summarized i n  Table 2 .1 .  Inc luded  i n  t h i s  t a b l e  are d a t a  on t h e  

n u c l i d e  c o n c e n t r a t i o n s  r e q u i r e d  t o  produce 27,000 R/hr  a f t e r  two y e a r s ,  

t h e  p roduc t ion  method f o r  each n u c l i d e ,  and t h e  chemical form of t h e  

s p i k a n t  under c o n d i t i o n s  normal ly  e x i s t i n g  i n  t h e  f u e l  p i n ,  

column i s  i n t e n d e d  t o  i d e n t i f y  p o s s i b l e  r easons  f o r  r e j e c t i o n  of any 

p a r t i c u l a r  c a n d i d a t e  spikant. It should be emphasized t h a t  t h e  concen- 

t r a t i o n  r e q u i r e d  t o  produce 27,000 R/hr i s  f o r  t h e  n u c l i d e  o n l y .  

a c t u a l  c o n c e n t r a t i o n  of t o t a l  element w i l l ,  of c o u r s e ,  b e  much h i g h e r ,  

From t h i s  t a b l e ,  we  conclude  t h a t  t h e  on ly  n u c l i d e s  w i t h  any a p p r e c i a b l e  

promise are  6oCo, l o6Ru ,  1 4 4 C e ,  and Ig40s, even though t h e  l a t t e r  two 

have r a t h e r  low i n t e n s i t i e s ,  Osmium can b e  e l i m i n a t e d  on t h e  b a s i s  

t h a t  lg40s c o n c e n t r a t i o n  from any gamma source  could  n o t  b e  expec ted  t o  

exceed 10%. Th i s  would r e q u i r e  t h a t  t h e  t o t a l  osmium c o n c e n t r a t i o n  i n  

t h e  f u e l  be  of  t h e  o r d e r  of 8%. This  amount of e l emen ta l  osmium i n  t h e  

f u e l  m a t r i x  is  cons idered  e x c e s s i v e ,  s i n c e  i t  would probably  d r a s t i c a l l y  

a l ter  t h e  f u e l  p r o p e r t i e s .  Cerium would be r e q u i r e d  i n  s imilar  amounts, 

b u t  s i n c e  i t  would be  p r e s e n t  as t h e  ox ide  i t  would n o t  a f f e c t  t h e  f u e l  

as a d v e r s e l y  as osmium. 

The “remarkstt  

The 



Table 2.1. Primary Spikant Candidates 

Concentration 

Product After 2 Years 

Production 
Methoda Nuclide Half-Life Decay f o r  27,000 R/hr Chemical 

Form 

6sc 83.9 d Ti 374 sc (100%) (n, y) Oxide 45 46 

0 = 2 3 b  

Oco 5.26 y 'Ni 30 59c~(100%) ( n , ~ )  Element 
a = 3 7 b  

5 ~ n  245 d 5cu 108 64 Zn(48.9%) ( n , y )  Element Low a(n,y) ; Low b.p. 
0 = 0.46 b 

Remarks 

lo6Ru 367 d 6Pd 34 3 'Fission Product El emen t 

I2'Sb 60 d 24Te 8800 ' 3Sb(42.8%) (n,y) Element Short half -life; 
Ag(48 6%) (n, y) Element Low I ; Low b .p . (Cd) 
0 = 3.3 b Low b.p .  (Sb ,  Te) 

109 ' 253 d '"Cd 37 

14'ce 284 d 4Nd 4220 Fission Product Oxide Low I 
1 9 4 0 ~  60 Y lg4Pt 8400 'Os (41%) (n, y) Element Low I 

a = l b  
Os(31h) ( n , ~ )  

0 = 200 b 

193 

a Percentages are abundances in the natural element. Cross sections are in barns; 1 b = m2. 
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The thermodynamic relationships between the various spikants, their 

decay products, and the fuel constituents were also reviewed to deter- 

mine the expected chemical state of the spikants in the fuel, Cobalt 

and ruthenium should be present in the elemental form while cerium 

should be present as the oxide. 

Known phase relationships between the fuel constituents and both 

the spikants and their decay products were also investigated. The 

phase relationships with decay products were investigated because these 

species will build up in the system as the spikants decay out. Infor- 

mation available indicates that the cerium, present as the oxide, will 

be soluble in the fuel, while elemental cobalt and ruthenium will be 

insoluble. 

Information available in the literature on the redistribution of 

fission products and fuel-fission-product-cladding reactions was reviewed 

in order to obtain background information on possible problems resulting 

from the presence of spikants or their decay production in the fuel. 

With cesium, ruthenium, or cobalt as spikants, no serious problems are 

anticipated as a result of redistribution or spikant-cladding interactions. 
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3. FUEL REPROCESSING (TASK 300) 

K.  J. Notz 

3 .1  INTRODUCTION 

The purpose of t h i s  t a s k  i s  t o  develop t h e  technology r e q u i r e d  f o r  

t h e  r ep rocess ing  of High-Temperature Gas-Cooled Reac tor  (HTGR) f u e l .  

The Oak Ridge Na t iona l  Labora tory  (ORNL) a c t i v i t i e s  t h i s  yea r  were 

cen te red  i n  t h e  c o l d  l a b o r a t o r y  and h o t  l a b o r a t o r y  development s t a g e s .  

The work a t  t h e  ORNL is  organized  and p resen ted  below by sub ta sks :  

Head-End P rocess  (Subtask 310) 

Of f-Gas Treatment and Re ten t ion  P rocesses  (Subtask  340)  

Separa t ion  P rocesses  (Subtask 350) 

Rework and Recycle  (Subtask  360) 

The Head-End P rocess  h o t  l a b o r a t o r y  developments inc luded:  

t h e  d e p o s i t i o n  of 12’1 and o t h e r  f i s s i o n  p roduc t s  i n  a modif ied gr ind-  
burn-leach f lowshee t , 
t h e  accumulat ion and r e t e n t i o n  of a c e n t r a l i z e d  d a t a  bank f o r  
a n a l y t i c a l  chemis t ry  r e s u l t s ,  

t h e  development of a n  i n - c e l l  p i p e t t e r  assembly t o  improve sampling 
techniques  (and subsequent  a n a l y s i s  of samples) ,  

J e n i k e  tes ts  t o  measure t h e  f low p r o p e r t i e s  of u n i r r a d i a t e d  and 
i r r a d i a t e d  g r a p h i t e  and f u e l  e lements  ( a f f e c t  d e s i g n  of equipment 
and t r a n s p o r t  of g r a n u l a r  m a t e r i a l ) ,  

t h e  des ign ,  f a b r i c a t i o n ,  and co ld  t e s t i n g  of a head-end r e p r o c e s s i n g  
system capab le  of handl ing  600-g ba tches  of c rushed  f u e l  (now ready  
f o r  h o t  c e l l  i n s t a l l a t i o n ) ,  

complet ion of a s tudy  on gaseous f i s s i o n  product  release from an 
HTGR-type f u e l  body under s t o r a g e  a t  tempera tures  up t o  300°C. 

The Off-Gas Treatment and Re ten t ion  s t u d i e s  cen te red  on engi-  

n e e r i n g  tests of t h e  Krypton Absorp t ion  i n  L iqu id  C 0 2  (KALC) p rocess .  

The KALC p rocess  absorbs  k ryp ton  i n  l i q u i d  C 0 2 ,  and t h e  s e p a r a t e d  k ryp ton  

i s  then  concen t r a t ed  by s o r p t i o n  on molecular  sieves. The tests inc luded :  

t h e  removal of methyl i o d i d e  from l i q u i d  CO2 and r e t e n t i o n  on s o l i d  

KALC Campaign I V ,  c o n c e n t r a t i n g  on i n s t a l l a t i o n  of a f r a c t i o n a t i n g  

s o r b e n t s  ; 

column, t e s t i n g  of a l t e r n a t e  packing ,  and e f f e c t s  of minor components; 
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a more i n c l u s i v e  KALC computer modeling s tudy  t o  pe rmi t  mu l t i -  
component, multicolumn c a l c u l a t i o n s ;  

i n v e s t i g a t i o n  of  a l t e r n a t e  f i n a l  k ryp ton  c o n c e n t r a t i o n  approaches t h a t  
i n d i c a t e d  t h a t  a d s o r p t i o n  on molecular  sieves w a s  t h e  optimum techn ique ;  

i n v e s t i g a t i o n  of Fluorocarbon Adsorp t ion  System f o r  t h e  Treatment  of 
E f f l u e n t s  from Reprocessors  (FASTER). The FASTER p r o c e s s  r e q u i r e s  
t h e  CO2 removal b e f o r e  a b s o r p t i o n s ;  u s e s  s m a l l  k ryp ton  removal system, 
is  more b road ly  a p p l i c a b l e  i n  f u e l  r e p r o c e s s i n g .  

S e p a r a t i o n  P r o c e s s e s  s t u d i e s  inc luded :  

computer code (SEPHIS) improvements f o r  s i m u l a t i n g  t h e  Acid Thorex 
So lven t  E x t r a c t i o n  System; 

comple t ion  of t h e  l a b o r a t o r y  i n v e s t i g a t i o n  of t h e  s o l v e n t  e x t r a c t i o n  
e q u i l i b r i u m  c o n d i t i o n s  f o r  thorium n i t r a t e - n i t r i c  acid-30% t r i b u -  
t y lphospha te  i n  n-dodecane. 

Rework and Recycle  s t u d i e s  have i n v e s t i g a t e d  t h e  waste S i c  h u l l s  

and s p e n t  s i n t e r e d - m e t a l  f i l t e r s  from t h e  h o t - c e l l  r e p r o c e s s i n g  of test  

f u e l  e lements  i r r a d i a t e d  i n  t h e  Peach Bottom Reactor .  P re l imina ry  

i n d i c a t i o n s  are: 

t h e  uranium c o n c e n t r a t i o n s  i n  t h e  h u l l s  may r e q u i r e  development of 

major p o r t i o n s  of s e m i v o l a t i l e  and p a r t i c u l a t e  matter are  r e t a i n e d  

* t h e  major p o r t i o n  of t h e  material  r e t a i n e d  on t h e  f i l t e r s  can b e  

improved recovery  s t e p s ;  

by the s i n t e r e d - m e t a l  f i l t e r ;  

l eached  ( ru thenium is  a n  e x c e p t i o n ) .  

3.2 HEAD END PROCESS (SUBTASK 310) - V.C.A.  Vaughen 

3.2.1 Fue l  T e s t  Element R e s u l t s  - C. E. Lamb 

3.2.1.1 Iodine-129 

A p l a n  w a s  dev i sed  t o  s t u d y  t h e  release and t r a n s p o r t  of 12’1 i n  

t h e  head-end r e p r o c e s s i n g  s t e p  u s i n g  i r r a d i a t e d  HTGR f u e l  from t h e  

Peach Bottom Reactor .  A modi f ied  gr ind-burn-leach f lowshee t  w a s  

s e l e c t e d  t o  s i m u l a t e  t h e  secondary bu rne r  s t e p .  To minimize t h e  number 

of samples r e q u i r e d  f o r  a n a l y s i s  of i o d i n e ,  t h e  f i s s i l e  and f e r t i l e  f u e l  

f r a c t i o n s  were crushed  and processed  t o g e t h e r .  
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A 10-pm s i n t e r e d  H a s t e l l o y  X f i l t e r  w a s  used i n s i d e  t h e  burner  t o  

p reven t  t h e  d e p o s i t i o n  of p a r t i c u l a t e s  downstream. Adsorbers  s e l e c t e d  

f o r  t h e  s tudy  were a c t i v a t e d  cha rcoa l  and s i l v e r  z e o l i t e .  A t e m -  

p e r a t u r e  p r o f i l e  w a s  ob ta ined  whi le  t h e  burner  w a s  ope ra t ed  a t  850°C. 

The f i rs t  p o s i t i o n  downstream from t h e  bu rne r  measuring less t h a n  150°C 

w a s  s e l e c t e d  f o r  t h e  c h a r c o a l  adsorber .  This  w a s  fol lowed by a s i l v e r  

z e o l i t e  t r a p  as a backup f o r  t h e  charcoa l .  Absolute  f i l t e r s  were 

p laced  downstream from t h e  adsorbers .  The off-gas  from each  phase of 

o p e r a t i o n  w a s  c o l l e c t e d  and sampled f o r  a n a l y s i s .  

Four small-scale experiments  (each us ing  one f u e l  rod from Fuel  

T e s t  Element 16)  were made t o  s t u d y  t h e  12’1 behavior .  

t h e  f i r s t  two experiments  r e q u i r e d  m o d i f i c a t i o n  i n  t echn iques .  The t h i r d  

and f o u r t h  experiments  w e r e  completed wi thou t  problems. Samples w e r e  

analyzed i n  t h e  a n a l y t i c a l  chemis t ry  l a b o r a t o r i e s .  A rad iochemica l  

s e p a r a t i o n  and a c t i v a t i o n  t echn ique  w a s  used t o  de te rmine  t h e  12’1 and 

a gamma s c a n  a n a l y s i s  w a s  used t o  de te rmine  each f i s s i o n  product  p r e s e n t  

i n  a measurable  q u a n t i t y .  

Problems d u r i n g  

P re l imina ry  examinat ion of t h e  r e s u l t s  shown i n  Table  3 . 1  r evea led  

t h a t  most of t h e  1291 w a s  found i n  t h e  burner  a s h ,  Has t e l loy  X f i l t e r ,  

and f i r s t  c h a r c o a l  adso rbe r .  The t o t a l  q u a n t i t y  of i o d i n e  r e p o r t e d  f o r  

experiment  F-16-1-4 w a s  about  65% of t h e  amount found i n  F-16-1-3. This  

may i n d i c a t e  a d e p o s i t i o n  of i o d i n e  i n  an  u n i d e n t i f i e d  l o c a t i o n .  One 

such area may be t h e  i n n e r  s u r f a c e s  of t h e  burner .  

i s  planned t o  exp lo re  t h i s  p o s s i b i l i t y .  

A f u t u r e  experiment 

I n  experiment F-16-1-3, on ly  5.0% of  t h e  t o t a l  i od ine  w a s  found i n  

t h e  burner  ash.  Approximately 14.2% of t h e  i o d i n e  w a s  i n  t h e  s i n t e r e d  

H a s t e l l o y  X f i l t e r  and 80.3% of i t  w a s  on t h e  f i r s t  cha rcoa l  adsorber .  

I n  c o n t r a s t ,  19.1% of t h e  t o t a l  i o d i n e  i n  F-16-1-4 remained wi th  t h e  

burned f u e l ,  52.1% w a s  t rapped  on t h e  H a s t e l l o y  X f i l t e r ,  and only  28.7% 

w a s  found on t h e  f i r s t  cha rcoa l  adsorber .  

I n  a d d i t i o n  t o  1291, t h e  most abundant f i s s i o n  p roduc t s  measured 

were lo6Ru,  125Sb, 134Cs, 1 4 4 C e ,  and 154Eu. The lo6Ru w a s  found 

w i t h  t h e  S i c  h u l l s  i n  bo th  runs ;  91.9% i n  F-16-1-3 and 87.4% i n  

F-16-1-4. Approximately 90% of t h e  125Sb w a s  d i s s o l v e d  from t h e  a s h  



Table  3.1. Iod ine  and Other F i s s i o n  Product  Behavior i n  a Grind-Burn-Leach P rocess  
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i n  experiment F-16-1-3. Conversely,  i n  F-16-1-4, ove r  h a l f  t h e  125Sb 

remained w i t h  t h e  undisso lved  S i c  h u l l s .  

The l a r g e r  p a r t  of t h e  remaining f i s s i o n  p roduc t s  w a s  d i s s o l v e d  

d u r i n g  t h e  r e f l u x  of t h e  bu rne r  a sh  w i t h  Thorex r e a g e n t .  

per iments ,  about  90% of t h e  '44Ce and 90 t o  95% of t h e  1 5 4 E ~  were d i s s o l v e d  

from t h e  burner  a s h  by t h e  f i r s t  l e a c h  s o l u t i o n .  

remaining cerium and europium w e r e  d i s s o l v e d  by a second l e a c h  s o l u t i o n .  

However, i n  F-16-1-4, t h e  remaining 1 4 4 C e  and 1 5 4 E ~  were u n a f f e c t e d  by 

a second l e a c h  and s t ayed  w i t h  t h e  undisso lved  S i c  h u l l s .  S i m i l a r  

d i s t r i b u t i o n s  of t h e  1 3 4 C s  and 1 3 7 C s  occu r red ,  as shown i n  Table 3 . 1 .  

An excep t ion  t o  be  noted i s  t h a t  about  7% of t h e  cesium i n  F-16-1-3 a l s o  

remained w i t h  t h e  undisso lved  S i c  h u l l s .  

I n  both  ex- 

I n  F-16-1-3, t h e  

These d a t a  w i l l  be  expanded i n  d e t a i l  and compared w i t h  ORIGEN 

computer code c a l c u l a t i o n s .  New parameters  f o r  a d d i t i o n a l  exper iments  

w i l l  b e  developed. The system w i l l  b e  redes igned  t o  s i m p l i f y  l o c a t i n g  

and measuring any i o d i n e  d e p o s i t e d  on t h e  i n n e r  s u r f a c e  of t h e  bu rne r .  

3 .2 .1 .2  C e n t r a l i z e d  A n a l y t i c a l  Data Bank 

A c e n t r a l i z e d  d a t a  bank has  been e s t a b l i s h e d  by t h e  A n a l y t i c a l  

Chemistry D i v i s i o n  f o r  t h e  accumulation and r e t e n t i o n  of a n a l y t i c a l  

chemis t ry  r e s u l t s .  A remote t e r m i n a l  w a s  o rdered  f o r  i n s t a l l a t i o n  i n  

t h e  Bldg. 4507 Hot C e l l  F a c i l i t y  t o  t i e  i n t o  t h i s  system and expand 

t h e  u s e f u l n e s s  of t h e  concept .  The t e r m i n a l  w i l l  have  l i m i t e d  a c c e s s  t o  

t h e  A n a l y t i c a l  Chemistry D i v i s i o n  Data Management System. A program is  

be ing  developed by a member of Computer Sciences.  The completed 

sys tem w i l l  p e r m i t  r a p i d  a c q u i s i t i o n  of completed d a t a  and review 

of uncompleted r e q u e s t s .  I t  w i l l  a l s o  p e r m i t  t a b u l a t i o n  of accoun t ing  

in fo rma t ion ,  such as t h e  number and types  of de t e rmina t ions  r eques t ed  

on s p e c i f i c  charge  accoun t s  and a l low f o r e c a s t i n g  of changing a n a l y t i c a l  

needs.  

3 .2 .1 .3  Development of an In -Ce l l  P i p e t t e r  

A p i p e t t e r  assembly f o r  i n - c e l l  u se  w a s  developed t o  improve 

sampling techniques  and subsequent a n a l y s i s  of samples.  

d i l u t i o n s  prepared  by i t  w i l l  be  used t o  (1) s t a b i l i z e  sample s o l u t i o n s  

Al iquo t s  and 
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f o r  extended s t o r a g e ,  (2) reduce  t h e  need and t i m e  r e q u i r e d  t o  r e d i s -  

t r i b u t e  samples between a n a l y t i c a l  l a b o r a t o r i e s ,  (3)  p reven t  i s o t o p i c  

contaminat ion  r e s u l t i n g  from exposure  t o  o t h e r  h o t  c e l l  environments.  

The p i p e t t e r  w a s  made from modified drawings developed and s u p p l i e d  

by A l l i e d  Gulf Nuclear S e r v i c e s ,  Barnwell ,  S. C. The d e v i c e  u s e s  a 

commercial p i p e t t e  and pe rmi t s  t h e  remote f i l l i n g  and d e l i v e r y  by 

pneumatic valves. 

i t s  performance. 

The h o t  c e l l  pe r sonne l  are c u r r e n t l y  e v a l u a t i n g  

3.2.2 J e n i k e  T e s t s  - C.  L. F i t z g e r a l d  and D.  J. Kington 

The f low p r o p e r t i e s  of u n i r r a d i a t e d  crushed g r a p h i t e  and f u e l  

e lements  as determined by t h e  J e n i k e  method’ i s  p a r t  of t h e  head-end 

r e p r o c e s s i n g  s t u d i e s  a t  General Atomic Company (GA). A j o i n t  ORNL-GA 

program w a s  e s t a b l i s h e d  whereby a s e l e c t e d  number of t h e s e  measurements 

w i t h  crushed,  i r r a d i a t e d  g r a p h i t e  were done a t  ORNL. These t es t  r e s u l t s  

are t o  be  used t o  e s t a b l i s h  t h e  e f f e c t s  of i r r a d i a t i o n  as i t  relates 

to t h e  d e s i g n  of equipment f o r  s t o r a g e  and t r a n s p o r t  of t h e  g r a n u l a r  

material. 

The i r r a d i a t e d  f u e l  body used w a s  Recycle T e s t  Element RTE-2-2, 

which had been i r r a d i a t e d  f o r  701 e f f e c t i v e  full-power days i n  t h e  Peach 

Bottom Reactor .  The thermal  h i s t o r y  i s  shown i n  Fig.  3.1. A j a w  c r u s h e r 2  

w a s  used to r educe  t h e  RTE bod ies  (F ig .  3.2) used f o r  t h e s e  tests t o  a 

s i z e  s u i t a b l e  f o r  u s e  (<1 mm). A f t e r  u s e  w i t h  t h e  u n i r r a d i a t e d  c o n t r o l ,  

t h e  j a w  c r u s h e r  was i n s t a l l e d  i n  t h e  h o t  c e l l  f o r  u s e  w i t h  t h e  i r r a d i a t e d  

material. 

The hardware necessa ry  t o  make t h e  measurements remote ly  (Fig.  3.3) 

w a s  des igned  by D. C.  Watkin of ORNL and f a b r i c a t e d  i n  l o c a l  shops.  The 

s h e a r  cel ls  were purchased from t h e  Jen ike  and Johanson c o n s u l t i n g  f i r m .  

The u n i t  w a s  c a l i b r a t e d  by o b t a i n i n g  test r e s u l t s  a t  ORNL and GA w i t h  

u n i r r a d i a t e d  g r a p h i t e  t h a t  w a s  t r a n s f e r r e d  between si tes.  3 

The RTE f u e l  bod ie s  (%380 mm long by @5 mm diam) were passed  through 

t h e  j a w  c r u s h e r  once w i t h  t h e  j a w s  f u l l y  open and tw ice  w i t h  t h e  j a w s  

f u l l y  c l o s e d .  

a f t e r  go ing  through t h e  c r u s h e r  once (jaws open) w a s  somewhat d i f f e r e n t ,  

as shown i n  F i g s .  3.4 and 3.5. 

The appearance of t h e  u n i r r a d i a t e d  and i r r a d i a t e d  bod ies  

The u n i r r a d i a t e d  p roduc t  c o n s i s t e d  of 
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r i g .  3 . 2 .  KTE Fuel  Body Used t o r  Un i r r ad ia t ed  Cont ro l .  
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PHOTO 1531-77 

Fig. 3.3. Remotely Operable Solids Properties Test System. 

Fig. 3 . 4 .  Crushed Unirradiated RTE Fuel Body. 



Fig. 3.5. Crushed I r r a d i a t e d  Fue l  Body. 

s l i v e r - l i k e  p i e c e s  p l u s  f i n e s ,  w h i l e  t h e  i r r a d i a t e d  p roduc t  con ta ined  

smaller chunks and ( q u a l i t a t i v e l y )  a h i g h e r  f r a c t i o n  of f i n e s .  

A s i z e  d i s t r i b u t i o n ,  determined a f t e r  f i n i s h i n g  t h e  c r u s h i n g  o p e r a t i o n  

(Fig.  3 . 6 ) ,  showed t h a t  t h e  c rushed  i r r a d i a t e d  material does have  a sub- 

s t a n t i a l l y  smaller s i z e  d i s t r i b u t i o n .  

( f o r  bo th  u n i r r a d i a t e d  and i r r a d i a t e d  p roduc t s )  w e r e  blended t o g e t h e r  

t o  g i v e  t h e  s i z e  d i s t r i b u t i o n  of t h e  GA c r u s h e r  p roduc t  shown i n  Fig.  3.7.  

This  w a s  done t o  e l i m i n a t e  t h e  s i z e  d i s t r i b u t i o n  v a r i a b l e  when d a t a  

ob ta ined  a t  t h e  two i n s t a l l a t i o n s  are compared. 

used f o r  t h e  tests desc r ibed  below. 

Proper amounts of each s i z e d  f r a c t i o n  

These materials were 

The J e n i k e  test b a s i c a l l y  c o n s i s t s  of measuring t h e  f o r c e s  necessa ry  

t o  s l i d e  a material over  i t s e l f  ( o r  a n o t h e r  s u r f a c e )  w h i l e  under d i f f e r e n t  

ver t ical  loads .  

c o n s o l i d a t i o n :  l oad  t h e  s h e a r  c e l l  [ O . l  m ( 4  i n . )  diam] w i t h  t h e  c rushed  

Each test c o n s i s t s  of t h e  fo l lowing  s t e p s :  (1) pre-  
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material and compact under a g iven  load  w i t h  t h e  top  r i n g  o f f - c e n t e r  

forward about  1 .6  mm (1 /16  i n . ) ;  ( 2 )  f i r s t  s h e a r  f o r c e  measurement: push 

t h e  material a c r o s s  i t s e l f  under a g iven  ve r t i ca l  load  u n t i l  a c o n s t a n t  

f o r c e  i s  obta ined  ( t h e  r e t a i n i n g  r i n g  i s  e s s e n t i a l l y  c e n t e r e d ) ;  (3 )  second 

s h e a r  f o r c e  measurement: 

push t h e  material a c r o s s  i t s e l f  u n t i l  t h e  f o r c e  goes through a maximum. 

I f  t h e  material does n o t  perform rep roduc ib ly ,  t h e  p r e c o n s o l i d a t i o n  

procedure i s  a d j u s t e d  u n t i l  i t  does.  

w i t h  t h r e e  d i f f e r e n t  reduced we igh t s  t o  g ive  a t o t a l  of t h r e e  p o i n t s .  The 

s h e a r i n g  f o r c e  i s  p l o t t e d  a g a i n s t  ve r t i ca l  load  t o  e s t a b l i s h  t h e  g r a p h i c a l  

s o l u t i o n  of t h e  "flow func t ion"  f o r  t h a t  p r e c o n s o l i d a t i o n  f o r c e  and t i m e .  

This  f u n c t i o n  should  b e  c o n s t a n t  f o r  a g iven  material under t h e  same 

c o n d i t i o n s .  S ince  t h e r e  i s  no w a i t i n g  t i m e  between measurements, t h e s e  

r e s u l t s  are r e f e r r e d  t o  as t h e  " ins tan taneous"  v a l u e s .  

reduce  t h e  ve r t i ca l  load  a g iven  amount and 

The e n t i r e  procedure  i s  r epea ted  

The tes t  series i s  r e p e a t e d  f o r  t h e  " t i m e  conso l ida t ion"  s t u d i e s ,  

where t h e  s h e a r  c e l l  i s  al lowed t o  s t a n d  f o r  a g iven  pe r iod  of t i m e  be- 

tween s t e p s  ( 2 )  and ( 3 )  above w h i l e  under a ver t ica l  load .  This  l a t t e r  

series of tests measures any tendency of t h e  powder t o  agglomerate  d u r i n g  

l eng thy  s t o r a g e .  

The program c a r r i e d  o u t  a t  ORNL f o r  t h e  u n i r r a d i a t e d  c o n t r o l  and 

t h e  i r r a d i a t e d  sample c o n s i s t e d  of  t h e  fo l lowing  ( a s  s p e c i f i e d 4  by GA) : 

1. Ins t an taneous  t e s t i n g :  

The ve r t i ca l  l o a d s  a p p l i e d  t o  t h e  s h e a r  p l a n e  w e r e  V ,  s h e a r  

c o n s o l i d a t i o n  load:  26 .7  N; Y, s h e a r  tes t  l o a d s :  1 7 . 8 ,  1 3 . 3 ,  

8.9 N .  Each measurement w a s  r e p l i c a t e d  f o r  a t o t a l  of t h r e e  

measurements. 

- 

2.  T i m e  c o n s o l i d a t i o n :  

Proceed wi th  s h e a r  c o n s o l i d a t i o n  ( 2 6 . 7  N) u n t i l  t h e  s h e a r  f o r c e  

i s  c o n s t a n t ;  re t rac t  pushing  s t e m  and i n c r e a s e  t h e  v e r t i c a l  load  

t o  69.6 N .  Wait seven  days ,  t hen  proceed w i t h  t h e  s h e a r  t es t  

(wi th  each of t h e  t h r e e  v a l u e s  above) .  

The t e r m s ,  l i s t e d  below wi th  t h e i r  d e f i n i t i o n s ,  are used i n  p r e s e n t i n g  

t h e  d a t a :  

V -  normal f o r c e  a p p l i e d  t o  a s h e a r  c e l l  d u r i n g  c o n s o l i d a t i o n ,  
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S 

V - normal f o r c e  a p p l i e d  t o  a s h e a r  c e l l  d u r i n g  s h e a r ,  

S - s h e a r i n g  f o r c e  a p p l i e d  t o  a s h e a r  c e l l  d u r i n g  s h e a r ,  

S p r o r a t e d  - afi a d j u s t e d  v a l u e  of 3 c a l c u l a t e d  by assuming t h e  median 
v a l u e  of S t o  be  c o r r e c t ,  

FF - flow f u n c t i o n  of a s o l i d ,  

V1 - major c o n s o l i d a t i n g  f o r c e ,  

F - unconfined y i e l d  f o r c e .  

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

- 

The d a t a  are g iven  i n  Table 3 .2 .  

The n a t u r e  of t h e s e  tests makes r e p r o d u c i b i l i t y ,  and t h u s  conf idence ,  

a problem. 

t h e  tes t  is  completed. Th i s  weight  v a r i a t i o n  w a s  set a r b i t r a r i l y  a t  +2.5%, 

and test  r e s u l t s  were d i s c a r d e d  when t h e  weight  f e l l  o u t  of t h i s  range.  The 

e f f e c t s  of v a r i a t i o n  due t o  t h e  o p e r a t o r  w e r e  minimized by having  one person  

do a l l  t h e  tests i n  t h e  p re sence  of t h e  s a m e  o b s e r v e r .  C a l i b r a t i o n  of t h e  

equipment ( z e r o  and range  of t h e  load  c e l l )  w a s  checked b e f o r e  and a f t e r  

each ser ies  of tests,  and a complete c a l i b r a t i o n  w a s  done between tests 

w i t h  t h e  u n i r r a d i a t e d  and i r r a d i a t e d  g r a p h i t e .  The danger of test c e l l  

d i s t u r b a n c e  i s  a problem w i t h  t h e  t i m e  c o n s o l i d a t i o n  s t u d i e s .  The manip- 

u l a t o r s  were locked  d u r i n g  t h e s e  t es t  p e r i o d s ,  and t h e  u s u a l  r u l e  of 

s e l e c t i n g  t h e  h i g h e s t  v a l u e  w a s  fo l lowed.  Examination of t h e  d a t a  i n  

T a b l e  3 .2  shows t h a t  t h e  r e p r o d u c i b i l i t y  of t h e  expe r imen ta l  d a t a  g e n e r a l l y  

is w i t h i n  t5%. W e  f e e l  t h a t  t h i s  is e x c e l l e n t  f o r  t h i s  t y p e  of test .  

The weight  of powder i n  t h e  t es t  c e l l  is  n o t  known u n t i l  a f t e r  

The d a t a  shown i n  g r a p h i c a l  form i n  F i g s .  3 . 8  through 3.11 i l l u s t r a t e  

t h e  r e l a t i v e  flow c h a r a c t e r i s t i c s  of t h e  powders. 

a x i s  a t  o r  n e a r  ze ro  i n d i c a t e s  a f r e e  f lowing  system. Th i s  e f f e c t  i s  

brought  o u t  w i t h  t h e  flow f u n c t i o n .  

An i n t e r c e p t  of t h e  3 

The f low f u n c t i o n  of a s o l i d  (FF) is  t h e  r a t i o  of major c o n s o l i d a t i n g  

f o r c e  ( V I )  t o  unconfined y i e l d  f o r c e  (F) and is a n  i n d i c a t i o n  of t h e  

cohes iveness  of a powder system. A lower v a l u e  of t h e  FF i n d i c a t e s  a 

h i g h e r  tendency t o  a r c h  and t h u s ,  more d i f f i c u l t  flow. The summary, 

Table 3 . 3 ,  shows a n  FF r a t i o  of u n i r r a d i a t e d  t o  i r r a d i a t e d  of about  5. 

The e f f e c t s  of i r r a d i a t i o n  have  been shown t o  b e  s i g n i f i c a n t  and 

w i l l  a f f e c t  t h e  d e s i g n  of s t o r a g e  and t r a n s p o r t  hardware. 

b e  used by P.  C.  Richards  of G A  t o  de t e rmine  t h e  e f f e c t s  on equipment 

des ign .  A j o i n t  r e p o r t  i s  scheduled  f o r  p u b l i c a t i o n .  

The d a t a  w i l l  



Table  3.2.  Shear  T e s t  R e s u l t s  on RTE Fuel  Rods (26.7-N Normal Force 
During Consol ida t ion)  

Test 

1 
2 

3 a  Mean 
1 
2 

3 a  Mean 
1 
2 

3 a  Mean 

3 a  Mean 

1 
2 

3 a  Mean 
1 
2 

3 a  Mean 
1 
2 

3 a  Mean 

3 a  Mean 

S, Shearing Force - 5, Shearing Force Applied V ,  Normal Force 
During Shear During Consolidation During Shear 

(mV) (N)  (mV) ( N )  Prorated, N (N)  

Instantaneous Test - Unirradiated Control 

5.90 23.0 8 .90  2.22 8 .89  9.35 
6 .23  24 .3  8.90 2 .31  9 .23  9.23 
6.32 24.6 8 .90  2.41 9 .62  8 .46  

5.59 21 .8  13.34 3.08 12.19 13 .26  
6 .10  23.8 13 .34  3 .25  12 .83  12 .83  
6 .88  26 .8  13.34 3.70 14 .56  12.96 

6 .40  24.5 17.79 4.38 17 .19  17.19 
6.62 25.8 17.79 4.62 18.10 17.50 
5.85 2 2 . 8  17 .79  4.20 16 .50  1 8 . 0 1  

24.2 ? 1.54 17 .26  ? 0.80 

9.25 f 0.36  

13 .20  2 1 . 2 3  

Time Consolidation Test - Unirradiated Control 

6.63  25.8 8.90 2.71 10 .77  
6.63 25.8 8.90 2 .71  10 .77  
6 .63  25.8 8.90 2 .71  10 .77  
6.82 26.6 13 .34  4 .00  15 .71  
6 .82  26.6 13 .34  4 .00  1 5 . 7 1  
6.82 26.6 13.34 4.00 1 5 . 7 1  
6.70 26.0 17.79 4 .80  18.79 
6.70 26.0 17.79 4 .80  18.79 
6 .70  26.0 17 .79  4 .80  18 .79  

26.2 f 0.32 

Instantaneous Test - Irradiated Fuel 

7.80 30.3 8 .90  3 .00  11 .89  12 .33  
8 .70  33.7 8.90 3.40 13 .41  12 .53  
8.10 31.4 8 .90  3.00 11 .89  11.89 

8.10 31.4 13.34 4.30 16 .87  16.25 
7.60 29 .5  13.34 4.00 15 .71  16 .10  
7.80 30.3 13.34 4.10 16 .10  16.10 

8 .40  32.6 17.79 5.90 23.00 22.21 
8.10 31.4 17.79 5.50 21.48 21.48 
8.00 31.1 17.79 5.50 21.48 21.72 

31.3 f 1 . 3  21.99 +_ 0.88 

12.40  +_ 0 .88  

16.22 f 0.59  

Time Consolidation Test - Irradiated F u e l  

7.70 29.9 8.90 3.70 14 .57  
7.70 29.9 8.90 3.70 14.57 
7.70 29.9 8.90 3.70 14.57 
7.80 30.3 13 .34  5 .40  21.08 
7.80 30.3 13.34 5.40 21.08 
7.80 30.3 13.34 5.40 21.08 
7.60 29.5 17.79 5.80 22.61 
7.60 29.5 17 .79  5 .80  22.61 
7.60  29.5 17.79 5 .80  22.61 

29.9 +_ 0.33  
~~ ~ ~~~ 

%ith standard deviation. 



36 

OllK m ,*-e23 

X1- 0. 907 Y1- 0.919 
X2- 1.360 Y2- 1.327 

X4- 2.720 Y4- 2.480 
x3- 1.810 Y 3 -  1.791 

M- 0.986 8- 0.033 
F- 0. 158 V I -  6.718 

0 (Kg) 

Fig. 3.8. Unirradiated, Instantaneous Shear Test Results. To 
convert scales to newtons, multiply by 9.807. 

m 18-am 

XI- 0.907 YI- 1.098 

x3- 1.810 ~ 3 -  1.915 

H- 0.905 B- 0.308 
F- 1 . 3 ~ 9  

X2- 1.360 Y2- 1.602 

X4- 2.720 Y4- 2.665 

To 

7 (Kg) 

Fig. 3.9. Unirradiated, Time Consolidation Shear Test Results. 
convert scales to newtons, multiply by 9.807. 
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X3- 1.810 Y3- 2.223 
X4- 2.720 Y4- 3. 167 

5 -  

4 

Fig .  3.10. I r r a d i a t e d ,  In s t an taneous  Shear  T e s t  Resu l t s .  To conve r t  
scales t o  newtons, m u l t i p l y  by 9.807. 

-. 

X1- 0.907 Y 1 -  1.485 
X2- 1.360 Y2- 2. 150 
X3- 1.810 Y3-  2.306 
X4- 2.720 Y4- 3.049 

H- 0.910 6- 0.743 
F- 3.364 
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Table  3.3. Summary of Shear T e s t  R e s u l t s  w i t h  U n i r r a d i a t e d  
and I r r a d i a t e d  RTE Fue l  Bodies 

Force, N 
Intercept FF, Flow Function 

( N) Unconfirmed Major 
Type Test Slope 

Yield Consolidating 

Unirradiated 

Instantaneous 0.966 0.32 1.55 65.8  42.52 

Time 0.905 3.02 13.61 

Irradiated 
Instantaneous 1.078 2.36 12.05 100.9 a .  37 

Time 0.910 2.28 33.0 

3 .2 .3  New Hot C e l l  Equipment - C .  L.  F i t z g e r a l d  and D.  J. Kington 

A head-end r e p r o c e s s i n g  system capab le  of h a n d l i n g  about  600-g 

b a t c h e s  of c rushed  f u e l  has  been des igned ,  f a b r i c a t e d ,  t e s t e d ,  and pre- 

pared f o r  i n s t a l l a t i o n  i n  t h e  ho t  c e l l  f o r  u s e  w i t h  i r r a d i a t e d  f u e l .  

The system c o n s i s t s  of t h e  fo l lowing  components: 

1. f u e l  rod c r u s h e r ,  

2. 

3. r o l l  c r u s h e r ,  

4 .  f lu id i zed -bed  secondary b u r n e r ,  

5. d i s s o l v e r ,  

6. a s s o c i a t e d  i n s t r u m e n t a t i o n .  

f l u id i zed -bed  primary bu rne r  and a s s o c i a t e d  equipment, 

The system components and performance d a t a  w i l l  be  d-;cussed --I f u n c t i o n a l  

o r d e r .  

3 .2 .3 .1  Fue l  Rod Crusher 

The head-end equipment w a s  s i z e d  t o  p r o c e s s  50 f u e l  r o d s  (51  mm long  

by 1 3  mm diam) p e r  experiment.  The c r u s h e r ,  Fig.  3.12, w a s  des igned  t o  

reduce  t h e  f u e l  rods  to less than 4.8 mm f o r  bu rn ing  i n  t h e  f lu id i zed -bed  

primary bu rne r .  It c o n s i s t s  of a p i s t o n  t h a t  d r i v e s  t h e  f u e l  rod forward 

through a c y l i n d e r  a g a i n s t  an a d j u s t a b l e  c o u n t e r s i n k .  The impact ing  
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p i s ton  

t o  oper 

i s  screw-driven with an impact wrench. The u n i t  i s  s 

ate, and 50 f u e l  rods can be crushed i n  about an houi 

simple and easy 

.. 
-77 

re 

i 

of t h e  o ther  components is discussed below. 
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HOT0 3951-77 

Fig. 3.13. Primary Burner Assembly. 

3.2.3.2.1 Cyclone. A cyclone based on Stairmand's high efficiency 
modelY6 Fig. 3.14, was miniaturized by V.C.A. Vaughen of ORNL and fab- 
ricated of type 304L stainless steel in our local shops. The unit was 

tested with 45 to 212-um carbon fines at anticipated process flow con- 
ditions. The results of these tests, Table 3.4, show that the cyclone 

removes more than 99% of the fines in the particle range tested at 

flow rates of at least 50 liters/min. This efficiency is adequate for 

our purposes since 1% of the fines will not cause an operating problem 
with the micrometallic filters. 



7 I 

F ig .  3.14. Miniature C y c l o n e  Used w i t h  t h e  Primary B u r n e r  A s s e m b l y .  



42 

3.2.3.2.2 Micrometa l l ic  F i l t e r s .  Details of t h e  mic rometa l l i c  

f i l t e r s  w e r e  r e p o r t e d  p rev ious ly ;  

t h e  f low of t h e  of f -gases  through t h e  system. 

they  are mentioned h e r e  t o  i l l u s t r a t e  

3.2.3.2.3 Gradient  Temperature Tube. The p l a t e o u t  of  f i s s i o n  p roduc t s  

t h a t  p e n e t r a t e  t h e  mic rometa l l i c  f i l t e r s  is  of  concern s i n c e  t h i s  could 

r e s u l t  i n  o p e r a t i o n a l  p r o b l e m  over  a pe r iod  of t i m e .  A g r a d i e n t  tempera ture  

tube  w a s  designed by H. C .  Savage, F ig .  3.15, t o  measure t h i s  p l a t e o u t  

as a f u n c t i o n  of  temperature .  

"he u n i t  c o n s i s t s  of 4 m of 13-ym OD tub ing  c o i l e d  i n  a h e l i x  0.14 m 

i n  d iameter  and housed i n  a n  annu la r  chamber. The coo l ing  gas  f lows  through 

t h e  annulus  sur rounding  t h e  c o i l .  This  u n i t  h a s  t h e  advantage that  t h e  

c o i l  w a l l  t empera tures  can be  measured d i r e c t l y  a long  t h e  l e n g t h ,  and 

gamma scanning w i l l  be  s i m p l i f i e d ;  t h e  tempera ture  p r o f i l e  is a l s o  g r e a t l y  

improved. I n l e t  and o u t l e t  coo l ing  gas  tempera tures  are a l s o  measured. 

R e s u l t s  of t h e  c a l i b r a t i o n  w i t h  a n  of f -gas  f low of  50 - l i t e r /min  and 0, 50, 

75,  and lOO-l i ter /min cool ing-gas f low rates are shown i n  Fig .  3.16. H e a t  

ba l ance  c a l c u l a t i o n s  are shown i n  Table  3.5.  The measured o v e r a l l  h e a t  

t r a n s f e r  c o e f f i c i e n t s  were s l i g h t l y  lower than  t h e  des ign  v a l u e  (25 W/m2 

"C) r e s u l t i n g  i n  s l i g h t l y  h ighe r  of f -gas  exi t  tempera tures  (about  1 2 O O C ) .  

W e  have p r o v i s i o n s  f o r  h ighe r  cooling-gas f low rates,  s o  t h i s  should n o t  

p r e s e n t  a problem. Otherwise,  t h e  u n i t  performed as expec ted ,  w i t h  f a i r l y  

l i n e a r  p r o f i l e s  and p r e d i c t a b l e  tempera tures .  This  model w i l l  be  used i n  

our  hot  c e l l  s t u d i e s .  

3.2.3.2.4 Absolute  F i l t e r s .  The off-gases  leave t h e  g r a d i e n t  temp- 

e r a t u r e  tube ,  they  p a s s  through a b s o l u t e  f i l t e rs ,  a cont inuous-s t ream 

sample i s  b led  o f f  f o r  a n a l y s e s ,  and t h e  bu lk  of t h e  gases  are d ischarged  

t o  t h e  h o t  ce l l .  

P a r t  DFA 3001 ARP. 

0.09 m2 of f i l t e r  area. 

and t h e  f i s s i o n  product  con ten t  analyzed by gamma spec t romet ry .  

The a b s o l u t e  f i l t e r s  are P a l l  T r i n i t y  "Ult ipor"  e lements ,  

Three elements  are used in p a r a l l e l ;  each u n i t  h a s  

These f i l t e r s  w i l l  b e  r ep laced  f o r  each experiment 

The primary burner  assembly has  been t e s t e d  as a u n i t  and is  ready 

f o r  i n s t a l l a t i o n  i n  t h e  h o t  cel l .  



Fig.  3.15. Gra 
S t u d i e s .  

3 .2 .3 .3  R o l l  Crushe 

t Depos i t i on  

A r o l l  c r u s h e r  w a s  des igned  by GA, modified by A l l i e d  Chemical 

Corpora t ion  (ACC) f o r  i t s  use ,  and f u r t h e r  modi f ied  a t  ORNL f o r  o u r  use.  

The u n i t ,  Fig.  3.17, c u r r e n t l y  can  be  o p e r a t e d  remote ly  and has  a n  

a d j u s t a b l e  r o l l e r  gap so that a wide range  of f e r t i l e  and f i s s i l e  p a r t i c l e  

s i z e s  can be crushed.  

572 pm w i t h  a r ange  of  p a r t i c l e  s i z e s .  

by bu rn ing  t h e  p roduc t ,  s i z e  s e p a r a t i n g  t h e  heavy m e t a l  f r a c t i o n  from 

t h e  S i c ,  and examining t h e  S i c  f r a c t i o n  mic roscop ica l ly .  

mance w a s  s a t i s f a c t o r y  and t h e  u n i t  i s  ready f o r  i n s t a l l a t i o n  i n  t h e  h o t  cel l .  

The u n i t  w a s  t e s t e d  a t  r o l l e r  gaps from 127 t o  

Crusher performance w a s  monitored 

Crusher p e r f o r -  

3 . 2 . 3 . 4  Secondary Burner 

The secondary bu rne r  w i l l  receive t h e  f e r t i l e  and f i s s i l e  f r a c t i o n  

p roduc t s  from t h e  r o l l  c r u s h e r  and conve r t  each t o  forms s u i t a b l e  f o r  
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I R N I  DWG 7 7 - 8 8 0  

600L O F F - G A S  F ISSION PRODUCT CONDENSER T E M P E R 4 T U R E S  v s  COOLING 
41R FLOW O F F - G 4 S  F L O W - 5 0  L I T E R S I M I N  

3 

Fig .  3.16. Off-Gas F i s s i o n  Product  Condenser Temperatures vs 
Cooling A i r  Flow. 

Table  3.5. Heat Balances f o r  F i s s i o n  Product  Condenser w i t h  
Off-Gas Flow of 50 l i t e r s / m i n  

Overall Heat C o o l i n g  G a s  Heat loss, W (Btu/hr) Transfer  C o e f f i c i e n t  

( l i ters / m i d  Through Jacke t  C o o l i n g  Gas (W/m2 "C) (Btu/hr OF f t 2 )  
F low Rate 

0 

50  

75 

279 ( 9 5 0 )  

9 2 . 7  ( 3 1 6 )  280  ( 9 5 4 )  1 2 . 0  

6 5 . 1  ( 2 2 2 )  345 ( 1 1 7 8 )  1 4 . 1  

2 . 1 2  

2 . 4 8  

1 0 0  1 4 . 7  ( 5 0 )  4 3 5  ( 1 4 8 5 )  1 7  3 .0  



Fig.  3.17. R o l l  Crusher Used t o  P r e p a r e  Secondary Burner Feed. 

d i s s o l u t i o n .  

of a 25-mm-diam by 0.30-m-long H a s t e l l o y  N c y l i n d e r  t h a t  i s  expanded 

t o  a n  upper 76-mm-diam H a s t e l l o y  N s e c t i o n ,  which c o n t a i n s  two 25.4-m- 

diam by 0.15-m-long m i c r o m e t a l l i c  f i l t e r s .  These f i l t e r s  are o f  t h e  

same type  used f o r  t h e  primary bu rne r  sys tem (10-pm p o r o s i t y ,  H a s t e l l o y  X) .  

The burne r  and f i l t e r  s e c t i o n s  each are provided  w i t h  a n  annu lus  f o r  

c o o l i n g  a i r .  

The bu rne r  w a s  des igned  by W. Rickman of GA. It c o n s i s t s  

I 

A l l  o t h e r  components are of 300 series s t a i n l e s s  steels. 
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The bu rne r  was des igned  t o  o p e r a t e  w i t h  a f l u i d i z i n g  v e l o c i t y  of 0.76 m / s  

a t  a t empera tu re  between 850 and 875OC w i t h  a l o a d i n g  of 100 t o  125 g 

of c rushed  p a r t i c l e s .  V e r i f i c a t i o n  t e s t i n g  is i n  p r o g r e s s ;  p r e l i m i n a r y  

r e s u l t s  i n d i c a t e  t h a t  i t  performs as des igned .  

3.2.3.5 D i s s o l v e r  

The f e r t i l e  and f i s s i l e  secondary burner  p roduc t s  w i l l  be  d i s s o l v e d  

i n  conven t iona l  l a b o r a t o r y  glassware.  S i z e  of t h e  r e a c t i o n  f l a s k  is  about  

one l i t e r ;  p r o v i s i o n s  are added t o  purge t h e  f l a s k  and c o l l e c t  t h e  o f f -  

gas stream f o r  a n a l y s e s .  D i s s o l v e r  s o l u t i o n s  and r e s i d u e s  w i l l  be sampled 

f o r  material ba l ance .  The remainder of t h e  d i s s o l v e r  s o l u t i o n  serves as 

f e e d  material f o r  s o l v e n t  e x t r a c t i o n  s t u d i e s  and t h e  r e s i d u e  as f e e d  f o r  

h i g h - l e v e l  s o l i d  w a s t e  s t u d i e s .  

3.2.3.6 P rocess  I n s t r u m e n t a t i o n  

I n s t r u m e n t a t i o n  f o r  t h e  head-end sys tem c o n s i s t s  of t h e  fo l lowing :  

1. s t r i p - c h a r t  r e c o r d e r s ,  

2. t empera ture  c o n t r o l l e r s ,  

3 .  gas f low meters and flow t o t a l i z e r s ,  

4 .  oxygen a n a l y z e r s ,  

5. CO2 and CO a n a l y z e r s ,  

6 .  d e t e c t o r  and mul t i channe l  a n a l y z e r ,  

7 .  d a t a  a c q u i s i t i o n  system. 

The  s t r i p - c h a r t  r e c o r d e r s  are s t a n d a r d ,  commercial dual-pen r e c o r d e r s  

w i t h  var iab le-char t - speed  d r i v e  and v a r i a b l e  range.  

tempera ture  c o n t o l l e r s ,  t i m e  p r o p o r t i o n i n g  w i t h  p r o p o r t i o n  and reset 

ad jus tmen t s ,  and zero-angle f i r e d  swi t ch ing  o u t p u t  are used w i t h  t h e  primary 

and secondary b u r n e r s .  

thermal  technique  w i t h  d i g i t a l  r eadou t  t o t a l i z e r s  coupled d i r e c t l y  t o  t h e  

e l e c t r o n i c s  of t h e  flow ins t rumen t s .  

are based on a po la rograph ic  t echn ique  and seem t o  be  t h e  on ly  sys tem 

i n s t r u m e n t a t i o n  t h a t  i s  o v e r l y  p r e s s u r e  s e n s i t i v e .  The carbon d i o x i d e  and 

carbon monoxide a n a l y z e r s  are t h e  i n f r a r e d  t y p e  and seem t o  be  s t a b l e  over  

ou r  o p e r a t i n g  r ange ,  A gamma i o n i z a t i o n  d e t e c t o r  coupled t o  a 400-channel 

S o l i d - s t a t e  e l e c t r o n i c  

All flowmeters f o r  t h e  system are based on a 

The i n p u t  and o u t p u t  oxygen a n a l y z e r s  
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a n a l y z e r  c u r r e n t l y  is  i n  t h e  of f -gas  system, b u t  a 4000-channel a n a l y z e r  

w i l l  be  i n s t a l l e d  as soon as i t  i s  r ece ived .  The d a t a  a c q u i s i t i o n  system is  

a Hewlett-Packard (HP) 3050B c o n t r o l l e d  by an  HP-9825 c a l c u l a t o r .  A l i n e  

p r i n t e r  and p l o t t e r  w e r e  purchased as p e r i p h e r a l s .  

h a s  a 40-channel c a p a c i t y  b u t  is  be ing  upgraded t o  80-channel c a p a c i t y .  

The system scans  a l l  i n s t r u m e n t a t i o n  a t  d e s i r e d  i n t e r v a l s  and r e c r o d s  t h e  

d a t a  on a magnet ic  cassette.  Software w a s  w r i t t e n  t o  u s e  t h e  d a t a  f o r  

on- l ine  c a l c u l a t i o n s  t o  i n d i c a t e  t h e  p rogres s  of t h e  experiment .  

The system c u r r e n t l y  

3.2.4 S to rage  T e s t s  - C.  L. F i t z g e r a l d  and R. J.  Shannon 

Measurements w e r e  made of gaseous f i s s i o n  product  releases from a n  

HTGR-type f u e l  body under c o n d i t i o n s  s i m u l a t i n g  s t o r a g e  a t  tempera tures  up 

t o  300°C. The f u e l  w a s  a Recycle  T e s t  Element (RTE-2-5) c o n t a i n i n g  

Biso-coated f u e l  p a r t i c l e s ,  which had been i r r a d i a t e d  f o r  701 e f f e c t i v e  

ful l -power days i n  t h e  Peach Bottom Reactor .  

S t o r a g e  tes t  c o n d i t i o n s  w e r e  ambient (about  3OoC), 100, 150, 200, and 

300°C. 

bu t  a f a i r l y  s t a b l e  release rate w a s  reached t h a t  i n c r e a s e d  from 50 pCi/day 

of 8 5 K r  a t  ambient t o  200 VCilday a t  20OoC. The experiment  a t  300°C reached  

a f i n a l  release ra te  of 4000 pCi/day b u t  may n o t  y e t  have s t a b i l i z e d .  

The i n i t i a l  release rates v a r i e d  w i t h  each change i n  tempera ture ,  

The s t a b i l i z e d  release rates  f o r  3H w e r e  20 t o  50 pCi/day t o  150"C, 

and t h e  f i n a l  ra te  a t  200°C w a s  a f a c t o r  of 10 h ighe r .  The f i n a l  release 

ra te  a t  3OOOC w a s  about  30 pCi/day bu t  may n o t  r e p r e s e n t  a s t a b i l i z e d  rate.  

3 . 3  OFF-GAS TREATMENT AND RETENTION (SUBTASK 340)  - A. D.  Ryon 

Burning t h e  graphi te -mat r ix  f u e l  e lements  g e n e r a t e s  a n  of f -gas  s t r e a m  

of COa con ta in ing  minor amounts of 02, CO,  and Nz and v o l a t i l e  f i s s i o n  and 

decay p roduc t s  (3H, 8 5 K r ,  12'1, I 3 l I ,  1 4 C ,  and 220Rn). A f t e r  most of t h e  

r a d i o n u c l i d e s  are sorbed on s o l i d s ,  t h e  krypton  i s  removed by t h e  KALC 

p rocess ,  which uses  l i q u i d  C 0 2  as a sc rub  agen t .  The sepa ra t ed  krypton  

is  concen t r a t ed  by s o r p t i o n  on molecular  sieves so t h a t  i t  may be  s t o r e d  

as a compressed gas .  

During t h i s  p e r i o d  eng inee r ing  tests of t h e  KALC p rocess  demonstrated 

t h a t  minor components N2, CO, and X e  have no measurable  e f f e c t  on t h e  

p rocess  and they  d i s t r i b u t e  as p r e d i c t e d  from e q u i l i b r i a  d a t a .  An al ternate 
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packing t h a t  would b e  more r e s i s t a n t  t o  c r u s h i n g  than  t h e  woven-wire 

r e f e r e n c e  packing had a c c e p t a b l e  e f f i c i e n c y  and flow c a p a c i t y .  Develop- 

ment of computer models w a s  cont inued  t o  improve accuracy  and ease of 

use.  Concen t r a t ion  of the  k ryp ton  p roduc t  from KALC w a s  demonstrated 

w i t h  molecular  sieves t o  y i e l d  a p roduc t  c o n t a i n i n g  g r e a t e r  t h a n  50% 

K r  i n  oxygen and less t h a n  10 ppm C 0 2 .  Labora tory  tes ts  have  shown 

t h a t  methyl i o d i d e  can  be  e f f e c t i v e l y  removed from l i q u i d  CO2 by 

s o r p t i o n  on s i l v e r  z e o l i t e ,  which would b e  u s e f u l  as a scavenging  a c t i o n  

t o  p reven t  accumula t ion  i n  KALC. 

I f  1 4 C 0 2  is t o  b e  removed from t h e  o f f -gas ,  i t  may be  d e s i r a b l e  t o  

remove o r  f i x  CO2 b e f o r e  removing t h e  krypton.  Scrubbing w i t h  a ca lc ium 

hydroxide  s l u r r y  i s  e f € e c t i v e ,  and a few s c o u t i n g  tes ts  have shown t h a t  

krypton  can be  s t r i p p e d  from t h e  s l u r r y ,  so t h e  l a r g e  volume of ca lc ium 

ca rbona te  waste can  be  k e p t  i n  t h e  low-level ca t egory .  

3.3.1 Removal of Methyl I o d i d e  from Liquid  C 0 2  by R e t e n t i o n  on S o l i d  
Sorben t s  - J. H. S h a f f e r  and W. E. Shockley 

The combustion of g r a p h i t e  m a t r i x  material du r ing  head-end r e p r o c e s s i n g  

of HTGR f u e l  w i l l  g e n e r a t e  an of f -gas  stream of CO2 a long  w i t h  0 2 ,  CO,  and 

N 2  as minor components. V o l a t i l e  r a d i o a c t i v e  subs t ances  such  as H 2 0 ,  8 5 K r ,  3 

I, 220Rn,  and X e  w i l l  be  l i b e r a t e d  i n t o  t h i s  predominantly C 0 2  gas 

stream a t  v e r y  low c o n c e n t r a t i o n s  and must be removed b e f o r e  of f -gas  

d i s c h a r g e  t o  t h e  atmosphere. Except f o r  rare g a s e s ,  t h e s e  f i s s i o n  p roduc t s  

w i l l  be s e p a r a t e d  from t h e  gas s t r e a m  by r e t e n t i o n  on s o l i d  s o r b e n t s .  

Krypton and xenon w i l l  be removed by t h e  KALC p rocess7  fo l lowing  compression 

and p a r t i a l  l i q u e f a c t i o n  of t h e  C 0 2  f e e d  stream. Thus, i m p u r i t i e s  t h a t  

are n o t  comple te ly  removed from t h e  C02 f e e d  stream by gas-phase t r a p p i n g  

may be  c o n c e n t r a t e d  w i t h i n  p r o c e s s  r e c y c l e  streams. These accumulated 

materials may i n h i b i t  p l a n t  o p e r a t i n g  procedures  and could  conce ivably  

aggrava te  of f -gas  d i s c h a r g e  p r a c t i c e s .  Liquid-phase t r a p p i n g  of i o d i n e  

as methyl i o d i d e  w a s  s t u d i e d  t o  see if t h i s  approach would p reven t  i o d i n e  

accumulation i n  t h e  KALC sys tem and p rov ide  an a d d i t i o n a l  s t a g e  of 

decontaminat ion .  The scope of t h e  expe r imen ta l  program w a s  l i m i t e d  t o  

a p re l imina ry  e v a l u a t i o n  of s e l e c t e d  s o r b e n t s  f o r  removing methyl i o d i d e  

from f lowing  l i q u i d  C02 a t  0°C a t  a p r e s s u r e  of about  4 MPa (560 p s i g )  

d u r i n g  4-hr exposure p e r i o d s .  

1 2 9 , 1 3 1  
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A schematic  diagram of the  l a b o r a t o r y  appa ra tus  is shown i n  Fig.  3.18. 

Carbon d i o x i d e  having  a minimum p u r i t y  of 99.8% and a dew p o i n t  of -6OOC 

(-76 OF) flowed i n t o  t h e  system a t  a p r e s s u r e  of about  4 MPa a t  a r a t e  

e q u i v a l e n t  t o  about  11.8 l i t e r s / m i n  a t  s t anda rd  tempera ture  and p r e s s u r e  

(STP).  

CO2 p e r  minute having  a l i n e a r  v e l o c i t y  of about  0.65 mm/s through t h e  

28.6-mm-diam (1.125-in.)  t e s t  beds.  

This  v a l u e  cor responds  t o  des ign  c r i t e r i a  of about  25 m l  of l i q u i d  

ORNL DWG 75-8997RI 
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Fig .  3.18. Flow Diagram of Labora tory  System Used f o r  I n v e s t i g a t i n g  
t h e  Removal of Methyl I o d i d e  from Flowing Liquid CO2.  

Methyl i o d i d e  w a s  p repared  as a gas  c o n c e n t r a t e  mixture  i n  C 0 2  and w a s  

metered i n t o  t h e  system a t  a ra te  t h a t  would y i e l d  a C H 3 1  c o n c e n t r a t i o n  of 

about  5 X lo-’ m o l  % upon mixing wi th  t h e  main CO2 s t r e a m .  

C H 3 1  i n  t h e  exper imenta l  system depended on t h e  rad iochemica l  d e t e c t i o n  of 

13’I. 

C H 3 1  t o  y i e l d  i t s  d e s i r e d  chemical concen t r a t ion  i n  t h e  gas  c o n c e n t r a t e  

mixture .  

Analysis f o r  

The p r e p a r a t i o n  of t h e  I 3 ’ I  t r a c e r  inc luded  s u f f i c i e n t  nonrad ioac t ive  

The so rben t  tes t -bed  f i x t u r e  h e l d  f i v e  c a r t r i d g e s  of 28.6-mm-diam by 

51-mm-deep (1 1/8  by 2 i n . ) ,  which were s e p a r a t e d  by p e r f o r a t e d  m e t a l  d i s k s .  

The backup so rben t  bed w a s  of i d e n t i c a l  des ign  and w a s  used t o  remove 

r e s i d u a l  C H 3 1  from t h e  system a f t e r  t h e  main C 0 2  stream had been hea ted  

t o  room temperature  and expanded t o  a tmospheric  p r e s s u r e .  
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The expe r imen ta l  d a t a  w e r e  d e r i v e d  from d i r e c t  a n a l y s i s  of s o r b e n t  

con ta ined  i n  each  c a r t r i d g e  of bo th  t h e  primary and backup s o r b e n t  beds 

f o r  gamma-ray i n t e n s i t y .  The c o n t e n t s  of each  c a r t r i d g e  w e r e  t r a n s f e r r e d  

t o  t a r e d  c o n t a i n e r s ,  and t h e  n e t  weight  of  each w a s  de te rmined .  A f t e r  a 

p r e l i m i n a r y  s c a n  of t h e  s o r b e n t s  i n  each c a r t r i d g e  f o r  r a d i o a c t i v i t y ,  

t hose  w i t h  e x c e s s i v e l y  h i g h  coun t ing  rates w e r e  p u l v e r i z e d  and thoroughly  

mixed by mechani_ral tumbling. Three t a r e d  samples from each,  having  

d i f f e r e n t  we igh t s  (1 g max), were withdrawn and counted. F i n a l  sample 

a n a l y s i s  w a s  based on s p e c i f i c  gamma i n t e n s i t y  v a l u e s  e x t r a p o l a t e d  t o  

ze ro  s a m p l e  weight t o  c o r r e c t  f o r  s e l f - s h i e l d i n g .  The re la t ive  i o d i n e  

c o n t e n t  of s o r b e n t  in each  c a r t r i d g e  w a s  t h e  product  of t h i s  v a l u e  and 

t h e  n e t  s o r b e n t  weight .  

Sorbent  e v a l u a t i o n  w a s  based  on t h e  ana lyzed  v a l u e  f o r  1 3 1 1  a c t i v i t y  

t r apped  i n  each  of  t h e  f i ve  t e s t  c a r t r i d g e s  and t h e  t o t a l  1 3 1 1  inven to ry  

of each r u n .  The decontaminat ion  f a c t o r  (DF) w a s  c a l c u l a t e d  as t h e  r a t i o  

of i o d i n e  ac t iv i t i e s  t h a t  e n t e r e d  and emerged from t h e  t es t  c a r t r i d g e .  

The t r a p p i n g  e f f i c i e n c y  (TE) w a s  t h e  r a t i o  of i o d i n e  a c t i v i t y  r e t a i n e d  on 

a g iven  c a r t r i d g e  t o  t h e  a c t i v i t y  t h a t  e n t e r e d  t h e  c a r t r i d g e  and w a s  

exp res sed  as a pe rcen tage .  R e s u l t s  from seven test r u n s  conducted i n  

t h i s  program are summarized i n  Table 3.6. The f i r s t  r u n  w a s  conducted 

w i t h  t h e  t e s t  bed f i l l e d  w i t h  a s i lver  z e o l i t e  purchased as " S i l v e r  X 1/16" 

form.* Values f o r  t h e  DF and TE w e r e  d e r i v e d  f o r  t h e  f i r s t  c a r t r i d g e  only; 

t h e  ba l ance  of  i o d i n e  a c t i v i t y  w a s  found i n  t h e  second c a r t r i d g e .  Runs 

w i t h  molecular  sieves 1 3 X  and 5A-50 w e r e  made as a follow-up from t h e  

t r i t i a t e d  w a t e r  a b s o r p t i o n  s t u d i e s . 8  

as t h e  s u b s t r a t e  f o r  s i l v e r  z e o l i t e  and w a s  of f u r t h e r  i n t e r e s t  i n  e v a l u a t i n g  

t h e  a d s o r p t i o n  p r o p e r t i e s  of t h a t  material. A s  no ted ,  n e i t h e r  of t h e s e  

materials had a s i g n i f i c a n t  a f f i n i t y  f o r  C H 3 I  a t  t h e  low-temperature 

test c o n d i t i o n s .  The b r i e f  examination of o t h e r  c a t i o n i c  impregnants 

of molecular  sieve 1 3 X  w a s  prompted by o t h e r  i n v e s t i g a t i o n s  f o r  t h e i r  

a p p l i c a t i o n  i n  gas s y ~ t e r n s . ~  In t h i s  series, molecular  s i e v e  1 3 X  w a s  

impregnated w i t h  s o l u t i o n s  of Pb(N03)2 and Cu(N03)2 and f i r e d  t o  y i e l d  

Molecular sieve 1 3 X  h a s  a l s o  been used 

*A p roduc t  of Coast Engineer ing  Labora tory ,  Gardena, C a l i f o r n i a .  
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materials f o r  tests w i t h  bo th  ox ide  and n i t r a t e  impregnants .  However, 

each t e s t  showed equa l  o r  reduced C H 3 I  r e t e n t i o n  c a p a b i l i t y  ove r  t h a t  

ob ta ined  w i t h  unimpregnated molecular  sieve 13X. 

Table  3.6.  The Removal of C H 3 I  from Liquid  CO2 by Re ten t ion  
on S o l i d  Sorbents :  Summary of R e s u l t s  

Sorb en  t Decontamination Trapping 
Fac to r  E f f i c i e n c y  ( X )  

Si lve r  z e o l i t e  762 99.87 

Molecular sieve 13X 1 . 0 1  1 . 0 1  t 0.21  

Molecular  sieve 5A-50 1 . 0 1  0 .51 ? 0.06 

Impregnated M.S. 13X 

Pb(N03) 2 
PbO 
Cu(N03) 2 
CUO 

1.00 
1.00 
1.00 
1 .01  

0 .21  
0.065 f 0.013 
0.081 f 0.042 
1.07 5 0.29 

The r e s u l t s  of  t h i s  s tudy  i n d i c a t e  t h a t  s i l ve r  z e o l i t e  can  b e  a n  

effect ive so rben t  f o r  removing CH31 from l i q u i d  C 0 2  streams. A s i n g l e  

t es t  c a r t r i d g e  f i l l e d  w i t h  s i l ve r  z e o l i t e  w a s  s u f f i c i e n t  f o r  o b t a i n i n g  

a decontaminat ion f a c t o r  of 762 du r ing  a 4-hr run .  Its s u b s t r a t e  material ,  

molecular  sieve 13X, demonstrated e s s e n t i a l l y  no a b s o r p t i o n  of C H 3 I  

under i d e n t i c a l  exper imenta l  c o n d i t i o n s .  

f u r t h e r  s tudy  of C H 3 1  r e t e n t i o n  on molecular  sieve 1 3 X  a t  p a r t i a l  

s i l ve r  l o a d i n g s  i s  recommended t o  provide  a b a s i s  f o r  a n  economic eval- 

u a t i o n  of t h e  use  of s i lver  f o r  t h i s  eng inee r ing  a p p l i c a t i o n .  

On t h e  b a s i s  of  t h e s e  r e s u l t s ,  

3 . 3 . 2  KALC Engineer ing  S t u d i e s  - T.  M. G i l l i a m ,  V. L.  Fowler,  and 
D. J. Inman 

The experiments  performed d u r i n g  t h e  pe r iod  covered by t h i s  r e p o r t  

are c o l l e c t i v e l y  r e f e r r e d  t o  as Campaign I V .  

on t h r e e  areas: 

i n  t h e  Experimental  Engineer ing  S e c t i o n  Off-Gas Decontamination F a c i l i t y  

Campaign I V  concen t r a t ed  

(1) t h e  i n s t a l l a t i o n  of  a t h i r d  column ( t h e  f r a c t i o n a t o r )  
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(EES-ODF), (2)  t e s t i n g  a new random packing  (PRO-PAK, a p roduc t  of 

t h e  S c i e n t i f i c  Development Co., State  College,  Pa.)  used i n  t h e  t h i r d  

column, and (3) de te rmining  t h e  e f f e c t s  of t h e  minor components N 2 ,  CO, 

and X e  on t h e  b a s i c  C02-02-Kr system. 

3 .3 .2 .1  Column I n s t a l l a t i o n  

A d e t a i l e d  d e s c r i p t i o n  of t h e  column h a s  been p r e s e n t e d  p r e v i o u s l y ;  l o  

consequent ly  on ly  a s u p e r f i c i a l  d i s c u s s i o n  w i l l  b e  p r e s e n t e d  h e r e .  

column i s  nominal ly  50 mm (2 i n . )  i n  d iameter  and 2.7 m (9 f t )  i n  h e i g h t .  

The 

The material of c o n s t r u c t i o n ,  t ype  304L s t a i n l e s s  s teel ,  w a s  used 

throughout  t h e  p rocess  f o r  bo th  vessels and p i p i n g  ( u n l e s s  o the rwise  

s p e c i f i e d ) .  R e f r i g e r a n t  l i n e s  e x t e r n a l  t o  t h e  p rocess  v e s s e l s  are made 

of copper.  All-welded c o n s t r u c t i o n  i s  used e x c l u s i v e l y  excep t  where 

threaded  connec t ions  are r e q u i r e d  f o r  i n s t r u m e n t a t i o n .  

Packed columns i n  t h e  EES-ODF are  named i n  accordance  w i t h  t h e  pr imary  

r o l e  they p l a y  i n  t h e  o v e r a l l  KALC (Krypton Absorp t ion  i n  Liquid  C02) 

p rocess .  The new column is  used p r i m a r i l y  t o  s t u d y  f r a c t i o n a t i n g  t h e  

d i s s o l v e d  l i g h t  gases  from t h e  * 5Kr-laden CO, s o l v e n t .  Consequently,  

i t  w i l l  be  r e f e r r e d  t o  as t h e  f r a c t i o n a t o r .  

3.3.2.2 PRO-PAK Flooding S t u d i e s  

In  t h e  p a s t ,  t h e  Goodloe w i r e  mesh packing" (Fig.  3.19) used i n  the  

abso rbe r  and s t r i p p e r  columns h a s  become d i s t o r t e d "  t o  t h e  e x t e n t  t h a t  

t h e  gas  throughput  of t h e  two columns w a s  reduced t o  about  15% of  t h a t  

p r e d i c t e d  by t h e  manufac turer .  The c o m p r e s s i b i l i t y  of t h e  packing and 

t h e  reduced throughput due t o  t h i s  compress i o n  have r e v e a l e d  t h e  d e s i r -  

a b i l i t y  of a random ( i . e . ,  noncompressible) packing w i t h  comparable 

throughput  and mass t r a n s f e r  c h a r a c t e r i s t i c s .  

Toward t h i s  end, t h e  50-mm f r a c t i o n a t o r  column w a s  f i l l e d  t o  a 

h e i g h t  of 2 .71 m (8.9 f t )  w i t h  PRO-PAK packing13 (F ig .  3.20).  

w i t h  t h e  o t h e r  two columns, t h e  packing w a s  i n s t a l l e d  i n  t h r e e  s e c t i o n s  

l o c a t e d  between t h e  in t racolumn samplers .  A f l a t  w i r e  mesh d i s t r i b u t o r  

a long  w i t h  a c o n i c a l  ( p o i n t  upward) w i r e  mesh packing suppor t  w a s  i n s t a l l e d  

As 
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above and below each s e c t i o n  of packing. The PRO-PAK packing i s  a random 

packing c o n s i s t i n g  of t h i n  6.1- by 6.1-mm (0.24- by 0.24-in.)  n i c k e l  u n i t s .  

The m e t a l  ha s  1.587 X l o 6  holes/m2) 

w i t h  c o r n e r s  o r  edges ben t  inward t o  p reven t  n e s t i n g .  The h o l e s  are 

n o t  c l e a n  c u t  and have a p r o t r u s i o n  ( o r  b u r r )  ex tending  from one s i d e .  

and is shaped i n t o  h a l f  c y l i n d e r s  

The f lood ing  s t u d i e s  w e r e  performed wi th  C02 and t h e  column o p e r a t i n g  

i n  t o t a l  r e f l u x  ( i .e. ,  no of f -gas) .  

f i t t e d  t o  an  equa t ion  of t h e  fo l lowing  form: 

The exper imenta l  f l ood ing  d a t a  w e r e  

- 
y = A + B ( z )  + C(2)' , 

where 

A = -3.854, 

B = -0.607, 

c = -0.118, 

u = vapor  v e l o c i t y ,  m / s ,  
m 

= vapor-phase d e n s i t y ,  kg/m 3 , 
PG 

= l iqu id-phase  v i s c o s i t y ,  Pa s, 
uL 

g = c o n s t a n t ,  9 .81 m / s 2 ,  

= l iqu id-phase  d e n s i t y ,  kg/m3 , 
PL 

L = l i q u i d  ra te ,  kg/s  m2 ,  
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G = vapor  ra te ,  kg / s  m2. 

F igu re  3.21 compares t h e  expe r imen ta l ly  determined PRO-PAK and 

Goodloel f l o o d i n g  c o r r e l a t i o n s .  The f i g u r e  shows t h a t  PRO-PAK h a s  

approximately 60% t h e  throughput  c a p a c i t y  of t h e  Goodloe packing.  

F i g u r e  3.22 compares t h e  f l o o d i n g  d a t a  ob ta ined  ( a s  w e l l  as t h e  

r e s u l t i n g  e m p i r i c a l  c o r r e l a t i o n )  and t h e  p r e d i c t e d  c o r r e l a t i o n  of t h e  

manufac turer .  The d i sc repancy  between t h e  expe r imen ta l  and p r e d i c t e d  

throughput  i s  n o t  a major concern because t h e  manufac tu re r ’ s  c o r r e l a t i o n ,  1 4  

d i s a g r e e s  w i t h  t h e  accepted  c o r r e l a t i o n s  of  Sherwoodl 

which state t h a t  f l o o d i n g  v e l o c i t y  i s  a f u n c t i o n  of l i q u i d  and vapor  rates. 

and Ecker t  6 ,  

IO0 3 4 6 0 IO’ 

Fig.  3.21. Comparison Between PRO-PAK and Goodloe Experimental  
Flooding Curves.  For S I  u n i t s ,  t h e  o r d i n a t e  v a l u e s  should  b e  d i v i d e d  
by 13.06. 
i n  cP. 

The v a l u e s  as p l o t t e d  are  f o r  v e l o c i t i e s  i n  f p s  and v i s c o s i t y  
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Fig.  3 .22 .  Comparison B.etween Experimental  and P r e d i c t e d  PRO-PAK 

Flooding  Curves. For S I  u n i t s ,  t h e  o r d i n a t e  v a l u e s  should  be d i v i d e d  
by 13.06. The v a l u e s  as p l o t t e d  are f o r  v e l o c i t i e s  i n  f p s  and v i s c o s i t y  
i n  cP.  

1 2  This r e l a t i o n s h i p  has  a l s o  been s e e n  expe r imen ta l ly  i n  t h e  KALC f a c i l i t y .  

Of some concern,  however, i s  t h e  f a c t  t h a t  t h e  expe r imen ta l  th roughput  f o r  

bo th  types  of packing  i s  a t  most 50% of t h e  throughput  p r e d i c t e d  by t h e  

manufac turers .  Experimental  th roughputs  approaching  t h e  p r e d i c t e d  v a l u e s  

have been o b t a i n e d  p r e v i o u s l y  f o r  columns packed w i t h  Goodloe packing on 

systems of a i r  w i t h  w a t e r 1 7  and a i r  w i t h  Freon 1 2  ( r e f .  18). 

t h a t  perhaps  a fundamental  p h y s i c a l  p r o p e r t y  t h a t  would account  f o r  t h i s  

d i sc repancy  i s  mis s ing  from t h e  f l o o d i n g  c o r r e l a t i o n .  One such  v a r i a b l e  

might be  t h e  l i q u i d  s u r f a c e  t e n s i o n  (5) of t h e  system. For t h e  air-water 

and a i r -F reon  systems,  as w e l l  as t h e  benzene-ethylene d i c h l o r i d e  and n- 
heptane-methyl cyclohexane systems used i n  t h e  manufac tu re r s '  c o r r e l a t i o n  

f o r  Goodloe and PRO-PAK packing ,  r e s p e c t i v e l y ,  t h e  l i q u i d  s u r f a c e  t e n s i o n  

w a s  between 0.01 and 0 .1  N/m;  

below 1.0 mN/m. 

v a r i e d  t h e  l i q u i d  s u r f a c e  t e n s i o n  of a n  air-water sys tem by t h e  i n t r o d u c t i o n  

of c o n t r o l l e d  q u a n t i t i e s  of s u r f a c t a n t s  (S te rox  SK) and found t h a t  t h e  

f l o o d i n g  v e l o c i t y  w a s  a f u n c i t o n  of 03. 

This  i n d i c a t e s  

t h e  s u r f a c e  t e n s i o n  of l i q u i d  CO, is  1 9 , 2 0  

I n v e s t i g a t i o n s  i n  t h i s  area have been l i m i t e d .  Newton22 
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Newton determined t h a t  f l o o d i n g  v e l o c i t y  dec reased  w i t h  d e c r e a s i n g  

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

C 0 2  d a t a  ( l o w  s u r f a c e  t ens ion )  are s u b s t a n t i a l l y  less  than  t h o s e  f o r  t h e  

o t h e r  systems (h igh  s u r f a c e  t e n s i o n ) ,  i n d i c a t i n g  t h a t  any g e n e r a l i z e d  

f lood ing  c o r r e l a t i o n  f o r  PRO-PAK o r  Goodloe should  i n c l u d e  l i q u i d  s u r f a c e  

t e n s i o n  as a v a r i a b l e .  

This would t end  t o  e x p l a i n  why t h e  

3 .3 .2 .3  PRO-PAK Mass T r a n s f e r  S tud ie s  

The 50-mrn column w a s  ope ra t ed  i n  a two-column system as a f r a c t i o n a t o r  

The exper imenta l  t echn iques  used have been d i scussed  i n  and as a s t r i p p e r .  

g r e a t  d e t a i l  p r e v i o u s l y , 1 2 , 2 3  and w i l l  n o t  b e  p re sen ted  he re .  

The p e r t i n e n t  o p e r a t i n g  v a r i a b l e s  and t h e i r  ranges  explored  d u r i n g  t h e  

s t r i p p i n g  mass t r a n s f e r  s t u d i e s  are t h e  fo l lowing:  

Range 

P r e s s u r e ,  kPa 1825 +_ 4 

V a r i a b l e  

Temperature,  OC -22.4 t 0 . 4  

Liquid-to-vapor mole r a t i o  7 .8  t o  9 .5  

F igu re  3 . 2 3  compares t h e  r e s u l t i n g  d a t a  w i t h  t h a t  f o r  a Goodloe column 
1 2  under s i m i l a r  o p e r a t i n g  cond i t ions .  

The p e r t i n e n t  o p e r a t i n g  v a r i a b l e s  and t h e i r  ranges  explored  d u r i n g  

t h e  f r a c t i o n a t i o n  m a s s  t r a n s f e r  s t u d i e s  are as fo l lows:  

Range Var i ab le  

P res su re ,  kPa 2032 f. 14 

Temperature,  OC -20.5 t o  -23.6 

Liquid-to-vapor mole r a t i o  15.3 t o  17.6  

Figure  3.24  compares t h e  r e s u l t i n g  d a t a  w i t h  t h a t  f o r  a Goodloe column 
1 2  under similar o p e r a t i n g  c o n d i t i o n s .  

These experiments  i n d i c a t e  t h a t  du r ing  f r a c t i o n a t i o n  and s t r i p p i n g  

s t u d i e s  t h e  h e i g h t  of  a t r a n s f e r  u n i t  o f  t h e  PRO-PAK column [HTU (PRO-PAK) 

HTU (Goodloe)].  It should be  noted  t h a t  t h e  comparison between PRO-PAK 

and Goodloe m a s s  t r a n s f e r  c h a r a c t e r i s t i c s  i s  p re l imina ry .  Consequently,  

some impor tna t  o p e r a t i n g  v a r i a b l e s  r e l a t e d  t o  m a s s  t r a n s f e r ,  such  as 

p r e s s u r e  and l i q u i d  rate, were v a r i e d  on ly  s l i g h t l y  o r  i n  some cases n o t  

a t  a l l  i n  t h e  i n t e r e s t  of expediency.  The l i m i t e d  PRO-PAK m a s s  t r a n s f e r  
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d a t a  r e s t r i c t s  t h e  conf idence  of t h e  comparison; however, t h e  d a t a  do 

i n d i c a t e  t h a t  a more e x t e n s i v e  campaign t o  q u a n t i f y  t h e  mass t r a n s f e r  

c h a r a c t e r i s t i c s  of PRO-PAK packing is warran ted .  
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Fig .  3 .23 .  Comparison of PRO-PAK and Goodloe s t r a p p i n g  HTUs 
(Based on Krypton).  

3 . 3 . 2 . 4  E f f e c t  of Minor Components 

In  t h e  p a s t ,  exper iments  had been conducted t o  q u a n t i f y  t h e  m a s s  

t r a n s f e r  c h a r a c t e r i s t i c s  of t h e  b a s i c  C02-02-Kr U L C  system. 2 ,  

have now been performed t o  de t e rmine  t h e  e f f e c t  of N2, CO, and X e  on t h e  

mass t r a n s f e r  of K r  and 0 2  i n  t h e  b a s i c  system. Toward t h i s  end t h e  

exper iments  were d i r e c t e d  toward answering two q u e s t i o n s :  

p re sence  of N2 and /o r  CO and/or  X e  a l ter  t h e  m a s s  t r a n s f e r  d a t a  ob ta ined  

( u s i n g  a C02-02-Kr system) i n  e i t h e r  t h e  a b s o r p t i o n ,  f r a c t i o n a t i o n ,  o r  

s t r i p p i n g  s t e p s ?  

n e n t s  as d e f i n e d  by t h e  Mul l ins  model24 e s s e n t i a l l y  c o r r e c t ?  

Experiments 

(1) Does t h e  

( 2 )  A r e  t h e  re la t ive s o l u b i l i t i e s  of t h e  v a r i o u s  compo- 
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Fig. 3 . 2 4 .  Comparison of PRO-PAK and Goodloe Fractionation HTUs 
(Based on Oxygen). 

Two-column mass transfer experiments studied the absorption, fraction- 

ation, and stripping operations using five systems (1) C02-02-Kr, (2) C02- 

02-CO-Kr, (3)  C02-02-N2-Kr, ( 4 )  C02-02-CO-N2-Kr, and (5) C02-02-Xe. The 
o p e r a t i o n  and a n a l y s i s  of t h e  two-column system h a s  been d i scussed  pre-  

viously. l2 Over operating conditions similar to those in Campaign 111, 

the addition of N2, CO, and Xe did not appreciably alter the mass transfer 

of either Kr or O2 (from that shown in the basic C02-02-Kr system). Stripper 
decontamination factors for Xe were demonstrated to be at least two orders 

of magnitude less than those for Kr at similar operating conditions, 

indicating that Kr is separable from Xe. 

12 

Both two- and three-column experiments with a C02-02-CO-Kr system 

were used to determine the relative volatility of O2 and CO in carbon 

dioxide. In the two column experiments, an attempt was made to "pinch" 

(i.e., L/VK 2 1.0) each component in the fractionator. The significant 

engineering principle was that the least volatile component would pinch 
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f i r s t .  The three-column exper iments  u t i l i z e d  t h e  f a c t  t h a t  i n  t h e  absence  

of chemical i n t e r a c t i o n  and o p e r a t i n g  i n  a nonpinched c o n d i t i o n  a component's 

decontaminat ion  f a c t o r  ( i n  t h e  f r a c t i o n a t o r )  is  d i r e c t l y  r e l a t e d  t o  i t s  

v o l a t i l i t y .  These experiments i n d i c a t e d  t h a t  below - 2 1 . 1 O C  CO w a s  more 

s o l u b l e  than  O,, w h i l e  02 w a s  more s o l u b l e  above -20.1OC. Th i s  change 

i n  s o l u b i l i t y  a t  about 20.6OC d i s a g r e e s  w i t h  t h e  Mul l in s  computer model, 

which i n d i c a t e s  t h e  change i n  s o l u b i l i t y  occur s  a t  -42OC. 

model gave e q u a l  c r e d i b i l i t y  t o  t h e  CO s o l u b i l i t y  d a t a  of Kaminish25 and 

C h r i s t i a n s e n .  Experimental  r e s u l t s  i n d i c a t e  t h a t  t h e  t r u e  s o l u b i l i t y  

is  bounded by t h e  Kaminishi and C h r i s t i a n s e n  d a t a  bu t  does t end  t o  a g r e e  

more c l o s e l y  w i t h  t h o s e  of Kaminishi.  

2 4  

The computer 

3 .3 .3  - R. W. Glass and R. E. Barker 

Recent computer s t u d i e s  of t h e  KALC p rocess  are t h e  cu lmina t ion  of 

s e v e r a l  r e l a t e d  a c t i v i t i e s .  

focused on e q u i l i b r i a  per se and a t t empted  t o  p rov ide  r easonab ly  a c c u r a t e  

r e p r e s e n t a t i o n  of t h e  known d a t a  f o r  CO2-02 ,  COz-Kr,  and C02-Xe b i n a r y  

systems. The e a r l y  model f o r  u s e  w i t h  expe r imen ta l  o p e r a t i o n s  r e l i e d  

on t h e  i n f i n i t e l y  d i l u t e  a t t r i b u t e  f o r  K r  and X e ,  and consequent ly  

r e p r e s e n t e d  t h e  CO2-02 system i n  t e r m s  of t empera tu re ,  p r e s s u r e ,  and 

composition of phases  and simply llsuperimposed" t h e  K r  and Z e  behav io r .  

Within t h e  accu racy  of a v a i l a b l e  d a t a ,  this model proved ex t remely  v a l u a b l e  

f o r  easy  and r a p i d  e q u i l i b r i u m  c a l c u l a t i o n s .  Phase e n t h a l p i e s ,  a g a i n  

based on t h e  CO2-02 sys tem p r i m a r i l y ,  were a n  i n t e g r a l  p a r t  of t h e  model, 

b u t  l i t t l e  u s e  w a s  made of t h i s  a s p e c t  s i n c e  column-type c a l c u l a t i o n s  

w e r e  n o t  i n t ended  f o r  t h e  model. 

E a r l y  models, 2 7 9 2 8  f o r  t h e  KALC sys tem 

Following c l o s e l y  t h e  e q u i l i b r i u m  model j u s t  d e s c r i b e d ,  a n o t h e r  model 

more i n c l u s i v e  and thermodynamically sound w a s  developed t o  pe rmi t  mu l t i -  

component, multicolumn c a l c u l a t i o n s .  2 9  9 

s i v e  t r e a t m e n t  of a v a i l a b l e  d a t a  f o r  C02-Xe ,  CO2-02,  C02-C0 ,  C02-N2 ,  and 

C02-Kr  systems,  t h e  model i nc luded  a s t a t e - o f - t h e - a r t  method f o r  mul t i -  

column s t agewise  c a l c u l a t i o n s .  Again, phase e n t h a l p i e s  are  an i n t e g r a l  

p a r t  of t h i s  new model and,  coupled w i t h  t h e  column c a l c u l a t i o n s ,  a f f o r d  

v e r y  r e a l i s t i c  performances t o  be  s t u d i e d  f o r  d i f f e r e n t  system c o n f i g u r a t i o n s  

and o p e r a t i n g  c o n d i t i o n s .  

O Thus, i n  a d d i t i o n  t o  a comprehen- 



By a l lowing  r e l a t i v e l y  easy  manipula t ions  of f eed  and s i d e  streams 

and v a r i a t i o n  i n  t h e  number of s t a g e s  f o r  r e s p e c t i v e  KALC columns, and 

r e q u i r i n g  only  i n p u t  t h a t  i s  p h y s i c a l l y  a s s o c i a t e d  w i t h  a t y p i c a l  KALC 

system, t h e  model i s  bo th  u s a b l e  and i n s t r u c t i v e .  S o p h i s t i c a t e d  math- 

ematical of t h e o r e t i c a l  unders tanding  i s  n o t  r e q u i r e d .  Assoc ia ted  w i t h  

t h e  column model, a p l o t t i n g  package h a s  been developed t o  a l l o w  McCabe- 

T h i e l e  p l o t s  f o r  s e l e c t e d  components and columns, t h u s  p rov id ing  a v i s u a l  

i n t e r p r e t a t i o n  i n  a d d i t i o n  t o  t h e  numer ica l  r e s u l t s .  

Cons iderable  e f f o r t  h a s  been expended t o  produce a r e a l i s t i c  KALC 

model as r e g a r d s  t o  bo th  e q u i l i b r i a  and column performance. J u s t  as t h e  

ear l ier  equi lbr ium model proved v a l u a b l e  i n  i n t e r p r e t i n g  expe r imen ta l  

d a t a ,  t h e  equ i l ib r ium p o r t i o n  of t h e  column model has  been e x t r a c t e d  f o r  

p o s s i b l e  u s e  i n  d a t a  a n a l y s i s .  3 1  

p rovide  in fo rma t ion  from which model p r e d i c t i o n s  and a c t u a l  o p e r a t i n g  

d a t a  can be  compared. W e  expec t  t h a t  t h i s  comparison and t h e  r e s u l t i n g  

model m o d i f i c a t i o n s  w i l l  r e s u l t  i n  a model t h a t  can b e  used i n  p l a c e  of  

( o r  i n  con junc t ion  w i t h )  t h e  more c o s t l y  and time-consuming equipment 

o p e r a t i o n s .  

Experiments d e s c r i b e d  i n  Sect .  3 . 3 . 2  

3.3 .4  F i n a l  Krypton Concent ra t ion  - C .  W. Forsberg  

I n  t h e  r e p r o c e s s i n g  of  graphi te -based  n u c l e a r  f u e l s  such  as t h o s e  

of t h e  HTGR, t h e  uranium and f i s s i o n  p roduc t s  are s e p a r a t e d  from t h e  

g r a p h i t e  by burn ing  t h e  g r a p h i t e  i n  pu re  oxygen. The of f -gas  ( p r i m a r i l y  

C02) c o n t a i n s  most of t h e  r a d i o a c t i v e  "Kr.  

t h e  amount of 8 5 K r  t h a t  can be  r e l e a s e d  t o  t h e  atmosphere.  

s e p a r a t i o n  of t h e  krypton from t h e  CO2 can b e  e f f e c t e d  w i t h  t h e  KALC 

p rocess ,  which removes more t h a n  99% of t h e  k ryp ton  from t h e  of f -gas  and 

c o n c e n t r a t e s  i t  by a f a c t o r  of 1000. The r e s u l t i n g  krypton-r ich  gas  

product  c o n t a i n s  about  1% K r ,  >90% C 0 2 ,  and v a r i o u s  amounts of 0 2 ,  N 2 ,  and 

xenon. For long-term s t o r a g e  and d i s p o s a l  of t h e  krypton ,  t h e  C 0 2  must 

b e  removed. This r e p o r t  d i s c u s s e s  t h e  t h e o r e t i c a l  and expe r imen ta l  work 

i n  f i n d i n g  and developing  a sys tem f o r  t h i s  p a r t i c u l a r  s e p a r a t i o n .  

Hea l th  r e g u l a t i o n s  l i m i t  

The pr imary 

3 2  

Selective C 0 2  f r eeze -ou t ,  r e a c t i o n  of CO2 w i t h  Ca(OH)2, and a d s o r p t i o n  

of  C 0 2  on to  molecular  sieves were i n v e s t i g a t e d  f o r  t h e  C02-krypton s e p a r a t i o n .  

Cons ide ra t ions  of performance, r e l i a b i l i t y ,  remote m a i n t a i n a b i l i t y ,  s a f e t y ,  



and c o s t  i n d i c a t e d  t h a t  a d s o r p t i o n  on molecular  s i e v e s  w a s  t h e  optimum 

s e p a r a t i o n  t echn ique .  The re fo re ,  a n  expe r imen ta l  e v a l u a t i o n  of  molecular  

s i e v e s  w a s  under taken .  

Molecular sieves are s e l e c t i v e  a d s o r b e n t s ,  which s t r o n g l y  adsorb  

C02, only weakly adso rb  k ryp ton ,  and do n o t  s i g n i f i c a n t l y  adso rb  0 2 .  

W e  c a l c u l a t e d  t h e o r e t i c a l l y  and showed expe r imen ta l ly  t h a t  i f  a bed of Linde 

5A molecular  sieve w a s  f e d  a gas c o n t a i n i n g  02, K r ,  and Con, t h e  CO2 w a s  

t o t a l l y  adsorbed ,  t h e  0 2  flowed through t h e  bed, and t h e  K r  w a s  concen t r a t ed  

as i n  a f r o n t a l  a n a l y s i s  chromatograph. 

of i n i t i a l l y  pu re  02, followed s u c c e s s i v e l y  by c o n c e n t r a t e d  k ryp ton  and t h e  

f eed  gas .  

t o  2OO0C, which d r i v e s  o f f  t h e  C02. 

The gas  e x i t i n g  t h e  bed c o n s i s t e d  

The molecular  s i e v e  bed can  e a s i l y  be  r egene ra t ed  by h e a t i n g  

The fo l lowing  conc lus ions  w e r e  drawn from a series of exper iments  

des igned  t o  s tudy  t h e  o p e r a t i o n  of a bed of Linde 5A molecular  s i e v e  main- 

t a i n e d  a t  0°C and f ed  a gas composed of 93.09% C02, 5 .43% 0 2 ,  and 1.48% K r :  

1. 

t a i n e d  less t h a n  10 ppm of C02; i n  o t h e r  words, e s s e n t i a l l y  complete 

s e p a r a t i o n  of C02 and k ryp ton  i s  ob ta ined  by us ing  molecular  sieves. 

The k ryp ton  and'oxygen p roduc t s  e x i t i n g  molecular  sieve beds con- 

2. Adsorpt ion  of C 0 2  on to  molecular  sieves is v e r y  f a s t ;  t h a t  is ,  

mass t r a n s f e r  does n o t  l i m i t  t h e  d e s i g n  and/or  performance of a molecular  

sieve bed. 

3 .  The a d s o r p t i o n  of C02 releases tremendous amounts of h e a t .  Removal 

of t h e  h e a t  of  a d s o r p t i o n  i n  a molecular  s i e v e  bed is  t h e  major problem i n  

sys tem des ign .  

4 .  Adsorbed C02 from a molecular  s i e v e  bed i s  e a s i l y  desorbed by h e a t i n g  

t h e  bed t o  200OC. 

5. With t h e  above f e e d  gas ,  t h e  r e s u l t i n g  k ryp ton  gas  product  w a s  

c o n s i s t e n t l y  above 50% i n  k ryp ton ,  w i t h  t h e  r e s i d u a l  be ing  02. 

s i e v e  p a r t i a l l y  s e p a r a t e d  oxygen and krypton  i n  a d d i t i o n  t o  t o t a l l y  

s e p a r a t i n g  k ryp ton  and C 0 2 .  

The molecular  

W e  conc lude  t h a t  u se  of a molecular  s i e v e  system i s  t h e  p r e f e r r e d  

method f o r  t h e  f i n a l  s e p a r a t i o n  of CO2 and krypton  under t h e  c o n d i t i o n s  

expec ted  t o  ex is t  i n  an HTGR f u e l  r e p r o c e s s i n g  p l a n t .  
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3.3.5 C 0 2  F i x a t i o n  Before Krypton Removal- C .  W.  Forsberg  

A pre l imina ry  exper imenta l  and t h e o r e t i c a l  i n v e s t i g a t i o n 3  w a s  con- 

duc ted  on  a n  a l t e r n a t i v e  p rocess  t o  remove r a d i o a c t i v e  I 4 C  and 8 5 K r  from 

t h e  of f -gas  stream of a n  HTGR f u e l  r ep rocess ing  p l a n t .  

removes "Kr f i r s t  w i th  t h e  KALC (Krypton Adsorp t ion  i n  Liquid  Carbon 

d iox ide )  p rocess ,  fol lowed by t h e  removal of  t h e  1 4 C  by r e a c t i o n  of a l l  t h e  

carbon i n  t h e  form of  C 0 2  w i t h  a CaC0H)z s l u r r y  t o  y i e l d  s o l i d  C a C 0 3 .  

e x i s t i n g  f lowshee t  w a s  developed b e f o r e  t h e  haza rds  of 1 4 C  were f u l l y  

recognized;  hence,  i t  w a s  thought  f e a s i b l e  t o  release a l l  t h e  

i n a t e d  C 0 2  t o  t h e  atmosphere.  The C 0 2  removal equipment w a s  added t o  

t h e  e x i s t i n g  f lowshee t  upon r e c o g n i t i o n  o f  1 4 C  as a p o s s i b l e  h e a l t h  

hazard .  The proposed n m  process  would remove a l l  C 0 2  f i r s t  by r e a c t i o n  

w i t h  a Ca(OH)2 s l u r r y ,  fol lowed by krypton  removal w i t h  t h e  FASTER 

(Fluorocarbon - - Adsorpt ion I System f o r  t h e  - Treatment of I E f f l u e n t s  from - Re- 

p rocesso r s )  p rocess  o r  some o t h e r  p rocess  (such as molecular  sieve; see 

p rev ious  s e c t i o n ) .  

The p r e s e n t  p rocess  

- - - - 

The 

4C-contam- 

The two krypton  removal systems,  KALC and FASTER, are v e r y  s imi l a r .  

I n  each system, a s c r u b  l i q u i d  adso rbs  kry tpon  from t h e  of f -gas  stream 

s e m i s e l e c t i v e l y .  The krypton-r ich  l i q u i d  i s  sent t o  a f r a c t i o n a t o r ,  where 

oxygen and o t h e r  coabsorbed i m p u r i t i e s ,  exc lud ing  k ryp ton ,  a re  b o i l e d  o u t  

of  t h e  s o l u t i o n  and r ecyc led  t o  t h e  abso rbe r  f eed  gas  so  t h a t  any r e s i d u a l  

krypton  may b e  recovered .  The krypton-r ich  l i q u i d  i s  s e n t  t o  a s t r i p p e r  

column, which s e p a r a t e s  t h e  krypton  from t h e  l i q u i d .  The l i q u i d  i s  r e c y c l e d  

t o  t h e  abso rbe r .  I n  t h e  KALC p rocess ,  t h e - l i q u i d  i s  l i q u i d  carbon d iox ide .  

The KALC p rocess  i n  p r a c t i c a l  on ly  w i t h  Con-rich streams because t h e  h i g h  

vapor p r e s s u r e  of l i q u i d  C 0 2  r e s u l t s  i n  l a r g e  l o s s e s  of C 0 2  from t h e  adso rbe r  

Incoming CO2 i n  t h e  feed  gas  can compensate f o r  t h e s e  l o s s e s .  The FASTER 

process  u s e s l i q u i d  f luorocarbon-12,  which has  a low vapor  p r e s s u r e  and, 

hence,  a low l o s s  rate from t h e  adso rbe r .  The FASTER process  cannot  be used 

f o r  CO2-rich streams because f luo roca rbons  adsorb  C 0 2  more r e a d i l y  than  

krypton.  

The of f -gas  stream t o  be  t r e a t e d  f o r  I 4 C  and 851Cr removal c o n t a i n s  

about  95% C 0 2  w i t h  10 t o  15 ppm K r  and about  60 ppm X e .  A f t e r  C 0 2  removal, 

t h e  stream is p r i m a r i l y  0 2  and N 2 .  

The advantages  of t h e  new proposed f lowshee t  i n c l u d e  t h e  fo l lowing :  

1. I f  t h e  krypton  removal occur s  a f t e r  C 0 2  removal,  t h e  gas  f low is  
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about  1 / 2 0  t h e  gas  f low b e f o r e  C 0 2  removal. Th i s  g r e a t l y  r educes  t h e  s i z e  

and c o s t  of t h e  krypton  removal system. 

2.  I f  t h e  FASTER process  f o r  krypton  removal is  used r a t h e r  t han  

KALC, t h e  expe r i ence  expected t o  be  ga ined  from u s i n g  FASTER i n  LWR and 

LMFBR f u e l  r e p r o c e s s i n g  p l a n t s  w i l l  a l s o  be  a p p l i c a b l e  t o  HTGR p l a n t s .  

The KALC p r o c e s s  would on ly  b e  used f o r  HTGR f u e l  r e p r o c e s s i n g  p l a n t s ;  

hence,  no p r a c t i c a l  expe r i ence  can be  gained from o t h e r  p l a n t s  concern ing  

i t s  o p e r a t i o n .  

3 .  The FASTER process  should  be  more s t a b l e  w i t h  r e s p e c t  t o  unusual  

o p e r a t i n g  c o n d i t i o n s  than  KALC. Any small h e a t  leakage  i n t o  KALC can e a s i l y  

v a p o r i z e  t h e  l i q u i d  C O 2 ,  u p s e t t i n g  t h e  p rocess .  The f luorocarbon-12 does 

n o t  v a p o r i z e  as e a s i l y ;  hence,  p rocess  u p s e t s  are less l i k e l y .  

4 .  The inven to ry  of CO;! i n  FASTER i s  much less t h a n  t h a t  of KALC 

w i t h  i t s  l i q u i d  C O 2 .  I n  case of  a n  a c c i d e n t  o r  u p s e t  p r o c e s s  c o n d i t i o n ,  

t h e  FASTER process  would release less 4C-contaminated C 0 2 .  

5. The 1 4 C  appea r s  t o  b e  a g r e a t e r  h e a l t h  hazard  i n  t h e  long  t e r m  

t han  85Kr. 

backup CO2 removal system f o r  s m a l l  b reakthroughs  of Con. 

Removal of CO2 f i r s t  a l l ows  t h e  FASTER p r o c e s s  t o  ac t  as a 

6 .  If t h e  C O 2  removal equipment b reaks  down, t h e  p l a n t  must be  s h u t  

down s i n c e  i t  i s  n o t  f e a s i b l e  t o  s t o r e  t h e  l a r g e  volumes of  of f -gas  be ing  

gene ra t ed .  I f  o n l y  t h e  krypton  removal equipment f a i l s  after CO2 removal,  

i t  may be  possible t o  s t o r e  u n t r e a t e d  off-gas  f o r  l i m i t e d  p e r i o d s  of t i m e  

w h i l e  making r e p a i r s .  This  is  p o s s i b l e  because  t h e  r a t e  of p roduc t ion  of 

t h e  o f f -gas ,  exc luding  t h e  C O 2 ,  i s  q u i t e  s m a l l .  

The proposed p rocess  h a s  several p o t e n t i a l  d i sadvan tages .  These 

i n c l u d e  : 

1. The sys tem i s  p r e s e n t l y  undeveloped; hence,  less a s s u r a n c e  about  

i ts  f e a s i b i l i t y  e x i s t s .  

2. With krypton  normal ly  i n  t h e  COz removal equipment,  t h i s  equip-  

ment may r e q u i r e  a d d i t i o n a l  r a d i a t i o n  s h i e l d i n g .  

3. I f  C 0 2  removal w i t h  Ca(OH)2 p recedes  krypton  removal,  t h e r e  i s  

t h e  r i s k  of i n c o r p o r a t i n g  8 5 K r  i n  t h e  product  C a C 0 3 .  

be  a l lowed f o r  two r easons :  

a. Krypton i s  a n  i n e r t  gas .  I f  i t  i s  inco rpora t ed  i n t o  C a C 0 3 ,  i t  may 

escape  l a te r .  

This  probably  cannot  
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b.  

r e p r o c e s s i n g  p l a n t  i s  t h e  C a C 0 3  from CO2 removal.  

b e t a  emitter w i t h  no gamma a c t i v i t y ;  hence,  shipment of  I4C-contaminated 

C a C 0 3  t o  a waste d i s p o s a l  s i t e  r e q u i r e s  no s h i e l d i n g .  

i nco rpora t ed  i n t o  t h e  C a C 0 3 ,  i t s  r e l a t i v e l y  high-energy gamma a c t i v i t y  

w i l l  r e q u i r e  s h i p p i n g  t h e  C a C 0 3  w i t h  some s h i e l d i n g ,  which i n c r e a s e s  t h e  

d i f f i c u l t y  and t h e  c o s t  of hand l ing  t h e  C a C 0 3  waste. 

The l a r g e s t  volume of r a d i o a c t i v e  waste genera ted  from an  HTGR f u e l  

The I 4 C  i s  a low energy 

I f  "Kr is  

Unce r t a in ty  about  t h e  degree  of i n c o r p o r a t i o n  of 8 5 K r  i n  t h e  C a C 0 3  

i s  one of t h e  r easons  why C 0 2  removal fol lowed krypton  removal i n  t h e  

o r i g i n a l  b a s i c  f lowshee t .  

A series of  experiments  and t h e o r e t i c a l  c a l c u l a t i o n s  w a s  conducted. 

S ince  o t h e r  exper imenters  have shown t h a t  each i n d i v i d u a l  component i n  

t h e  s tudy  w a s  d i r e c t e d  a t  de te rmining  t h e  proposed p rocess  works,  

how t o  p reven t  "Kr from be ing  inco rpora t ed  i n t o  t h e  C a C 0 3  when t h e  C 0 2  

reacts w i t h  t h e  Ca(OH)2 t o  form C a C 0 3 .  The experiments  c o n s i s t e d  o f :  

(1) r e a c t i n g  a s l u r r y  of Ca(OHl2 w i t h  CO2 t o  form C a C 0 3  i n  t h e  presence  

of krypton ,  ( 2 )  t r e a t i n g  t h e  product  s l u r r y  by some t echn ique  t o  remove 

krypton ,  and ( 3 )  d e s t r o y i n g  t h e  s l u r r y  w i t h  H C 1  t o  conve r t  t h e  s o l i d  

C a C 0 3  t o  s o l u b l e  C a C 1 2 .  During each s t e p ,  t h e  krypton  c o n c e n t r a t i o n  of 

t h e  l i q u i d  and gas  phase  w a s  measured. The fo l lowing  r e s u l t s  were 

ob ta ined  : 

1. most of  t h e  krypton  found i n  t h e  product  C a C 0 3  s l u r r y  w a s  d i s s o l v e d  

1 2 3 3 4  

i n  t h e  water, n o t  i nco rpora t ed  i n t o  t h e  s o l i d ;  

2. purg ing  t h e  s l u r r y  w i t h  a gas  (steam, a i r ,  e t c . )  removed most of 

t h e  krypton  from t h e  s l u r r y .  

On t h e  b a s i s  of  p r e s e n t  ev idence ,  i n c l u d i n g  l a b o r a t o r y - s c a l e  expe r i -  

ments,  i t  appears  f e a s i b l e  and d e s i r a b l e  t o  remove C 0 2  c o n t a i n i n g  1 4 C  

b e f o r e  removing 8 5 K r  i n  a n  HTGR f u e l  r e p r o c e s s i n g  p l a n t  of f -gas  stream. 

Add i t iona l  work on a n  eng inee r ing  scale  would be needed t o  conf i rm t h e s e  

r e s u l t s  and t o  o b t a i n  r easonab le  a s su rance  t h a t  t h e  p rocess  is  indeed 

workable.  
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3.4 SEPARATIONS PROCESSES (SUBTASK 350) - R. H. Rainey 

3.4.1 Computer Code for Simulating the Acid Thorex Solvent Extraction 
System - R. H. Rainey and S. B. Watson 

Using the analytical data of Weinberger, we hzve modified the 

SEPHIS computer program to include the effect of temperature on the 

extraction of thorium. The temperature correction is in the form: 

0 T = 00 exp[847(1/AT - 1/298)] , 

where 

00 = the concentration of thorium in the organic phase as 
calculated by the SEPHIS program at 298 K 

T OT = 
the concentration of thorium in the organic phase at A 

AT = the operating temperature. 

The range of data used in fitting this equation was 0.05-1.5 M Th, 
0.00-1.5 M HN03, and 302, 312, and 332 K (30, 40, and 6 O o C ) .  These 

conditions bracket usual process conditions. 
In addition, SEPHIS-Thorex has been improved so that the program 

calculates more accurately the organic phase thorium and organic phase 

acid for low aqueous phase concentrations of thorium and acid, respectively. 
This was accomplished by altering the methodology in the least squares 

fits to determine the parameters that are used in the SEPHIS program to 

calculate organic phase values. 

3.4.2 Solvent Extraction Study of the Th(NO3l4, HN03, and 30% TBP-Dodecane 
System - J. L. Marley, A. J. Weinberger, D. A. Costanzo, S. B. Watson 

A solvent extraction study to determine equilibrium conditions of the 

system thorium nitrate-nitric aicd-30 vol % tribytylphosphate in n-dodecane 

has been completed. Experimental conditions studies were 30-60°C, 0 . 0 5 -  

1.5 M Th (N03)4, and 0.0-3.0 M HN03. Extractant concentration was constant 

at 30 v o l  % tributylphosphate in n-dodecane. 
Data from the equilibrium experiments demonstrated that thorium nitrate 

concentration, free acid, and density are related in equilibrium behavior 
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between aqueous and o rgan ic  phases  from 30 t o  6 O o C  i n  t h e  30 v o l  % 

t r ibutylphosphate-dodecane s o l v e n t  e x t r a c t i o n  system. The c o n c e n t r a t i o n  

i n t e r a c t i o n s  apply  t o  bo th  two-phase and three-phase  r eg ions .  

Equat ions  f o r  t h e  d e n s i t y  of t h e  aqueous and o rgan ic  phases  c o n t a i n i n g  

throium n i t r a t e  and n i t r i c  a c i d  as de r ived  from Davis e t  a1.36 are  as 

follows : 

1000 - qhcTh - q c H  
- - + 0.48006CTh + 0.06301CH 

PAq 1 O O 0 / P w  

-0 (1000 - v c - TThCTh - Z C H )  (1 + WAM) 
+ 0.01802Cw + 0.48006CTh 

+ 0.06301CH 

- w w  - 
'Org 1000 (l/PTSP + WAM/PNDD) 

where 

C are t h e  molar c o n c e n t r a t i o n s  of Th(N03)4, HN03, and HzO,  'Th' 'H9 W 

WAM i s  weight  d i l u e n t / w e i g h t  TBP. 

The numer ica l  c o n s t a n t s  are  t h e  molecular  weight/1000 f o r  t h e  v a r i o u s  

components. 

s o l u t e s ,  which are as fo l lows:  

The symbol 7 r e p r e s e n t s  t h e  p a r t i a l  molar volumes of t h e  

Th(N03)4 HNo3 HzO 

Aqueous phase 94.3 32 

Organic  phase 152 45 18 
Eva lua t ion  of t h e  d a t a  showed t h a t  t h e  p a r t i a l  molar voiumes d i d  n o t  change 

i n  t h e  range  of tempera tures  used i n  t h e s e  experiments .  The change i n  t h e  

d e n s i t y  of t h e  s o l u t i o n s  w a s  due t h e r e f o r e  only  t o  t h e  changing d e n s i t y  of 

t h e  s o l v e n t s  w i t h  tempera ture .  The d e n s i t i e s  of w a t e r ,  t r i b u t y l p h o s p h a t e ,  

and normal dodecane vs tempera ture  were de r ived  and are as fo l lows:  

= 0.76308 - 0.00072645 
P~~~ 
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= 0.99249 - 0.00076495 - 0 . 0 0 0 0 0 1 0 5 t 2 ,  P~~~ 

where t is the temperature in ‘C. 
We prepared a small computer program using these equations, which 

give excellent agreement with the full range of experimental values. 

The data demonstrate the interaction of the components of the Thorex 

system, and they provide information for verification and improved fit 

of the mathematical model used with the SEPHIS37-Thorex computer program, 

a computer program for solvent Extraction Processes Eaving lnteracting 

- Solutes. 

An ORNL topical report, A S o Z v e n t  Extraction S t u d y  of the  T h o r i u m  

Ni t ra te ,  Nitric A c i d ,  and T r i b u t y  Zphosphate/Dodecane S y s t e m ,  is in 

preparation. It will be issued following review and approvals. 

3.5 REWORK AND RECYCLE (SUBTASK 3 6 0 )  - K. H. Lin 

3 . 5 . 1  Recycle and Waste Handling -K. H. Lin 

3 .5 .1 .1  Characterization of High-Level Solid Wastes - K. H. Lin and 
W. E. Clark 

We tried to systematically and specifically characterize the waste 

Sic hulls and spent sintered-metal filters that resulted from reprocessing 

test fuel elements irradiated in the Peach Bottom Reactor. 

of fuels were processed: (a> Triso-UOz/Biso-Th02 (1 specimen), (b) Triso- 

UCz/Biso-ThC2 (1 specimen), (c> Triso-(U,Th)C2/Triso-ThC2 ( 2  specimens). 
The burnup and cooling time for these fuel elements were approximately 

Three types 

50,000 MWd per metric ton of heavy metal and three years, respectively. 38 

Fuel specimen weights were about 25 g each (“5-10 g U+Th, - 3 5  g Sic, and 

-7-12 g C). 

Each of the specimens was first processed through various head-end 

steps to obtain Sic hulls and sintered-metal filters for characterization. 
The major processing steps were similar to those described elsewhere. 3 9 , 4 0  

They consisted of crushing and burning of the fuel rod, crushing and burning 

the Triso (Sic-coated) fuel particles, and leaching soluble actinides and 
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f i s s i o n  p roduc t s  (two s t e p s ;  i n  Thorex s o l u t i o n  and 2 M HNO3, r e s p e c t i v e l y ) .  

The i n s o l u b l e  r e s i d u e  w a s  s e p a r a t e d  i n t o  t h e  S i c  and heavy f i n e  f r a c t i o n s  

by g r a v i t y  i n  CH212. Burning took p l a c e  i n  oxygen a t  850 t o  875°C. 

t i m e s  v a r i e d  from about  4 t o  about  6 h r  f o r  each s t e p .  Gas f low rates 

were u s u a l l y  1 . 5  mm/s (0 .3  f t /min )  through t h e  s i n t e r e d  m e t a l  f i l t e r .  The 

equipment used i n  burn ing  w a s  s imi l a r  t o  t h a t  i n  r e f .  39. R e s u l t s  of 

t h e  c h a r a c t e r i z a t i o n  are summarized below. 

Burning 

3.5.1.1.1 S i c  H u l l s  and I n s o l u b l e  F ines .  The sources  of  r a c i o a c t i v i t y  

i n  t h e  w a s t e  S i c  h u l l s  are most ly  (>99%) f i s s i o n  p roduc t s  t h a t  resist l e a c h i n g  

by t h e  HNO3 and HN03-HF. Some nonleachable  a c t i n i d e s  are a l s o  p r e s e n t .  The 

s m a l l  amount of heavy, i n s o l u b l e  f i n e s  t h a t  s i n k  i n  C H z I z  c o n s i s t s  mainly of  

nob le  metal f i s s i o n  p roduc t s .  

fo l lowing  t r e n d s :  (1) The q u a n t i t i e s  of nonleachable  n u c l i d e s  i n  t h e  wastes 

g e n e r a l l y  va ry  w i t h  t h e  type  of n u c l i d e  and, t o  a lesser degree ,  w i t h  t h e  

f u e l  type .  

S i c  h u l l s  and i n s o l u b l e s  ( a s  ppm of sample)  are shown i n  Table  3.8.  The 

r e l a t i v e l y  h igh  uranium c o n t e n t  must be v e r i f i e d  i n  f u t u r e  s t u d i e s  s i n c e  

development of  uranium recovery  s t e p s  may be  r e q u i r e d  i f  t h e s e  amounts 

cannot  be  reduced. (3) The t o t a l  r a d i o a c t i v i t y  r e t a i n e d  by t h e  S i c  wastes 

i s  e s t ima ted  t o  b e  about  3000 Ci/kg (o r  -200,000 C i / f t 3 ) .  

The r e s u l t s  from t h e  p r e s e n t  s t u d y  show t h e  

( 2 )  The approximate q u a n t i t i e s  o f  major n u c l i d e s  r e t a i n e d  by t h e  

3.5.1.1.2 Sintered-Metal  F i l t e r s .  Disk-type f i l t e r s  w i t h  a n  average  
3 9  

pore size of 10 Urn w e r e  l o c a t e d  i n  t h e  top  s e c t i o n  of t h e  burner  assembly 

t o  remove s e m i v o l a t i l e  and p a r t i c u l a t e  n u c l i d e s  from t h e  of f -gas .  Both 

n i c k e l  and s t a i n l e s s  s tee l  f i l t e r s  w e r e  used.  The f i l t e r s  w e r e  removed 

( a f t e r  t h e  burn ing  s t e p )  f o r  l each ing  tests,  d i s s o l u t i o n ,  and a n a l y s i s .  

The k inds  and amounts of r a d i o n u c l i d e s  r e t a i n e d  by t h e  f i l t e r  are governed 

by t h e  p rocess  c o n d i t i o n s  i n  t h e  burner  ( e . g . ,  t empera ture ,  o f f -gas  f low 

r a t e ) .  Such c o r r e l a t i o n s  are n o t  y e t  a v a i l a b l e .  Neve r the l e s s ,  t h e  f o l -  

lowing g e n e r a l  t r e n d s  w e r e  observed i n  t h i s  s tudy :  

1. The major p o r t i o n  (>95%) of  s e m i v o l a t i l e  and p a r t i c u l a t e  n u c l i d e s  

r e l e a s e d  i n  t h e  burn ing  s t e p s  (pr imary and secondary)  i s  r e t a i n e d  by t h e  

s in t e red -me ta l  f i l t e r .  
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Table  3 . 8 .  Radiochemical C h a r a c t e r i s t i c s  of  S i c  H u l l s ,  I n s o l u b l e  
F ines  and F i l t e r s a  

Approx ima te  Q u a n t i t y  i n  A p p r o x i m a t e  Q u a n t i t y  R e t a i n e d  by 
Majo r  S i c  H u l l s  and  I n s o l u b l e ,  ppm S i n t e r e d  Metal F i l t e r s ,  ppm 

N u c l i d e s  
F u e l  ( a )  F u e l  (b)  F u e l  ( c )  F u e l  ( a )  F u e l  (b) F u e l  ( c )  

Uranium 6000 6000 < 500 390 <20 i a o  
” ~ r  59 ’, 1 9 1 . 2  4.4 0 . s  

1 8  5 4 0.1 2 .2  0.3 

’ 5Sb 6 1.1 0.8 0.002 0.003 0.004 

4cs 16 3.5 4 1 . 7  6 .1  1 . 9  

137cs 520  1 6 5  1 8 5  55 250 85  
“ ~ e  2 3  14  1 0.05  0.04 0.06 

’ 5 4 E ~  1 2  0.6 0 . 1  0 . 0 1  0 .1  0.004 
a Fuel t y p e s :  ( a ) :  Triso-UOz/ThOz. ( b ) :  Tr i so-UCz/Biso-ThCz.  

( c )  : Triso-(U,Th)Cz/Triso-ThCz. 

2.  The q u a n t i t y  of r e l e a s e d  n u c l i d e s  varies w i t h  i n d i v i d u a l  n u c l i d e s  

and a l s o  w i t h  t h e  f u e l  t ype .  I n  g e n e r a l ,  rates and q u a n t i t i e s  of f i s s i o n  

p roduc t s  r e l e a s e d  from t h e  c a r b i d e  t y p e s  o f  f u e l  ( i . e . ,  UCZ-ThC2) are con- 

s i d e r a b l y  h i g h e r  t han  those  from t h e  ox ide  t y p e  ( i . e . ,  U02-Th02). 

3. The q u a n t i t i e s  of r a d i o n u c l i d e s  r e t a i n e d  by t h e  f i l t e r  are h igh  

enough (>70 Ci/kg)  t o  c l a s s i f y  i t  as a h igh  level  waste. Table  3 . 8  i n d i c a t e s  

approximate q u a n t i t i e s  of i n d i v i d u a l  n u c l i d e s  as p a r t s  p e r  m i l l i o n  of t h e  

s p e n t  f i l t e r .  

This  i n v e s t i g a t i o n  h a s  improved unders tanding  of t h e  g e n e r a l  r ad io -  

chemical  p r o p e r t i e s  of t h e  S i c  h u l l s ,  i n s o l u b l e  f i n e s ,  and s p e n t  f i l t e r s .  

The r e s u l t s  should  b e  u s e f u l  i n  de te rmining  t h e  scope and d i r e c t i o n  of 

f u r t h e r  developmental  work aimed toward p rocess ing  and i s o l a t i o n  of t h e s e  

w a s t e  t ypes .  

3.5.1.2 Waste P rocess ing  S t u d i e s  - K. H. L i n  and W. E. Clark 

Exp lo ra to ry  h o t - c e l l  exper iments  have been c a r r i e d  o u t  t o  i n v e s t i g a t e  

t h e  f e a s i b i l i t y  of p r e f e r e n t i a l l y  l e a c h i n g  r a d i o n u c l i d e s  from the s p e n t  



s in t e red -me ta l  f i l t e r s .  The f i l t e r s  t h u s  decontaminated could  presumably be 

handled as t h e  low-level  s o l i d  w a s t e ,  w h i l e  t h e  l e a c h a t e  s o l u t i o n  would 

be concen t r a t ed  and combined w i t h  t h e  h igh  leve l  l i q u i d  w a s t e .  

Table  3.9 i l l u s t r a t e s  t h e  d i s t r i b u t i o n  of  major r a d i o n u c l i d e s  i n  each 

of t h e  t h r e e  s i n t e r e d - z e t a 1  f i l t e r s  exposed t o  of f -gas  streams r e s u l t i n g  

from burn ing  two d i f f e r e n t  t ypes  of f u e l s .  F i l t e r s  A and B ( s i n t e r e d  n i c k e l )  

are a s s o c i a t e d  w i t h  t h e  Triso-UCz/Biso-ThC2 f u e l  (Run FTE-4-279-11), w h i l e  

f i l t e r  C ( s i n t e r e d  type  316 s t a i n l e s s  s t e e l )  i s  r e l a t e d  t o  t h e  Triso-(U,Th)C2/ 

Triso-ThC2 f u e l  (Run FTE-4-279-IV). A l so  shown i n  Table  3.9 are t h e  f r a c t i o n s  

of i n d i v i d u a l  n u c l i d e s  lzached  o u t  i n  a series of l e a c h i n g  exper iments  a t  

ambient tempera ture  us ing  HNO3 as t h e  s o l v e n t .  The r e s u l t s  i n d i c a t e  t h a t  t h e  

bulk  (>80X) of U, Pu and "Sr can be removed by l e a c h i n g  w i t h  1 M HN03 
f o r  about  30 min. Such behavior  i m p l i e s  t h a t  t h e s e  n u c l i d e s  are p r e s e n t  

i n  t h e  of f -gas  stream as s o l i d  p a r t i c u l a t e s  (presumably as ox ides )  and have 

n o t  p e n e t r a t e d  ve ry  far beyond t h e  f i l t e r  s u r f a c e .  I n  c o n t r a s t ,  on ly  a 

ve ry  s m a l l  f r a c t i o n  (-0.1-0.4%) of l o  6Ru w a s  l eached ,  which may be  sugges t ing  

t h a t  t h e  ruthenium compounds (probably ox ides )  condensed on t h e  f i l t e r  po re  

s u r f a c e s  have very  low s o l u b i l i t i e s  i n  HNO3. 

Only one f i l t e r  ( f i l t e r  C) w a s  employed i n  t h e  pr imary and secondary 

burn ing  of t h e  Triso-(U,Th)C2/ Triso-ThC2 f u e l  (Run FTE-4-279-IV). According 

t o  Table  3.9,  t h e  amounts of uranium and plutonium r e t a i n e d  by f i l t e r  C were 

about  1 0  t i m e s  t h o s e  on f i l t e r  B. Uptake of f i s s i o n  p roduc t s  by f i l t e r  C ,  

however, w a s  mos t ly  about  an  o rde r  of magnitude lower than  t h a t  by f i l t e r  B.  

Table  3.9 a l s o  demonst ra tes  t h a t  6 M HNO3 could  remove t h e  major  p o r t i o n  

(> -70%) of a l l  f i s s i o n  p roduc t s  l i s t e d  (except  ruthenium) i n  about  30 min. 

Ruthenium e x h i b i t s  v e r y  low l e a c h a b i l i t y  as i n  t h e  case w i t h  f i l t e r s  A and B. 

The r easons  f o r  t h e  lower l e a c h a b i l i t y  of uranium and plutonium from f i l t e r  

C t han  from f i l t e r s  A and B have n o t  y e t  been determined.  



Table 3.9. Radiochemical Composition of Semivolatile and Particulate Radionuclides Retained by 
Sintered-Metal Filters and Fractions Leached Out by Nitric Acid 

- . __ 
O r i g i n a l  Fuel: Triso-UCz/Biso-ThCZ O r i g i n a l  Fuel: Triso- (U, Th) Cs/Triso-ThCz 

(FTE-4-279-11) (FTE-4-279-IV) 
!LI iLlr 

Su, t i d e s  F i l t e r  A F i l t e r  B F i l t e r  C 
(Primary Burner) (Secondary Burner) (Both Burners)  

Nucl ides  Leached Nuclides Leached' b b Nuclides  a Leached 
(wt X )  Retained (ppm)' (wt X )  ( u t  X )  Retained (ppm)' Retained (ppm) 

Uranium 

Plu tonium d 

' ' ~ r  

lo6Ru 

1 1 0  
Ag 

'Sb 

' 3 4 c s  

' ' C S  

' 4 4 C e  

"'Eu 

1 x 10-3 

0.8 

24.5 

8.4 X lo-' 

1.8 x lo-' 

- 80 
- 80 

80.1 

0.4 

(5 

12.5 

12.5 

3.9 

-0 

13.8 
s2 x 10-3 

4.3 

2.2 

7 x io-'' 
2 x 

5.3 

222.5 

0.3 

7.5 x 10-2 

-3  

s96 

97.1 

0 . 1  

<3 

13.3 

13.7 

12.4 

4.8 

179 

1.8 :r 10-2 

0.3 

8.8 x 16' 

2 x 10-4 

6 x 

2.1  

82.7 

3.6 x 

4 10-3 

16 

%39 

80.9 

3.3 

-<7 7 

82.4 

79.0 

79.3 

96.4 

68.0 

'Based on  t h e  f i l t e r  weight .  Composition before  leaching .  

bLeaching w i t h  1 M HNO, a t  ambient temperature f o r  30 min. 

'Leaching with 6 M HNO, a t  ambient temperature f o r  30 min. 

'Estimated from t h e  c a l c u l a t e d  Pu i s o t o p i c  composition and t h e  radiochemical  a n a l y s i s  of t o t a l  Pu. 
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4 .  REFABRICATION DEVELOPMENT (TASK 500) 

D. R. Johnson, R. A. Bradley ,  W. J. Lackey, and K. J. Notz 

4 . 1  INTRODUCTION - D. R. Johnson 

R e f a b r i c a t i o n  i s  t h a t  p o r t i o n  of t h e  HTGR f u e l  c y c l e  t h a t  beg ins  

3U and produces q u a l i t y -  wi th  n i t r a t e  s o l u t i o n  c o n t a i n i n g  recovered  

a s su red  f u e l  e lements  f o r  u s e  i n  an HTGR. The b a s i c  s t e p s  i n  r e f a b r i -  

c a t i o n  are s i m i l a r  t o  t h o s e  i n  f r e s h  f u e l  manufacture and c o n s i s t  of 

p r e p a r a t i o n  of f u e l  k e r n e l s ,  a p p l i c a t i o n  of m u l t i p l e  l a y e r s  of p y r o l y t i c  

carbon and S i c ,  p r e p a r a t i o n  of f u e l  r o d s ,  and assembly of f u e l  r o d s  

i n t o  f u e l  elements.  The major d i f f e r e n c e  between t h e  manufacture of 

f r e s h  f u e l  and r e c y c l e  f u e l  i s  t h a t  t h e  r e c y c l e  f u e l  must be f a b r i c a t e d  

remote ly  i n  h o t - c e l l  f a c i l i t i e s .  The HTGR f u e l  r e f a b r i c a t i o n  development 

program is  t h e r e f o r e  d i r e c t e d  toward t h e  development of p rocesses  and 

equipment f o r  remote a p p l i c a t i o n .  

The r e f a b r i c a t i o n  development t a s k  is  subdiv ided  i n t o  f i v e  phases:  

(1) cold l a b o r a t o r y  development, (2)  h o t  l a b o r a t o r y  development, (3 )  co ld  

eng inee r ing  development, ( 4 )  h o t  eng inee r ing  development, and (5) co ld  

p ro to type  development. The t e r m  co ld  development r e f e r s  t o  work n o t  

r e q u i r i n g  t h e  presence  of r a d i o a c t i v i t y ,  w h i l e  h o t  development r e q u i r e s  

t h e  p re sence  of r a d i o a c t i v i t y .  The o b j e c t i v e  of co ld  and h o t  l a b o r a t o r y  

development i s  t o  prove p rocess  f e a s i b i l i t y .  The purpose of co ld  

eng inee r ing  development i s  t o  develop equipment concepts  and t o  demonst ra te  

t h a t  a c c e p t a b l e  f u e l  can be produced i n  r easonab ly  l a r g e  ba t ches .  Hot 

eng inee r ing  development w i l l  be performed on ly  i n  t h o s e  areas where t h e  

p re sence  of r a d i o a c t i v i t y  i s  expected t o  a f f e c t  t h e  p r o c e s s ,  equipment, 

o r  product .  The o b j e c t i v e s  f o r  co ld  p ro to type  development are t o  e s t a b l i s h  

i n - c e l l  equipment c o n f i g u r a t i o n  and p rocess  procedures  i n  f u l l - s c a l e  

equipment. The d e s i g n  and f a b r i c a t i o n  of co ld  p r o t o t y p e  equipment and 

f a c i l i t i e s  i s  managed i n  Task 900 and i s  r e p o r t e d  i n  Chap. 7 of t h i s  

r e p o r t .  

f o r  co ld  p ro to type  equipment i s  r e p o r t e d  i n  t h i s  c h a p t e r .  

are  n o t  n e c e s s a r i l y  accomplished s e q u e n t i a l l y .  

The development work l e a d i n g  t o  and i n c l u d i n g  t h e  des ign  cr i ter ia  

The phases  

77 
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The work in refabrication development is subdivided into primary and 

secondary subtasks as follows: 
510 - Fuel Material Preparation, 

511 - Resin Loading, 

512 - Resin Carbonization, 

513 - Microsphere Coating, 

514 - Sample Inspection, 

520 - Fuel Configuration, 
521 - Fuel Preparation and Fabrication, 

530 -Fuel Assembly Processes 

531 - Fuel  Element Assembly, 

532 - Remote Handling and Maintenance, 
540 - Scrap Recovery Processes, 

541 - Scrap Recovery and Waste Handling, 

4.2 FUEL MATERIAL PREPARATION (SUBTASK 510) - D. R. Johnson 

4 . 2 . 1  Resin Loading (Secondary Subtask 511) - P. A. Haas and R. D. Spence 
The reference fuel kernel for recycle of 3U to high-temperature 

gas-cooled reactors (HTGRs) is prepared by loading carboxylic acid cation- 

exchange resins with uranium and carbonizing under controlled conditions. 

The carbonized products must be spheres with high uranium contents 
containing only uranium, carbon, and oxygen as major constituents. 

A resin material and a process condition to give acceptable loaded 

spheres were initially developed to use the hydrogen form of the cation 

resin and to maintain acid-deficient uranyl nitrate with UO3.l 

purified * 3U02 (Nos) 2 solution from a fuel reprocessing plant contains 

excess HN03 (N03-/U ratio of about 2.2) .  Considering the requirements 

for remote operation, accountability, and control of nuclear criticality, 

the usual processes for preparing UOs and the in-cell use of UO3 did not 
seem acceptable. Therefore, an amine extraction process was developed 

for resin loading. 

The 

2 

Continued development of resin-based fuels has involved: (1) cold 

laboratory studies of the distribution of iron impurities during resin 

loading; (2) a hot laboratory investigation of radiolysis of loaded resin; 
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(3) eng inee r ing - sca l e  p r e p a r a t i o n  of r e s i n  f e e d  t o  supply  r e s i n  w i t h  

p r o p e r t i e s  adequate  t o  m e e t  t h e  product  s p e c i f i c a t i o n s ;  ( 4 )  i n s t a l l a t i o n ,  

t e s t ,  and o p e r a t i o n  of a n  i n t e g r a t e d  eng inee r ing - sca l e  r e s i n  load ing  

system w i t h  n a t u r a l  uranium; and (5) p r e p a r a t i o n  of materials as a 

s e r v i c e  t o  development of subsequent p rocess  o p e r a t i o n s .  

areas have r e q u i r e d  t h e  development of new equipment o r  f lowshee t  c o n d i t i o n s  

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

t h e  r e s u l t s  of t h e s e  s t u d i e s  are g iven  i n  summary form a long  w i t h  r e f e r e n c e s  

t o  t h e  l i t e r a t u r e .  

These major 

Where p u b l i c a t i o n s  are a v a i l a b l e  o r  i n  p r e s s ,  

4.2.1.1 D i s t r i b u t i o n  of I r o n  During Loading of Amberli te IRC-72 Res in  
w i t h  Uranium from Nitrate S o l u t i o n s  a t  30°C - Cold Labora tory  - 
J. H. S h a f f e r  

The r e s i n  load ing  p rocess  proposed f o r  t h e  r e c y c l e  of 2 3 3 U  c o n s i s t s  

of t h e  d i r e c t  c o n t a c t  of a weak-acid c a t i o n  exchange r e s i n  i n  hydrogen 

form w i t h  t h e  u r a n y l  n i t r a t e  product  stream from a f u e l  r e p r o c e s s i n g  

p l a n t .  

c u r r e n t  c o n t a c t  method under c o n d i t i o n s  of chemical e q u i l i b r i u m .  Th i s  

s tudy  of i r o n  d i s t r i b u t i o n  du r ing  r e s i n  load ing  w i t h  uranium w a s  p a r t  

of t h e  chemical development program t o  i n v e s t i g a t e  t h e  v a r i o u s  chemical 

e q u i l i b r i a  a s s o c i a t e d  w i t h  t h e  r e s i n  load ing  p rocess .  

purpose of t h i s  s tudy  w a s  t o  d e f i n e  t h e  behavior  of i r o n  as a n  impur i ty  

i n  t h e  u r a n y l  n i t r a t e  f eed  stream d u r i n g  f u l l  r e s i n  load ing  w i t h  uranium. 

The r e s u l t s  of t h i s  i n v e s t i g a t i o n  w i l l  p rov ide  a r e a l i s t i c  b a s i s  f o r  

chemical s p e c i f i c a t i o n s  f o r  i r o n  i n  t h e  u r a n y l  n i t r a t e  f e e d  s o l u t i o n  f o r  

a n  HTGR f u e l  f a b r i c a t i o n  f a c i l i t y .  The scope of t h e  exper imenta l  program 

w a s  l i m i t e d  t o  v e r y  d i l u t e  c o n c e n t r a t i o n s  of f e r r i c  i o n  i n  u r a n y l  n i t r a t e  

s o l u t i o n s  t h a t  w e r e  i n  e q u i l i b r i u m  w i t h  r e s i n  f u l l y  loaded  w i t h  uranium. 

I n i t i a l  test s o l u t i o n s  used from 25 t o  1000 w t  ppm Fe w i t h  r e s p e c t  t o  

uranium and n i t r a t e  i o n  c o n c e n t r a t i o n s ,  which v a r i e d  from approximate ly  

0 .2  t o  2 .0  N .  

This  p rocess  may be  accomplished by e i t h e r  a b a t c h  o r  a counter -  

The s p e c i f i c  

The d a t a  ob ta ined  from t h i s  program showed t h a t  i r o n  w i l l  be  concen- 

t r a t e d  re la t ive t o  uranium i n  t h e  r e s i n  phase as a n  e x p o n e n t i a l  f u n c t i o n  

of t h e  c o n c e n t r a t i o n  of i r o n  t h a t  remains i n  e q u i l i b r i u m  i n  t h e  l i q u i d  

phase.  

by t h e  equa t ion  

Th i s  complex r e a c t i o n  e q u i l i b r i u m  could be e m p i r i c a l l y  desc r ibed  
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where NFe r e p r e s e n t s  t h e  i r o n  c o n c e n t r a t i o n  i n  ppm by weight  w i t h  r e s p e c t  

t o  uranium i n  t h e  r e s i n  o r  l i q u i d  phase.  

molar d i s t r i b u t i o n  of uranium i n  t h e  r e s i n  re la t ive t o  t h a t  i n  t h e  l i q u i d  

on a u n i t  volume b a s i s .  The exponent,  B ,  v a r i e d  from 1 . 6  t o  0 .7  as t h e  

uranium d i s t r i b u t i o n  c o e f f i c i e n t  v a r i e d  from 2.4 t o  20 accord ing  t o  t h e  

e m p i r i c a l  r e l a t i o n ,  B = 1.9DU-’l3. Values f o r  Du of 2.4 and 20 r e p r e s e n t  

t h e  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  f u l l  r e s i n  load ing  w i t h  uranium a t  n i t r a t e  

i o n  c o n c e n t r a t i o n s  of 1 .75  and 0 . 2  M, r e s p e c t i v e l y .  

The q u a n t i t y  Du r e p r e s e n t s  t h e  

This  r e s u l t  r e q u i r e s  a m o d i f i c a t i o n  i n  r e s i n  load ing  procedure  t o  

a s s u r e  uniform d i s t r i b u t i o n  of t h e  i r o n  impur i ty  over  all t h e  r e s i n .  For 

example, i n  b a t c h  load ing ,  adequa te  mixing must be  provided ,  o r  i n  

column load ing  a scavenger bed of r e s i n  a l r e a d y  loaded w i t h  t h e  u rany l  

i o n  could  be used f o r  f o r c e  an even d i s t r i b u t i o n  of t h e  i r o n .  

4.2.1.2 E f f e c t s  of Se l f -Rad io lys i s  of 233U-Loaded Res in  - Hot Labora to ry  - 
J. H. S h a f f e r  and W. L. Carter 

The r e c y c l e  of 233U t o  HTGRs w i l l  i nvo lve  i t s  d i r e c t  l oad ing  on 

s p h e r i c a l  c a t i o n  exchange r e s i n  p a r t i c l e s  from n i t r a t e  s o l u t i o n .  Because 

of t h e  i n t e n s e  gamma r a d i a t i o n  a s s o c i a t e d  w i t h  t h e  2 3 2 U  i m p u r i t y  i n  t h e  

233U r e c y c l e  stream, t h e  HTGR f u e l  r e f a b r i c a t i o n  p l a n t  must be  l o c a t e d  

w i t h i n  h o t  c e l l  e n c l o s u r e s  and o p e r a t e d  by remote c o n t r o l .  Aside from 

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

n i t r a t e  p r o c e s s  stream could  a l s o  a f f e c t  p roduc t  q u a l i t y  c o n t r o l  by 

d e g r a d a t i o n  of t h e  o rgan ic  c a t i o n  exchange r e s i n .  Accord ingly ,  a n  

expe r imen ta l  program w a s  developed t o  assess r a d i a t i o n  dosage a n t i c i p a t e d  

i n  t h e  f u e l  r e f a b r i c a t i o n  f a c i l i t y  and t o  de te rmine  t h e  e f f e c t s  of s e l f -  
r a d i o l y s i s  of bo th  Amber l i te  IRC-72* and D u o l i t e  C-464 t c a t i o n  exchange 

r e s i n s  t h a t  had been f u l l y  loaded w i t h  2 3 3 U  from n i t r a t e  s o l u t i o n .  

The demand f o r  u ran im- loaded  r e s i n  i n  t h e  r e f e r e n c e  HTGR r e f a b r i c a t i o n  

f a c i l i t y  w i l l  be r e g u l a t e d  by t h e  ra te  a t  which t h e  c a r b o n i z a t i o n  and 

conve r s ion  s t e p s  of t h e  p r o c e s s  can  be accomplished. Because of t h e  complex 

* 
Trademark of Rohm and Haas Corpora t ion .  

tTrademar k of D iamond-Shamr o c k Company. 



sequence of p rocess  c o n d i t i o n s  r e q u i r e d  i n  t h e s e  s t e p s 3  and l i m i t a t i o n  on 

t h e  amount of material  i n  each p rocess  f o r  n u c l e a r  c r i t i c a l i t y  c o n t r o l ,  

t h e  d a i l y  c a p a c i t y  of a r e c y c l e  f u e l  p i l o t  p l a n t  o r  s m a l l  commercial 

p l a n t  w i l l  be  e q u i v a l e n t  t o  1 t o  10 g/min U.  

o t h e r  eng inee r ing  c o n s i d e r a t i o n s ,  t h e  r e f e r e n c e  r e s i n  load ing  p rocess  

w a s  des igned  t o  be  b a t c h  load ing  wi th  4 kg of uranium dur ing  a 4-hr 

l oad ing  o p e r a t i o n .  Thus, d e c i s i o n s  on product  q u a l i t y ,  w i t h  r e s p e c t  t o  

r a d i a t i o n  e f f e c t s  on t h e  c a t i o n  exchange r e s i n ,  w i l l  a f f e c t  d i s c r e t e  

b a t c h e s  of material, which can  be i s o l a t e d  a t  v a r i o u s  s t a g e s  of t h e  

p roduc t ion  cyc le .  

4 

For t h e s e  r e a s o n s  and 

I n a d v e r t e n t  i n t e r r u p t i o n s  i n  t h e  p roduc t ion  c y c l e ,  w i t h  a t t e n d i n g  

d e l a y s ,  w i l l  i n c r e a s e  t h e  t o t a l  r a d i a t i o n  dose  t o  t h e  r e s i n  and may 

p o s s i b l y  damage t h e  o r g a n i c  c a t i o n  exchange r e s i n .  This  u n c e r t a i n t y  

i s  t h e  b a s i s  f o r  t h i s  e v a l u a t i o n  of a n t i c i p a t e d  r a d i a t i o n  dose  t o  t h e  

uranium-loaded r e s i n  and i t s  e f f e c t  on t h e  chemical p r o p e r t i e s  and 

s t r u c t u r a l  i n t e g r i t y  of t h e  r e s i n  p a r t i c l e .  For purposes  of t h i s  s t u d y ,  

a two-day i n t e r r u p t i o n  i n  t h e  p rocess  c y c l e  w a s  cons ide red  as a r e a l i s t i c  

estimate of t h e  p l a n t  maintenance c a p a b i l i t y .  

The r a d i a t i o n  s t a b i l i t y  of t h e  coa ted  f u e l  k e r n e l s  prepared  from 

res in-based  microspheres  w a s  demonstrated as p a r t  of t h e  p rocess  q u a l i f i -  

c a t i o n  t a s k .  The re fo re ,  r a d i a t i o n  e f f e c t s  of i n t e r e s t  i n  t h i s  program 

w e r e  r e s t r i c t e d  t o  p rocess  s t e p s  a s s o c i a t e d  w i t h  t h e  r e s i n  du r ing  i t s  

l o a d i n g ,  t r a n s f e r ,  and d ry ing  b e f o r e  t h e  c a r b o n i z a t i o n  s t e p .  Uranium- 

loaded r e s i n  having t h r e e  d i s t i n c t  mo i s tu re  c o n t e n t s  can be a s s o c i a t e d  

w i t h  t h i s  phase of t h e  p l a n t .  During load ing  t h e  r e s i n  w i l l  be f u l l y  

w e t  by e i t h e r  t h e  u r a n y l  n i t r a t e  f eed  s o l u t i o n  o r  a w a t e r  wash. 

t hen  be  d r i e d  t o  a n  i n t e r m e d i a t e  moi s tu re  c o n t e n t  of 15 t o  20 w t  % t o  

minimize e f f e c t s  from s t a t i c  charge  du r ing  i t s  t r a n s f e r  and c l a s s i f i c a t i o n .  

The r e s i n  w i l l  be f u l l y  d r i e d  (<lo w t  %) i n  a p r e l i m i n a r y  o p e r a t i o n  of 

t h e  c a r b o n i z a t i o n  procedure.  

of r a d i a t i o n  by t h e  r e s i n ,  t h e s e  t h r e e  c o n d i t i o n s  of d ryness  w e r e  used 

i n  t h i s  e v a l u a t i o n .  

It w i l l  

S ince  moi s tu re  w i l l  promote t h e  a b s o r p t i o n  

The f i r s t  phase of t h i s  exper imenta l  program w a s  t h e  d e t a i l e d  

e s t i m a t i o n  of r a d i a t i o n  k ind  and dose t o  which t h e  r e s i n  would be exposed 

under v a r i o u s  2 3 3 U  feed c o n d i t i o n s .  A s  concluded from t h i s  s t u d y ,  t h e  
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r a d i a t i o n  dose  t h a t  t h e  r e s i n  might accumulate d u r i n g  a t y p i c a l  2-day 

holdup p e r i o d  had a computed v a l u e  of 3.6 t o  16 Mrd, depending on t h e  

232U c o n t e n t  (0 t o  1000 ppm) i n  t h e  u r a n y l  n i t r a t e  f e e d  stream. 

v a l u e s  were based upon t h e  complete a b s o r p t i o n  of a l l  t h e  decay energy,  

which is  approximate ly  90% a l p h a .  More than  80% of t h e  dose  w i l l  be 

d e r i v e d  from 232U and 233U; t h e  ba l ance  comes p r i m a r i l y  from 234U. 

s i g n i f i c a n t  f i n d i n g  of t h i s  s tudy ,  w i t h  r e s p e c t  t o  expe r imen ta l  e v a l u a t i o n  

of r a d i a t i o n  damage, w a s  t h a t  t h i s  maximum dose  of about  1 6  Mrd can  b e  

accumulated i n  r e s i n  p a r t i c l e s  loaded  w i t h  233U c o n t a i n i n g  o n l y  7 ppm 232U 

as impur i ty  w i t h i n  a n  8-day holdup p e r i o d .  

These 

A 

The r a d i a t i o n  dose  t h a t  weak-acid r e s i n s  such as Amber l i te  IRC-72 

and D u o l i t e  C-464 can absorb  and remain s t r u c t u r a l l y  s t a b l e  has  n o t  been 

determined. Based on conc lus ions  formed from a survey  of t h e  l i t e r a t u r e ,  

dose  r a n g e s  of lo7 t o  lo9 r d  have produced s i g n i f i c a n t  d e v i a t i o n s  of 

chemical and p h y s i c a l  p r o p e r t i e s  i n  o t h e r  o r g a n i c  r e s i n s .  

molecular-weight m a t e r i a l s ,  an o x i d a t i v e  deg rada t ion  i s  t h e  dominant 

e f f e c t  of i r r a d i a t i o n .  F r a c t u r e  s t r e n g t h s  may be  reduced t o  ze ro  as 

r a d i a t i o n  doses  approach about  60 Mrd. Degrada t ion  a l s o  t a k e s  p l a c e  

more r e a d i l y  i n  water-swollen r e s i n s  t h a n  i n  d r i e d  r e s i n s .  

7 

I n  t h e s e  high- 

I n t e r p r e t a t i o n  of r e s u l t s  of r a d i a t i o n  damage t o  r e s i n  materials 

i s  d i f f i c u l t  t o  t r a n s l a t e  i n t o  q u a n t i t a t i v e  assessments .  The re fo re ,  

f o r  purposes  of t h i s  s t u d y ,  r a d i a t i o n  damage t o  t h e  uranium-loaded 

r e s i n s  w a s  a s s e s s e d  on t h e  b a s i s  of t h e i r  p a r t i c l e  q u a l i t y  a f t e r  

c a r b o n i z a t i o n .  I n  t h i s  manner, t h e  expe r imen ta l  r e s u l t s  could  be  

i n t e r p r e t e d  d i r e c t l y  i n  terms of r e s i n  p a r t i c l e  i n t e g r i t y  under s imula t ed  

p r o c e s s  c o n d i t i o n s .  An a d d i t i o n a l  test w a s  conducted on t h e  w e t  r e s i n ,  

b e f o r e  c a r b o n i z a t i o n ,  t o  de te rmine  t h e  f r a c t i o n  of uranium t h a t  could  

n o t  be  s t r i p p e d  from t h e  r e s i n  w i t h  6 N HNo3 ( s e e  Sect. 4.2.1.3).  

The expe r imen ta l  p l a n  developed f o r  t h i s  program c o n s i s t e d  of 

d u p l i c a t e  procedures  f o r  t e s t i n g  Amber l i te  IRC-72 and D u o l i t e  C-464 

r e s i n s  f u l l y  loaded  w i t h  2 3 3 U  ( 7  ppm 232U) from n i t r a t e  s o l u t i o n .  Each 

r e s i n  b a t c h  w a s  d i v i d e d  i n t o  t h r e e  p a r t s ;  one p a r t  w a s  s t o r e d  under 

w a t e r  and t h e  o t h e r  two p a r t s  were p a r t i a l l y  d r i e d  t o  r e s i d u a l  m o i s t u r e  

c o n t e n t s  of 15 t o  20 w t  % and 0 t o  10 w t  %. Each of t h e  t h r e e  sub-batches 



w a s  d iv ided  i n t o  f o u r  r e p r e s e n t a t i v e  p a r t s  f o r  s t o r a g e  as i n d i v i d u a l  

samples. A t  t h e  end of each ag ing  i n t e r v a l  ( i . e . ,  one week, one month, 

t h r e e  months, and s i x  months) a complete set of r e s i n  samples w a s  

s a c r i f i c e d  f o r  chemical a n a l y s e s  and c a r b o n i z a t i o n .  I n  a d d i t i o n  t o  

r e s i n  p r e p a r a t i o n s  w i t h  3U, t h e  e n t i r e  r e s i n  load ing  procedure  w a s  

d u p l i c a t e d  w i t h  normal uranium. Samples genera ted  from t h i s  p a r t  provided 

r e f e r e n c e  b l ank  de te rmina t ions ,  which r e p r e s e n t e d  e s s e n t i a l l y  ze ro  

r a d i a t i o n  dose  du r ing  t h e  cour se  of t h e  aging.  These samples were 

ana lyzed  on demand t o  a i d  i n t e r p r e t a t i o n s  of r e s u l t s  on t h e  233U-loaded 

r e s i n  samples. The i n t e r p r e t a t i o n  of a n a l y t i c a l  d a t a  d e r i v e d  from t h i s  

program are p resen ted  i n  Sec t .  4 . 2 . 2 . 1  of t h i s  r e p o r t .  

4.2.1.3 E f f e c t s  of Se l f -Rad io lys i s  on t h e  S t r i p p a b i l i t y  of 233U-Loaded 
Res in  - Hot Labora tory  - J. L. B o t t s  

An a d d i t i o n a l  p a r t  of t h e  chemical c h a r a c t e r i z a t i o n  of t h e  loaded 

r e s i n  w a s  a test conducted t o  de te rmine  t h e  amount of uranium t h a t  could  

n o t  be  s t r i p p e d  from t h e  r e s i n  w i t h  6 N HNO3. The amount of uranium 

t h a t  remains a f t e r  s t r i p p i n g  measures t h e  r a d i o l y t i c  change i n  r e s i n  

s t r u c t u r e  t h a t  would p reven t  t h e  complete removal of t h e  loaded uranium. 

These r e s i d u a l  uranium v a l u e s  were determined by l e a c h i n g  0.5 g of 

t h e  r e s i n ,  d r i e d  a t  l l O ° C ,  w i t h  t e n  column volumes of 6 N HN03.  The 

q u a n t i t y  of uranium remaining on t h e  leached  r e s i n  w a s  determined by 

burn ing  t h e  material i n  oxygen a t  900°C f o r  2 h r  and d i s s o l v i n g  t h e  

ox ide  r e s i d u e  i n  8 M HNO3. Alpha count ing  w a s  used t o  de te rmine  t h e  

233U i n  t h e  d i s s o l v e r  s o l u t i o n .  The r e s u l t s  of t h i s  s tudy  show t h a t  

t h e  r e s i d u a l  uranium, a f t e r  s t r i p p i n g ,  i s  less than  0.05% of t h e  t o t a l  

uranium loaded.  

This  s tudy  c h a r a c t e r i z e d  loaded  r e s i n s  having t h r e e  moi s tu re  

c o n t e n t s :  f u l l y  w e t ,  i n t e r m e d i a t e  (15--20%), and d r y  (< lo%) ,  which 

r e p r e s e n t e d  c o n d i t i o n s  under which t h e  r e s i n s  are s t o r e d .  

The s u p e r n a t a n t  s o l u t i o n  from t h e  f u l l y  w e t  r e s i n  ( s t o r e d  under 

d i s t i l l e d  wa te r )  w a s  analyzed f o r  uranium t o  de te rmine  t h e  e x t e n t  of 

l e a c h i n g  on s t o r a g e .  

less than  0.1% of t h e  t o t a l  uranium is  leached  under t h e s e  s t o r a g e  

c o n d i t i o n s .  

The r e s u l t s  from t h i s  measurement i n d i c a t e  t h a t  
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4.2 .1 .4  Resin Feed P rocess ing  - Cold Engineer ing  - R. D.  Spence and 

One impor tan t  advantage  of res in-based  f u e l  k e r n e l s  i s  t h a t  t h e  

P. A .  Haas 

k e r n e l  s i z e ,  shape,  i m p u r i t i e s ,  and perhaps  o t h e r  p r o p e r t i e s  can  be 

c o n t r o l l e d  o r  checked f o r  t h e  r e s i n  p a r t i c l e s  b e f o r e  uranium i s  p r e s e n t .  

These o p e r a t i o n s  can be  c a r r i e d  o u t  i n  a n o n r a d i o a c t i v e  r e s i n  f e e d  

p r o c e s s i n g  f a c i l i t y ,  which would supply  r e s i n  t o  a remote ly  ope ra t ed  

r e f a b r i c a t i o n  p i l o t  p l a n t  o r  commercial p l a n t .  

The p r o p e r t i e s  r e q u i r e d  f o r  t h e  f eed  r e s i n  t o  be loaded  w i t h  uranium 

are much d i f f e r e n t  i n  t y p e  o r  deg ree  from those  f o r  t h e  u s u a l  u s e s  of i o n  

exchange r e s i n s .  F i r s t ,  t h e  p r o p e r t i e s  r e q u i r e d  had t o  be  i d e n t i f i e d  

and measured. Then s p e c i a l  equipment and procedures  were developed and 

t e s t e d  t o  g i v e  t h e  r e q u i r e d  c o n t r o l  of t h e s e  p r o p e r t i e s .  F i n a l l y ,  a 

r e s i n  f e e d  p rocess ing  f a c i l i t y  w a s  des igned ,  i n s t a l l e d ,  and o p e r a t e d  t o  

supply  r e s i n  f o r  f u e l  r e c y c l e  development and f o r  a f u t u r e  remote ly  

ope ra t ed  p i l o t  p l a n t .  

Both development s t u d i e s  and t h e  d e s i g n  and p r e l i m i n a r y  o p e r a t i o n  

of a r e s i n  f eed  p rocess ing  f a c i l i t y  have been r e p o r t e d . '  

and c o n c l u s i o n s  from t h i s  r e p o r t  are as fo l lows :  

The summary 

P rocess  development w a s  completed and a f a c i l i t y  w a s  
des igned ,  procured ,  and i n s t a l l e d  f o r  r e s i n  f e e d  p rocess ing  
t o  m e e t  HTGR r e c y c l e  f u e l  s p e c i f i c a t i o n s .  The c a p a c i t y  of 
t h e  i n d i v i d u a l  p rocess  components are e q u i v a l e n t  t o  about  
1 kg U/hour. Th i s  a l l o w s  e f f i c i e n t  u s e  of o p e r a t i n g  l a b o r  
t o  m e e t  p r e s e n t  r equ i r emen t s  and a commercial r e c y c l e  p l a n  
w i l l  r e q u i r e  l i t t l e  sca le -up  of t h e  p r i n c i p a l  components. 

The s p e c i f i c a t i o n s  f o r  t h e  r e s i n s  are d e r i v e d  from t h o s e  
f o r  carbonized  r e c y c l e  f i s s i l e  k e r n e l s .  The r e s i n s  are 
commercial c a r b o x y l i c  a c i d  c a t i o n  exchange r e s i n s  i n  t h e  
sodium form, b u t  t h e  s u i t a b i l i t y  of a s p e c i f i c  brand and 
type  number must be demonstrated expe r imen ta l ly .  The 
composi t ion ,  m i c r o s t r u c t u r e ,  and load ing  behav io r  of a 
s p e c i f i c  commercial r e s i n  appear  t o  be r e p r o d u c i b l e .  The 
r e s i n  f eed  p rocess ing  i n c l u d e s  o p e r a t i o n  t o  c o n t r o l  t h e  
r e s i n  s i z e ,  remove n o n s p h e r i c a l  p a r t i c l e s ,  and c o n v e r t  t o  
t h e  hydrogen form. 

The sodium form r e s in  is  f e d  as a s l u r r y  ( w a t e r / r e s i n  

The uranium c a p a c i t y  p e r  sphe re  of about  65 pg 
volume r a t i o  of 40)  t o  a 0.76-m-diam v i b r a t o r y  s c r e e n  
s e p a r a t o r .  
uranium r e q u i r e s  w e t  sodium-form r e s i n  of 730 urn f o r  e i ther  
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Amberlite IRC-72 or Duolite C-464. 
followed by dry screening is much less satisfactory with 
difficulties for drying, blinding of screens, and variable 
shrinkage during drying. 

Drying of unsized resin 

The separation of spherical from nonspherical particles 
is accomplished on the smooth surface of almost horizontal 
vibratory feeders. The sized sodium form resin is dried in 
a fluidized bed dryer. The capacity and sensitivity of the 
shape separation are changed by varying the power input and 
the inclination (two angles) of the vibratory plates. Three 
units of five feed points each gave the desired shape separation 
capacity (5000 spheres/sec). 

The sized and shape-separated sodium form resin is rewet 
with water and converted to the hydrogen form using HNO3 
solution. 
but a continuous conversion and washing column (Higgins type) 
was also tested. The product quality assurance, storage, 
metering and packa ing procedures and equipment to meet the 
requirements of a '33U recycle facility have not yet been 
selected and installed. 

The facility was designed for batch conversion, 

4.2.1.5 Engineering-Scale Resin Loading Facility - Cold Engineering - 
R. D. Spence and P. A .  Haas 

The reference flowsheet for a 233U recycle fuel facility at Oak Ridge 

uses solvent extraction of nitrate by a 0.4 M secondary amine in a hydro- 
carbon diluent to prepare acid-deficient uranyl nitrate. This nitrate 

extraction, along with resin loading and amine regeneration steps, was 

demonstrated in 14 runs' using components and procedures developed as 

part of sol-gel studies. Conditions expected to be satisfactory were 
used without any systematic optimization of variables. 

scale resin loading system reported here was the next stage of the 

development program between the process demonstration studies2 and the 

design of a remotely operated pilot plant. 

The engineering- 

Results from operation of a complete, integrated resin loading system 

were considered necessary to design a fuel recycle facility for HTGR 

fuels. 

control of criticality, treatment o f  wastes, and material accountability, 

which did not apply to the process demonstration with natural uranium. 

The engineering-scale resin loading system was intended to provide 

information on concepts necessary to meet these requirements, but the 

The recycle of 233U imposes requirements for remote operation, 
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engineering-scale system does not meet the requirements in details and 

is limited to natural uranium. The engineering-scale resin loading 

system is full scale with respect to the proposed fuel recycle pilot 

plant. 

follows : 

The discussion and conclusions from a final reportg are as 

A complete engineering scale system was installed and 
tested for the uranium-loading part of a resin-based 
preparation of HTGR fuels. The system was full-scale 
( 4  kg U/batch) for the Hot Engineering Test Program facility 
planned for TURF. The rocedure developed requires about 
four hours of solution-resin contact time for loading and 
less than four hours for the associated operations including 
resin drying. Thus a commercial recycle facility for 
24 kg 233U/day would not require any scale-up, as the 
engineering-scale system with alternate use o f  two batch 
loading contactors would have this capacity. 

The engineering-scale resin loading system developed 
and tested the concepts critical to meeting the requirements 
for remote operation with 233U. 
natural uranium and was not a prototype'system. 
operated or observed valves, fluid metering, and fluid 
control devices were used as the resin-loading process does 
not impose any special requirements on these components. 

It was operated with 
Manually 

The uranium feed to a resin-loading system is uranyl 
nitrate containing some excess nitric acid. The uranium is 
removed from solution by exchange of U022+ for H+ in 
carboxylic acid cation exchange resins. The reference 
contactor is a 12.7 cm (5 in.) ID fluidized bed with 11 to 
13 liter batches of resin. The water is removed as 
condensate of less than 0.5 ppm uranium using an evapo- 
rator specially designed and fabricated for this system. 
The nitrate is extracted as HNO3 by an amine solvent with 
regeneration of the solvent to give a NaN03 solution. The 
uranium content of this waste is 0.03% of the uranium 
loaded on the resin. The solvent extraction equipment was 
that previously developed for sol-gel processes. The 
optimum water content of dried uranium-loaded resin was 
identified to be 10 to 20 wt %. A microwave-heated drier 
was installed and tested to provide controlled and uniform 
drying to this range of water content. 

1 0  

1 1  

Good control of the resin-loading system was demonstrated. 
'The resin loadtng reactions result in both equilibrium and 
kinetic limitations on the process. The procedures for the 
engineering-scale resin loading system were selected to 
allow operation to preselected end-points for each batch. 
The uranium feed ( 4  kg U/batch) is charged and mixed with 
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about  a n  equa l  amount of uranium remaining as p rocess  holdup 
between b a t c h e s .  The t h r e e  removal p rocesses  ( f o r  U 0 2 2 + ,  
HN03, H20) are s t a r t e d  approximate ly  t o g e t h e r .  
r a t o r  i s  ope ra t ed  u n t i l  t h e  s o l u t i o n  volume i s  reduced t o  
a s e l e c t e d  va lue .  
i n - l i n e  pH i n s t r u m e n t a t i o n  i n d i c a t e s  t h e  N03-/U r a t i o  i s  
reduced t o  a p r e s e l e c t e d  va lue .  
cont inued  about  f o u r  hours  t o t a l  u n t i l  a p r e s e l e c t e d  
combination of t i m e  and s o l u t i o n  pH are s a t i s f i e d .  The 
uranium c o n c e n t r a t i o n s  could be adequa te ly  p r e d i c t e d  by 
material ba lances ,  b u t  are confirmed by i n - l i n e  measure- 
ments of s o l u t i o n  d e n s i t y .  This  combination of p r o c e s s  
c o n t r o l  procedures  had g iven  t r o u b l e - f r e e  o p e r a t i o n  and 
e x c e l l e n t  c o n t r o l  of t h e  r e s i n  load ing .  The i n - l i n e  pH 
and d e n s i t y  measurements are dependable and of adequate  
s e n s i t i v i t y .  Small m o d i f i c a t i o n s  of t h e  load ing  procedure  
a l l o w  r e d u c t i o n  of t h e  uranium inven to ry  as s o l u t i o n  a t  t h e  
end of t h e  s p e c i a l  run  t o  less than  1 kg uranium. F i f t y - f o u r  
b a t c h  load ing  r u n s  were made wi thout  a s i n g l e  f a i l u r e  of 
t h e  chemical f lowshee t  o r  any i n a b i l i t y  t o  c o n t r o l  t h e  
chemical f lowshee t  c o n d i t i o n s .  

The evapo- 

The n i t r a t e  e x t r a c t i o n  i s  ope ra t ed  u n t i l  

The r e s i n  load ing  i s  

The r e f e r e n c e  Amber l i te  IRC-72 r e s i n  and t h e  a l t e r n a t e  
D u o l i t e  C-464 r e s i n  do n o t  r e q u i r e  any d i f f e r e n c e s  i n  t h e  
r e s i n  load ing  c o n d i t i o n s .  The D u o l i t e  C-464 r e s i n  h a s  1 0  t o  
20 p e r c e n t  lower c a p a c i t i e s  f o r  uranium expressed  as e i t h e r  
meq uranium p e r  g of d r y  H-form r e s i n  o r  as meq U/cm3 of 
r e s i n .  9 

4.2.1.6 Tests of t h e  Reference Process  - Cold Engineer ing  - R. D. Spence 

Although t h e  d i f f e r e n t  equipment and p r o c e s s e s  have been e x t e n s i v e l y  

and P. A. Haas 

t e s t e d  i n  t h e  development of t h e  r e f e r e n c e  HTGR f u e l  r e c y c l e  p rocess ,  

no b a t c h  of r e s i n  h a s  been t aken  through bo th  t h e  r e s i n  f eed  p r e p a r a t i o n  

f a c i l i t y  and t h e  r e s i n  load ing  f a c i l i t y .  During t h i s  r e p o r t  pe r iod  

b a t c h e s  of bo th  Amberli te IRC-72 and D u o l i t e  C-464 w e r e  t aken  through 

t h e  r e f e r e n c e  p r o c e s s  as f a r  as d r i e d ,  uranium-loaded r e s i n .  

Two d i f f e r e n t  l o t s  of D u o l i t e  C-464 w e r e  used i n  t h i s  test - 
PPC 464-1-45 and PPC 464-3-61. 

w e r e  used. 

(nominally 720 pm diam) and w a s  n o t  w e t  s c reened .  

w a s  d r i e d  as rece ived  i n  t h e  f lu id i zed -bed  d r i e r .  

w a s  e v i d e n t  i n  t h e  d r i e d  sodium-form D u o l i t e  t han  i n  any p rev ious  d r i e d  

r e s i n .  Th i s  c rack ing  shows up i n  t h e  l a r g e  pe rcen tage  of rejects i n  

Two drums (0.03 m3) of each  l o t  of res in  

The D u o l i t e  has  been supp l i ed  i n  a narrow s i z e  range  

The b u l k  moi s t  r e s i n  

Much more c rack ing  



shape s e p a r a t i n g  t h e  D u o l i t e  r e s i n  i n  run  1 ( s e e  Table 4 . 1 ) .  

of D u o l i t e  r e s i n  d e t e r i o r a t e d  upon l o a d i n g  w i t h  uranium, as evidenced 

by Table 4.2. 

r e f e r e n c e  p rocess .  

e l i m i n a t e d  (on ly  convers ion  from sodium form t o  a c i d  form would be  

r e t a i n e d  u n l e s s  t h e  r e s i n  can  be  purchased i n  t h e  a c i d  form). The 

acid-form D u o l i t e  r e s i n  would be  loaded  w i t h  uranium and then  shape 

s e p a r a t e d  (p rev ious  work h a s  shown no problems of c rack ing  of uranium- 

form D u o l i t e  r e s i n ) .  

Both l o t s  

Obviously t h e  D u o l i t e  r e s i n  cannot  be  used i n  t h e  p r e s e n t  

The r e s i n  f e e d  p r e p a r a t i o n  s t e p  would a lmost  be  

Amber l i te  r e s i n  w a s  n o t  w e t  sc reened  i n  t h i s  r e p o r t  p e r i o d .  The 

-26+30 mesh c u t  of some p r e v i o u s l y  screened  r e s i n  from l o t  2-6881 w a s  

used,  s t a r t i n g  w i t h  t h e  f lu id i zed -bed  d r y e r .  Th i s  d r y e r  d r i e s  l a r g e  

b a t c h e s  of r e s i n  i n  a l i t t l e  over  2 h r ,  depending on t h e  m o i s t u r e  c o n t e n t .  

The rate of d r i e d  r e s i n  produced based on a c t u a l  d r y i n g  t i m e  f o r  t h e  

two Amber l i te  r u n s  w a s  5 .4  kg/hr  ( run  1) and 6.7 k g l h r  ( r u n  2 ) .  The 

rate of r e s i n  handled i n  d r y  s c r e e n i n g  based on a c t u a l  s c r e e n i n g  t i m e  

w a s  16 kg /h r  ( r u n  1) and 10 kg /h r  ( run  2 ) .  The shape s e p a r a t o r s  

ope ra t ed  a t  a r e s i n  rate of 3.0 kg /h r  ( run  1) and 3.4 kg /h r  ( r u n  2 ) .  

The uranium l o a d i n g  i s  a b a t c h  o p e r a t i o n  and t a k e s  about  4 h r  of a c t u a l  

l oad ing  t i m e .  

loaded  r e s i n ,  depending on t h e  s i z e  of t h e  ba t ch .  (No a t t e m p t  w a s  

made t o  op t imize  t h e  rates g iven  above. A l s o ,  t h e s e  ra tes  do not  

t a k e  i n t o  account  suppor t  a c t iv i t i e s ,  e .g .  l o a d i n g  r e s i n  i n t o  t a n k s .  

The rates are r e p o r t e d  on ly  t o  g i v e  some i d e a  of t h e  c a p a c i t y  of each  

p i e c e  of equipment.) 

Th i s  g i v e s  rates of 2.4 t o  3.0 kg/hr  of d r y  uranium- 

The o n l y  t r o u b l e  encountered  i n  p r o c e s s i n g  t h e  Amber l i te  r e s i n  w a s  

i n  r e s i n  c o n d i t i o n i n g .  The r e s i n  foamed and e n t e r e d  t h e  e f f l u e n t  stream 

and overflowed t h e  f lu id i zed -bed  t ank .  A s c r e e n  w a s  p l aced  on t h e  r e s i n  

overflow, and t h e  s o l u t i o n  f low w a s  t h r o t t l e d .  These t w s  changes prevented  

t h e  above problems. 

4.2.1.7 Continuous (Higgins)  Column f o r  Res in  Loading - Cold Engineer ing  - 

The b a t c h  l o a d e r  i n i t i a l l y  used i n  t h e  eng inee r ing - sca l e  r e s i n  l o a d i n g  

sys tem w a s  e s s e n t i a l l y  t h e  maximum s i z e  t h a t  can  b e  used because  of n u c l e a r  

R. D. Spence and R. A. Haas 
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Table 4.2. Uranium Loading of Duolite and Amberlite 
Resins Using the Reference Process 

~~ 

Shape Separation, % 

Accept Reject 

Dry U Wet + 
(% dry wt) H -form Resin U022+-forrn resin a Run Resin 

(liters) (g) 

s-55 A 11.0 9,666 49.6 99.6 0.4 

S-56 A 11.2 9,521 48.2 99.5 0.5 

s-57 A 11.7 9,639 48.2 99.5 0.5 

s-59 C 11.7 9,097 46.2 80.4 19.6 

S-61 A 14.0 12,134 49.0 

S-58 C 11.2 8,457 42.6 78.2 21.8 

S-60 B 9.12 7,026 44.3 69.9 30.1 

W 
0 

a A (-26+30) mesh Amberlite IRC-72, Lot 2-6681; B Duolite C-464, Lot PPC 464-1-45; 
C Duolite C-464, Lot PPC 464-3-61. 
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criticality limitations on dimensions. Although more than one batch 
loader could be used for high capacities, a single continuous loader 

offers the advantage of high capacities within the dimensions dictated 

by criticality. 

state operation and countercurrent flow, maximizing uranium loading or 

conversion efficiency. 

A continuous loader also offers the advantage of steady- 

Laboratory-scale work on a continuous uranium loader (Higgins 

contactor) is reported elsewhere.I2 
here was to build a scaled-up version of the laboratory continuous 

loader suitable for using with the engineering-scale equipment from the 

batch loading work. 

uranium on cation exchange resin could be tested on an engineering scale. 

The purpose of the work reported 

Then the suitability of continuously loading 

A Higgins contactor can be accurately called a semicontinuous counter- 
current ion exchange column. 

ion exchange column except that at regular intervals the solution flow 

ceases and the resin bed is moved in the direction opposite to the 

solution flow. At these intermittent intervals fresh resin is introduced 
at one end of the bed while loaded resin is removed at the other end. 
In the Higgins contactor developed in the 1950s and 1960s, 

exchange resin was continuously recycled by using a regenerating section 

after the loading section. In the present work, the loaded resin is the 

contactor product. Thus, as in the laboratory-scale Higgins contactor, 

no regenerating section is involved. 

The column operates as a normal packed bed 

3-1 the ion 

1 2  

Based on the results for the 25-m-ID (1-in.) Higgins contactor, 
a 51-m-ID (2-in.) Higgins contactor was designed and built to work with 

the existing engineering-scale equipment. 

this equipment is in publication and the conclusions from this report 

A report on the operation of 

follow. * 
1. Adequate process control has been demonstrated f o r  continuous 

loading of cation exchange resin with uranium. 

2. Remote operation seems feasible with existing instrumentation. 

3 .  The existing equipment can supply an acceptable resin product 

at a rate of 1.4 kg U/hr. 
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4. S c a l i n g  up t o  100 kg U/day (commercial s i z e  f o r  235U f r e s h  f u e l  

c y c l e )  can  be  achieved  by u s i n g  a 100-mm-ID (4-in.)  Higgins  c o n t a c t o r .  

The b a t c h  l o a d e r  demonstrated i n  a p rev ious  s t u d y  a t  25  kg U/day 

(commercial s i z e  f o r  233U f u e l  r e c y c l e )  w a s  e s s e n t i a l l y  t h e  maximum s i z e  

t h a t  can  be  used because  of n u c l e a r  c r i t i c a l i t y  l i m i t a t i o n s .  

5. The Higgins  c o n t a c t o r  e f f i c i e n t l y  c o n v e r t s  sodium-form r e s i n  t o  

a c i d  form con t inuous ly .  

6 .  S a t i s f a c t o r y  p rocedures  were demonstrated f o r  t h e  i n i t i a l  s t a r t - u p  

of t h e  empty column and t h e  completion of r e s i n  l o a d i n g  and removal from 

t h e  column a t  t h e  end of a l o t  of uranium. The 51-mm (2-in.)  b a l l  valves 

used as r e s i n  valves were n o t  comple te ly  r e l i a b l e .  The re fo re ,  51-mm 

b u t t e r f l y  valves have been o rde red  f o r  t e s t i n g  as rep lacements  f o r  t h e  

b a l l  v a l v e s .  

The o r i g i n a l  purchase  r e q u i s i t i o n  f o r  t h e  b u t t e r f l y  v a l v e s  w a s  made 

i n  February  1977. 

arrive i n  t h i s  r e p o r t  p e r i o d .  

The valves were o rde red  i n  A p r i l  1977 and d i d  n o t  

4.2.1.8 P rocess  Con t ro l  f o r  Res in  Loading - Cold Engineer ing  - R. D. Spence 

Tn bo th  t h e  b a t c h  work and con t inuous  work, pH and d e n s i t y  of t h e  

and P. A. Haas 

a c i d  d e f i c i e n t  u r a n y l  n i t r a t e  (ADUN) were used as t h e  c o n t r o l l i n g  

i n d i c a t o r s  of t h e  r e s i n  l o a d i n g  p r o c e s s .  

r a t i o ,  which de te rmines  t h e  e q u i l i b r i u m  l o a d i n g  of uranium on t h e  r e s i n .  

The d e n s i t y  i n d i c a t e s  t h e  uranium c o n c e n t r a t i o n ,  which i s  impor t an t  f o r  

material b a l a n c e  c o n s i d e r a t i o n s .  Thus a f u l l y  loaded  p roduc t  a t  t h e  

d e s i r e d  c a p a c i t y  can  be achieved  by e n s u r i n g  bo th  t h e  minimum c o n t a c t  

time (approximate ly  2 h r )  w i t h  t h e  ADUN and t h e  r e q u i r e d  pH and d e n s i t y .  

Sampling w i t h  measurements of pH and d e n s i t y  on t h e  s o l u t i o n  samples 

The pH i n d i c a t e s  t h e  U / N 0 3 -  

w a s  used f o r  t h e  i n i t i a l  o p e r a t i o n  and w a s  s a t i s f a c t o r y  f o r  t h e  co ld  

e n g i n e e r i n g  tests. Tn o r d e r  t o  test  t h e  f e a s i b i l i t y  of remote o p e r a t i o n ,  

t h r e e  i n - l i n e  pH meters and one i n - l i n e  d e n s i t y  meter were i n s t a l l e d  and 

used. One i n - l i n e  pH meter w a s  o b t a i n e d  from each  of t h e  fo l lowing  

manufac turers :  Leeds and Northrup, Beckman, and Foxboro. The pH meters 

r e q u i r e  c a l i b r a t i o n  b u t  appear  s u i t a b l e  f o r  remote o p e r a t i o n ,  The p r o c e s s  

s o l u t i o n  can  b e  sampled and used f o r  c a l i b r a t i o n  wi thou t  need f o r  
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introduction of a standard solution. A Dynatrol density meter was 

obtained from Automation Products, Inc., Houston, Texas, and was used 

for in-line monitoring of the ADUN density. 
calibrated to obtain a linear correlation of density versus recorder 

output. This calibration has been checked frequently over a five-month 

period and still shows no sign of drift. 

The density meter was 

Both the pH meters and density meter appear suitable for remote 

Thus far, work has been control of loading 233U on weak-acid resin. 

confined to natural or depleted uranium. 

radiation from 

The effects of high alpha 

32U remain to be determined. 

4.2.1.9 Material Preparation - Cold Engineering - R. D. Spence and 
P. A. Haas 

The development of subsequent fuel refabrication operations 

(carbonization, conversion to UC2-x0x, coating, etc.) require large 

batches of resin loaded with natural or depleted uranium. 

compositions of resin are needed to meet special requirements. The 

dried uranium-loaded resin from our development studies was inventoried 

and a tabular description prepared. Resin batches totaling 160 kg 

(>60 kg U) were transferred for Metals and Ceramics Division use. 
200 kg remains, but the quality of the resin feed (oversize, undersize, etc.) 

or special test conditions during resin feed preparation or loading will 

restrict the usefulness of some batches. The resin feed processing 

facility and the engineering-scale loading system will be operated by 

routine procedures to supply additional uranium-loaded resin when needed. 

Other 

Over 

4.2.1.10 Preliminary Evaluation of West German Resins - Cold Engineering - 
R. D. Spence and P. A. Haas 

The two resins of interest were Lewatit CNP-80 and Lewatit TP-207, 

both Bayer resins from the Mobay Chemical Corporation. 

has shown higher loadings (up to 52 wt %) of uranium than either 

Amberlite IRC-72 or Duolite C-464. 

loading at low pHs (e.g., pH of 1.5). For these reasons, samples of 

these two Bayer resins were requested from the Mobay Chemical Corporation. 

A sample of Lewatit TP-207 was delivered and evaluated. A sample of 

CNP-80 arrived t o o  late for evaluation. 

Lewatit CNP-80 

Lewatit TP-207 has exhibited high 
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Lewatit CNP-80 is a standard weakly acidic cation exchange resin of 

the polyacrylic acid type. The resin is supplied in the hydrogen form. 

Inspection under the microscope shows good-looking spheres with a wide 

size distribution. 

Lewatit TP-207 is a polystyrene-based cation exchange resin containing 

iminodiacetate groups. The resin is supplied in the sodium form with a 

wide size distribution. 

The uranium loading of Lewatit TP-207 at different pHs was determined 

in the laboratory by J. H. Shaffer. The results are given in Table 4.3. 

Table 4.3. Uranium Loading of Lewatit TP-207 
at Different pHs 

Resin U a NOs-/U U 
pH (mole/ratio) ( X  dry wt) (Concentration) 

0.88 2.49 24 0.457 

1.19 2.22 28 0.589 

1.74 2.05 31 0.696 

2.75 1.74 35 0.887 

2.97 1.46 36 0.933 

aFractional loading based on a measured 
capacity of 2.2 equivalentslliter. 

Figure 4.1 illustrates that Lewatit TP-207 does load appreciably in 
high acid conditions, but to ensure complete loading requires the same 

acid deficient conditions as Amberlite and Duolite. Based on this 

observation and the low uranium content of the loaded resin (< 4 0 % ) ,  the 

Lewatit TP-207 was rejected as a possible resin for the HTGR fuel recycle 

preparation. An order was placed for 100 liters of Lewatit CNP-80 to 
be tested in the engineering-scale system. 
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Fig. 4.1. Comparison of Lewatit TP-207 with Amberlite and Duolite 
Resin. 

4.2.1.11 Preparation of Acid-Deficient Uranyl Nitrate by Thermal 
Denitration - Cold Engineering - H. D. Ringel and P. A. Haas 

Partial thermal denitration of uranyl nitrate or steam-stripping of 
nitric acid from molten uranyl nitrate is considered an alternate process 

for producing the acid-deficient uranyl nitrate solution. 

denitration to U03 can be completed at 30OoC. Excess nitric acid (for 

N03-/U ratios greater than 2) can be distilled from boiling uranyl 

nitrate solutions. The proposed process at temperatures intermediate 

to the preceding operations would result in the following overall reaction: 

Thermal 

The steam denitration would have the following advantages over the other 

processes for providing acid-deficient solutions: 

1. The flowsheet requires fewer and simpler equipment components 

than either solvent extraction of nitrate or the complete thermal 

denitration to UO3. 
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2 .  It does  n o t  r e q u i r e  i n - c e l l  u s e  of a flammable s o l v e n t .  

3. The uranium-free n i t r i c  a c i d  i s  a n  optimum form of n i t r a t e  

waste s i n c e  i t  can  b e  r eused .  
19 A f t e r  c o n s i d e r a t i o n  of p r e l i m i n a r y  r e s u l t s  from sma l l - sca l e  tests, 

a screw c a l c i n e r  d e s i g n  w i t h  mechanical removal of p r e c i p i t a t e  w a s  

s e l e c t e d  f o r  f u r t h e r  tests of thermal  d e n i t r a t i o n .  Drawings of t h i s  

t ype  u n i t  as  t e s t e d  a t  Hanford2' w e r e  modi f ied  and a 76-mm-ID (3- in . )  

u n i t  w a s  f a b r i c a t e d ,  i n s t a l l e d ,  and t e s t e d .  

The summary of r e s u l t s  from a f i n a l  r e p o r t 2 '  on t h e  screw d e n i t r a t o r  

i s  : 

The proposed thermal  d e n i t r a t i o n  s imi l a r  t o  a steam 
s t r i p p i n g  d e n i t r a t i o n  t o  produce a d e n i t r a t e d  s o l u t i o n  o r  
s l u r r y  i s  n o t  promising f o r  t h r e e  r easons :  

1. It i s  n o t  p r a c t i c a l  t o  a c h i e v e  a NO3-/U mole r a t i o  
of 1 .6  and s t i l l  d i s c h a r g e  a l i q u i d  s o l u t i o n  o r  s l u r r y ;  t h a t  
i s ,  t h e  p r o c e s s  material becomes s o l i d  b e f o r e  enough n i t r a t e  
i s  removed t o  g i v e  t h e  1 .6  r a t i o .  

2. The ra te  of n i t r a t e  removal o r  t h e  HNO3 c o n c e n t r a t i o n  
i n  t h e  vapor i s  low; t h e r e f o r e ,  t h e  h e a t  t r a n s f e r  r equ i r emen t s  
and equipment s i z e  are e x c e s s i v e .  

3. Opera t ion  t o  g i v e  a p roduc t  w i t h  NO3-/U = 1.6  mole/mole 
r e s u l t s  i n  r e c y c l e  of uranium ( f o u r  p a s s e s  i f  one- four th  of 
t h e  f eed  n i t r a t e  i s  removed from t h e  uranium). Th i s  i s  
i n e f f i c i e n t  as compared t o  a more complete d e n i t r a t i o n .  

The re fo re ,  t h e  thermal  d e n i t r a t i o n  should  be accomplished 
by producing  a h i g h l y  d e n i t r a t e d  b u t  s t i l l  easy  d i s s o l v a b l e  
(UO3 + xH2O) s o l i d .  With t h e  e x i s t i n g  screw d e n i t r a t o r ,  
s o l i d  h a s  been produced w i t h  NO3-/U = 0 . 2  mole/mole a t  a rate 
of 2 kg/h by a power consumption of 2 kW. The s o l i d  h a s  t o  
be  r e d i s s o l v e d  t o  a c h i e v e  a n  a c i d  d e f i c i e n t  uranium n i t r a t e  
s o l u t i o n  f o r  weak r e s i n  load ing .  An improved d e s i g n  of t h e  
s c r e w  d e n i t r a t o r  i n  connec t ion  w i t h  a d i s s o l v e r  could  m e e t  
t h e  d e s i r e d  f e a t u r e s  a t  h i g h e r  e f f i c i e n c y .  

4 .2 .1 .12 P r e s s u r i z e d  Decomposition of NH4N03 S o l u t i o n  Wastes - P.  A.  Haas 

Decomposition of n i t r a t e  i n  aqueous s o l u t i o n s  h a s  been proposed f o r  

t h e  p r e p a r a t i o n  of t h e  metal o x i d e s  and f o r  d i s p o s a l  of ammonium n i t r a t e  

wastes. 

f a v o r a b l e  a t t r i b u t e s  f o r  conve r s ion  of uranium o r  plutonium n i t r a t e  

A p r e s s u r i z e d  aqueous r e d u c t i o n  p r o c e s s  w a s  d i s c l o s e d 2 2  w i t h  
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solutions to oxides for fuel fabrication. 

addition of nitromethane was found to be an important process improvement 

for pressurized aqueous reduction conversion and NH4NO3 waste treatment. 
The decomposition of NH4N03 and the decomposition of nitrate by methyl 

alcohol with nitromethane in solution are shown to occur at temperatures 

that should allow operation at pressures of 0.7 MPa (100 psig). Possible 

reaction mechanisms are not  known, but the preliminary results are 
promising. Additional investigations are needed to prove its usefulness 

as a waste treatment method. 

During this report period the 

The experiments were batch-type tests using a 14-liter high-p.ressure 

autoclave. The reactants were mixed and charged as a solution at room 

temperature. The initial heater setting resulted in a temperature rise 

of 1.7'C/min. 

to provide an approximately constant temperature with no heat from 

reaction. The rate of reaction was primarily observed by calculating 

the pressure of gases; that is, the total pressure minus the vapor 

pressure of water at the autoclave temperature. The effects of gas 

segregation and uneven heating of the autoclave were known from runs 

with no reaction. After the heat was shut off and the autoclave cooled 

to below 5OoC, the products were removed, separated, and sampled. 

At a selected temperature, the heater setting was changed 

Nitromethane decomposed NH4N03 at much lower temperatures than did 

any of the other materials tested. The results are shown for the most 
common charge composition in Table 4 . 4 .  
with nitromethane in the charge became rapid at temperatures of 110 to 

115°C as indicated by both the increased rate of temperature rise and by 
the formation of noncondensable gases [PR - P ( H 2 0 )  in Table 4 . 4 ;  that is, 
total pressure minus the vapor pressure of water]. 

When the nitromethane was replaced by methyl alcohol, ethylene 
glycol, n-propanol, acetic acid, or nitrobenzene, the reactions were not 
detectable until much higher temperatures (185 to 226OC) and the rates 

were 0.01 to 0.05 times as great. Results with uranium present show 

similar results for the effect of nitromethane. With Ni + Ce + Mn as 
nitrate salts, the temperatures required to initiate reaction were 24OoC 

for the same charge and 28OoC for a basic (NHbOB) solution. An NH4N03-NH40H 

solution did not show detectable decomposition at 286°C. 

The decomposition of the NHI+NO~ 



Table 4.4. 

Charge: 

P res su r i zed  Aqueous Reduct ion Decomposition of  NH,NO, 

2.0 l i t e r s  of  s o l u t i o n  c o n t a i n i n g  6.5 mol NH,NO, and 
2.7 o r  2 .0  mol HNO,. Charged t o  1 4 - l i t e r  au toc lave  
a t  20 t o  30°C wi th  0 . 1  MPa a i r  and 0 . 3  MPa A r  added 

Additional Feed Components 

Compound (mol) 

Temperature 

of Reaction ("C) 

NH4+ and Nitrite (mol) (mol/min) From From PR 
T R ~  - P(H,O) 

Product Solution, mol Gas Formed for Start Solution pH 

Feed Product 
Run Nitrate Total Maximum Rate 

b 

Nitromethane 

Nitromethane 

Methyl alcohol 

Ethylene glycol 

n-propanol 

CH3COOH 

Nitrobenzene 

Ni + Ce + Mn 
CH30H 

Ni + Ce + Mn 

d 
NH4 OH 

NH 4OH 

2.0 

2.0 

2.0 

1.35 

1.0 

2.0 

0.2 

0.1 
0.3 

0.2 
3.0 

2.0 

0.7 0.70 <0. 01 3.81 

0.77 (0.01 3.61 

0.63 0.71 2.3 4.8 

0.84 0.83 4.2 

0.60 0.34 1.7 3.4 

0.43 2.3 4.4 

0.75 0.70 3.4 6.2 

8.45 0.85 <0. 1 1.9 

9.4 8.6 Unchanged 

11.0 

10.6 

6.4 

9.1 

6.9 

6.1 

4.0 

3.2 

8.1 

0 

3 

3 

0.04 

0.14 

0.08 

0.06 

0.03 

0.03 

2 

0 

114 110 

115 115 

e 185 

e 192 

e 191 

e 226 

e 202 

e 240 

2 76 280 

No reaction to 
286°C 

aFrom change of  slope on Temperature Recorder Chart. 

bPressure recorder reading minus vapor pressure of H20. 
e 

dNo HN03 in feed for Run C2. 

Not detectable; that is, change in slope is too small T o  see. 

C26 

C2 5 

C17 

c22 

C13 

C14 

C24 

c7 

c4 

c2 
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These results from batch autoclave tests indicate that pressurized 

aqueous reduction type processes could be used at moderate pressures. 

The chemical flowsheet conditions do not appear to be corrosive to 

stainless steel. For operation at 0.7 MPa and 170°C, the stainless 

steel process equipment would be of conventional design. 

logical to use continuous letdown of reaction products and recycle of 

concentrated solution from a distillation. Then the only waste streams 

are gases and the water from the distillation. 

It appears 

4 .2 .2  Resin Carbonization (Secondary Subtask 513) - R. R. Suchomel 

The objective of this subtask is to develop equipment and processes 

for carbonizing weak-acid-resin (WAR) microspheres. The carbonization 

process consists of controlled heating of resin previously loaded with 

uranium. Such heating is performed in the absence of oxygen and causes 

evolution of volatile constituents. After heating to about 6OO0C, the 

carbonized microspheres consist of U02 finely dispersed in a carbon 

matrix. This material can then be heated to 1600 to 1800°C to convert 
the desired fraction of UO2 to UC2. This later operation is called 

conversion. Both operations are conducted in fluidized beds levitated 

with argon. 

4 .2 .2 .1  Radiolysis Effects on Resin Carbonization - Hot Laboratory - 
J M Robbins and W. P. Eatherly 

An experiment to assess the possible effects of self-radiolysis on 
subsequent chemical conversion and reduction of two polyacrylic acid 

resins fully loaded with 

report period. 

Technology, Analytical Chemistry, and Metals and Ceramics Divisions. 

The overall description and experimental rationale is given in 

Sect. 4.2.1.2 of this report. Here, we discuss the testing procedures 

and measurements to which the materials were subjected together with 

data evaluation and conclusions. 

3U was essentially completed during this 

The experiment was a cooperative effort of the Chemical 
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* 
The a s - r ece ived  tes t  mater ia ls  w e r e  b o t h  Amber l i te  IRC-72 and 

+ 
D u o l i t e  C-464' c a t i o n  exchange r e s i n s  t h a t  had been f u l l y  loaded w i t h  

2 3 3 U  from u r a n y l  n i t r a t e  s o l u t i o n .  Samples of t h e  s a m e  r e s i n s  s i m i l a r l y  

loaded  w i t h  238U w e r e  p rocessed  as c o n t r o l s .  

samples had been d r i e d  a t  llO°C f o r  16  h r  b e f o r e  rece ip t  and w e r e  handled 

e x c l u s i v e l y  i n  a n  iner t -a tmosphere  box i n  subsequent  o p e r a t i o n s .  

The uranium-loaded WAR 

The d r i e d  WAR samples were s u b j e c t e d  t o  t h e  fo l lowing  o p e r a t i o n s  and 

examinat ions :  

1. A 35-mm f i l m  w a s  made of each sample b e f o r e  and a f t e r  c a r b o n i z a t i o n  

and convers ion  f o r  comparison. 

2 .  A tapped d e n s i t y  w a s  de te rmined  on each t o t a l  sample b e f o r e  and 

a f t e r  c a r b o n i z a t i o n  and convers ion .  

3 .  Each sample w a s  rad iographed  b e f o r e  and a f t e r  c a r b o n i z a t i o n  and 

convers ion  so t h a t  s i z e  and shape  of  t h e  p a r t i c l e s  could be determined.  

4 .  The t o t a l  sample w a s  carbonized  a t  9OOOC then  p a r t i a l l y  conver ted  

t o  UC;! a t  1 5 0 O O C  f o r  20 min. The a rgon  f low w a s  c o n t r o l l e d  t o  g i v e  

about  39% convers ion .  

be c o n t r o l l e d  by a rgon  f low rate .  

Earl ier  work3 had i n d i c a t e d  t h a t  convers ion  might 

I n  a d d i t i o n  t o  t h e  above procedures ,  t h e  fo l lowing  o p e r a t i o n s  and 

e v a l u a t i o n s  w e r e  done a f t e r  c a r b o n i z a t i o n  and convers ion:  

1. D u p l i c a t e  samples w e r e  r i f f l e d  f o r  carbon t o  uranium r a t i o  

d e t e r m i n a t i o n s  so t h e  conve r s ion  could  be c a l c u l a t e d .  Oxygen c o n t e n t  

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

2. Crushing s t r e n g t h  w a s  measured so  t h a t  samples could  be  compared. 

3. The samples w e r e  shape-separated and pe rcen tage  r e j ec t s  c a l c u l a t e d  

t o  d e t e c t  d i f f e r e n c e s  between samples .  

R i f f l e d  a r c h i v e  samples and a l l  excess material  w e r e  s t o r e d  i n  a 

g love  box under  a c o n s t a n t l y  monitored atmosphere t h a t  con ta ined  less 

than  2 ppm mois tu re  and less than  6 ppm 0. The expe r imen ta l  work f o r  

t h i s  p r o j e c t  has been completed and t h e  f i n a l  r e p o r t  is  be ing  d r a f t e d .  

Therefore ,  o n l y  a summary of t h e  conc lus ions  w i l l  be  p re sen ted  h e r e ,  and 

t h e  expe r imen ta l  d a t a  w i l l  be  reserved f o r  p r e s e n t a t i o n  i n  t h e  f i n a l  

ORNL r e p o r t .  

-I( 
Trademark of Rohm & Haas Corpora t ion .  

',Trademark of  Diamond-Shamrock Corpora t ion .  
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A t a p  d e n s i t y  v a l u e  w a s  ob ta ined  bo th  b e f o r e  and a f t e r  convers ion  

by measuring t h e  volume of a weighed charge  of t h e  p a r t i c l e s  i n  a graduated  

c y l i n d e r .  A vo lumet r i c  packing f r a c t i o n  of 60 v o l  X w a s  used t o  conve r t  

t h e  observed appa ren t  volume t o  a t r u e  volume. 

One s i g n i f i c a n t  e f f e c t  found i n  ana lyz ing  t h e  tapped d e n s i t y  

measurements w a s  a n o t i c e a b l e  dec rease  i n  t h e  

d e n s i t y ,  bo th  b e f o r e  and a f t e r  convers ion ,  when t h e  p a r t i c l e s  w e r e  s t o r e d  

i n  t h e  f u l l y  w e t  cond i t ion .  S t a t i s t i c s  suppor t  t h e  conc lus ion  t h a t  t h e  

d e n s i t i e s  of t h e  d r i e d  r e s i n s  are  una f fec t ed  by s t o r a g e  as d r i e d  o r  

p a r t i a l l y  d r i e d  r e s i n ,  b u t  dec rease  w i t h  t i m e  when s t o r e d  under water. 

T h i s  dec rease  i n  d e n s i t y  w a s  n o t  ev iden t  i n  t h e  wet-s tored 238U-loaded 

r e s i n  p a r t i c l e s .  

3U-loaded p a r t i c l e  

Before and a f t e r  convers ion  t h e  p a r t i c l e  d i ame te r s  were measured 

S t a t i s t i c a l l y ,  w i th  a microscope having a c a l i b r a t e d  f i l a r  eyepiece .  

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

p a r t i c l e  d iameter .  The d i s t r i b u t i o n  of p a r t i c l e  d i ame te r s  i s  too  broad 

t o  r e f l e c t  t h e  observed d e n s i t y  d i f f e r e n c e s  i f  such were t o t a l l y  

a t t r i b u t a b l e  t o  k e r n e l  volumes. 

Both b e f o r e  and a f t e r  convers ion  each material  w a s  photographed w i t h  
* a 35-mm camera loaded w i t h  Plus-X Pan f i l m ,  No obvious e f f e c t s  of 

s t o r a g e  t i m e  and c o n d i t i o n s  were appa ren t  on any materials u n t i l  t h e  

samples s t o r e d  longe r  than  t h r e e  months were examined. I n  t h e s e  samples,  

some of t h e  238U-loaded k e r n e l s  darkened re la t ive  t o  t h e  u s u a l  l i g h t  

ye l lowish  o r  brownish c o l o r .  This  gave t o  t h e  p a r t i c l e s  a "sa l t  and 

pepper" e f f e c t ,  which inc reased  i n  i n t e n s i t y  w i t h  inc reased  wetness  

du r ing  s t o r a g e .  

However, t h e  s u r f  ace of t h e  k e r n e l s  degraded i n  t h e  3U-loaded samples 

s t o r e d  longe r  than  t h r e e  months i n  t h e  f u l l y  s a t u r a t e d  c o n d i t i o n .  Th i s  

deg rada t ion  w a s  f a r  more severe f o r  t h e  D u o l i t e  r e s i n  than  f o r  t h e  

Amberl i te ,  and w a s  r e f l e c t e d  as a n  extreme d u s t i n g ,  which prevented  

p rocess ing  of t h e  material. 

The 233U-loaded k e r n e l s  d i d  n o t  show t h i s  phenomenon. 

* 
Trademark of Eastman-Kodak Corpora t ion .  
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These materials were carbonized and converted as a single operation 

in a fluidized bed furnace. Each sample was identically processed as 

nearly as possible. After the sample was fluidized in the furnace tube 

with argon, the temperature was increased from ambient to 25OoC at 10"C/min, 

from 250 to 500°C at 2"C/min, and from 500 to 900°C at 20°C/min. 

point carbonization was considered complete. Then the temperature was 

brought rapidly to 1500°C (approximately 200°C/min) to partially convert 

the uranium to UC2. The argon flow was adjusted to the proper flow to 

obtain about 39% conversion in 20 min. After conversion, the material 

was cooled and stored under argon. 

At this 

A subject of considerable concern has been the ability to predict 
the conversion level of a batch of material before heat treatment. The 

data used to predict the conversion were those tabulated by Weber et al. 
Assuming that the observed conversion temperature was known perfectly, 

the range in the conversion level obtained with the Amberlite resin is 

statistically consistent with the predictions of ref. 3 .  However, 

Duolite tends to convert to higher levels than Amberlite under the same 

conditions. Although the conversion levels with Amberlite were 

statistically consistent with predictions, scatter in the results was 

far beyond that expected from the accuracy and precision of the chemical 

analyses for carbon and uranium. Hence, the question still remains open 

whether the poor predictability is attributed to oxygen concentrations 

calculated from differences (doubtful), to lack of process control 

(probable), or both. There was no discernible difference in conversion 
levels for 3U- and 38U-loaded resins under these conditions, 

3 

Analyses showed no differences in carbon and uranium concentrations 

attributable to time and storage conditions. The 233U- and 38U-loaded 

resins were the same, and, even in the fully saturated stored conditions, 

negligible uranium was lost in the supernatant liquid. 

Particles from each sample of  material were shape separated on a 
vibrating inclined plane with presumably the same conditions used for 

each sample. The particles were weighed and the percentages rejected 

were compared from batch to batch. The data were too widely scattered 

to permit any conclusions whatsoever. 
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Crushing strength was determined by loading single particles between 

two platens until crushing occurred. This load was transmitted to a 

force gage equipped with a dial indicator for readout. Data were widely 

scattered, but some differences were statistically significant. Although 

there were individual exceptions, there appeared to be a definite trend 

for the materials stored dry (%lo% moisture) and intermediately wet 
(10-15% moisture) to become weaker than the material that was stored 

under water. Some indications indicated that this was true for both 

3U- and 38U-loaded resins. 

Since the total dosage in rads has not yet been calculated, it is 

necessary to use storage time in months as an indication of self-radiolysis. 

It should be kept in mind this material contained 7 ppm 232U, and hence 

the dose ra te  was small. For less isotopically pure materials, the time 

for equivalent dose would be much reduced. With this stipulation, the 

following conclusions can be drawn: 

1. Contrary to previous claims, it appears Duolite and Amberlite 

convert with different activation energies. This experiment was not 

specifically designed to determine activation energies, and hence this 

conclusion requires verification. 

2. Storage in dried, intermediate, or wet conditions up to three 

months leads to marginally discernible differences in the final converted 
kernels. However, these differences should not affect the final coated- 

particle behavior. 

3 .  Storage under wet conditions for six months leads to serious 
surface degradation, with dust being generated from the deteriorating 

surface. 

l o s s  of uranium from the process stream. 

At the very least this would lead to furnace contamination and 

Parts of this experiment were performed with fewer tests than 

desirable for statistical reliability. However, there is little 

incentive for additional experimentation at the present time, as the 

medium-enriched fuel cycle -which makes use of a sol-gel fuel kernel - 
is expected to become the reference for refabrication. 

conclusion from this work is nonetheless valid. It is quite apparent 
that limited time storage of the loaded resin does not lead to serious 

deterioration of the product kernel. 

The major 
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4.2.2.2 Equipment Development - Cold Engineering - R. R. Suchomel 
Testing of the 0.23-m-diam (9-in.) furnace system capable of 

carbonizing batches of up to 8 kg of loaded resin (approximately 4 kg U) 
continued. Though not prototypic for hot-cell operation, this system 

was designed to provide long-term cold operating experience with the 

resin carbonization process using full-scale equipment. The results of 

a series of runs performed to confirm the design of this furnace are 

reported in Sect. 4.2.2.3. Operation of the carbonized particle argon 

transfer loop, which transfers particles into and out of the 0.23-m-diam 

carbonization furnace, was also continued. This loop is depicted schemati- 

cally in Fig. 4.2. The uncarbonized batch of loaded resin is manually 

loaded into a transfer hopper (left of figure), pneumatically transferred 

to a receiving hopper above the furnace, and then gravity-fed into the 

reaction chamber. Upon completion of carbonization, the fluidizing gas 

is turned off and the bed of carbonized particles drains by gravity into 

another transfer hopper below the furnace. From here, the particles are 

pneumatically transferred under argon to a collection hopper above an 

argon-atmosphere glove box, where they are allowed to cool. They are then 

drained by gravity into the box for inspection, sampling, upgrading, and 

subdivision into smaller batches before being forwarded to other furnaces 

for conversion and coating. 

Tests on the system indicate transfers are made with little or no 

material retention or damage to the particles. Resin is typically 

unloaded from the furnace and transferred at temperatures from 300 to 

600°C. 

high temperatures was designed, built, and successfully tested in the 

transfer hopper below the furnace. The level indicator ensures complete 

transfer of a batch of particles. While each step in the transfer 

process is manually actuated by a switch, the actual sequencing of the 

steps is cclntrolled by a programmable logic controller, which continuously 

monitors the system and provides sufficient interlocks to virtually 

eliminate operator error.. 

A special particle-level indicator capable of withstanding such 
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Fig. 4.2. Resin Carbonization Furnace Loop. 

4.2.2.3 Process Development - Cold Engineering - R. R. Suchomel and 
J. A. Carpenter, Jr. 

One investigation completed this year was a differential thermal 

analysis-thermogravimetric analysis-mass spectrometer observation of 

the carbonization of weak-acid-resin microspheres. 

For this experiment, specimens of uranium-loaded Amberlite IRC-72 

weak-acid-resin microspheres were pyrolyzed to 80OOC under dynamic heating 
conditions in vacuum or under an atmosphere of flowing argon. The vacuum 

pyrolyses were investigated by TGA and mass spectrometry, while the 

argon-atmosphere pyrolyses were observed by TGA and DTA. 
have been interpreted according to the following model for the 

decomposition process in 0.1 MPa (1 atm) of flowing argon: 

The results 

1. The initial step is the endothermic liberation of water adsorbed 

and absorbed in the pores of the resin. This occurs between about 80 and 

230OC. The amount of water evolved and, therefore, the magnitude of the 

endotherm depend upon the amount of water left in the resin following 

the postloading drying step. 
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2. The next step is probably the loss of water of hydration of the 

uranyl ion. 

360°C. A large endotherm also occurs in this range and may be associated 

with the hydrate water evolution. 

structural rearrangement following the breaking of bonds that allows the 

evolution of CO2 as noted in step 3 below. 

This step begins at about 260 or 280°C and concludes near 

It may also be associated with a 

3. Evolution of CO2 begins in the range mentioned in step 2 but 

continues to higher temperatures of about 420°C. This CO;! is probably 

the intact emission of what were the carboxyl radicals. 

4. Toward the end of the CO2 evolution range, around 38OoC, the 

emission of single-benzene-ring compounds begins and continues up to 

perhaps 450 or 460°C. The source of these single-benzene-ring compounds 

is probably the divinylbenzene cross-links and the ethylstyrene associated 

with them. 
5. At about 450°C an endotherm occurs. It maximizes near 480°C and 

is complete near 520°C. This is probably due to a structural rearrangement 

following the l o s s  of the benzene rings associated with the divinylbenzene 

and the ethylstyrene. 

6. Above about 5OO0C, but continuing up to 8OO0C, large quantities 

of hydrogen are evolved. The source of this is undoubtedly the hydrogen 

associated with the carbon atoms in the main polymer chain. This completes 

t h e  c a r b o n i z a t i o n  of t h e  r e s i n .  

Also in this working period a report was written describing investi- 

gations of breakages of uranium loaded microspheres. 2 3  

of significant particle failure occurred with a batch of Amberlite IRC-72 

resin loaded with uranium by the UO3 method. 

experiments, a relatively small percentage of resin-form microspheres 

broke, and about half of the microspheres in the batch broke during 

carbonization. Intra-particle variations in uranium concentration and 

resin structure were observed. 

structural abnormalities that resulted from an improper step in the 

manufacture of the resin microspheres. 

The first instance 

During pneumatic transfer 

The cause of  the failure was probably 

The second failure occurred during the carbonization and conversion 

of a batch of Duolite C-464 weak-acid resin loaded by the ammonia 

neutralization method. We observed intra-particle variations in uranium 



10 7 

concentration and believe that the failure was caused by an overloading 

condition in which uranium compounds precipitated in the resin pores. 

These two batches of resin are the only ones to fail out of many 
batches of uranium-loaded weak-acid resin observed to date; all the 

others have performed well. The results of this experiment clearly 

indicate that the effects of abnormalities may not appear until well 

after the resin is loaded. Therefore, for any large-scale loading 

operation we recommend that appropriate quality control measures and 

inspection, such as were performed in this study, be implemented to 

prevent the waste of carbonizing and converting defective batches. 

Another important step in the confirmation testing of the carbonization 

process was taken when a series of ten carbonization runs using uranium- 

loaded weak-acid resin in the 0.23-m carbonization furnace was completed. 

These runs were made to confirm the configuration of this furnace for 

processing large batches (6 kg) of loaded resin. During these runs the 

response of the furnace to variations in fluidization gas flow rates, 

active heating zone length, and furnace element heating rates was 

investigated. 

Results from the first nine runs were combined in the tenth run to 

produce an optimized carbonization run in this furnace. This run should 

serve to provide the reference conditions for this furnace. The run 

was made under the assumption that the heating rate through the critical 

range, 350 to 450°C, had to be held to 2OC/min. A l s o ,  the furnace was 

preheated to 25OoC before batch loading to simulate furnace conditions 

during a campaign when the furnace would not be completely cooled between 

runs. Process conditions for this run were as follows. All three sections 

of the heating zone were used. This assured good thermal response at 

higher temperatures. Fluidization gas was systematically reduced during 

the run as the batch was devolitized. The initial flow of 4.0 std liters/s 

(8.5 scfm) Ar was ultimately reduced to a flow of 1.1 std litersls 

(2.4 scfm) at the higher temperatures. Furnace heating rates of 2, 4 ,  

and 8'C/min were employed during the run t o  minimize process time outside 

the "critical range. ' I  
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This  run e s t a b l i s h e d  t h a t  t h e  r e f e r e n c e  p rocess  i n  t h i s  f u r n a c e  w i l l  

r e q u i r e  about  6 .5  h r  t o  complete.  Of t h i s  t i m e ,  40 min is r e q u i r e d  t o  

d r i v e  o f f  t h e  water, 2 h r  i s  needed t o  h e a t  t h e  ba t ch  from 100 t o  750"C, 

and t h e  remain ing  t i m e  i s  t aken  f o r  t h e  fu rnace  t o  c o o l  down t o  250"C, 

a t  which p o i n t  ano the r  b a t c h  could  be  loaded.  

4 .2 .3  Microsphere Coating (Secondary Subtask  513) - D. P .  S t i n t o n  

The microsphere  c o a t i n g  sub ta sk  h a s  as i t s  o b j e c t i v e  t h e  development 

of equipment and p rocesses  n e c e s s a r y  f o r  t h e  remote c o a t i n g  of HTGR f u e l  

p a r t i c l e s .  W e  w i l l  o b t a i n  t h e  d a t a  necessa ry  t o  d e s i g n  and o p e r a t e  a 

commercial-scale remote c o a t i n g  system. Microsphere c o a t i n g  i s  s e p a r a t e d  

i n t o  t h e  fo l lowing  areas: 

1. p a r t i c l e  c o a t i n g ,  which c o n s i s t s  of t h e  conve r s ion  of t h e  d e s i r e d  

f r a c t i o n  of t h e  U 0 2  i n  t h e  k e r n e l  t o  UC2 fo l lowed by t h e  d e p o s i t i o n  

of porous and dense  carbon c o a t i n g s  as w e l l  as v e r y  h igh -dens i ty  

s i l i c o n  c a r b i d e  c o a t i n g s ;  

2 .  e f f l u e n t  t r e a t m e n t ,  which r e n d e r s  t h e  e f f l u e n t  from carbon and s i l i c o n  

c a r b i d e  c o a t i n g  o p e r a t i o n s  i n t o  forms s u i t a b l e  f o r  d i s p o s a l ;  

3 .  par t i c l e  hand l ing ,  which i n c l u d e s  weighing, b a t c h i n g ,  t r a n s f e r r i n g ,  

c l a s s i f y i n g ,  sampling, and s t o r i n g  of k e r n e l s  and coa ted  p a r t i c l e  

b a t c h e s .  

The equipment be ing  developed t o  remote ly  coat r e c y c l e d  HTGR f u e l  

i n c l u d e s  a f l u i d i z e d  bed t o  d e p o s i t  t h e  carbon and s i l i c o n  c a r b i d e  

c o a t i n g s .  The r e f e r e n c e  f i s s i l e  p a r t i c l e  c o a t i n g s  c o n s i s t  of a low-density 

b u f f e r ,  a dense  carbon l a y e r ,  a l a y e r  of s i l i c o n  c a r b i d e ,  and a dense  

o u t e r  carbon c o a t i n g .  The f i s s i l e  k e r n e l  i s  ob ta ined  by l o a d i n g  uranium 

on to  a r e s i n  bead ( S e c t .  4 . 2 . 1 ) ,  c a r b o n i z i n g  a t  a rate of about  2"C/min 

up t o  abou t  600°C t o  remove v o l a t i l e s  (Sec t .  4 .2 .2 ) ,  and c o n v e r t i n g  t h e  

d e s i r e d  f r a c t i o n  of  U 0 2  i n  t h e  carbon m a t r i x  of t h e  k e r n e l  t o  U C 2 .  

Conversion r e q u i r e s  h igh  t e m p e r a t u r e s  ( 1 6 0 ~ 1 8 O O 0 C ) ,  and t h e r e f o r e  i t  

is  performed i n  t h e  s a m e  f u r n a c e  as t h a t  used f o r  c o a t i n g .  Our 0.13-m-diam 

c o a t i n g  f u r n a c e  used f o r  conve r s ion  and c o a t i n g  has  been d e s c r i b e d  

p r e v i o u s l y ,  Major e f f o r t s  d u r i n g  t h e  y e a r  i nc luded  modifying several 2 4 , 2 5  
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components of the coating equipment, procuring and testing new equipment 

for remotely loading and unloading the furnace, and developing a better 

understanding of the deposition of the carbon and silicon carbide layers. 

4.2.3.1 Equipment Development - Cold Engineering - R. R. Suchomel, 
J. L. Heck, J. E. Mack, B. J. Bolfing, and S. R. McNeany 

The main emphasis of equipment development has been on installation 

of the remote coater loop. As an addition to be incorporated into the 

existing 0.13-m coating system, this equipment will automatically unload 

a batch of coated particles. It also will weigh the batch with an 

accuracy of 0.1% and extract a sample. In addition, a used coating 

crucible can be replaced. All the coater loop operations will be 
controlled through a programmable logic controller. This equipment is 

illustrated in Fig. 4.3. 

The coater loop has been designed to meet requirements anticipated 

for future full-scale systems. The equipment will be contained under 

an inert atmosphere because the kernels and buffer-coated particles 

are pyrophoric, and the system will have the capability of handling 

particles as hot as 600OC. 

cooled with perchloroethylene (C2C14) to demonstrate the use of a 

nonhydrogenous coolant. During this reporting period, all components 

of the coater loop were installed in a mockup assembly and tested. This 

test verified the operability of the components and confirmed the logic 

of the programmable controller. During extended mockup operation, the 
equipment performed very satisfactorily. 

Also, the gas injector assembly is to be 

The mockup unloader loop w a s  disassembled and incorporated into 

the existing 0.13-m coating furnace system. This equipment consists 

of the following components: gas injector, seal plate, crucible elevator, 

manipulator, scalping screen, inert atmosphere enclosure, crucible airlock, 

pneumatic transfer hoppers, and particle sampler. The operation of two 

types of samplers and the results of the comparative testing have been 

reported26 (see Sect. 4.2.4.5). 

because it has been modified and is being tested. The wiring and 

programming associated with the programmable logic controller have been 

completed. The entire coater loop and programmable logic controller are 

presently being tested. 

A batch weigher is awaiting installation 
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The self-cleaning connection pipe2 between the 0.13-m coating 

furnace and its effluent scrubber has continued to work very well. 

Because of the success of this technique, an entire disentrainment 

section of the coater was designed and fabricated to keep the inner 

walls of the disentrainment chamber free of soot. The porous disen- 

trainment chamber was installed and has worked well for a limited number 

of runs. 
A report entitled Development of a Pneumatic Transfer System for 

HTGR Recycle Fuel Particles2' was published by J. E. Mack and D. R. Johnson 
The abstract and summary of the report are as follows. 

Abstract 

In support of the High-Temperature Gas-Cooled Reactor 
(HTGR) Fuel Refabrication Development Program, an experimental 
pneumatic transfer system was constructed to determine the 
feasibility of pneumatically conveying pyrocarbon-coated fuel 
particles of Triso and Biso designs. Tests were conducted 
with these particles in each of their nonpyrophoric forms to 
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determine pressure drops, particle velocities, and gas flow 
requirements during pneumatic transfer as well as to evaluate 
particle wear and breakage. The results of this study indicated 
that the material can be pneumatically conveyed at low pressures 
without excessive damage to the particles or their coatings. 

Summary 

A low-pressure [ l o 0  to 200 kPa (0 to 15 psig)] pneumatic 
transfer system has been developed for conveying HTGR fuel 
microspheres for application in a remote refabrication facility. 
Particles in each of their nonpyrophoric stages, ranging in 
diameter from 500 to 800 um with densities of 1.7 to 4.4 g/cm3. 
were pneumatically conveyed in batches of 1 to 2 kg between 
specially designed hoppers through 30 m of 12.6-mm-I.D. 
type 304 stainless steel tubing, at an average rate of %l kg/min. 
Minimum airflow requirements were determined for each particle 
type. Average particle velocities ranged from 5 to 15 m/s 
as measured with photoelectric sensors, while airflow ranges 
from 1 to 3 liters/s (2 to 6 scfm). Phenomenological equations 
were successfully developed for vertical and horizontal 
transfer. Analysis of samples taken from batches transferred 
many times indicated minimal damage to the particles and 
their coatings. 

Operation of the essential components was demonstrated, 
and auxiliary equipment such as diverter valves, bidirectional 
transfer and collection hoppers, particle level monitors, and 
particle flow meters are currently being developed. 

This technology has been applied to the design, construction, and 

successful operation of a pneumatic conveying system supplying bare 

uranium-load resin to a carbonization furnace and then transferring the 

pyrophoric carbonized kernels from the furnace to a glove box under 

inert-atmosphere protection. The system has been in operation since 

September 1976. A second system is being installed for interlaboratory 

transfer of the carbonized resin to a coating furnace. This will include 

two 30-m-long horizontal runs, approximately 3 m of vertical run, a 5-m- 

long vacuum transfer run, and a 30-m-long loose particle sample vacuum 

transfer run. This system is scheduled for operation in June 1978. 
During the reporting period a device was designed, constructed, and 

tested to evaluate the feasibility of monitoring hydrogen buildup in 

initially pure nonhydrogenous liquids. The purpose of the monitor would 

be to detect high levels of hydrogen content in the perchloroethylene ( C 2 C 1 4 )  
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based off-gas scrubbers used on the particle carbonization and coating 

furnaces. Detection of high hydrogen content is important to prevent a 
criticality accident that could occur if the scrubber system plugged up 

and hydrogenous material overflowed into the furnace. A report detailing 

the work has been drafted and will be issued shortly. 

The measurement technique used is based upon the neutron moderating 

capability of hydrogen. A fast-neutron source is placed at the center 

of a sample solution and a BF3 neutron detector is placed just out- 

side the sample. Since hydrogen is very effective at slowing down 
neutrons and because a BF3 detector is more efficient at detecting slow 

than fast neutrons, then higher hydrogen contents in sample solutions 

lead to higher count rates in the detector. In our case, adding 10 wt % 

kerosene to the perchloroethylene solution tripled the detector count 

rate. 

Linde molecular sieve 13X has been found to be effective for the 

removal of perchloroethylene vapors from the effluent gas stream of the 

pyrocarbon coating facility. The effluent gas stream was sampled 

repeatedly before and after the molecular sieve trap. There was some 

memory of perchloroethylene in the sampling lines, so the absolute 

efficiency could not be determined. Further tests will be made to 

determine the efficiency and capacity of the trap. 

4.2 .3 .2  Process Development - Cold Engineering 

4 . 2 . 3 . 2 . 1  Conversion, D. P. Stinton and S. M. Tiegs. During the 

manufacture of HTGR fuel, the fissile microspheres undergo a conversion 

process in which UO2 reacts with the carbonized resin matrix to form UC2. 

Carbon monoxide (CO) is an effluent from this process, which is carried 

out at approximately 1700°C in argon. 

containing from approximately 15 to 60% UC2 has been found to give the 
best irradiation performance. Therefore, careful control of the 

conversion reaction and accurate knowledge of the kernel conversion 

level is important. To date, only an average of the kernel conversion 

level for a batch of particles has been obtainable by analytical chemistry 

A partially converted kernel 
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and x-ray techniques. It is also important to know the variation in 

conversion level from particle to particle within a batch so that the 

range of compositions for a batch is known. To determine this particle- 

to-particle conversion level variation is the goal of this project. 

The first technique tried for determining the conversion level of 

single kernels was x-ray diffraction. Initially, four kernel batches 

spanning a wide range of conversion levels, as determined by chemical 
analysis, were sampled. Three kernels from each of the batches of 

interest were sealed in soft-glass capillaries, and Debye-Scherre x-ray 

diffraction patterns were made with monochromatic Cu Ka radiation. The 

films were then measured with a precision microdensitometer to determine 

the diffracted intensity versus position of the strongest peak of each 

of the compounds U02, UC2, and UC, 

The x-ray conversion level analyses were all higher than results 

from previous chemical analyses of the kernel batches. The x rays may 

have only penetrated and given compositions for the outer surfaces of 

the kernels. This indicates that the conversion reaction may be proceeding 

to higher levels in the outer portions of the kernels and that there 

may be a conversion level gradient across the kernels. This is possibly 

due to the diffusion rate of CO during the conversion process. To 

determine if these results were indeed due to intra-kernel inhomogeneity, 

x-ray samples were prepared with crushed kernels from the original 

batches. Analyses gave conversion level values much closer to those from 

the chemical analyses but still slightly higher than expected. 
Metallographic specimens were prepared from several batches spanning 

a wide range of conversion levels to determine if any phase boundaries 

between uranium oxide and uranium carbide were optically apparent. 
the samples revealed kernel structures consisting of concentric rings 

of varying appearance. This tended to confirm the belief that kernels 

are inhomogeneous and contain a conversion level gradient. Therefore, 

future work will be concentrated on examination of the cross sections of 

kernels by instruments that can detect oxygen concentrations. The ion 

microprobe mass analyzer (IMMA) and the Auger electron spectrometer (AES) 
have this capability. 

Etching 
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4.2.3.2.2 Coat ing i n  0.13-m Furnace,  D. P. S t i n t o n .  The f i r s t  

c o a t i n g  a p p l i e d  t o  b o t h  f e r t i l e  and f i s s i l e  p a r t i c l e s  i s  t h e  b u f f e r  

l a y e r .  Improvements i n  t h e  b u f f e r  c o a t i n g  p r o c e s s  have been d e s c r i b e d  

i n  several p rev ious  p r o g r e s s  r e p o r t s .  29,30 

The second l a y e r  a p p l i e d  t o  bo th  f i s s i l e  and f e r t i l e  p a r t i c l e s  i s  

t h e  low-temperature i s o t r o p i c  ( L T I )  c o a t i n g .  A l l  r e c e n t  c o a t i n g  develop- 

ment h a s  used a contoured porous-p la te  gas  d i s t r i b u t o r  r e f e r r e d  t o  as 

a f r i t 3 1  (F ig .  4 . 4 ) .  

A r e p o r t 3 2  summarizes t h e  r e c e n t  development of t h e  f r i t .  A com- 

p a r i s o n  of equipment,  p r o c e s s  r e sponses ,  and product  q u a l i t y  showed t h a t  

a new m u l t i p l e - i n l e t  porous-p la te  gas  d i s t r i b u t o r  i s  p r e f e r r e d  ove r  a 

s i n g l e - i n l e t  c o n i c a l  gas  d i s t r i b u t o r  f o r  c o a t i n g  HTGR f u e l  p a r t i c l e s .  

P r i n c i p a l  advantages  of t h e  porous p l a t e  d i s t r i b u t o r  are  s i m p l i c i t y ,  

a s s u r a n c e  t h a t  p a r t i c l e s  w i l l  n o t  d r a i n  from t h e  c o a t e r  d u r i n g  u p s e t  

c o n d i t i o n s ,  improved material a c c o u n t a b i l i t y ,  and more uniform g a s  

d i s t r i b u t i o n  l e a d i n g  t o  s u p e r i o r  c o a t i n g  p r o p e r t i e s .  P r o p e r t i e s  t h a t  are  

ORNL-DWG 75-4464 

L POROUS CARBON L GRAPHITE RI M 
Fig .  4 .4 .  Porous-Pla te  Gas D i s t r i b u t o r .  
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improved are p a r t i c l e  s p h e r i c i t y ,  L T I  i s o t r o p y ,  L T I  t h i c k n e s s  s t anda rd  

d e v i a t i o n ,  L T I  m i c r o s t r u c t u r e ,  and L T I  and S i c  d e f e c t i v e  f r a c t i o n .  The 

new d i s t r i b u t o r  appea r s  f e a s i b l e  f o r  scale-up t o  commercial-size c o a t i n g  

f u r n a c e s  because h igh -qua l i ty  c o a t i n g s  w e r e  d e p o s i t e d  i n  bo th  0.13- and 

0.24-m-diam c o a t i n g  fu rnaces .  

A second r e p o r t 3 3  summarizes t h e  r e s u l t s  o f  a s t a t i s t i c a l l y  des igned  

experiment  performed i n  a 0.13-m c o a t e r .  Th i s  work s t u d i e d  t h e  i n f l u e n c e  

of several impor tan t  p rocess  v a r i a b l e s  on p e r m e a b i l i t y  and a n i s o t r o p y  

of t h e  L T I  l a y e r  of Biso-coated HTGR f u e l  p a r t i c l e s .  P rocess  v a r i a b l e s  

t h a t  were cons idered  are d e p o s i t i o n  tempera ture ,  hydrocarbon type ,  d i l u e n t  

type ,  and pe rcen t  d i l u e n t .  The e f f e c t s  of several o t h e r  v a r i a b l e s ,  such 

as c o a t i n g  ra te  and d e n s i t y ,  t h a t  depend on t h e  p r o c e s s  v a r i a b l e s  w e r e  

a l s o  cons idered  i n  t h i s  a n a l y s i s .  The f r a c t i o n  of d e f e c t i v e  p a r t i c l e s  

w a s  c o n t r o l l e d  by t h e  dependent v a r i a b l e s  c o a t i n g  r a t e  and L T I  d e n s i t y .  

Coat ing ra te  a l s o  c o n t r o l l e d  t h e  a n i s o t r o p y  of t h e  L T I  l a y e r .  D i luen t  

t ype  and d i l u e n t  c o n c e n t r a t i o n  had o n l y  a s m a l l  i n f l u e n c e  on t h e  

d e p o s i t i o n  r a t e  of t h e  L T I  l a y e r .  High-qual i ty  p a r t i c l e s  i n  terms of 

a n i s o t r o p y  and pe rmeab i l i t y  can b e  produced by use  of a porous p l a t e  

gas  d i s t r i b u t o r  i f  t h e  c o a t i n g  ra te  i s  between about  3 and 5 pm/min and 

t h e  c o a t i n g  d e n s i t y  i s  between about  1 .75  and 1 . 9 5  Mg/m3. 

The ORNL porous p l a t e  gas  d i s t r i b u t o r  w a s  p r e v i o u s l y  t e s t e d  i n  

General  Atomic’s 0.24-m-diam HTGR f u e l  p a r t i c l e  d r y  c o a t e r .  Th i s  t es t  

showed t h a t  t h e  porous p l a t e  g a s  d i s t r i b u t o r ,  which has  shown ve ry  good 

performance i n  ORNL’s 0.13-m-diam c o a t e r ,  could be s u c c e s s f u l l y  s c a l e d  

t o  0.24 m i n  d iameter .  However, t h e  porous p o r t i o n  of t h e  gas  d i s t r i b u t o r  

became covered w i t h  s o o t  du r ing  t h e s e  c o a t i n g  runs .  T h i s  s o o t  bu i ldup  

was much worse t h a n  i n  r u n s  made i n  t h e  0.13-m-diam c o a t e r .  The s o o t  

d e p o s i t e d  mainly du r ing  b u f f e r  coa t ing .  This  i s  q u i t e  u n d e s i r a b l e  

because  t h e  f r i t  could o n l y  be used once,  and t h e  bui ldup  may i n t e r f e r e  

w i t h  subsequent  d e p o s i t i o n  of L T I  and S i c  c o a t i n g s .  

t r i p  t o  General  Atomic Company i n  1977, a n  experiment  w a s  des igned  t o  

r educe  t h e  amount of s o o t  depos i t ed  on t h e  f r i t  du r ing  b u f f e r  c o a t i n g .  

Th i s  experiment  examined t h e  e f f e c t  of va ry ing  t h e  d e p o s i t i o n  tempera ture  

of t h e  b u f f e r ,  t h e  t h i c k n e s s  of t h e  f r i t ,  and t h e  p o s i t i o n  of t h e  f r i t  

Before a second 
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r e l a t ive  t o  t h e  h o t  zone of t h e  f u r n a c e .  R e s u l t s  c l e a r l y  showed t h a t  t h e  

bu i ldup  of carbon on t h e  gas  d i s t r i b u t o r  could  b e  n e a r l y  e l i m i n a t e d  i f  

t h e  b u f f e r  w a s  d e p o s i t e d  a t  a low tempera ture  (1125OC) and i f  t h e  h e i g h t  

of t h e  gas  d i s t r i b u t o r  w a s  v a r i e d  r e l a t ive  t o  t h e  h o t  zone of t h e  fu rnace .  

Also,  t h e  t h i c k  (38-mm) f r i t  performed b e t t e r  t han  t h e  t h i n  (25-mm) f r i t .  

A l a r g e  experiment  w a s  performed t o  test  ORNL'S f r i t - t y p e  gas  

d i s t r i b u t o r  i n  General  Atomic's 0.24-m-diam c o a t i n g  fu rnace .  The experiment  

examined t h e  e f f e c t  of p r o c e s s  c o n d i t i o n s  on L T I  c o a t i n g  p r o p e r t i e s  f o r  

Biso-coated p a r t i c l e s .  The p r o c e s s  v a r i a b l e s  s t u d i e d  w e r e  d e p o s i t i o n  

tempera ture ,  t ype  of c o a t i n g  g a s ,  and t h e  f low rate  of c o a t i n g  gas .  

Varying t h e s e  d e p o s i t i o n  c o n d i t i o n s  produced c o a t i n g  rates between about  

3 and 5 pm/min. T h i s  w a s  determined t o  be t h e  optimum range  i n  work 

performed i n  t h e  0.13-m-diam c o a t e r  a t  OWL. The two t y p e s  of c o a t i n g  

gases  used w e r e  p ropylene  d i l u t e d  w i t h  50% A r  and a mix tu re  of 54% 

a c e t y l e n e  and 46% propylene  d i l u t e d  w i t h  67% A r .  Three d e p o s i t i o n  

tempera tures  and two f low rates  were s t u d i e d  f o r  each  t y p e  of  hydrocarbon 

gas .  F igu re  4 .5  shows t h e  v a r i a b l e s  and d e p o s i t i o n  c o n d i t i o n s .  Combi- 

n a t i o n s  of c o a t i n g  gas  and t empera tu re  w e r e  chosen t o  produce c o a t i n g  

d e n s i t i e s  i n  t h e  r ange  1.7 t o  2.0 Mg/m3. 

on 10-kg b a t c h e s  of 500-ym ThOz. Buf fe r  c o a t i n g  c o n d i t i o n s  w e r e  a l l  

i d e n t i c a l  and were determined by p rev ious  work a t  General  Atomic w i t h  

ORNL'S g a s  d i s t r i b u t o r  ( 1 1 2 5 O C ,  690 l i t e r s / m i n  C 2 H 2 ,  385 l i t e r s / m i n  Ar) .  

The d e s i r e d  c o a t i n g  t h i c k n e s s e s  w e r e  85 ym f o r  t h e  b u f f e r  and 75 um f o r  

t h e  L T I .  The r e s u l t s  of t h e  s t a t i s t i c a l l y  des igned  experiment  are  

ex t remely  encouraging because f o u r  h igh -qua l i ty  c o a t i n g s  i n  terms o f  

BAF (Bacon Aniso t ropy  F a c t o r ) ,  i n i t i a l  f r a c t i o n  of d e f e c t i v e  c o a t i n g s ,  

and p e r m e a b i l i t y  w e r e  produced. 

A l l  c o a t i n g  r u n s  w e r e  d e p o s i t e d  

The BAF r e s u l t s  (Table  4.5) from t h i s  experiment  were s t a t i s t i c a l l y  

ana lyzed  t o  de te rmine  what v a r i a b l e s  c o n t r o l l e d  BAF. The t h r e e  v a r i a b l e s  

t h a t  a f f e c t e d  BAF were t h e  type  of hydrocarbon g a s  used ,  t h e  d e p o s i t i o n  

tempera ture ,  and t h e  c o a t i n g  e f f i c i e n c y  ( f r a c t i o n  of  i n p u t  carbon t h a t  

ends up as c o a t i n g  on t h e  p a r t i c l e ) .  S u r p r i s i n g l y ,  c o a t i n g  rate d i d  n o t  

a f f e c t  t h e  BAF. Th i s  occur red  because such a narrow range  of c o a t i n g  

ra tes  (35 pm/min) w a s  examined. Coat ing e f f i c i e n c y  w a s  t h e  c o n t r o l l i n g  

v a r i a b l e  i n  t h e  narrow range  of c o a t i n g  ra tes .  Higher c o a t i n g  e f f i c i e n c i e s  
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VARIABLE 
TYPE OF 

HYDROCARBON 

ORNL-DWG 77-1 8509 

PROPYLENE 
A 

ACET 

FLOW RATE LOW HIGH LOW 

D 
LENE PROPYLENE 

LOW HIGH LOW HIGH LOW HIGH LOW HIGH LOW HIGH LOW HIGH 

Fig .  4.5. Experimental  P l an  f o r  Work i n  0.24-m Coater .  

produced lower BAF v a l u e s  (F ig .  4 .6) .  Other e f f e c t s  t h a t  were s t a t i s t i c a l l y  

s i g n i f i c a n t  are  t h a t  h ighe r  d e p o s i t i o n  tempera tures  produced lower BAF 

v a l u e s ,  and propylene-derived c o a t i n g s  had lower BAF v a l u e s  than  mixed- 

gas-der ived c o a t i n g s .  A l l  t h r e e  v a r i a b l e s  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  

a t  t h e  99% conf idence  level .  The e f f e c t  of bo th  d e p o s i t i o n  tempera ture  

and hydrocarbon type  on BAF were expected because s imi la r  r e s u l t s  w e r e  

found from experiments  i n  ORNL's 0.13-m c o a t e r .  3 3  

A s t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  (Table  4 .5)  showed t h a t  t h e  

f r a c t i o n  of d e f e c t i v e  L T I  c o a t i n g s  w a s  c o n t r o l l e d  by t h r e e  v a r i a b l e s .  

The v a r i a b l e  w i t h  t h e  l a r g e s t  i n f l u e n c e  w a s  d e p o s i t i o n  tempera ture .  

Higher d e p o s i t i o n  tempera ture  reduced t h e  f r a c t i o n  of d e f e c t i v e  p a r t i c l e s .  

The s t a t i s t i c a l  a n a l y s i s  a l s o  showed t h a t  hydrocarbon type  a f f e c t e d  t h e  

f r a c t i o n  d e f e c t i v e .  Propylene-produced c o a t i n g s  had cons ide rab ly  lower 

f r a c t i o n s  d e f e c t i v e  than  mlxed-gas c o a t i n g s .  The f i n a l  v a r i a b l e  w a s  

L T I  t h i c k n e s s .  A s  would be  expected,  t h i c k e r  c o a t i n g s  had fewer 

d e f e c t i v e  p a r t i c l e s .  

The c o a t i n g s  i n  t h i s  experiment were impermeable, as determined by 

long-term c h l o r i n e  l each .  Coat ings showed no i n c r e a s e  i n  t h e  f r a c t i o n a l  

release above t h e  i n i t i a l  v a l u e  (F ig .  4 . 7 ) .  Only one c o a t i n g  (5-639) w a s  

permeable a f t e r  c h l o r i n a t i n g  f o r  18 h r .  
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COATING EFFICIENCY (%) 

Fig. 4.6. Correlation of BAF with Coating Efficiency for Biso-Coated 
Particles. 

Silicon carbide coatings on HTGR microsphere fuel act as the barrier 

to contain metallic fission products in uranium-bearing particles. An 
experiment was performed in the 0.13-m coater to examine the effect of 

methyltrichlorosilane (MTS) flux, the H2/MTS ratio, and deposition 

temperature on density and several other properties. From this information 
we hoped to increase the deposition rate of high-quality silicon carbide. 

The results of this experiment are discussed in a topical report. 34 

process variables (deposition temperature and H2jMTS ratio) controlled 
the density of the silicon carbide layer. Deposition temperature was the 

most important variable. 

Higher Hz/MTS ratios produced denser coatings. An increase in H2/MTS 
ratio from 25 to 45 or from 45 to 65 increased the coating density by 

Two 

Density reached a maximum at about 1625OC. 

about 5 kg/m3. 

The deposition conditions of temperature, MTS flux, and H2/MTS ratio 

also affected crushing strength, uranium dispersion into the buffer, 

coating efficiency, and the condition of the frit after coating. From 

this information, we could increase the deposition rate of high-quality 
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Fig. 4 . 7 .  Long-Term Chlorination of Biso Particles Produced in 
0.24-m Coater. 
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s i l i c o n  c a r b i d e  

were determined 

from 0.2 t o  0.5 pm/min. 

t o  be  a d e p o s i t i o n  tempera ture  of about  1575'C, an MTS 

The b e s t  c o a t i n g  c o n d i t i o n s  

f l u x  of about  0.10 cm3/min cm2 and a H2/MTS r a t i o  of 45 o r  g r e a t e r .  

Three s i l i c o n  c a r b i d e  c o a t i n g s  were a l s o  d e p o s i t e d  i n  t h e  0.24-m-diam 

c o a t e r  a t  General  Atomic us ing  ORNL's porous p l a t e  gas  d i s t r i b u t o r .  

s i l i c o n  c a r b i d e  l a y e r s  were depos i t ed  a t  1575°C a t  t h r e e  d i f f e r e n t  

d e p o s i t i o n  rates.  

H2/MTS r a t i o s  w e r e  d e s i r e d  b u t  c o n d i t i o n s  l i m i t e d  t h e  r a t i o  t o  40. The 

t h r e e  b a t c h e s  had ve ry  h igh  d e n s i t i e s  and low s t anda rd  d e v i a t i o n s  

(Table  4 .6 ) .  The f r a c t i o n  of d e f e c t i v e  p a r t i c l e s  is  a l s o  shown i n  

Table  4 .6 .  Batch 5-665 had a s l i g h t l y  h igh  v a l u e ,  bu t  t h e  o t h e r  b a t c h e s  

had d e f e c t i v e  f r a c t i o n s  equa l  t o  those  of b a t c h e s  made i n  t h e  0.13-m 

c o a t e r .  

The 

A l l  t h r e e  ba t ches  had H2/MTS r a t i o s  of 40. Higher  

Table  4 .6 .  C h a r a c t e r i z a t i o n  of S i c  Batches 

S i C  Standard 
Dev ia t ion  

S i C  
Run R a t e  Dens i ty  F r a c t i o n  

(Mg/m3) D e f e c t i v e  

H 2  /MTS 
Ra t io  

S i c  Depos i t i on  

( pm/min ) 

5-665 0.19 40 3.20 0.001 3.5 x 10-~  

5-666 0.26 40 3.20 0.002 3.6 x 10-~  

5-667 0.32 40 3.20 0.002 2.3 x io-'+ 

The m i c r o s t r u c t u r e s  of t h e s e  c o a t i n g s  w e r e  a l s o  examined (F ig .  4 .8) .  

The m i c r o s t r u c t u r e  of  t h e  r u n  made a t  0.19 pm/min showed hexagonal g r a i n s  

about  2 pm i n  d iameter .  

had long  columnar g r a i n s ,  which averaged 2 pm i n  d iameter  and 5 pm long .  

The s l i g h t l y  h ighe r  H2/MTS r a t i o  t h a t  w a s  d e s i r e d  would have e l i m i n a t e d  

some of t h e  banding p r e s e n t  i n  t h e s e  c o a t i n g s .  These m i c r o s t r u c t u r e s  

appear  ve ry  s i m i l a r  t o  c o a t i n g s  made i n  t h e  0.13-m c o a t e r  under s i m i l a r  

c o n d i t i o n s  (F ig .  4 .9) .  

The c o a t i n g s  d e p o s i t e d  a t  0.26 and 0.32 pm/min 
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Fig. 4 . 8 .  Microstructures of Silicon Carbide Coatings from the 0.24-m 
Coater. Deposition temperature = 1575OC, H2/MTS ratio = 40. 
deposition ra 

(a) 5-667, 



Fig. 4 . 9 .  Microstructures of Silicon Carbide Coatings from 0.13-m 
Coater. DepOS!+inn temne+atiire = 1575'C- H?/MTS ratio = 45.  (a) A-729, 
deposition rat4 
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4.2.3.2.3 Inert Gas Permeability of Pyrocarbon Coatings, C. S. Morgan * 
G. L. Powell, 

permeability of the pyrocarbon coatings of Biso fuel particles was 

investigated by neon-helium intrusion. The amounts of neon and helium 

in the void volume of the coating were determined by breaking the pyrolytic 
carbon (PyC) coating in a chamber connected to the mass spectrometer after 

heat-treating at 1375°C for 1 hr in an atmosphere composed of half neon 

and half helium.35 This method affords a good comparative measure of the 

permeability of fuel particles in which the ratio of surface area to void 

volume does not vary extensively. For typical fuel particles the void 

volume is saturated with helium after 1 hr at 1375°C. Thus, the Ne/He 

ratio depends primarily on the rate of neon diffusion through the PyC 

coating. Significant dimensional variations can cause the Ne/He ratio 

to be misleading. For example, if the buffer void volume is small, the 

permeability of the PyC coating indicated by the Ne/He ratio can appear 

too high. This anomaly results because the helium content is reduced by 

the small void volume and the neon content remains nearly constant. To 

obtain true comparative values particles of uniform size and coating 

thickness must be examined. 

W. P. Eatherly, M. Reeves,t and 5 .  S. Tolliver. The 

The Ne-He permeabilities were determined on 24 batches of fuel 

particles prepared in the 0.13-m coater. 

ranged from 0.13 to 0.7. The Ne/He ratios of these batches were redetermined 

after they had been heat-treated at 1800°C for 30 min. There was generally 

a small decrease in permeability, with the Ne/He ratios ranging from 0.04 
to 0.64. The free void volume indicated by helium content also decreased 

slightly. For example, the Ne/He ratio of fuel particle batch 5-592 fell 

from 0.35 to 0.32, while the void volume dropped from 1.9 to 1.6 x 

The low-permeability particles showed the sharpest permeability decrease. 

(5-595 decreased from 0.13 to 0.04.) 

The Ne/He ratios in this study33 

m3. 

The effect of irradiation on the permeability of PyC coatings was 

examined on fuel particles with inert kernels. 

measurements on irradiated fuel particles with thorium or uranium kernels 

was impossible.) Inert kernel particles from three irradiation tests 

(Making Ne/He permeability 

* 
Development Division, Oak Ridge Y-12 Plant. 

Present address, Interra Environmental Consultants, Inc., Houston, Texas. t 
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known as HT-30, 31, and 33 - were examined. 5' 

contained neon during the irradiation, so particles irradiated at 1 2 5 O O C  

had high Ne/He ratios due to absorption of neon during irradiation. The 

specimens tested at 900°C showed a moderate decrease in permeability, 

with Ne/He ratios falling from 0.27 for unirradiated particles to 0.23 

for particles with 3.5 x 

7.2 X 

neon in the capsule to interfere) the decrease in permeability with 

neutron fluence was dramatic. The Ne/He value decreased to about 30% 

of the preirradiation value when exposed to a fluence of 11.6 X lo2' n/m2 

(>0.18 MeV). This permeability decrease with fluence has been determined 
f o r  inert particles only and will have to be confirmed for fuel particles 

that can generate fission gas pressures. However, it does demonstrate 

that neutron damage does not disrupt the pyrocarbon structure to increase 

permeability. This improves the prognosis for initially impermeable 

fuel particles. 

The HT-30 capsule 

n/m" and 0.20 for particles with 

n/m2. For inert particles in HT-31 and HT-33 (which had no 

Inert gas permeability measurements demonstrated that coatings made 

at GA and composed of a pyrocarbon-SiC alloy had Ne/He permeabilities in 

the range normally encountered in pyrocarbon coatings. For four  fuel 

particle batches the Ne/He ratios ranged from 0.17 to 0.33 and void 

volumes from 3.5 to 4.1 x m3. 

The Ne/He permeabilities were determined on fuel particle batches 

prepared in a production-scale coating furnace at General Atomic Company. 

The values ranged from 0.18 to 0.46 and are shown in Table 4 . 5 .  

A limited basic study of pyrocarbon permeability was carried out. Pre- 
liminary results of helium and neon isotherms for fuel particle batch 

OR-2261-HT yielded diffusion coefficients (D) of 

for helium and 

DNe = 0.013 exp (-178.6/RT), 
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f o r  neon (R i n  kJ/mol K ) .  The c o n c e n t r a t i o n  ( s o l u b i l i t y )  of t h e  d i f f u s i n g  

g a s  i n  t h e  pyrocarbon c o a t i n g  w a s  c o n s i s t e n t  w i th  he l ium o r  neon be ing  

s t o r e d  as a n  i d e a l  gas  i n  c l o s e d  po res  t h a t  c o n s t i t u t e  about  3.5% of t h e  

c o a t i n g  volume. 

The i n e r t  g a s  p e r m e a b i l i t y  of a pyrocarbon c o a t i n g  d e c r e a s e s  s h a r p l y  

wi th  i n c r e a s i n g  molecular  weight  of t h e  g a s ,  w h i l e  t h e  a c t i v a t i o n  energy 

f o r  permeat ion i n c r e a s e s .  A c t i v a t i o n  e n e r g i e s  f o r  f u e l  p a r t i c l e  b a t c h  

OR-2661-HT w e r e :  

A c t i v a t i o n  Energy 

(kJ/mol)  (kca l /mol)  
Gas 

He 1 ium 1 1 7  28 

Neon 166 40 

Argon 251 60 

The a c t i v a t i o n  e n e r g i e s  f o r  hel ium permeat ion of f o u r  f u e l  p a r t i c l e  

b a t c h e s  w i t h  wide ly  va ry ing  p e r m e a b i l i t i e s  w e r e  c a r e f u l l y  measured. Per- 

meat ion i so the rms  w e r e  determined a t  5 5 0 ,  7 5 0 ,  and 1000°C f o r  each b a t c h ,  

a 450°C i so the rm w a s  determined on 5-598, and a 1200°C i so the rm w a s  inc luded  

f o r  5-596. D e s p i t e  t h e  wide range  of p e r m e a b i l i t i e s  a s  i n d i c a t e d  by t h e  

N e / H e  r a t i o s ,  t h e  a c t i v a t i o n  e n e r g i e s  a r e  e s s e n t i a l l y  t h e  same, 109 t o  

112 kJ/mol (26.0 t o  26.8 kcal /mol) .  The r e s u l t s  are t a b u l a t e d  i n  Table  4 . 7 .  

Table 4 . 7 .  A c t i v a t i o n  Energy f o r  Helium 
Permeat ion of S e l e c t e d  Biso P a r t i c l e s  

A c t i v a t i o n  Energy 

(kJ/mol)  (kca l /mol)  

P e r m e a b i l i t y  
N e / H e  

Batch 

5-596 0.05 111 26.6 

5-598 0.64 109 26.0 

5-605 0.31 112 26.8 

5-606 0.22 112 26.7 
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The nearly identical and quite high activation energies suggest that the 

change in permeation rate with temperature depends on structural changes 

in the pyrocarbon coatings. As the temperature increases the passages 

through which the gas atoms are diffusing increase in size, and this 

increase occurs similarly in each pyrocarbon coating. The wide difference 

in permeability from batch to batch is due to varying numbers of the 

passages or to varying lengths of the restrictive parts of the passages. 

4.2.3.2.4 Determination of the Sic Failure Fraction in Triso HTGR 

Fuel Particles, F. L. Layton, B. A. Thiele, and D. P. Stinton. Equipment 

has been assembled for determination of the defective Sic coating fraction 

of fully coated Triso fuel particles by a helium intrusion procedure. A 
20-kW Lepel generator has been installed, and the necessary analytical 

vacuum system has recently been completed. 

The helium intrusion procedure is based on the fact that at elevated 

temperatures (100C-12OO0C) pyrocarbon is permeable to helium while Sic 

is not. The Triso fuel particle consists of a kernel of heavy metal 

oxide o r  oxycarbide surrounded first by a coating of porous carbon (buffer 

coat), then a coating of pyrocarbon, a coating of Sic, and finally a 

second coating of pyrocarbon. On exposure of the outgassed Triso particle 

to helium at elevated temperature, the outer pyrocarbon will be penetrated, 

and if the Sic coating is defective, so will the inner pyrocarbon and 

buffer coating. Therefore, particles with defective Sic coatings will 

contain more helium than particles with intact Sic coatings. 
Tentatively, the procedure will consist of evacuating a sample of 

Triso fuel particles at 12OO0C, then exposing the particles, still at 

the elevated temperature, to approximately 0.1 MPa (1 atm) of helium. 

The exposed particles will be cooled t o  room temperature and reevacuated. 

Upon subsequent heating to 12OO0C, the intruded helium will be released 

and measured. The amount of helium released in addition to that normally 

released from the outer pyrocarbon will be correlated with the number 

of particles having defective S1.C coatings. 



128 

4.2.3.2.5 Application of the Chlorine Leach Technique to the 

Characterization of Fuel Particles, D. E. LaValle, F. L. Layton, and 
B. A. Thiele. The routine detection of defective coatings by high- 

temperature chlorination3 

which has only a single pyrolytic carbon layer over the porous buffer 

coat. The Triso particle has a Sic layer sandwiched between two pyrolytic 

carbon layers. 

chlorine transport of kernel material unless both pyrolytic carbon layers 

were defective. Now, however, chlorination combined with radiography 

can reveal defects in outer coatings. In a 3-hr chlorination a defective 

outer layer results in the destruction of the intermediate Sic layer by 

volatilization of the silicon as SiC14, leaving the carbon behind as a 

porous layer. If the inner pyrolytic carbon layer is also defective, 
the usual transport of the kernel mass occurs as with the Biso particle. 

has been restricted to the Biso particle, 

Defects in the outer coating would not be revealed by 

Considerable attention has also been given to Biso particles that 

are defective because of permeability. The Ne/He ratio technique35 has 

been applied to this problem, but it is not always conclusive, nor is a 

simple 2-hr chlorination at 1500°C. The procedure now used is to 

chlorinate for two 3-hr periods to reveal gross defects followed by two 

6-hr periods to expose permeability - a total of 18 hr of chlorination 
at 15OO0C. 

raphy during these experiments indicated that some particles are always 

completely resistant and unaffected by these extended chlorinations. In 

an attempt to isolate such particles for further study, uninterrupted 
72-hr chlorinations have been done on large samples (30 8). The 

permeability of the particles under these conditions seems to follow 

a normal distribution curve, with initial moderate amounts of thorium 

volatilized, intermediate large amounts, and final diminishing amounts. 

The intact particles are to be separated by density gradient techniques 

and the LTI coatings characterized. 

This method has revealed all degrees of permeability. Radiog- 

4.2.4 Sample Inspection (Secondary Subtask 514) - J. E. Mack 
The Sample Inspection System functions as a support system for 

the refabrication effort. It must provide the means for obtaining 

representative material samples inside the hot cell at various points in 
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the refabrication process and transferring these samples to shielded cells 

for analysis. Remote sample handling of particle, fuel rod, and liquid 

samples must also be addressed. Analytical techniques to be employed are 

being developed. 

4 . 2 . 4 . 1  Particle Size Analysis - Cold Engineering - J. E. Mack 

The automated particle-size analyzer, which uses a light blockage 

technique t o  determine particle diameters, completed its second year of 

operation in support of coating process development. A paper on this 
device was presented at the 21st Conference on Analytical Chemistry in 

Energy Technology held October 4-6, 1977, in Gatlinburg, Tennessee, and 

sponsored by the Analytical Chemistry Division of ORNL. The paper will 

also be published in the proceedings of that conference. A report was 
also prepared by J. E. Mack and W. H. Pechin entitled Automated Part ic le-  

S i ze  Analysis of HTGR Recycle Fuel. 3 6  
report are as follows: 

The abstract and summary of this 

Abstract 

An automatic particle-size analyzer was designed, 
fabricated, tested, and put into operation measuring and 
counting HTGR recycle fuel particles. The particle-size 
analyzer can be used for particles in all stages of fabri- 
cation, from the loaded, uncarbonized weak acid resin 
to fully-coated Biso or Triso particles. The device handles 
microspheres in the range of 300 to 1000 pm at rates up to 
2000 per minute, measuring the diameter o f  each particle 
t o  determine the size distribution of the sample, and 
simultaneously determining the total number of particles. 

Summary 

To briefly summarize the operation of the particle- 
size analyzer, fuel particles ranging in diameter from 
300 to 1000 um are individually measured at rates up to 
2000 per minute and collected undamaged for further analysis. 
Samples containing 5000 to 10,000 particles can be measured 
and weighed within 10 to 15 min, providing information on 
the particle-size distribution, number of particles, and 
sample weight. From this information can be calculated a 



a mean particle diameter, the standard deviation of the 
distribution, and mean particle weight, volume, and density. 
By sampling both before and after the application of a coating 
layer, we can determine the mean thickness, volume, and 
density of that layer. This information can all be obtained 
within a turnaround time acceptable for altering or modifying 
the coating process to compensate for changing conditions. 

Because of its size and the small number of moving parts, 
the particle-size analyzer is readily adaptable to remote 
operation and glove box maintenance. Only the singularizer, 
hopper, detection module, and cyclone receiver need to be 
located within the enclosure, occupying a space of approxi- 
mately 1 ft3. All of the control mechanisms can be located 
at the operator's station, together with the computational 
equipment and data printout. These features make the 
particle-size analyzer ideal for measuring spherical or 
near-spherical radioactive or toxic particles in a remote 
facility. 

A modified version of the original particle-size analyzer was 
fabricated, installed, and tested inside an inert-atmosphere glove box, 

as shown in Fig. 4.10. The modifications involved primarily compaction 

and modularization to facilitate semi-remote assembly, disassembly, and 

maintenance. Operation of the device will permit the sizing of pyrophoric 

material, such as the carbonized and converted resin microspheres, as 

well as oxidizable sol-gel microspheres. 

A development effort was initiated to obtain data on particle shape3' 
with the particle-size analysis technique. Two concepts are being 

pursued. Both involve the measurement of two different cross-sectional 

areas €or each particle in the sample. The two area measurements are 

converted to diameters and ratioed, the ratio being an indicator of the 

particle's sphericity. A dual detector system illustrated in Fig. 4.11 

provides two simultaneous orthogonal measurements on each particle. A 

second concept uses prisms, a single detector, and a higher intensity 

light beam, with the particle interrupting the same light beam twice. 

4.2.4.2 Particle Sample Subdivision - Cold Engineering - J. E. Mack 
Because of the high radiation levels associated with recycled 3U 

fuel, samples containing as little as 0.5 g U require 50 mm of lead 

shielding to reduce operator exposure to acceptable levels. Consequently, 
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Fig .  4 .11 .  E l e c t r o n i c  Data C o l l e c t i o n  System f o r  P a r t i c l e  Shape R a t i o  
and S i z e  Analys is .  

t h e  smallest sample necessa ry  t o  o b t a i n  a c c u r a t e  r e s u l t s  w i l l  be  ana lyzed  

t o  minimize s h i e l d i n g  requi rements  and d i v e r s i o n  of material  from t h e  

p rocess  stream. S t a t i s t i c a l  v a r i a t i o n s  i n  s m a l l  samples (51 g)  t aken  

from l a r g e  b a t c h e s  ( 2 2  kg) s e v e r e l y  reduce  t h e  conf idence  level  i n  t h e  

a n a l y t i c a l  r e s u l t s  because of t h e  h igh  p r o b a b i l i t y  t h a t  t h e  samples are  

n o t  t r u l y  r e p r e s e n t a t i v e .  I n c r e a s i n g  t h e  sample s i z e  i n c r e a s e s  t h e  

p r o b a b i l i t y  of i t s  be ing  r e p r e s e n t a t i v e .  Proper  s u b d i v i s i o n  o f  t h e  

l a r g e r  samples can p rov ide  s m a l l  samples w i t h  a c c e p t a b l e  r e p r e s e n t a t i v e n e s s  

A dev ice  h a s  been des igned  and f a b r i c a t e d  t o  subd iv ide  s m a l l  p a r t i c l e  

samples ( l e 2 0  g) i n t o  t e n  r e p r e s e n t a t i v e  subsamples.  Each subsample 

may then  be f u r t h e r  subdiv ided  t o  provide  t h e  s m a l l e s t  q u a n t i t y  of  

mater ia l  necessa ry  t o  o b t a i n  a c c u r a t e  r e s u l t s .  The p a r t i c l e  sample 

subd iv ide r  u s e s  a r o t a t i n g  s i n g u l a r i z e r  drum, s i m i l a r  t o  t h a t  used w i t h  

t h e  p a r t i c l e - s i z e  a n a l y z e r ,  t o  d e p o s i t  p a r t i c l e s ,  t h r e e  a t  a t i m e ,  i n t o  

one pocket  of a ten-pocket t u r n t a b l e .  Ro ta t ion  of t h e  t u r n t a b l e  i s  

synchronized w i t h  t h a t  of t h e  drum through a common d r i v e  s h a f t .  Opera t ing  

i n  t h e  s u b d i v i s i o n  mode, t h e  t u r n t a b l e  r o t a t e s  a t  60 rpm as t h e  p a r e n t  

sample i s  subdivided a t  a ra te  of n e a r l y  2000 p a r t i c l e s  pe r  minute .  Upon 

complet ion,  t h e  t u r n t a b l e  i s  indexed t o  a "home" p o s i t i o n ,  and t h e  c o n t e n t s  

of t h e  f i r s t  pocket  are d ispensed .  Tes t ing  of t h i s  dev ice  i s  c u r r e n t l y  

under way. 
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4 . 2 . 4 . 3  P a r t i c l e  Crushing S t r e n g t h  - Cold Engineer ing - J. E .  Mack and 
R. M. Peach 

Design of a d e v i c e  t o  a u t o m a t i c a l l y  de te rmine  i n d i v i d u a l  p a r t i c l e  

c rush ing  s t r e n g t h s 4 1  i s  under way. 

drum similar t o  t h a t  used w i t h  t h e  p a r t i c l e - s i z e  a n a l y z e r  t o  s i n g u l a r i z e  

t h e  p a r t i c l e s  and feed  them t o  a s t a g e  f o r  c rush ing .  

be used t o  measure t h e  f o r c e  a p p l i e d .  

c o n t r o l  sequencing of e v e n t s  and a l s o  s t o r e  t h e  v a l u e  of t h e  f o r c e  

r e q u i r e d  t o  i n i t i a t e  f r a c t u r e .  A f t e r  f r a c t u r e ,  t h e  d e b r i s  must be removed 

and t h e  s t a g e  prepared  f o r  t h e  fo l lowing  p a r t i c l e .  

r e q u i r e  t h e  dev ice  t o  a u t o m a t i c a l l y  ana lyze  t h e  e n t i r e  sample a t  a ra te  

of 10 p a r t i c l e s / m i n u t e .  

The d e v i c e  w i l l  employ a r o t a t i n g  

A load  c e l l  w i l l  

A microprocessor  w i l l  be  used t o  

P re l imina ry  c r i t e r i a  

4 . 2 . 4 . 4  Measurement of Coat ing Anisotropy - Cold Engineer ing  - J.  E.  Mack 

A c o r r e l a t i o n  has  been e ~ t a b l i s h e d ~ ~  between t h e  performance of 

pyrolyt ic-carbon-coated n u c l e a r  f u e l  microspheres  under  i r r a d i a t i o n  and 

t h e  deg ree  of p r e f e r e n t i a l  c r y s t a l  o r i e n t a t i o n  i n  t h e  c o a t i n g s .  

d e v i c e  t h a t  measures t h e  o p t i c a l  a n i s o t r o p y  f a c t o r  (OPTAF) of t h e s e  

c o a t i n g s  h a s  been ordered  from a r e s e a r c h  o r g a n i z a t i o n  i n  S i e b e r s d o r f ,  

A u s t r i a ,  and i s  scheduled fo r  d e l i v e r y  i n  May 1978. The d e v i c e  w i l l  

i n t e r f a c e  w i t h  a n  e x i s t i n g  PDP8/e computer. 

a l r e a d y  been r ece ived .  

A 

The so f tware  package has  

A r e c e n t  s tudy43  a t  General  Atomic Company i n d i c a t e d  a c o r r e l a t i o n  

between t h e  measured o p t i c a l  an i so t ropy  of c o a t i n g s  and v a r i a b l e s  i n  t h e  

mount p r e p a r a t i o n  procedure.  A sample p r e p a r a t i o n  procedure invo lv ing  

u l t r a s o n i c  mount washing and t h e  use  of a the rma l - se t t i ng  epoxy produced 

hard ,  f l a t  mounts t h a t  e l imina ted  much of t h e  v a r i a t i o n .  D e t a i l e d  

d e s c r i p t i o n s  of t h e s e  procedures  have been r eques t ed .  

4.2 .4 .5  P a r t i c l e  Sampling - Cold Engineer ing - R. R. Suchomel 

The fo l lowing  r e p o r t 2 6  w a s  i s s u e d  i n  FY 1977:  R. R.  Suchomel and 

W. J.  Lackey, Device f o r  Smnplinn HTGR Recycle Fuel Particles.  

a b s t r a c t  and conc lus ions  of t h i s  e v a l u a t i o n  are  as fo l lows:  

The 
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A b s t r a c t  

Devices f o r  sampling High-Temperature Gas-Cooled Reac tor  
f u e l  microspheres  w e r e  e v a l u a t e d .  Ana lys i s  of samples 
ob ta ined  w i t h  each  of two s p e c i a l l y  des igned  p a s s i v e  samplers  
w e r e  compared w i t h  d a t a  gene ra t ed  by more common t echn iques .  
A t en - s t age  two-way sampler  w a s  found t o  produce a represen-  
t a t i ve  sample w i t h  a c o n s t a n t  batch-to-sample r a t i o .  

Conclusions 

Two m u l t i s t a g e  sampling d e v i c e s  w e r e  developed t h a t  
produce p a r t i c l e  samples found t o  be  r e p r e s e n t a t i v e  of t h e  
p a r e n t  b a t c h e s .  Both samplers  f u l f i l l e d  t h e  d e s i g n  c r i t e r i a  
i n  t h a t  t hey  had no moving p a r t s  and they  could  b e  s e a l e d  t o  
ma in ta in  a n  i n e r t  atmosphere.  Experiments showed t h a t  b o t h  
d e v i c e s  r e q u i r e d  b a f f l e s  t o  a t t a i n  a p p r o p r i a t e  batch-to-sample 
mass r a t i o  v a l u e s .  With t h e  b a f f l e s  i n  p l a c e ,  b o t h  samplers  
demonstrated accep tab ly  low p a r t i c l e  holdup,  a b r a s i o n ,  and 
breakage.  Grab sampling w a s  shown t o  be a n  unaccep tab le  
t echn ique  f o r  b a t c h  c h a r a c t e r i z a t i o n .  

The o n l y  tes t  f o r  which t h e  r e s u l t s  from t h e  two p a s s i v e  
samplers  v a r i e d  s i g n i f i c a n t l y  w a s  t h e  batch-to-sample mass 
r a t i o  de t e rmina t ion .  While t h e s e  t es t  r e s u l t s  were n o t  
i n d i c a t i v e  of t h e  wor th  of  t h e  r e s u l t a n t  samples ,  t h e y  do 
sugges t  t h a t  i n s p e c t i o n  r equ i r emen t s  might be  b e t t e r  m e t  
w i t h  t h e  t en - s t age  dev ice .  A s i t u a t i o n  could conce ivab ly  
deve lop  i n  which t h e  th ree - s t age ,  1OOO:l r a t i o  sampler  
would y i e l d  samples e i t h e r  t oo  small f o r  a c c u r a t e  a n a l y s i s  
o r  t oo  l a r g e .  Such d i f f i c u l t i e s  are n o t  env i s ioned  with 
t h e  more uniform t en - s t age7  1 0 2 4 : l  r a t i o  sampler .  The 
t en - s t age  d e v i c e  i s  a l s o  more versa t i le  s i n c e  s t a g e s  may 
be  added o r  removed as sample requi rements  change. Adding 
o r  removing one s t a g e  would permi t  doubl ing  o r  h a l v i n g  t h e  
sample s i z e .  When a l t e r i n g  t h e  th ree - s t age  d e v i c e ,  t h e  
smallest  a l lowab le  v a r i a t i o n  a f f e c t s  sample s i z e  by a f a c t o r  
of 10.  The t en - s t age  u n i t  i s  a l s o  l i g h t e r  and hence easier 
t o  hand le  of t h e  two u n i t s .  For t h e s e  r easons ,  d e v i c e s  
s i m i l a r  t o  t h e  t en - s t age  sampler  are  p r e f e r r e d  f o r  sampling 
coa ted  f u e l  p a r t i c l e s  d u r i n g  t h e  r e f a b r i c a t i o n  of HTGR 
f u e l  c o n t a i n i n g  3 ~ .  

4.2 .4 .6  Sample T r a n s f e r  - Cold Engineer ing  - J. E .  Mack 

A c a p s u l e  d i v e r t e r  valve w a s  des igned ,  f a b r i c a t e d ,  i n s t a l l e d ,  and 

t e s t e d  i n  t h e  f u e l  rod  sample t r a n s f e r  system tes t  loop .  The valve 

c o n s i s t s  of a r o t a t i n g  drum i n s i d e  a housing having one i n l e t  and two 
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o u t l e t s ,  a l t hough  t h e  valve works e q u a l l y  w e l l  i n  b o t h  d i r e c t i o n s .  The 

h o l e  through t h e  drum i s  a n  arc w i t h  a c e n t e r l i n e  r a d i u s  of 444 mm 

(17 .5  i n . ) .  While t h i s  r e q u i r e d  f a b r i c a t i o n  of t h e  drum i n  two h a l v e s ,  

i t  reduced t h e  o v e r a l l  s i z e  of t h e  d i v e r t e r  and main ta ined  t h e  c l o s e  

t o l e r a n c e  between t h e  c a p s u l e  and t h e  tube  w a l l .  

4 . 3  FUEL CONFIGURATION PREPARATION (SUBTASK 5 2 0 )  - D .  R .  Johnson 

4 . 3 . 1  Fuel  Rod F a b r i c a t i o n  (Secondary Subtask 521) - P. Ange l in i  

The purpose of t h e  work i n  t h i s  sub ta sk  i s  t o  develop p r o c e s s e s  and 

equipment f o r  t h e  remote f a b r i c a t i o n  of HTGR f u e l  rods .  Fue l  rods  can 

be  e i t h e r  50 mm long  by 13 mm diam o r  65 mm long  by 16  mm diam. The 

p r o c e s s  of rod f a b r i c a t i o n  invo lves :  (1) d i spens ing  and bl-ending of 

f u e l  p a r t i c l e s ;  ( 2 )  l oad ing  t h e  p a r t i c l e s ,  m a t r i x ,  and punches i n t o  

molds; ( 3 )  i n j e c t i n g  t h e  m a t r i x  i n t o  t h e  p a r t i c l e  bed; ( 4 )  e j e c t i n g  t h e  

rods  from t h e  mold; ( 5 )  i n s p e c t i n g  rods  f o r  mechanical  i n t e g r i t y ,  f u e l  

homogeneity, and heavy m e t a l  a s say .  

4 . 3 . 1 . 1  Equipment Development: Fuel-Rod Molding - Cold Engineer ing  

4 . 3 . 1 . 1 . 1  Twenty-Way-Splitter Incrementa l  Blender ,  P. Ange l in i ,  

B.  F. Bol f ing ,  and D.  K i p l i n g e r .  Incrementa l  s p l i t t e r  b l e n d e r s  have been 

under development f o r  a number of y e a r s  i n  t h e  HTGR program. A t h e o r e t i c a l  

s tudy  has  shown t h a t  f u e l  r o d s  produced by a 20-way s p l i t t e r  i nc remen ta l  

b lending  method show minimal v a r i a t i o n s  i n  tempera ture  p r o f i l e  and would 

meet a x i a l  f u e l  homogeneity s p e c i f i c a t i o n s .  I n  t h i s  t y p e  of b l ende r  f u e l  

p a r t i c l e s  f low over  t h e  apex of a s t a t i o n a r y  cone and are  then  c o l l e c t e d  

i n  20 p o r t s  l o c a t e d  a t  t h e  base  of t h e  cone. I n  t h i s  manner 1 / 2 0 t h  of 

t h e  t o t a l  charge  i s  c o l l e c t e d  i n  each p o r t .  Each 1 / 2 0 t h  p a r t  is  then  

inc remen ta l ly  d ispensed  i n t o  t h e  f u e l  rod  mold. 

A 20-way-spl i t ter  i nc remen ta l  b l ende r  h a s  been f a b r i c a t e d  and is  

be ing  i n s t a l l e d  f o r  t e s t i n g  on t h e  eng inee r ing - sca l e  f u e l  rod molding 

machine. A number of mod i f i ca t ions  have been made t o  bo th  mechanical  

and e l e c t r o n i c  components of t h e  b l ende r .  W e  have ordered  improved 
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s o l e n o i d  a c t u a t o r s ,  which posses s  g r e a t e r  f o r c e  t h a n  the p r e v i o u s  models.  

Th i s  w i l l  pe rmi t  p o s i t i v e  opening and c l o s u r e  of t h e  d i s p e n s i n g  valves. 

Design work on t h e  c o n t r o l s  f o r  t h e  b l ende r  is  proceeding.  The 

i n t e r f a c e  of t h e  programmable l o g i c  c o n t r o l l e r  (PLC) t o  t h e  b l e n d e r  w a s  

des igned  and f a b r i c a t e d  t o  p rov ide  h igh - l eve l  1 0 0 - V  d c  c o n t r o l  of t h e  

20 b l ende r  a c t i v a t o r s .  Direct c u r r e n t  e x c i t a t i o n  of t h e  s o l e n o i d  a c t i v a t o r s  

r e s u l t e d  i n  much less  mechanical  n o i s e  of t h e  a c t i v a t o r  a s sembl i e s  t han  

120-V ac e x c i t a t i o n .  The b l ende r  h a s  been wired i n t o  t h e  PLC c o n t r o l  

system, and t h e  PLC program h a s  been modi f ied  t o  p rov ide  t h e  needed 

c o n t r o l .  The blender-to-PLC i n t e r f a c e  h a s  been f a b r i c a t e d  t o  permi t  

t h e  o p e r a t i o n  of t h e  so l eno id  a c t u a t o r s  i n  v a r i o u s  modes. The sequence 

and t i m e  i n t e r v a l  between t h e  d i s c h a r g e  of each 1 / 2 0 t h  segment can 

be  v a r i e d .  

4 .3 .1 .1 .2  Pneumatic Cy l inde r s  and Magnetic Reed Swi tches  f o r  t h e  

Fue l  Rod Molding Machine, P. A n g e l i n i  and S. P. Baker. The t iming  and 

sequence of p r o c e s s  s t e p s  on t h e  eng inee r ing - sca l e  f u e l  rod molding 

machine are ope ra t ed  by a PLC.44'45 

each s e q u e n t i a l  s t e p  must b e  v e r i f i e d  by a proximi ty  s e n s o r  b e f o r e  t h e  n e x t  

s t e p  is p e r m i t t e d  t o  begin .  Most of the mechanical  o p e r a t i o n s  on t h e  f u e l  

rod  molding machine are performed by pneumatic c y l i n d e r s ,  and most proximi ty  

s e n s o r s  are magnet ic  r eed  swi t ches .  The o p e r a t i o n  of t h e  magnet ic  r eed  

swi t ches  provided w i t h  BIMBA* pneumatic c y l i n d e r s  p r e s e n t l y  on t h e  

eng inee r ing - sca l e  f u e l  rod  molding machine h a s  been less than  s a t i s f a c t o r y .  

The magnet ic  r eed  swi t ches  have o c c a s i o n a l l y  f a i l e d  t o  i n d i c a t e  o r  t o  

o p e r a t e .  The re fo re ,  a program w a s  i n i t i a t e d  whereby newer models of b o t h  

pneumatic c y l i n d e r s  and magnet ic  r eed  swi t ches  w e r e  t e s t e d  f o r  r e l i a b i l i t y .  

A mu l t iphase  a i r  c y l i n d e r  p rox imi ty  l i m i t  sw i t ch  t e s t i n g  program 

The machine is  programmed such  t h a t  

w a s  i n i t i a t e d .  A PLC w a s  programmed t o  c y c l e  a i r  c y l i n d e r s  and t o  count  

t h e  openings  and c l o s u r e s  of t h e i r  magnet ic  r eed  swi t ches .  The f i r s t  

phase of t h e  tes t  involved  new models of Schrader '  a i r  c y l i n d e r s  and 

magnet ic  r eed  swi t ches .  The Schrader  c y l i n d e r s  accumulated more than  

600,000 c y c l e s .  

and ad jus tmen t  of t h e  l i m i t  sw i t ches .  

Problems were encountered  w i t h  t h e  mechanical  mountings 

The second phase of t h e  tes t  

* 
Trade name of BIMBA Manufactur ing Co., Monee, I l l i n o i s .  

'Trade name of Schrader  F l u i d  Power D i v i s i o n ,  Wake F o r e s t  , 
North Caro l ina .  
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involved Bimba pneumatic cylinders and magnetic 

were cycled more than 300,000 times. The Bimba 

reed switches. These 

cylinders and limit 
switches were very reliable. 

accuracy of the Bimba air cylinders were very good throughout the test. 

New Bimba pneumatic cylinders and magnetic reed switches have been 

ordered and will be installed on the engineering-scale fuel rod molding 

machine. 

The mechanical mounting and positional 

4.3.1.1.3 Upgrading of Matrix Fabrication Laboratory, P.  Angelini and 

D. Kiplinger. The laboratory for fabricating fuel rod matrix pellets 

has been upgraded since (1) engineering-scale component testing and 
development for fuel rod fabrication and fuel element assembly have 

placed an increasing demand on the production of matrix pellets, 

(2) emerging (or expected) ventilation requirements for finely divided 

pitch require that most matrix fabrication unit operations be performed 

in hoods, and ( 3 )  development of matrix fabrication and testing requires 

improved equipment. 

Most of the matrix fabrication unit operations have been placed in 

fume hoods. A continuous vibrating screen has been installed for sizing 

the ground matrix. The capacity of the laboratory off-gas ventilation 

system has been increased and a filter plenum installed. An alternative 

method of heating the blender used for hot mixing of components during 

matrix fabrication has been designed, installed, and tested. The system 

eliminates the need for the hot oil bath and consists of an electrically 
heated mixing cavity. This results in a safer working environment. A 
solid-state proportional power controller with over-temperature control 

has been fabricated to power the unit. The unit operates very well and 

uses only 25% of the electric power previously used by the oil bath 

heater. A capillary rheometer to be used for matrix quality control and 

development has been installed and calibrated. This will result in a 

more uniform product and better quality control in the fabrication of 

fuel rods. The procedure for operating the device and performing 
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measurements has  been des igned  whereby t h e  v i s c o s i t y  as w e l l  as o t h e r  

c h a r a c t e r i s t i c s  of m a t r i x  mater ia l  w i l l  be  determined i n  o r d e r  t o  

improve t h e  m a t r i x  f a b r i c a t i o n  procedure .  The m a t r i x  material  i n  

t h i s  t es t  i n c l u d e s  bo th  e s p e c i a l l y  prepared  composi t ions and material 

from a r e c e n t  p roduc t ion  campaign of 16  m a t r i x  ba t ches .  

4 .3 .1 .2  Equipment Development: Fue l  Rod I n s p e c t i o n  - Cold Engineer ing  

4 .3 .1 .2 .1  Homogeneity I n s p e c t i o n  System, P. Ange l in i ,  S.  P. Baker,  

B. 0. Ba r r inge r ,  M. M. C h i l e s ,  and D. K ip l inge r .  A n o n d e s t r u c t i v e  

homogeneity i n s p e c t i o n  dev ice  f o r  HTGR f u e l  r o d s  h a s  been f a b r i c a t e d  and 

i n s t a l l e d  and i s  be ing  t e s t e d 4 6  (Fig .  4 .12) .  The d e v i c e  w i l l  u se  mul t i -  

energy gamma r a y  a t t e n u a t i o n  w i t h  s e l e c t i v e  K-edge a b s o r p t i o n .  I n  t h e  

energy r e g i o n  nea r  t h e  e l e c t r o n  a b s o r p t i o n  edges  t h e  a b s o r p t i o n  c o e f f i c i e n t s  

of t h e  two e lements  uranium and thorium are s i g n i f i c a n t l y  d i f f e r e n t .  

Gamma r a y s  of energy between t h e  K edges of t h e  uranium and thorium w i l l  

a l l o w  s e p a r a t i o n  of t h e  uranium and thorium concentrations. Three 

r a d i o i s o t o p e  gamma r a y  sources  having long  h a l f  l i ves  and gamma r a y s  

between t h e  K edges have been f a b r i c a t e d .  These a r e  16'Yb, ' * l T a ,  177mLu. 

A set of s t a n d a r d  f u e l  rods  (16 f u e l  l oad ings )  has  been f a b r i c a t e d .  The 

d e v i c e  w i l l  be  eva lua ted  on t h e s e  rods .  A s a f e t y  summary of t h e  equipment 

has  been prepared  and apcroved.  

An i n s t r u m e n t a t i o n  c o n t r o l  system t o  automate t h e  sequencing and d a t a  

c o l l e c t i o n  of t h e  f u e l  rod homogeneity i n s p e c t i o n  dev ice  h a s  been des igned ,  

f a b r i c a t e d ,  and i n s t a l l e d .  It  c o n t r o l s  t h e  l i n e a r  t r a n s l a t i o n  s t e p p i n g  

motor and a mul t i channe l  a n a l y z e r  and i n t e r f a c e s  t h e  mul t i channe l  a n a l y z e r  

t o  t h e  D i g i t a l  Equipment Corpora t ion  (DEC) Model PDP 11/40 development 

computer. 

a PLC. 

The c o n t r o l  system c o n s i s t s  of a n  o p e r a t o r  c o n t r o l  pane l  and 

A b lock  diagram of t h e  system i s  shown i n  F ig .  4 .13.  

The c o n t r o l  pane l  serves as bo th  a n  o p e r a t o r  i n t e r f a c e  and an  

in s t rumen t  i n t e r f a c e .  

swi t ches  t h e  o p e r a t o r  se lec ts  t h e  d e s i r e d  mode of o p e r a t i o n  f o r  a 

p a r t i c u l a r  experiment  run .  

a b o r t  a run  wh i l e  i t  i s  i n  p r o g r e s s .  

By means of panel-mounted t o g g l e  and thumbwheel 

H e  can w i t h i n  c e r t a i n  l i m i t a t i o n s  change o r  

Several pane l  l i g h t s  g i v e  t h e  
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PROGRAMMABLE PC 4 
CONTROLLER INPUT/ 

[MEM ORYJ OUTPUT 4 . 

operator information about where the control program is in its operating 

sequence. Also located on this control panel is the necessary hardware 

for interfacing the PLC to the linear translation stepping motor indexer, 

the multichannel analyzer (to control all RUN, STOP, DISPLAY and input- 

output modes), and the PDP 11/40 development computer (for coordinating 

the transfer of data from the multichannel analyzer to the computer). 

Several computer programs have been written to perform the following 

tasks: (1) interface to the programmable controller, (2) collect the 
multichannel analyzer data and format and store it, and ( 3 )  analyze the 

stored data. 

ORNL-DWG 77-4953t 

I STRIP 
CHART 

RECORDER 
MOTOR INDEXER 

(PSMI) 

MULTICHANNEL TO PDP (1140 
DEVELOPMENT I AN($',ER COMPUTER 1 c ~ ~ ~ ~ L  I 

Fig. 4.13. Block Diagram of the Control System for the Nondestructive 
Homogeneity Inspection Device. 
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The PLC p rov ides  a l l  s e q u e n t i a l  c o n t r o l  of t h e  dev ice .  The c o n t r o l  

program i n  t h e  form of r e l a y  l a d d e r  l o g i c  i s  s t o r e d  i n  n o n v o l a t i l e  

semiconductor memory. S ince  t h e  s e q u e n t i a l  l o g i c  i s  s t o r e d  i n  memory, 

changes i n  t h e  o p e r a t i n g  sequence of t h e  d e v i c e  can  be  e a s i l y  and 

e x p e d i t i o u s l y  accommodated by making changes i n  t h e  c o n t r o l  program i n  

memory. 

Th i s  i n s t r u m e n t a t i o n  c o n t r o l  system h a s  been des igned  t o  automate 

t h e  d e v i c e  t o  as h igh  a degree  as p o s s i b l e .  This  a l lows  f o r  maximum 

u t i l i z a t i o n  of t h e  equipment and f o r  ve ry  p r e c i s e  and r e p e a t a b l e  

exper imenta l  r e s u l t s .  Both t h e s e  o b j e c t i v e s  have been m e t .  

4.3 .1 .2 .2  Prompt Neutron Assay Device, S. R. McNeany and J. E .  Rushton. 

Work on t h i s  dev ice  h a s  concen t r a t ed  p r i m a r i l y  on t h e  de t e rmina t ion  of 

t h e  optimum i n t e r n a l  c o n f i g u r a t i o n  t o  g i v e  t h e  h i g h e s t  signal-to-background 

r a t i o  f o r  making measurements. A r a t h e r  l a r g e  number of exper iments  and 

c a l c u l a t i o n s  w e r e  performed t o  r e a c h  t h e  f i n a l  des ign .  The r e s u l t  o f  

t h i s  work i s  a signal-to-background r a t i o  of 1 a long  w i t h  a n e t  d e t e c t o r  

s i g n a l  of about  50,000 counts /min f o r  a t y p i c a l  F o r t  S t .  Vra in  f u e l  rod.  

A r e p o r t  t h a t  d e s c r i b e s  i n  d e t a i l  t h e  optimum d e s i g n  and t h e  exper iments  

used t o  r e a c h  t h i s  des ign  i s  i n  p r e p a r a t i o n .  

Th i s  dev ice  w a s  a l s o  used t o  n o n d e s t r u c t i v e l y  a s s a y  f o r  235U i n  

f u e l  r o d s  f a b r i c a t e d  a t  ORNL and t o  be  inc luded  i n  Fue l  Elements FTE-2 

and FTE-8 of t h e  F o r t  St. Vrain  Ea r ly  V a l i d a t i o n  I r r a d i a t i o n  Experiment.  

Thirty-two f u e l  r o d s  w e r e  n o n d e s t r u c t i v e l y  ana lyzed  f o r  2 3 5 U  c o n t e n t  by 

a technique  based on t h e  d e t e c t i o n  of prompt fission neu t rons  induced 

by thermal  neu t ron  i n t e r r o g a t i o n .  The r e s u l t s  of t h e  n o n d e s t r u c t i v e  

and chemical  a s s a y s  w e r e  compared, and t h e  accu racy  of  t h e  method w a s  

e s t ima ted .  

Analys is  of t h e  n o n d e s t r u c t i v e  a s s a y  d a t a  f o r  f u e l  r o d s  of 

campaigns 11, 111, and I V  w a s  completed by two methods. F i r s t ,  a 

l i n e a r  c a l i b r a t i o n  curve  based on s t anda rd  f u e l  r o d s  t h a t  b racke ted  

t h e  load ings  of t h e  tes t  rods  w a s  e s t a b l i s h e d  and used t o  de te rmine  

t h e  5U c o n t e n t  of each rod  from t h e  background-corrected response .  
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The second method, which was developed after the data package was assembled, 

used a nonlinear calibration for conversion of the neutron detector 

counts to 2 3 5 U  mass. The calibration curve is given by: 

where R and U are the net detector response and the 235U mass of the 
sample, respectively. The calibration coefficients a and b are determined 
by a nonlinear least squares fit. This procedure is similar to that 

recommended in ANSI Standard N15. 20-1975, "American National Standard 
Guide to Calibrating Nondestructive Assay Systems." The nondestructive 

assay results for 235U are shown in Table 4.8 for each calibration 

technique. 

The nondestructively obtained data by the linear calibration 

procedure and the chemical assay data for the fuel rods produced for 

the irradiation experiment were also compared. A possible correlation 

between the chemical and nondestructive values within each production 

campaign was investigated. Between the nondestructive and chemical 

determination we found a bias of the order of the combined uncertainties 

of a single nondestructive assay and chemical determinations. The 

standards on which the nondestructive assay device is calibrated will 

be destructively analyzed in the future after further comparisons of 
these standards with other rods have been completed. Figure 4.14 shows 
the measured uranium masses for the 16 fuel rods in campaign 111. A 

straight line was fitted to the data by a least squares procedure. This 
line and the 95% confidence limit are presented in Fig. 4.14. The fitted 

line shows a definite correlation having nearly the expected slope. 

The precision of a single nondestructive assay measurement was 

established as 0.6% by repeated measurements of two standards. This 

precision is comparable to that estimated by Poisson statistics; therefore, 

improvements in precision can be achieved by repeated measurements, 

longer measurements, or an increase in neutron source strength. 



Table 4.8. Comparison of L inea r  and Nonlinear  C a l i b r a t i o n  Methods on t h e  
5U Masses Measured w i t h  t h e  Nondes t ruc t ive  Assay System 

2 3 5 U  Mass, g 

Run Run 

2 3 5 U  Mass, g 

Linear  Nonlinear  L inea r  Nonl inear  
C a l i b r a t i o n  C a l i b r a t i o n  C a l i b r a t i o n  C a l i b r a t i o n  

2M5 
2M30 
2M61 
2M9 2 
2M114 
2M134 
2M155 
2M170 

0.2874 
0.2869 
0.2881 
0.2874 
0.2872 
0.2853 
0.2879 
0.2839 

0.2868 
0.2862 3M7 0.1669 0.1660 
0.2875 3M4 4 0.1660 0.1651 
0.2868 3M6 7 0.1697 0.1687 
0.2865 3M7 7 0.1686 0.1676 
0.2845 3M8 3 0.1683 0.1674 
0.2873 3M109 0.1699 0.1689 
0.2831 3M128 0.1678 0.1668 

Average Dif fe rence  0.24% 

4M9 0.1620 0.1615 
4M3 5 0.1655 0.1650 
4M52 0.1654 0.1648 
4M74 0.1658 0.1652 
4M110 0.1655 0.1649 
4M12 8 0.1648 0.1643 
4M166 0.1685 0.1679 
4M184 0.1678 0.1672 

Average Dif fe rence  0.34% 

3M147 
3M158 
3M17 2 
SM204 
3M2 20 
3M234 
3M2 5 0 
3M280 
3M2 9 1 

0.1696 
0.1706 
0.1651 
0.1667 
0.1645 
0.1666 
0.1685 
0.1683 
0.1695 

0.1686 
0.1696 
0.1642 
0.1658 
0.1637 
0.1657 
0.1675 
0.1673 
0.1685 

Average Di f f e rence  0.57% 

P c 
W 
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4.14. Comparison of Nondestructive and Chemical Assay 
.n Fuel Rods from Campaign 111. 

for 

4.3.1.2.3 Delayed-Neutron Assay Device, S. R. McNeany. A new 

sample loader-unloader was added to the pneumatic transfer system of the 

assay device. Shown in Fig. 4.15, the load-unload station is located 
near the neutron irradiator and the sample storage safe in Cell B of the 

Thorium-Uranium Recycle Facility. This now gives us complete remote 

handling capability for sample loading, measurement, unloading, and 
storage. 

Many experiments have been performed to determine the precision 

and accuracy of measurements made in this device. 

ments was made on a single fuel sample - in this case the sample was a 

Fort St. Vrain type fuel rod - to determine the repeatability of 

measurements. The results were good. The standard deviation was only 

0.5% among a group of  1-min measurements and 0.15% in our 10-min measurements. 

A series of measure- 

The thermal-neutron flux level in the irradiation chamber was measured 

by neutron activation of lg7Au. 

and on the outside surface of a 232Th-10aded fuel rod. 

Figure 4.16 shows the flux at the center 

This work 





HEIGHT ABOVE BOTTOM OF SAMPLE CHAMBER (mm) 

Fig.  4 . 1 6 .  Axia l  Thermal Neutron Flux  i n  t h e  Neutron I r r a d i a t o r .  

a l lowed u s  t o  de te rmine  t h e  maximum b i a s  t h a t  could occur  i n  our  measure- 

ments as a r e s u l t  of d i f f e r e n c e s  i n  t h e  a x i a l  f u e l  d i s t r i b u t i o n  of  unknowns 

and c a l i b r a t i o n  s t anda rds .  The r e s u l t  h e r e  w a s  t h a t  a ' 'worst case" 

s i t u a t i o n  could i n t r o d u c e  a p o s s i b l e  0.3% b i a s  i n  t h e  measurements. Here, 

t h e  "worst  case" is  de f ined  as  u s i n g  c a l i b r a t i o n  r o d s  w i t h  a uniform 

uranium d i s t r i b u t i o n  t o  de te rmine  t h e  f i s s i l e  c o n t e n t  of rods  having 30% 

h i g h e r  uranium c o n c e n t r a t i o n  i n  t h e  c e n t e r  t han  on t h e  ends.  The f l u x  

measurement a l s o  r e s u l t e d  i n  t h e  optimum p o s i t i o n i n g  of t h e  sou rce  

r e l a t ive  t o  t h e  sample chamber. 

A c a l c u l a t i o n a l  s tudy  w a s  undertaken t o  de te rmine  t h e  e f f e c t  o f  

r a d i a l  f u e l  d e n s i t y  v a r i a t i o n s  on t h e  measurements. Again, a 0.3% b i a s  

w a s  t h e  e f f e c t  of a wors t  case s i t u a t i o n .  

Another series of exper iments  w a s  r u n  t o  conf i rm t h e  optimum 

o p e r a t i n g  s t r a t e g y  f o r  t h e  device .  Here, a c a l c u l a t i o n a l  model of t h e  

d e v i c e  w a s  used t o  p r e d i c t  t h e  optimum i r r a d i a t i o n  and count ing  t i m e s  

t o  be used f o r  any g iven  t o t a l  measurement t i m e  such t h a t  t h e  number of 

coun t s  accumulated w a s  a maximum. F i g u r e  4 .17  i s  a n  example of t h e  
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Calculations can  Determine Optimum Values for 
Operating Parameters  of t h e  Delayed Neutron NDA Device 

Fig. 4.17. Parametric Study of Effect of Operating Variables on 
Response of Delayed Neutron Assay Device Detector Assembly. 

results obtained. The figure shows that the maximum number of counts 

accumulated during a 10-min measurement on a 233U sample is achieved with 
11 irradiation-count cycles and a ratio of irradiation time to count 

time of 1. The measured number of counts agreed with the model's 

predictions to within 3% and confirmed a table of optimum operating 

parameters. 

4.3.1.2.4 Calorimetric Neutron Assay Device, E. J. Allen. Early in 

the reporting period it was decided that the cooling jacket of the 

calorimeter would have to be changed from aluminum to thin stainless 

steel. This decision was made at the suggestion of Mound Laboratory. 

Mound pointed out that long-term use of the aluminum jacket would result 

in its corrosion with water leaking into the sensitive regions of the 

calorimeter and destroying it. 

purpose of demonstrating the detectability of fission heat in the samples. 

This modification required complete disassembly of the device along with 

its return to Mound Laboratory. It was assembled and prepared for an 

extensive series of tests at the end of the reporting period. 

The aluminum jacket had served its 
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4.3.1.3 Process  Development - Cold Engineer ing  

4.3.1.3.1 Determina t ion  of S u l f u r  i n  Green and F i r e d  HTGR Fue l  Rods, 

I?. Ange l in i ,  F. L .  Layton, and D .  A. Costanzo. The p resence  of s u l f u r  

i n  v a r i o u s  p rocess  o p e r a t i o n s  d u r i n g  r e p r o c e s s i n g  and r e f a b r i c a t i o n  of 

HTGR f u e l  r o d s  can a d v e r s e l y  a f f e c t  bo th  m a t e r i a l s  and p rocesses .  Most 

of t h e  s u l f u r  p r e s e n t  i n  HTGR f u e l  r o d s  comes from pe t ro leum p i t c h ,  which 

i s  t h e  major c o n s t i t u e n t  of t h e  m a t r i x  b inde r  f o r  green  f u e l  rods .  

S p e c i a l  low-sulfur-content  pe t ro leum p i t c h  i s  a v a i l a b l e  commercial ly  i n  

l i m i t e d  q u a n t i t i e s  and i s  r e l a t i v e l y  c o s t l y .  The r e s i d u a l  s u l f u r  c o n t e n t  

of cured  f u e l  rods  and t h e  e f f e c t  of r e f a b r i c a t i o n  p r o c e s s  v a r i a b l e s  on 

t h e  r e s i d u a l  s u l f u r  w e r e  i n v e s t i g a t e d .  

I n  t h e  p a s t ,  4 7  s u l f u r  w a s  determined i n  HTGR f u e l  r o d s  by means of 

a Leco S u l f u r  Determina tor .  The i n a b i l i t y  of  t h e  Leco a p p a r a t u s  t o  

handle  l a r g e  amounts of o f f -gases  r e s t r i c t e d  sample s i z e  t o  about  60 mg. 

S ince  t h e  r o d s  weigh approximate ly  1 2  g ,  sampling e r r o r  w a s  s i g n i f i c a n t .  

A t  t h e  60-mg sample leve l ,  t h e  re la t ive  s t anda rd  d e v i a t i o n  of sampling 

w a s  determined t o  be 530%. 

A method w a s  i n v e s t i g a t e d  t o  use  l a r g e r  samples.  I n  t h i s  method t h e  

s a m p l e  i s  s lowiy  i g n i t e d  i n  a n  argon-oxygen stream t o  a f i n a l  t empera ture  

of abou t  14OOOC. The s u l f u r  p r e s e n t  i s  ox id ized  t o  S O z .  The o f f -gases  

are bubbled through an a c i d i c  s ta rch-potass ium i o d i d e  s o l u t i o n  t o  which 

a drop o r  two of 0.002 N K I 0 3  has  been added t o  produce i o d i n e .  The 

S O 2  r educes  t h e  f r e e  i o d i n e  p r e s e n t  and b l eaches  t h e  b l u e  s t a r c h - i o d i n e  

c o l o r  of t h e  s o l u t i o n .  By t i t r a t i n g  w i t h  a s t anda rd  s o l u t i o n  of 

potassium i o d a t e  t o  produce f r e e  i o d i n e ,  t h e  q u a n t i t y  of SO2 evolved 

can be  measured. The use  of t h i s  procedure  a l lows  a n  i n c r e a s e  i n  t h e  

sample s i z e  from about  60 mg t o  about  500 mg f o r  green  f u e l  r o d s  and 

about  12  g f o r  f i r e d  rods .  Sampling e r r o r s  are g r e a t l y  reduced and 

p r e c i s i o n  i s  improved. I n  t h e  case of g reen  f u e l  r o d s ,  t h e  r e l a t ive  

s t anda rd  d e v i a t i o n  of t h e  mean w a s  +30% f o r  a 60-mg sample and 53% f o r  

a sample of 500 mg. For  t h e  f i r e d  f u e l  rods ,  sampling e r r o r s  are 

e l i m i n a t e d  s i n c e  t h e  e n t i r e  rod i s  used f o r  a n a l y s i s .  The accu racy  of 

t h e  method as determined by t h e  a n a l y s i s  of t e n  i n o r g a n i c  s u l f a t e  s a l t s  

i s  99.8% w i t h  a re la t ive s t a n d a r d  d e v i a t i o n  of t h e  mean e q u a l  t o  +1.6%. 
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Samples from the experiment reported in ref. 47 were analyzed by 
the improved sulfur determination method just described. 

fuel rods cured in 1/6 segments of Fort St. Vrain fuel element blocks 

were also analyzed. 

initial tests, in which cure-in-place was simulated in graphite tubes. 
The results of the measurements performed by the improved method are 

presented in Fig. 4.18. The data corresponding t o  the cured-in-tube 

points were obtained on samples of size ranging from half to complete 

fuel rods. 

by analyzing complete fuel rods. 

average value for fuel rods in various fuel holes in the interior of 

the segment. 

matrix material by multiplying the ppm in rod values by approximately 7. 

The data show the same systematic trends as reported previously that 

(1) longer curing times at temperature decrease the sulfur level and 

In addition, 

These latter tests are more prototypic than the 

The analysis on samples run in the 1/6-segment were obtained 

The result from the 1/6-segment is an 

The data in the figure can be converted to ppm in fired 
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Fig. 4.18. Residual Sulfur Content in Fired 50.8 by 12.4-mm Fuel 
Rods. 
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(2)  h i g h e r  cure- in-place t empera tu res  d e c r e a s e  t h e  s u l f u r  level .  Acceptab le  

s u l f u r  levels  may be  ob ta ined  by e i t h e r  (1) mixing low-sulfur  p i t c h  w i t h  

p r e s e n t l y  a v a i l a b l e  p i t c h  such  t h a t  one can  meet t h e  accep tance  c r i t e r i a  

a t  p o s s i b l y  cure- in-p lace  t empera tu res  lower than  1800°C o r  ( 2 )  by 

performing t h e  cure- in-place p r o c e s s  a t  1800 t o  1850°C f o r  a t  l ea s t  30 min 

us ing  p r e s e n t l y  a v a i l a b l e  pe t ro leum p i t c h .  

4 .3 .1 .3 .2  F a b r i c a t i o n  of I r r a d i a t i o n  T e s t  Specimens, P .  Ange l in i  

and A. J. Caputo. Fue l  r o d s  were f a b r i c a t e d  and c h a r a c t e r i z e d  f o r  u s e  

i n  t h r e e  t es t  e lements  t o  be  inc luded  i n  t h e  f i r s t  r e l o a d  of t h e  

F o r t  S t .  Vra in  Reac tor .  Th i s  t e s t  i s  r e f e r r e d  t o  as t h e  F o r t  S t .  Vra in  

E a r l y  V a l i d a t i o n  I r r a d i a t i o n  Experiment.  The purpose of  t h e  i r r a d i a t i o n  

experiment  is  t o  demonst ra te  the performance and s a f e t y  of advanced 

f u e l  d e s i g n s ,  Tr i so-coa ted  weak-acid-resin-der ived f u e l  p a r t i c l e s ,  

Biso-coated thorium ox ide  f e r t i l e  p a r t i c l e s ,  H-451 g r a p h i t e ,  and t h e  

cure- in-p lace  p rocess .  48 The program has  been d e s c r i b e d  p r e v i o u s l y .  

The f u e l  r o d s  w e r e  f a b r i c a t e d  on t h e  eng inee r ing - sca l e  f u e l  rod  

molding machine i n  f o u r  p roduc t ion  campaigns of 2 4 5 ,  168, 299, and 186 

f u e l  r o d s  r e s p e c t i v e l y .  Fue l  r o d s  produced d u r i n g  campaign I w e r e  

shipped soon a f t e r  f a b r i c a t i o n  as  ag reed  upon by ORNL and GA. Fue l  r o d s  

produced d u r i n g  campaigns 11, 111, and I V  w e r e  s e n t  t o g e t h e r  i n  a s e p a r a t e  

shipment soon after t h e i r  f a b r i c a t i o n .  The sampling p l a n s  f o r  t h e  f u e l  

rods ,  i d e n t i f y i n g  s p e c i f i c  f u e l  r o d s  f o r  respective q u a l i t y  i n s p e c t i o n s  

and a l s o  t h e  r o d s  f o r  e lement  assembly a t  GA, w e r e  developed and 

d i s t r i b u t e d .  A t y p i c a l  p l a n  r e l a t i n g  t o  campaign I i s  p resen ted  i n  

F ig .  4 . 1 9 .  All t h e  q u a l i t y  i n s p e c t i o n  tests t o  be  performed a t  O W L  on 

samples from each of  t h e  f o u r  p roduc t ion  campaigns w e r e  completed w i t h  

t h e  f u e l  r o d s  w i t h i n  t h e  product  s p e c i f i c a t i o n s  f o r  t h e  test  e lements .  

I n  a d d i t i o n  t o  t h e  c h a r a c t e r i z a t i o n s  performed a t  ORNL, sample f u e l  r o d s  

w e r e  i d e n t i f i e d  by a random s e l e c t i o n  p r o c e s s  f o r  a d d i t i o n a l  t e s t i n g  by 

GA accord ing  t o  t h e  t es t  p l a n .  The t y p i c a l  t es t  p l a n  f o r  campaign I i s  

p resen ted  i n  F i g .  4.20. 

A d a t a  pack c o n t a i n i n g  t h e  p e r t i n e n t  d a t a  and r e s u l t s  f o r  t h e  f u e l  

r o d s  t o  be  used i n  t h e  i r r a d i a t i o n  experiment  w a s  p repared  and d i s t r i b u t e d .  

Var ious  p e r t i n e n t  procedures  of test  methods used i n  q u a l i t y  i n s p e c t i o n  
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( F i s s i l e  Batch A-611, Blend 1 4 ) .  

were w r i t t e n  and approved. A r e s e a r c h  and development q u a l i t y  a s su rance  

a u d i t  w a s  performed and approva l  w a s  g iven .  The f u e l  r o d s  were sh ipped  

t o  GA by approved methods. Repor ts  are be ing  prepared  t o  p r o p e r l y  

document t h e  r e s u l t s  of t h e  q u a l i t y  i n s p e c t i o n  tests. 

4.3.1.3.3 Chemical Heavy Metal Ana lys i s ,  P. Ange l in i ,  F. L. Layton, 

and D. A. Costanzo. Procedures  w e r e  developed and t h e  d a t a  w e r e  ana lyzed  

on chemical  a s s a y  methods used t o  de te rmine  t h e  heavy m e t a l  l o a d i n g  i n  

uncarbonized f u e l  rods .  The development w a s  performed w i t h  r e s p e c t  t o  

t h e  q u a l i t y  i n s p e c t i o n  requi rements  necessa ry  f o r  f u e l  r o d s  produced a t  

ORNL on f u e l  r o d s  t o  be  inc luded  i n  t h e  F o r t  S t .  Vra in  E a r l y  V a l i d a t i o n  

I r r a d i a t i o n  Experiment . 
The r e s u l t s  ob ta ined  d u r i n g  t h e  e v a l u a t i o n  of methods t o  be used f o r  

chemical  heavy metal a s s a y  on g reen  uncarbonized f u e l  r o d s  w e r e  v e r y  

p o s i t i v e .  The r e s u l t s  of t h e s e  tests show t h a t  t h e  uranium a n a l y s e s  of 

uncarbonized f u e l  r o d s  agreed  w i t h  t h e  uranium a n a l y s e s  of (1) l a r g e  

samples of Tr i so-coa ted  f i s s i l e  p a r t i c l e s ,  ( 2 )  p h y s i c a l  mix tu res  of t h e  

t h r e e  t y p e s  of p a r t i c l e s  ( f i s s i l e ,  f e r t i l e ,  and shim),  and ( 3 )  p h y s i c a l  
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mixtures of Triso-coated fissile and carbon shim particles. The same 

types of improved preparation and analysis were used for the chemical 

analysis of heavy metal in fuel rods produced at ORNL for the irradiation 

experiment. 

The chemical and nondestructive assay data were tested to provide 

an index to evaluate the assumed normality of the heavy metal measurements. 

Neither the Bowman-Shenton nor the Wilk-Shapiro tests on each data set 

(corresponding to each of the four production campaigns) allows rejection 

of the hypothesis that the data are normal at the 5% significance level. 

An analysis of a linear correlation between heavy metal content and 

the order of fuel rod production was performed on results of the rods 

fabricated at ORNL for the irradiation experiment. Results from the 

F-test showed that a correlation did exist at the 5% significance level 

for a few of the data sets. Calculation of the linear correlation 

coefficient for the data sets showed that linear correlation was minimal. 

A correlation between heavy metal content and the order of fuel rod 

production might be due to a bias with time of the volumetric dispensers 

or to particle segregation during drainage from the storage hoppers on 

the fuel rod molding machine. Typical results of.heavy element content 

versus order of fuel rod production for campaign I1 are presented in Fig. 4 . 2 1 .  

4.4 FUEL ASSEMBLY PROCESSES (SUBTASK 530) - D. R. Johnson 

4 .4 .1  Fuel Element Assembly (Secondary Subtask 531) - A .  J. Caputo 
The fuel element assembly development work is divided into three 

areas: (1) fuel element loading, in which green (unfired) fuel rods, 
end plugs, and dowels are loaded into the fuel element block; ( 2 )  carbon- 

ization and heat-treating, in which the loaded fuel element block is 

heated to about 1000°C to carbonize the pitch binder of the fuel rods 

and then heat-treated at 1800°C to remove residual volatiles and stabilize 

fuel rod dimensions; and ( 3 )  fuel element inspection, in which the 

assembled element is inspected and prepared for shipping to the reactor 

(or stored). Effort during the year has been centered on fuel element 

loading, carbonization, and heat-treating. 
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Fig .  4 .21 .  Uranium and Thorium Content  Versus t h e  Order of Fue l  Rod 
P roduc t ion  of Campaign 11. 

4 . 4 . 1 . 1  Equipment Development - Cold Engineer ing  

Equipment development du r ing  t h e  y e a r  focused on f u e l  e lement  l oad ing .  

This  area i n c l u d e s  t h e  assembly of columns of s t acked  f u e l  r o d s  and load ing  

them i n t o  t h e  f u e l  h o l e s  of t h e  l a r g e  g r a p h i t e  f u e l  b lock .  

The assembly of s t acked  f u e l  columns i n c l u d e s  (1) unloading  columns 

of green  f u e l  r o d s  from t h e  f u e l  rod s t o r a g e  magazine,  (2 )  s i n g u l a r i z i n g  

t h e  f u e l  r o d s ,  (3) p l a c i n g  p l a s t i c  s p a c e r s  between f u e l  r o d s  and /o r  p a i r s  

of f u e l  rods ,  ( 4 )  i n s e r t i n g  an  end p lug  a t  t h e  end of t h e  column, and 

(5) measuring t h e  l e n g t h  of t h e  assembled s t acked  f u e l  column. 

Loading t h e  f u e l  columns i n t o  t h e  f u e l  b lock  r e q u i r e s  (1) p l a c i n g  

t h e  l a r g e  f u e l  b lock ,  which weighs about  90 kg ( 2 0 0  l b ) ,  i n  t h e  h o r i z o n t a l  

p o s i t i o n ;  ( 2 )  p o s i t i o n i n g  t h e  b lock  t o  t h e  nominal 1oc.at ion [ w i t h i n  

0.5-mm-diam (0.020-in.)]  of each of t h e  i n d i v i d u a l  f u e l  h o l e s ;  ( 3 )  determining  

t h e  e x a c t  l o c a t i o n  of each  h o l e  by means of a probe mounted on a n  a i r -  

bear ing-suppor ted  p l a t e ;  ( 4 )  l ock ing  t h e  probe i n  p o s i t i o n ;  (5)  i n s e r t i n g  

t h e  f u e l  column i n t o  t h e  f u e l  h o l e ;  and ( 6 )  v e r i f y i n g  t h e  p o s i t i o n  of t h e  
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t op  of  t h e  f u e l  column w i t h  r e s p e c t  t o  t h e  top  s u r f a c e  of  t h e  f u e l  b lock .  

The c r i t i c a l  requirement  of t h e  b lock  l o a d e r  w a s  t h e  need t o  l o c a t e  t h e  

e x a c t  p o s i t i o n  of each f u e l  h o l e  i n  t h e  f u e l  b lock .  Th i s  w a s  necessa ry  

because t h e  machining t o l e r a n c e s  f o r  t h e  b lock  pe rmi t  t h e  l o c a t i o n  of 

t h e  f u e l  h o l e  t o  v a r y  anywhere w i t h i n  a c i r c l e  0.5 m (0.020 i n . )  l a r g e r  

i n  d iameter  t han  t h e  f u e l  ho le .  However, t h e  nominal d i a m e t r i c a l  

c l e a r a n c e  between t h e  f u e l  rod [12.45-mm-diam (0.490 i n . ) ]  and t h e  f u e l  

h o l e  [l2.70-mm-diam (0.500 i n . ) ]  i s  on ly  0.25 mm (0.010 i n . )  diam. Thus, 

t h e  l o c a t i o n  of t h e  h o l e  has  t o  be  known r a t h e r  a c c u r a t e l y  b e f o r e  t h e  

c l o s e l y  f i t t i n g  rod can be i n s e r t e d  i n t o  i t .  

The equipment d e s i g n  r e q u i r e s  t h a t  t h e  p r o c e s s  s t e p s  b e  done by 

au tomat i c  and r e l i a b l e  equipment t h a t  can  be  ope ra t ed  and main ta ined  i n  

a remote f a c i l i t y .  Other requi rements  i nc lude :  (1)  because of t h e  

l a r g e  number of f u e l  rods  (3132) and f u e l  columns (210) r e q u i r e d  pe r  

f u e l  b lock ,  t h e  equipment should o p e r a t e  r a t h e r  r a p i d l y ,  and ( 2 )  t h e  

throughput  ra te  of t h e  s t acked  f u e l  column equipment and t h e  f u e l  b lock  

l o a d e r  should be about  t h e  same so t h a t  equipment requi rements  would b e  

on a one-to-one b a s i s .  

The conceptua l  d e s i g n  f o r  b o t h  t h e s e  areas w a s  completed and t h e  

des ign  c r i t e r i a  prepared .  The n e x t  phase of t h e  development w i l l  b e  t h e  

p r e p a r a t i o n  of d e t a i l e d  f a b r i c a t i o n  drawings.  

4.4.1.2 P rocess  Development - Cold Engineer ing 

P rocess  development d u r i n g  t h e  yea r  w a s  cen te red  on t h e  con t inu ing  

s tudy  of t h e  in-block c a r b o n i z a t i o n  and h e a t - t r e a t i n g  p rocess .  The 

e f f o r t  w a s  mainly concen t r a t ed  on a series of  s t a t i s t i c a l l y  planned 

exper iments  des igned  t o  i n v e s t i g a t e  t h e  performance of Tr i so-coa ted  

f i s s i l e  f u e l  p a r t i c l e s .  A s i m i l a r  s t udy  of Biso-coated f e r t i l e  f u e l  

p a r t i c l e s  w a s  publ i shed4 '  du r ing  t h e  yea r .  The conc lus ions  from t h e  

r e p o r t  on f e r t i l e  p a r t i c l e s  are  inc luded  i n  t h i s  r e p o r t  and comparisons 

can be  made w i t h  t h e  r e s u l t s  of t h e  s tudy  of f i s s i l e  p a r t i c l e s .  A 

summary r e p o r t 5 '  d e a l i n g  w i t h  t h e  argon p e r m e a b i l i t y  of t h e  g r a p h i t e  

f u e l  b locks  w a s  pub l i shed  du r ing  t h e  yea r  and, a g a i n ,  t h e  conc lus ions  

are l i s t e d  i n  t h i s  r e p o r t .  
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4 . 4 . 1 . 2 . 1  Performance of F e r t i l e  P a r t i c l e s  During In-Block 

Carboniza t ion .  A r e p o r t 4  on t h e  performance of Biso-coated t h o r i a  

( f e r t i l e )  f u e l  p a r t i c l e s  d u r i n g  t h e  in-block c a r b o n i z a t i o n  and hea t -  

t r e a t i n g  p r o c e s s  s t e p  of HTGR f u e l  e lement  r e f a b r i c a t i o n  w a s  pub l i shed  

du r ing  t h e  yea r .  The e f f e c t  of v a r i o u s  p rocess  v a r i a b l e s  ( c a r b o n i z a t i o n  

c y c l e  h e a t i n g  ra te ,  f e r t i l e  p a r t i c l e  c rush ing  s t r e n g t h ,  h o r i z o n t a l  and /o r  

ve r t i ca l  p o s i t i o n  i n  t h e  f u e l  e lement  b l o c k s ,  and f u e l  h o l e  a rgon  

p e r m e a b i l i t y )  on p i t c h  coke y i e l d ,  d e f e c t i v e  f r a c t i o n  of f e r t i l e  f u e l  

p a r t i c l e s ,  m a t r i x  s t r u c t u r e ,  and m a t r i x  p o r o s i t y  w a s  e v a l u a t e d .  The 

conc lus ion  s e c t i o n ' o f  t h i s  r e p o r t  i s  as fo l lows :  

The most impor tan t  conc lus ion  t h a t  can  be  drawn from 
t h i s  work i s  t h a t  t h e  in-block c a r b o n i z a t i o n  p r o c e s s  can  
produce a c c e p t a b l e  HTGR f u e l  rods .  The r o d s  w i l l  have t h e  
d e s i r e d  p i t c h  coke y i e l d  and t h e  d e f e c t i v e  f r a c t i o n  of 
f e r t i l e  f u e l  p a r t i c l e s  w i l l  b e  below t h e  d e s i r e d  maximum 
l i m i t  of 1 x The above w a s  accomplished u s i n g  Biso- 
coa ted  f e r t i l e  p a r t i c l e s  and t h e  r e f e r e n c e  Genera l  Atomic 
matr ix  a t  t h e  proposed h e a t i n g  ra te  of 10°C/min. 
a d d i t i o n ,  t h e  s tudy  showed t h a t  t h e  h e a t i n g  ra te  and t h e  
p a r t i c l e  c rush ing  s t r e n g t h  could  v a r y  c o n s i d e r a b l y  and 
t h e  p r o c e s s  could  s t i l l  produce a n  a c c e p t a b l e  p roduc t .  
However, a t  combinat ions of  low h e a t i n g  rates (h igh  p i t c h  
coke y i e l d s )  and low p a r t i c l e  c rush ing  s t r e n g t h ,  a n  
unaccep tab le  number of  d e f e c t i v e  p a r t i c l e s  (due t o  mat r ix-  
p a r t i c l e  i n t e r a c t i o n s )  could be  produced. 

Other  conc lus ions  i n c l u d e :  

1. The p i t c h  coke y i e l d  w a s  c o n t r o l l e d  by t h e  h e a t i n g  r a t e  of t h e  

In 

c a r b o n i z a t i o n  c y c l e .  F i g u r e  4 .22  shows t h e  p r e d i c t i o n  model and t h e  95% 

conf idence  i n t e r v a l s  f o r  t h e  model. 

2 .  Wi th in  t h e  r ange  s t u d i e d ,  none of t h e  o t h e r  v a r i a b l e s  t e s t e d  

( p a r t i c l e  s t r e n g t h ,  h o r i z o n t a l  p o s i t i o n ,  ve r t i ca l  p o s i t i o n ,  and f u e l  

h o l e  p e r m e a b i l i t y )  had a s i g n i f i c a n t  e f f e c t  on t h e  coke y i e l d .  

3 .  The d e f e c t i v e  f r a c t i o n  of f u e l  p a r t i c l e s  w a s  c o n t r o l l e d  by t h e  

h e a t i n g  r a t e  and p a r t i c l e  c rush ing  s t r e n g t h ,  as shown i n  F i g .  4 . 2 3 .  

4 .  Within  t h e  range  s t u d i e d ,  none of t h e  o t h e r  v a r i a b l e s  t e s t e d  

( h o r i z o n t a l  p o s i t i o n ,  ve r t i ca l  p o s i t i o n ,  and f u e l  h o l e  p e r m e a b i l i t y )  

s i g n i f i c a n t l y  a f f e c t e d  t h e  d e f e c t i v e  f r a c t i o n  of f u e l  p a r t i c l e s .  
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4 . 4 . 1 . 2 . 2  Performance of F i s s i l e  P a r t i c l e s  During In-Block 

Carboniza t ion .  A series of s t a t i s t i c a l l y  planned exper iments  des igned  

t o  i n v e s t i g a t e  t h e  performance of v a r i o u s  f i s s i l e  p a r t i c l e  b a t c h e s  

du r ing  in-block c a r b o n i z a t i o n  under d i f f e r e n t  c o n d i t i o n s  w a s  performed 

d u r i n g  t h e  yea r .  The exper iments  were s imi l a r  t o  t h e  p r e v i o u s  exper iments  

t h a t  i n v e s t i g a t e d  t h e  performance of f e r t i l e  p a r t i c l e s .  The exper iments  

w e r e  des igned  t o  de te rmine  t h e  e f f e c t  of d i f f e r e n t  f i s s i l e  p a r t i c l e  

ba t ches ,  f u e l  rod  l o c a t i o n  w i t h i n  t h e  b lock ,  and h e a t i n g  r a t e  upon coke 

y i e l d  and d e f e c t i v e  f r a c t i o n  of f i s s i l e  f u e l  p a r t i c l e s  w i t h i n  t h e  f u e l  

rod.  H i s t o r i c a l l y ,  f i s s i l e  p a r t i c l e s  have been eva lua ted  o n l y  by 

de termining  t h e  f r a c t i o n  of d e f e c t i v e  s i l i c o n  c a r b i d e  ( S i c )  c o a t i n g  

l a y e r s  by t h e  mercury i n t r u s i o n  technique .  However, i n  t h i s  s t u d y  of 

t h e  in-block c a r b o n i z a t i o n  p rocess ,  w e  a l s o  wanted t o  de te rmine  t h e  

d e f e c t i v e  f r a c t i o n  of t h e  o u t e r  low-temperature i s o t r o p i c  (oLTI) pyrocarbon 

c o a t i n g s  w i t h  r e s p e c t  t o  m a t r i x - p a r t i c l e  i n t e r a c t i o n .  However, as 

d i scussed  l a t e r  i n  t h e  r e p o r t ,  t h e  a n a l y t i c a l  p rocedure  developed w a s  

s u c c e s s f u l  i n  de te rmining  d e f e c t i v e  oLTI c o a t i n g s  i n  l o o s e  f i s s i l e  

p a r t i c l e s  b u t  w a s  n o t  s u c c e s s f u l  i n  de te rmining  t h e  d e f e c t i v e  oLTI 

c o a t i n g s  of f i s s i l e  p a r t i c l e s  i n  f u e l  rods .  

Four in-block c a r b o n i z a t i o n  runs  w e r e  made a t  h e a t i n g  ra tes  of 

1 .0 ,  5 . 1 ,  9 . 4 ,  and 12.6"C/min t o  o b t a i n  p i t c h  coke y i e l d s  r ang ing  from 

25 t o  40%.  Each run  con ta ined  f u e l  r o d s  made from t h r e e  f i s s i l e  p a r t i c l e  

ba t ches  (A-829,  A-813,  and A-8151,  which had whole p a r t i c l e  c rush ing  

s t r e n g t h s  of 1 6 . 9 ,  1 9 . 3 ,  and 24.3  N ( 3 . 8 0 ,  4 . 3 5 ,  and 5.47 l b ) ,  r e s p e c t i v e l y .  

The c rush ing  s t r e n g t h s  a t  t h e  Sic-coated s t a g e  w e r e  8 . 9 ,  1 0 . 2 ,  and 1 3 . 3  N 

( 2 . 0 ,  2 . 3 ,  and 3.0 l b ) ,  r e s p e c t i v e l y .  The d e f e c t i v e  f u e l  f r a c t i o n  of 

each f i s s i l e  p a r t i c l e  b a t c h  w a s  determined a t  t h e  f o u r  levels  of coke 

y i e l d  ob ta ined  i n  t h e  f o u r  r u n s .  

Because of t h e  s i z e  l i m i t a t i o n  of t h e  l a b o r a t o r y  c a r b o n i z a t i o n  and 

h e a t - t r e a t i n g  f u r n a c e s ,  t h i s  work w a s  conducted on segments of t h e  f u l l -  

s i z e  f u e l  e lement  b lock .  The segments w e r e  f u l l  l e n g t h  b u t  about  1 / 6  

of t h e  c r o s s  s e c t i o n .  Th i s  produced a f i x t u r e  as shown i n  F ig .  4 . 2 4 .  

The f i x t u r e  con ta ined  24 f u e l  h o l e s ,  as shown more c l e a r l y  i n  F i g .  4 . 2 5 .  

A l l  t h e  f u e l  h o l e s  were f i l l e d  w i t h  r o d s  (360) .  However, h o l e s  a long  
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Fig. 4 . 2 5 .  Top Surface of Carbonization Fixture. 
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t h e  o u t s i d e  s u r f a c e s  no longer  have t h e  t y p i c a l  h o l e  l a y o u t  ( t h a t  i s ,  

each  f u e l  h o l e  having  t h r e e  f u e l  h o l e s  and t h r e e  coo lan t  h o l e s  a d j a c e n t  

t o  i t ) .  

l i m i t e d  t o  t h e  h o l e s  i n  t h e  segment t h a t  had t h e  normal l a y o u t .  

h o l e s  are r e f e r r e d  t o  as " regu la r  ho les"  and are shown i n  F ig .  4 .25 .  

Thus, sample rods  were n o t  p laced  i n  t h e  o u t s i d e  h o l e s  b u t  w e r e  

These 

I n  each of t h e  f o u r  c a r b o n i z a t i o n  r u n s ,  f u e l  r o d s  made from each 

of t h e  t h r e e  p a r t i c l e  b a t c h e s  were p laced  a t  one of  t h r e e  v e r t i c a l  

p o s i t i o n s  ( top ,  middle ,  and bottom) and i n  each of t h e  t h r e e  s e l e c t e d  

h o r i z o n t a l  p o s i t i o n s  ( h o l e s  1, 2 ,  and 3 ) .  Fuel  r o d s  of each p a r t i c l e  

t ype  w e r e  s t a t i s t i c a l l y  p laced  w i t h i n  t h e  b lock  segment ( h o r i z o n t a l  and 

ve r t i ca l  p o s i t i o n )  t o  demonst ra te  t h e  e f f e c t  ( o r  l a c k  of e f f e c t )  of rod 

p o s i t i o n  w i t h i n  t h e  f u e l  b lock  segment upon f i s s i l e  p a r t i c l e  performance. 

Previous  t e s t i n g  of f e r t i l e  p a r t i c l e s  had i n d i c a t e d  v e r y  l i t t l e ,  i f  any, 

s i g n i f i c a n t  e f f e c t  of f u e l  rod p o s i t i o n  upon t h e  performance of t h e  

p a r t i c l e s .  

o b t a i n  samples f o r  de te rmining  t h e  d e f e c t i v e  f r a c t i o n  of bo th  t h e  S i c  

and t h e  oLTI coa t ings . ,  A schemat ic  r e p r e s e n t a t i o n  of t h e  expe r imen ta l  

d e s i g n  f o r  t h e  f o u r  r u n s  i s  shown i n  F ig .  4 .26 .  Of t h e  t o t a l  of 7 2  

S a m p l e  r o d s  w e r e  r e p l i c a t e d  a t  each ver t ica l  p o s i t i o n  t o  
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P1 = BATCH A-829, C R U S H I N G  STRENGTH = 16.9 N (3 .80  l b )  

P 3  = B A T C H  A - 8 1 5 ,  C R U S H I N G  STRENGTH = 24.3 N (5 .47  l b )  
P2 = B A T C H  A - 0 1 3 ,  CRUSHING STRENGTH = 19.3 N (4 .35 l b )  

Fig .  4 .26 .  Design f o r  Four Experimental  Carboniza t ion  Runs. 
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sample rods ,  one-half  were ana lyzed  f o r  d e f e c t i v e  S i c  c o a t i n g s  and one- 

h a l f  f o r  d e f e c t i v e  oLTI c o a t i n g s .  The sample r o d s  w e r e  p l aced  i n  f u e l  

h o l e s  t h a t  had a nominal re la t ive  argon p e r m e a b i l i t y  v a l u e  of 1 7  l i t e r s / m i n .  

Th i s  is t h e  average  p e r m e a b i l i t y  v a l u e  ob ta ined  i n  t h e  t e s t i n g  of 10  

FSV-type f u e l  b locks  made of  H-327 g r a p h i t e .  However, due t o  bo th  t h e  

wide range  of p e r m e a b i l i t y  v a l u e s  found i n  t h e  s tudy  and t h e  lower 

p e r m e a b i l i t y  H-451 g r a p h i t e  t o  b e  used i n  t h e  f u t u r e ,  t h e  e f f e c t  of 

lower p e r m e a b i l i t y  w a s  a l s o  i n v e s t i g a t e d  i n  one of t h e  runs .  

Pi tch  Coke Y i e l d  
A s  w a s  t h e  case i n  t h e  p rev ious  exper iments  u s ing  f e r t i l e  p a r t i c l e s ,  

t h i s  s t u d y  us ing  f i s s i l e  p a r t i c l e s  showed t h a t  of a l l  t h e  v a r i a b l e s  t e s t e d  

( h e a t i n g  ra te ,  p a r t i c l e  s t r e n g t h ,  f u e l  h o l e  p e r m e a b i l i t y ,  v e r t i c a l  p o s i t i o n ,  

and h o r i z o n t a l  p o s i t i o n )  o n l y  t h e  h e a t i n g  ra te  of t h e  c a r b o n i z a t i o n  c y c l e  

had a s i g n i f i c a n t  e f f e c t  on t h e  coke y i e l d .  

The p i t c h  coke y i e l d  d a t a ,  i n c l u d i n g  t h e  mean and t h e  95% conf idence  

leve l  about  t h e  mean, i s  summarized f o r  t h e  fou r  h e a t i n g  ra tes  i n  Table  4.9.  

The d e c r e a s e  i n  coke y i e l d  w i t h  i n c r e a s e s  i n  h e a t i n g  ra te  i s  q u i t e  e v i d e n t .  

A summary of t h e  p i t c h  coke y i e l d  d a t a  a t  two levels  of f u e l  h o l e  p e r m e a b i l i t y  

i s  shown i n  Table  4.10. The l a c k  of e f f e c t  of f u e l  h o l e  p e r m e a b i l i t y  upon 

p i t c h  coke y i e l d  i s  a l s o  q u i t e  e v i d e n t .  The s t a t i s t i c a l  a n a l y s i s  of t h e  

Table  4 .9 .  E f f e c t  of Heat ing  R a t e  on Mean P i t c h  
Coke Yie ld  from In-Block Carboniza t ion  

a 
H e a t  i n g  

R a t e  
( O c/min> 

Mean 95% Confidence 
Number of I n t e r v a l  About 

Mean P i t c h  Coke Yie ld  
Coke Yie ld  Standard 

(%> Devia t ion  
Run 

Samples t h e  Mean 
(2) 

C-214 1 .0  38 .1  21  0.893 38.4-37.7 

C-216 5 . 1  33.8 18 0.516 34.1-33.6 

C-215 9.4 30.8 25 0.653 31.0-30.5 

C-217 12.6 29.3 18 1.060 29.7-29.0 

a Heat ing  r a t e  of t h e  c a r b o n i z a t i o n  c y c l e  between 300 and 600OC. 
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Table  4.10. P i t c h  Coke Yie ld  of HTGR Fuel  Does Not Vary 
S i g n i f i c a n t l y  With Fue l  Hole Pe rmeab i l i t y  

Mean Pi tcha  Coke Yie ld  Number of 
Pe rmeab i l i t y  Coke Yie ld  Standard Samples 
( l i t e r s / m i n )  ( X I  Devia t ion  

Mean Argon 

16.6 38 .1  9 0.948 

11.1 38.2 10 0.769 

'At a h e a t i n g  ra te  of 1°C/min between 300 and 
600'C of t h e  c a r b o n i z a t i o n  c y c l e .  

d a t a  v e r i f i e d  t h a t  t h e  h e a t i n g  ra te  i s  t h e  on ly  p rocess  v a r i a b l e  t h a t  had 

a s i g n i f i c a n t  e f f e c t  on coke y i e l d .  

t h e  f i x t u r e s  were n o t  l a r g e  enough t o  s i g n i f i c a n t l y  i n f l u e n c e  t h e  coke 

y i e l d .  I n  a d d i t i o n ,  t h e  s t a t i s t i c a l  a n a l y s i s  v e r i f i e d  t h a t  n e i t h e r  t h e  

p e r m e a b i l i t y  no r  t h e  p a r t i c l e  s t r e n g t h  had a s i g n i f i c a n t  e f f e c t  on t h e  coke 

y i e l d .  

V a r i a t i o n s  i n  t h e  h e a t i n g  r a t e  w i t h i n  

The s t a t i s t i c a l  method t o  ana lyze  t h e  coke y i e l d  d a t a  w a s  t h e  method 

T h i s  method p a r t i t i o n s  t h e  a d j u s t e d  t o t a l  sum of a n a l y s i s  of va r i ance .51  

of squa res  [ i . e .  , C(coke y i e l d  - mean)'] i n t o  each source  that may cause  

t h e  coke y i e l d  t o  va ry  from an  o v e r a l l  mean. For t h e  fou r  r u n s ,  t h e  

sou rces  of v a r i a t i o n  are t h e  p a r t i c l e  c rush ing  s t r e a g t h  ( s t r e n g t h ) ,  t h e  

f u e l  h o l e  p e r m e a b i l i t y  (perm), t h e  h e a t i n g  ra te  ( h e a t ) ,  and t h e  h e a t i n g  

ra te  squared (hea t ) ' .  

e r r o r s ,  which are assumed t o  be  independent  and i d e n t i c a l l y  d i s t r i b u t e d  

as a normal d i s t r i b u t i o n  w i t h  ze ro  mean and c o n s t a n t  va r i ance .  

of t h e  sum of squa res  f o r  t h e  f o u r  runs  i s  summarized i n  Table  4.11. The 

mean squa re  f o r  a source ,  which i s  t h e  sum of squa res  d iv ided  by t h e  deg rees  

of freedom (DF), can be  used t o  t e s t  t h e  s i g n i f i c a n c e  of a v a r i a b l e  by 

t h e  F - s t a t i s t i c .  

v a r i a b l e s  t o  t h e  e r r o r  mean square .  

pe rcen tage  p o i n t s  of t h e  F - d i s t r i b u t i o n .  Only h e a t i n g  ra te  had a s i g n i f i c a n t  

e f f e c t  on coke y i e l d  w i t h  a s i g n i f i c a n c e  level of 5%. 

v a r i a b l e  w a s  t h e n  cons idered  as a cont inuous  v a r i a b l e  and a q u a d r a t i c  f u n c t i o n  

was f i t t e d  t o  t h e  coke y i e l d  measurements by t h e  method of l e a s t - s q u a r e s :  

The remaining sum of squa res  i s  due t o  measurement 

The p a r t i t i o n  

F - s t a t i s t i c s  are t h e  r a t i o s  of t h e  mean squa res  f o r  t h e  

These r a t i o s  are  compared w i t h  t h e  

The h e a t i n g  ra te  
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Table 4.11. Coke Yield Analysis of Variance Table 

Source F-Statistic Sum of Me an 
DF Squares Squares 

-~ ~ 

Strength 2 2.8351 1.4176 2.31 

Permeability 1 0.4990 0.4990 0.81 
Heat 1 96.7071 96.7071 157. 58a 

Heat’ 1 18.8207 18.8207 30. 67a 

Error 
Total 81 

76 46.6424 0.6137 - 

a Significant at the 5% Significance Level. 

COKE YIELD = 39.243 - 1.236 HEAT + 0.036 (HEAT)2 . 

The quadratic prediction model and the 95% confidence interval for the 

prediction model are plotted in Fig. 4.27. It is interesting to note 

that this coke yield model is essentially the same as the model derived 

in the earlTer in-block carbonization study of fertile particles (see 

Fig. 4.22). 

four heating rates for the two models is shown in Table 4.12. 

ranged from a high of 1.4% at 10°C/min to a low of 0.3% at 1°C/min. 

The similarity in the predicted mean coke yield values at 

The difference 

Defective Fraction of S i l i con  Carbide Coatings 
The overall conclusion that can be drawn from this work is that the 

in-block carbonization process can produce acceptable HTGR fuel rods with 

respect to fissile particles if the particles have a Sic crushing strength 

of 10.2 to 13.3 N (2.33.0 lb). However, i f  the fissile particles have a 

Sic crushing strength as low as 8.9 N (2.0 lb) an unacceptable number of 

defective particles resulted from processing. 

We analyzed 36 fired rods from the four carbonization runs to evaluate 

the performance of the Sic coatings of the three fissile batches. The 

three batches (A-829, A-813, and A-815) had crushing strengths (as Sic 

coated) of 8.9, 10.2, and 13.3  N (2.0, 2.3, and 3.0 lb), respectively. 

This range of crushing strengths represented values both below and above 

those expected for reference coatings. A summary of the defective fraction 
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Fig .  4.27. P i t c h  Coke Yie ld  of t h e  In-Block Carboniza t ion  Heat- 
T r e a t i n g  P rocess  A s  A Funct ion  of t h e  Heat ing  Rate. 

Table  4.12. Comparison of Coke Yie ld  Models 

Heat ing  Mean Coke Yie ld  ( X )  

("C/min) Model la Model 2 Di f f e rence  

1 37.7 38.0 0 .3  

5 32.8 34.0 1 . 2  

10 29.1 30.5 1 .4  

1 5  28.0 28.8 0 .8  

Rate 

COKE YIELD = 39.131 - 1.539 (HEAT) a 
+ 0.053 (HEAT)2 model developed from s t u d i e s  
us ing  f e r t i l e  p a r t i c l e s ,  see F ig .  4.22. 

bCOKE YIELD = 39.243 - 1.236 (HEAT) 
+ 0.036 (HEAT)2 model developed from s t u d i e s  
us ing  f i s s i l e  p a r t i c l e s ,  see F ig .  4.27. 
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of S i c  c o a t i n g s  f o r  n o t  on ly  t h e  f i r e d  r o d s  b u t  a l s o  f o r  t h e  as-coated 

l o o s e  p a r t i c l e s  and t h e  g reen  formed r o d s  i s  shown i n  Table  4.13. 

Although t h e  d a t a  va ry  cons ide rab ly ,  v a l i d  conc lus ions  v e r i f i e d  by 

s t a t i s t i c a l  a n a l y s i s  can be drawn from t h e  d a t a .  These i n c l u d e :  

1. Batches A-813 and A-815, which had S i c  c rush ing  s t r e n g t h s  of 

10 .2  and 13 .3  N (2 .3  and 3.0 l b ) ,  r e s p e c t i v e l y ,  d i d  n o t  show any i n c r e a s e  

i n  d e f e c t i v e  f r a c t i o n  of S i c  c o a t i n g s  du r ing  any of t h e  f o u r  c a r b o n i z a t i o n  

runs .  That i s ,  t h e  d e f e c t i v e  f r a c t i o n  f o r  t h e  f i r e d  r o d s  w a s  no h ighe r  

t han  t h a t  of t h e  as-coated p a r t i c l e s  o r  t h e  g reen  formed r o d s ,  r e g a r d l e s s  

of t h e  h e a t i n g  ra te  used.  Th i s  w a s  v e r i f i e d  by t h e  s t a t i s t i c a l  a n a l y s i s  

of t h e  d a t a  ( s e e  Table  4 .14) .  

2 .  Batch A-829, which had t h e  lowes t  S i c  c rush ing  s t r e n g t h ,  8 .9  N 

(2 .0  l b ) ,  d i d  show a n  i n c r e a s e  i n  t h e  d e f e c t i v e  f r a c t i o n  of S i c  c o a t i n g s  

a f t e r  each  of  t h e  f o u r  c a r b o n i z a t i o n  runs .  The s t a t i s t i c a l  a n a l y s i s  ( s e e  

Table  4.14) d i d  v e r i f y  t h a t  t h e  d e f e c t i v e  f r a c t i o n  of t h e  p a r t i c l e s  and 

green  formed r o d s  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  T h i s  i n d i c a t e s  t h e  

p a r t i c l e s  w e r e  n o t  damaged by rod forming b u t  du r ing  t h e  in-block p rocess ing .  

Th i s  w a s  somewhat s u r p r i s i n g  because damage due t o  p rocess ing  (mat r ix-  

p a r t i c l e  i n t e r a c t i o n )  w a s  thought  t o  be conf ined  t o  t h e  outermost  p a r t i c l e  

c o a t i n g  l a y e r .  Th i s  phenomenon w i l l  con t inue  t o  be monitored i n  f u t u r e  

work t o  see i f  i t  i s  a v a l i d  c o n s i d e r a t i o n  o r  an  anomaly i n  t h e  d a t a .  Even 

i f  v a l i d ,  t h i s  would n o t  b e  t o o  d i s t u r b i n g  s i n c e  t h e  i n c r e a s e  w a s  s l i g h t  

and t h e  b a t c h  had an  abnormally low c rush ing  s t r e n g t h .  

3. The S i c  c rush ing  s t r e n g t h  w a s  t h e  on ly  p r o c e s s  v a r i a b l e  t h a t  had 

a s i g n i f i c a n t  e f f e c t  on t h e  d e f e c t i v e  f r a c t i o n  of S i c  c o a t i n g s  i n  t h e  f o u r  

c a r b o n i z a t i o n  runs .  For a n  a n a l y s i s  of v a r i a n c e  see Table  4.15. Th i s  

i n d i c a t e s  t h a t  t h e  h e a t i n g  ra te  of t h e  c a r b o n i z a t i o n  c y c l e  could  b e  v a r i e d  

f o r  o t h e r  c o n s i d e r a t i o n s ,  mainly coke y i e l d ,  and i t  would n o t  a f f e c t  t h e  

d e f e c t i v e  f r a c t i o n  of t h e  S i c  c o a t i n g s .  

Defept-f-m Frzct ion of Outer Low-Temperature Isotropic ( o L T I )  Coatings 
This  v a s  the f i r s t  a t t empt  t o  de te rmine  d e f e c t i v e  f r a c t i o n  of oLTI 

c o a t i n g s  due t o  m a t r i x - p a r r i c l e  i n t e r a c t i o n  f o r  f i s s i l e  p a r t i c l e s  i n  f i r e d  

rods .  However, t h e  a t t empt  w a s  unsuccess fu l .  A procedure  w a s  developed 

f o r  de te rmining  f a i l e d  oLTI c o a t i n g s  i n  l o o s e  (as-coated)  f i s s i l e  p a r t i c l e s .  



Tab le  4.13. Summary of t h e  Defective F r a c t i o n  of S i c  Coa t ings  Versus 
F a b r i c a t i o n  S t e p  and Carbon iza t ion  Cycle Hea t ing  Ra te  

a 
Defec t ive  F r a c t i o n  

Crushing St rength  
Batch Rods F i r ed  a t  each Heating Rate ("C/min) 

(N) (1b) As-Coated P a r t i c l e s  Green Rods 
1 . 0  5 . 1  9.4 12.6 

A-829 8.9 2.0 18.37, 21.93, 18.69 14.28, 15.59, 44.50, 48.67, 32.59, 21.43, 
29.02, 22.29, 28.57, 27.23, 45.54, 33.49, 
21.44, 24.54, 38.40 33.04 23.66 29.02 

P 

4 
16.95 c 3  

A-813  10.2 2.3 3.31, 9.19, 11.98, 2.14, 3.43, 4.28, 4.71, 15.83, 5.99, 
2.66, 5.30, 7.29, 2.57 16.26, 9.84, 7.28, 5.14, 
3.97, 5.41, 10.07, 13.27 4.28 12.41 5.56 
8.55, 5.91, 6.05 

A-815 13.3 3.0 2.70, 1 .45,  3.62 4.17, 2,59, 4.63, 2.32, 3.24, 3.24, 
3.70 4.17, 3.71, 4.12, 2.78, 

3.24 4.17, 3.71 5.10 

Values l i s t e d  are X lo+ .  a 



Table  4 .14 .  Tests t o  Determine i f  Differences '  i n  S i c  Defec t ive  
F r a c t i o n  (F) are  S i g n i f i c a n t  

As-Coated Green Fi red  
Part  i d e s  Rods Rods Comments 

P a r t i c l e  Batch: A-829 
Number of Samples: 

Mean of I n  F 

P a r t i c l e  Batch: A-813  
Number of Samples: 

Mean of I n  F 

P a r t i c l e  Batch: A-815 
Number of Samples: 

Mean of I n  F 

3 7 1 2  Defect ive f r a c t i o n  of p a r t i c l e s  and green 
rods  not  s i g n i f i c a n t l y  d i f f e r e n t .  Defect ive 
f r a c t i o n  of f i r e d  rods  s i g n i f i c a n t l y  
d i f f e r e n t  (higher)  than  p a r t i c l e s  o r  green 
rods.  

-6.235 -6.214 -5.719' 

12 3 1 2  Defect ive f r a c t i o n  of p a r t i c l e s  and f i r e d  
b rods  not  s i g n i f i c a n t l y  d i f f e r e n t .  Data 

-7'166 i n d i c a t e  d e f e c t i v e  f r a c t i o n  of green rods  + -7.408 -8.231' 
a s i g n i f i c a n t l y  d i f f e r e n t  (lower) than co 

p a r t i c l e s .  S ince  t h i s  i s  not  p h y s i c a l l y  
p o s s i b l e  and t h e r e  are more samples f o r  
p a r t i c l e s  and f i r e d  rods ,  assume green rod 
d a t a  t o  be i n  e r r o r ,  and t h a t  t h e r e  i s  no 
d i f f e r e n c e  between p a r t i c l e s ,  green rods ,  
and f i r e d  rods.  

3 3 1 2  No s i g n i f i c a n t  d i f f e r e n c e  among d e f e c t i v e  
b f r a c t i o n  of p a r t i c l e s ,  green rods ,  and 

f i r e d  rods.  
-8. 327b -7.981 -7.923 

a 

b 

'S igni f icant ly  d i f f e r e n t  a t  t h e  5% s i g n i f i c a n c e  level.  

Using Dunn-Sida'k Mul t ip le  Comparison Method. 

Not s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% s i g n i f i c a n c e  leve l .  
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Table  4.15. Ana lys i s  of Variance f o r  Defec t ive  
F r a c t i o n  of S i c  Coat ings 

Source 
Degrees 

Freedom 

Sum of Mean 
Squares of Square F - S t a t i s t i c  

S t r e n g t h  2 30.0975 15.0488 126.28“ 

Heat 3 0.6970 0.2323 1.95 

S t r e n g t h  X H e a t  6 0.6510 0.1085 0 .91  

E r r o r  24 2.8601 0.1192 

T o t a l  35 
- 

“ S i g n i f i c a n t  a t  t h e  5% s i g n i f i c a n c e  level .  

However, t h e  procedure proved t o  b e  unacceptab le  when adapted f o r  u se  w i t h  

f i r e d  rods .  The procedure  developed f o r  l o o s e  f u e l  p a r t i c l e s  c o n s i s t s  of 

c h l o r i n e  l e a c h i n g  fol lowed by x-radiographing t h e  p a r t i c l e s .  F a i l e d  o L T I  

c o a t i n g s  permi t  t h e  c h l o r i n e  t o  react w i t h  t h e  S i c  c o a t i n g s .  The absence  

of t h e  S i c  c o a t i n g s  w a s  shown by t h e  r ad iog raphs  of t h e  p a r t i c l e s .  For  

f i r e d  rods ,  c h l o r i n e  l e a c h i n g  of t h e  f i r e d  r o d s  w a s  fol lowed by rod 

d e c o n s o l i d a t i o n  and r ad iog raph ing  of t h e  p a r t i c l e s .  However, i n  some 

cases, t h i s  r e s u l t e d  i n  f i n d i n g  fewer f a i l e d  o L T I  c o a t i n g s  i n  t h e  f i r e d  

r o d s  than  t h e r e  were i n  t h e  o r i g i n a l  l o o s e  f u e l  p a r t i c l e s .  T h i s ,  of cour se ,  

i s  n o t  p o s s i b l e .  I n  o r d e r  t o  i n c r e a s e  t h e  number of f a i l e d  c o a t i n g s  found, 

a n  a t t empt  w a s  made t o  c h l o r i n e  l e a c h  t h e  f i r e d  r o d s  f o r  l onge r  p e r i o d s  

of t i m e  (>2  h r ) .  However, p r e s s u r e  w a s  b u i l t  up and r e l e a s e d  du r ing  t h e s e  

tests. The release occurred  a f t e r  about  9 h r  of l e a c h i n g  f o r  one of t h e  

f i s s i l e  p a r t i c l e  b a t c h e s  and a f t e r  about  18 h r  f o r  t h e  o t h e r  two ba tches .  

The mechanism f o r  t h i s  p r e s s u r e  bu i ldup  i s  n o t  known; b u t ,  a s i m i l a r  

p r e s s u r e  bu i ldup  and sudden release has  been observed when l o o s e  p a r t i c l e s  

and c h l o r i n e  leached  f o r  t h e  same l e n g t h  of t i m e .  To make t h e  procedure  

f o r  f i r e d  r o d s  more of a d u p l i c a t e  of t h e  a c c e p t a b l e  procedure  used f o r  

l o o s e  f u e l  p a r t i c l e s ,  s t u d i e s  were made on d e c o n s o l i d a t i n g  t h e  rod f i r s t  

and then  c h l o r i n e  l e a c h i n g  and rad iographing  of t h e  p a r t i c l e s .  Var ious  

d e c o n s o l i d a t i o n  procedures  w e r e  t e s t e d ,  b u t  a l l  produced an excessive 
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number of f a i l e d  oLTI c o a t i n g s .  Ev iden t ly  t h e  well-bonded f i r e d  rod 

cannot  be  deconso l ida t ed  wi thou t  t h e  d e c o n s o l i d a t i o n  procedure  i t s e l f  

producing d e f e c t s  i n  t h e  oLTI c o a t i n g s .  

4 .4 .1 .2 .3  P e r m e a b i l i t y  of Graph i t e  Fue l  Blocks.  A r e p o r t  cove r ing  

t h e  s t u d y  of a rgon  p e r m e a b i l i t y  of t h e  l a r g e  g r a p h i t e  f u e l  b locks  used 

t o  f a b r i c a t e  HTGR f u e l  e lements  w a s  pub l i shed  du r ing  t h e  y e a r .  The r e p o r t  

c o n t a i n s  t h e  re la t ive  argon p e r m e a b i l i t y  d a t a  ob ta ined  f o r  t h e  f u e l  h o l e s  

of t e n  f u l l - s i z e  F o r t  S t .  Vra in  type  f u e l  b locks .  A summary of  t h e  r e p o r t  

i s  as fo l lows :  

The a rgon  p e r m e a b i l i t y  v a r i e d  s i g n i f i c a n t l y  from b lock  t o  b lock .  The 

mean b lock  p e r m e a b i l i t y  v a r i e d  by a f a c t o r  of about  f o u r  ( 6 . 2  t o  25.4 

l i t e r s / m i n ) .  

Wi th in  t h e  b lock  t h e  p e r m e a b i l i t y  v a r i e d  p r i m a r i l y  as a f u n c t i o n  of 

t h e  r a d i a l  h o l e  p o s i t i o n .  The p e r m e a b i l i t y  v a l u e s - w e r e  h i g h e s t  a t  t h e  

c e n t e r  of t h e  b lock  and about  a n  o r d e r  of magnitude h ighe r  t han  a t  t h e  

s u r f a c e s  of t h e  b lock .  

The p e r m e a b i l i t y  of f u e l  h o l e s  n e a r  t h e  c e n t e r  and e x t e r i o r  of t h e  

b lock ,  where t h e  web t h i c k n e s s  i s  d i f f e r e n t  from t h a t  of r e g u l a r  h o l e s ,  

d i f f e r e d  from t h a t  of t h e  r e g u l a r  f u e l  h o l e s .  However, t h e  d i f f e r e n c e  

w a s  t oo  s m a l l  t o  be of p r a c t i c a l  importance.  

P e r m e a b i l i t y  contour  l i n e s  w e r e  determined f o r  i n d i v i d u a l  b locks .  

The con tour  l i n e s  w e r e  n o t  e n t i r e l y  symmetric nor  w e r e  t hey  n e c e s s a r i l y  

c e n t e r e d  a t  t h e  c e n t e r  of t h e  b lock .  

4 . 4 . 2  Remote Handling and Maintenance (Secondary Subtask 5 3 2 )  - 
S.  M.  Babcock and J .  0. Hylton 

The o b j e c t i v e  of t h e  remote hand l ing  and maintenance s u b t a s k  i s  t o  

p rov ide  t h e  technology t o  ma in ta in  n u c l e a r  f u e l  r e p r o c e s s i n g  and 

r e f a b r i c a t i o n  p l a n t s  e f f i c i e n t l y  and r e l i a b l y .  To f u l f i l l  t h i s  o b j e c t i v e  

r e q u i r e s  a system of man ipu la to r s ,  c r a n e s ,  and viewing equipment t o  r e p a i r  

and /o r  r e p l a c e  a l l  t h e  equipment i n s t a l l e d  i n  t h e  c e l l s .  Common i n t e r e s t s  

i n  t h i s  area between t h e  HTGR Fue l  Recycle  Development Program and t h e  

Advanced Fue l  Recycle  Program have r e s u l t e d  i n  a c o o r d i n a t i o n  of e f f o r t s .  

P ro to type  equipment i s  be ing  developed and w i l l  be  i n s t a l l e d  and t e s t e d  

i n  C e l l  E a t  t h e  Thorium-Uranium Recycle  F a c i l i t y .  
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Efforts during this reporting period have been directed toward 
four areas, which are position indication, signal transmission, manipu- 

lator and crane controls, and remote viewing. The position indication 

equipment, signal transmission equipment, and control equipment have 

been designed for integration into a three-axis position control system 
for remote control of a bridge, carriage, and telescoping tube hoist. 

A schematic representation of the three-axis control system is shown in 

Fig. 4 .28 .  Expansion of this system to incorporate control of an 

electromechanical manipulator and television camera pan and tilt is 

anticipated. 

The desirable functional aspects of the equipment under study have 

been emphasized to minimize initial cost. While radiation resistance 

has not been designed i.nto the equipment under development, concepts have 

been chosen that are suitable for a radiation environment. 

4 . 4 . 2 . 1  Manipulator and Crane Controls - Cold Engineering - W. H. Polaski 
The objective of this effort is to improve the control of remotely 

operated cranes and manipulators. The implementation of closed-loop 

position control is considered to be a first step in upgrading the 

currently available equipment. Effort has been directed toward the 

development of a three-axis position control system for the bridge, 

carriage, and hoist of the electromechanical manipulator in Cell E at 
the Thorium-Uranium Recycle Facility. This system consists of Control 

Logic microcomputer, a display package, a computer interface package, 
a control signal interface package, servoamplifiers and motors, and the 

posit ion indication and signal transmission equipment described above. 

The control system uses both velocity and position feedback. The 

* 

inner loops or velocity-control loops will be closed in the cell by 

mounting the servoamplifiers there and hard-wiring velocity feedback 
from the tachometers. 

be closed digitally outside the cell. A microprocessor will compare 

command and feedback position signals. 

The outer loops or position-control loops will 

* 
Control Logic Inc., Natick, Mass. 
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Two modes of o p e r a t i o n  w i l l  b e  p o s s i b l e .  One is  a manual mode 

s imilar  t o  t h a t  of t h e  c u r r e n t  PaR system. 

t h a t  w i l l  a l l o w  t h e  o p e r a t o r  t o  p r e s e t  a commanded three-d imens iona l  

p o s i t i o n  and then  i n s t r u c t  t h e  manipula tor  t o  move t o  t h a t  p o s i t i o n .  

Th i s  c a p a b i l i t y  i s  r e q u i r e d  f o r  more advanced concep t s  l i k e  t e a c h  and 

playback.  The o p e r a t o r  c o n t r o l  pane l  w i l l  i n c l u d e  d i g i t a l  r eadou t s  of 

commanded and measured p o s i t i o n  f o r  each of t h e  t h r e e  axes .  

The second i s  a s t e p  mode 

The system i s  c u r r e n t l y  be ing  f a b r i c a t e d .  Fu tu re  expansion i s  

in t ended  t o  a l low c o n t r o l  of t h e  e l ec t romechan ica l  manipula tor .  

4.4.2.2 P o s i t i o n  I n d i c a t i o n  - Cold Engineer ing  - T.  F. S l i s k i  

The purpose of  t h e  p o s i t i o n  i n d i c a t i o n  e f f o r t  is  t o  p rov ide  nonv i sua l  

i n fo rma t ion  concern ing  t h e  l o c a t i o n  of mobile  equipment. This  i n fo rma t ion  

can be  used i n  con junc t ion  w i t h  viewing equipment o r  independent ly  f o r  

moving and p o s i t i o n i n g  equipment. I n  a d d i t i o n ,  p o s i t i o n  d a t a  i s  e s s e n t i a l  

f o r  c losed-loop p o s i t i o n  c o n t r o l  and au tomat ion .  It i s  a l s o  r e q u i r e d  

by most o b s t a c l e  avoidance concepts .  

The des ign  of a base - l ine  p o s i t i o n  i n d i c a t i o n  system f o r  t h e  b r i d g e ,  

c a r r i a g e ,  and h o i s t  of t h e  Cell  E manipula tor  system h a s  been completed.  

Th i s  system u s e s  synchros  and a synchro - to -d ig i t a l  c o n v e r t e r .  A d u a l  

synchro gea r  box has  been des igned  and f a b r i c a t e d  f o r  each of t h e  t h r e e  

axes.  The h o i s t  synchro gea r  box w i l l  be  used i n  con junc t ion  w i t h  a 

t a g  l i n e  a t t a c h e d  t o  t h e  c e n t e r  t u b e  of t h e  t e l e s c o p i n g  t u b e  h o i s t .  The 

synchro - to -d ig i t a l  conve r t e r  i s  a m u l t i p l e x i n g  u n i t  capab le  of expansion 

t o  t h e  1 6  channels  a n t i c i p a t e d  f o r  manipula tor  and camera p o s i t i o n  c o n t r o l .  

The synchro- to-d ig i ta l  c o n v e r t e r  i n t e r f a c e s  w i t h  t h e  s i g n a l  t r a n s -  

miss ion  equipment desc r ibed  i n  t h e  fo l lowing  s e c t i o n .  

4.4 .2 .3  S i g n a l  Transmission - Cold Engineer ing  - R. C.  Muller  and 
P. E.  Sat ter lee  

The e f f o r t  i n  t h e  area of s i g n a l  t r ansmiss ion  has  a g o a l  of r e d u c t i o n  

of t h e  number of conductors  r e q u i r e d  f o r  remote o p e r a t i o n  of c r a n e s  and 

manipula tors .  The d e s i g n  of  a n  o p t i c a l  s i g n a l  t r ansmiss ion  system has  

been completed. The system c o n s i s t s  of an  o p t i c a l  t r a n s m i t t e r  and 

receiver and t r a n s m i t t e r  and receiver i n t e r f a c e s .  The o p t i c a l  t r a n s m i t t e r  
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* 
and receiver are be ing  c o n s t r u c t e d  by Meret, I n c .  The t r a n s m i t t e r  

i n t e r f a c e  i s  in t ended  f o r  u s e  i n  con junc t ion  w i t h  t h e  synchro - to -d ig i t a l  

c o n v e r t e r  d e s c r i b e d  under  p o s i t i o n  i n d i c a t i o n .  The receiver i n t e r f a c e  

w i l l  a l l o w  d a t a  i n p u t  t o  t h e  microcomputer desc r ibed  i n  t h e  fo l lowing  

s e c t i o n .  T h i s  s i g n a l  t r a n s m i s s i o n  system w i l l  u s e  Manchester coding 

of  d a t a  from a u n i v e r s a l  asynchronous r e c e i v e r - t r a n s m i t t e r  and w i l l  

p rov ide  p a r i t y ,  f raming ,  and loss of s i g n a l  hardware e r r o r  d e t e c t i o n .  

Inc luded  i n  t h e  d e s i g n  i s  s e l e c t a b l e  16- o r  29-channel o p e r a t i o n  and a 

d u a l ,  p a r a l l e l  d a t a  i n p u t  bus .  

4.4.2.4 Remote Viewing - Cold Engineer ing  - S. M. Babcock, R .  C .  McKinney, 

The o b j e c t i v e  of t h i s  area i s  t o  deve lop  advanced c l o s e d - c i r c u i t  

and E .  H a l l  

t e l e v i s i o n  systems.  E f f i c i e n t  o p e r a t i o n  of c r a n e s  and man ipu la to r s  i n  

l a r g e  f a c i l i t i e s  w i l l  r e q u i r e  t h e  e x t e n s i v e  u s e  of remote viewing systems.  

C e l l  windows are  ex t remely  expens ive  and p rov ide  s e v e r e l y  r e s t r i c t ed  

viewing.  

E f f o r t s  d u r i n g  t h i s  r e p o r t i n g  p e r i o d  have been i n  t h e  areas of 

three-dimensional  viewing and image p rocess ing  t echn iques  f o r  p i c t u r e  

q u a l i t y  improvement. 

Two d i f f e r e n t  th ree-d imens iona l  viewing systems have been i n v e s t i -  

* 
i- gated .  One employs a h i g h - r e s o l u t i o n  system w i t h  s p l i t  o p t i c s .  The 

o t h e r  employs two cameras, one f o r  p e r i p h e r a l  view and a second f o r  

f o v e a l  v i e w .  A three-dimensional  p i c t u r e  i s  produced i n  t h e  common 

c e n t r a l  p o r t i o n  of t h e  p i c t u r e .  The rough d r a f t  of a s p e c i f i c a t i o n  f o r  

a system has  been w r i t t e n  and i s  i n  review. 

A f e a s i b i l i t y  s tudy  has  been i n i t i a t e d  t o  de te rmine  t h e  a p p l i c a b i l i t y  

of image p rocess ing  t echn iques  f o r  motion compensation of a p i c t u r e  from 

a t e l e v i s i o n  camera mounted on a r e l a t i v e l y  f l e x i b l e  t e l e s c o p i n g  boom. 

P i c t u r e s  have been recorded  from a camera on such  a mount a t  t h e  Thorium- 

Uranium Recycle  F a c i l i t y  a long  w i t h  t h e  o u t p u t s  of a t h r e e - a x i s  

acce le romete r  package. Data are  be ing  ana lyzed .  

* 
Meret, I n c . ,  San ta  Monica, C a l i f .  

'3-D T e l e v i s i o n  Systems, I n c .  , North Hollywood, C a l i f .  * 
MB A s s o c i a t e s ,  San Ramon, C a l i f .  
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4.5 SCRAP RECOVERY PROCESSES (SUBTASK 540) - D. R. Johnson 

4.5.1 Scrap Recovery and Waste Handling (Secondary Subtask  541) - 
S.  M. T i egs  

The g o a l  of t h i s  s u b t a s k  is  t o  develop w a s t e  and s c r a p  hand l ing  

p rocesses  and equipment € o r  t h e  HTGR r e f a b r i c a t i o n  system. Work t h i s  

yea r  h a s  concen t r a t ed  on p r o c e s s  f lowshee t  d e f i n i t i o n  fol lowed by co ld  

l a b o r a t o r y - s c a l e  development of t h e  p a r t i c l e  c rush ing ,  green  f u e l  rod 

c rush ing ,  and green  f u e l  rod burn ing  o p e r a t i o n s  and c o l d  eng inee r ing  

scale development of pe rch lo roe thy lene  recovery .  

4.5.1.1 Waste and Scrap - Cold Labora tory  

At each p rocess ing  s t e p  i n  t h e  r e f a b r i c a t i o n  system, t h e  f u e l  

material i s  sampled and eva lua ted ,  and r e j e c t e d  material is  r o u t e d  t o  

t h e  s c r a p  recovery  system. P r e s e n t  estimates a re  t h a t  approximate ly  

40% of t h e  uranium i n  t h e  t o t a l  end product  w i l l  be  r e j e c t e d  as s c r a p  

du r ing  r e f a b r i c a t i o n  p rocess ing .  Scrap  r ecove ry  i s  j u s t i f i e d  by t h e  

h igh  v a l u e  of t h e  f i s s i l e  uranium i n  t h e  r e j e c t e d  material .  

Meetings t o  d i s c u s s  t h e  v a r i o u s  o p t i o n s  f o r  r e f a b r i c a t i o n  s c r a p  

recovery  w e r e  he ld  t h i s  yea r  a t  bo th  OWL and GA. The p ros  and cons of 

i n t e r n a l  recovery  of s c r a p  by t h e  r e f a b r i c a t i o n  system v e r s u s  t r a n s f e r  

of s c r a p  t o  and recovery  by t h e  head-end of t h e  r e p r o c e s s i n g  system w e r e  

d i scussed .  Inpu t  from t h e s e  meet ings  a ided  i n  narrowing t h e  f lowshee t  

o p t i o n s  t o  be  inc luded  i n  t h e  r e f e r e n c e  s c r a p  recovery  f lowshee t .  

An i n t e r n a l  r e p o r t  e n t i t l e d  Survey of Process Options AvaiZabZe 
fo r  HTGR Refabrication Scrap Recovery w a s  prepared  and i n c l u d e s  t h e  

recovery  o p t i o n s  f o r  each s c r a p  material  form t o g e t h e r  w i t h  t h e  e s t i m a t e d  

m a s s  f lows  f o r  each  s c r a p  stream. Also inc luded  i n  t h i s  r e p o r t  i s  t h e  

s e l e c t e d  HTGR r e f a b r i c a t i o n  s c r a p  recovery  f lowshee t ,  shown i n  F ig .  4.29. 
A s  t h e  r e f e r e n c e  p rocess ,  a l l  t h e  s c r a p  streams w i l l  b e  r ecyc led  i n t e r n a l l y  

w i t h i n  t h e  r e f a b r i c a t i o n  system except  re jec t  f u e l  e lements ,  which w i l l  

b e  t r a n s f e r r e d  t o  t h e  head-end of t h e  r e p r o c e s s i n g  system f o r  uranium 

recovery .  The r e f e r e n c e  p rocess  f low scheme h a s  guided our  developmental  

program, and t h e  areas of p a r t i c l e  c rush ing ,  green  f u e l  rod c rush ing ,  and 

green  f u e l  rod burn ing  have r ece ived  concen t r a t ed  a t t e n t i o n  t h i s  yea r .  
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To recover  uranium from s c r a p  f i s s i l e  p a r t i c l e s  ( T r i s o  d e s i g n ) ,  

t h e  s i l i c o n  c a r b i d e  (S ic )  c o a t i n g  must be cracked t o  expose t h e  uranium 

k e r n e l  f o r  subsequent  burn ing  and l each ing .  Two p a r t i c l e  c r u s h e r s ,  

a Vortec impact m i l l  and an  i n t e r n a l l y  f a b r i c a t e d  sand b l a s t  t y p e  

c r a c k e r ,  w e r e  procured and i n s t a l l e d  t h i s  y e a r ,  and p r e l i m i n a r y  t e s t i n g  

of bo th  has  been completed. The performance of t h e s e  two p a r t i c l e  

c r u s h e r s  w i l l  b e  compared w i t h  t h a t  of a custom b u i l t  r o l l  c r u s h e r  

used i n  r e p r o c e s s i n g  head-end development. The p a r t i c l e  c r a c k e r  should  

i d e a l l y  b reak  t h e  p a r t i c l e s  i n t o  l a r g e ,  r e a d i l y  f l u i d i z a b l e  f ragments .  

During o p e r a t i o n  of t h e  Vortec impact m i l l  (model M - l ) ,  p a r t i c l e s  

k 

are a c c e l e r a t e d  c e n t r i f u g a l l y  and are s h a t t e r e d  a g a i n s t  impact b locks  

a t  t h e  c i rcumference  of t h e  m i l l .  When ope ra t ed  a t  20,000 rpm, t h e  

m i l l  produced u n d e s i r a b l y  f i n e  powder from 10-mesh alumina f eed  material .  

By reducing  t h e  speed t o  5000 rpm, t h e  alumina end product  w a s  much 

c o a r s e r .  

The second p a r t i c l e  c r a c k e r ,  named t h e  Whis t l e ,  w a s  des igned  in-  

house.  During o p e r a t i o n ,  p a r t i c l e s  are broken by be ing  pneumat ica l ly  

a c c e l e r a t e d  through a sand b l a s t i n g  n o z z l e  and impinged a g a i n s t  a tungs t en  

c a r b i d e  impact b lock .  The a i r  f low through t h e  w h i s t l e  opening i n  t h e  

c rack ing  chamber carries t h e  crushed p a r t i c l e s  i n t o  a cyc lone  chamber. 

Using b u i l d i n g  argon a t  0.38 MPa (40 p s i g ) ,  Sic-coated n icke l - loaded  

r e s i n  f eed  m a t e r i a l  w a s  cracked i n t o  l a r g e  p i e c e s  wi th  on ly  a s m a l l  

amount of d u s t  produced. No uncracked p a r t i c l e s  w e r e  observed under  

microscopic  examinat ion.  The Whis t l e  c r a c k e r  appea r s  e s p e c i a l l y  promising 

because of i t s  s i m p l i c i t y  of des ign  and ease of o p e r a t i o n .  

A c rush ing  and burn ing  o p e r a t i o n  w a s  s e l e c t e d  as t h e  r e f e r e n c e  

recovery  p rocess  f o r  green  f u e l  rods .  A c rush ing  s t e p  i s  necessa ry  t o  

i n c r e a s e  burn ing  e f f i c i e n c y ,  and du r ing  t h i s  s t e p  p a r t i c l e  breakage should 

be  minimized. During t h e  burn ing  s t e p ,  any uranium con ta ined  i n  broken 

p a r t i c l e s  would b e  conver ted  t o  uranium oxide  (U308) d u s t  and would c o a t  

t h o r i a  k e r n e l s  and the reby  be  l o s t  du r ing  a mechanical  s e p a r a t i o n  s t e p  

( a i r  e l u t r i a t i o n  o r  s c r e e n i n g ) .  Also, excess ive  amounts of broken 

p a r t i c l e s  would p rec lude  p o s s i b l e  p y r o l y t i c  carbon (oLTI) r e c o a t i n g  and 

r e c y c l e  of t h a t  ba t ch .  

* 
Vortec Products  Co,, Cornpton, C a l i f ,  
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Chemical Technology D i v i s i o n  had p r e v i o u s l y  developed f o r  ho t  c e l l  

a p p l i c a t i o n s  a rod c r u s h e r ,  which o p e r a t e s  by f o r c i n g  a rod  a g a i n s t  a 

s ta r  d r i l l  b i t  t i p .  This  rod  c r u s h e r  w a s  used i n  a p r e l i m i n a r y  s tudy  

of green  rod c rush ing .  S i x  r o d s  c o n t a i n i n g  t h r e e  d i f f e r e n t  heavy metal 

l o a d i n g s  w e r e  c rushed  a t  b o t h  h i g h  and low speeds .  The f u e l  r o d s  were 

burned and ana lyzed  t o  de te rmine  t h e  pe rcen tage  of S i c  c o a t i n g s  t h a t  

were cracked  du r ing  t h e  c rush ing  o p e r a t i o n .  R e s u l t s  show t h a t  an  ave rage  

of 4 .5% of  t h e  p a r t i c l e s  are broken i n  t h i s  t ype  of rod c r u s h e r .  No 

s i g n i f i c a n t  d i f f e r e n c e s  i n  p a r t i c l e  breakage w e r e  de te rmined  f o r  t h e  rods  

c rushed  a t  d i f f e r e n t  speeds .  S ince  t h e  s ta r  d r i l l  b i t  c r u s h e r  ope ra t ed  

s a t i s f a c t o r i l y  w i t h  r e l a t i v e l y  l i t t l e  p a r t i c l e  breakage ,  i t s  c rush ing  

concept  w a s  i nco rpora t ed  i n t o  t h e  des ign  of an  au tomat i c ,  engineer ing-  

scale  rod c r u s h e r .  

Fol lowing c rush ing ,  green  f u e l  r o d s  w i l l  b e  burned t o  remove t h e  

matrix material  from t h e  f u e l  p a r t i c l e s .  During e a r l y  rod bu rn ing  

a t t e m p t s ,  t h e  o r g a n i c  components i n  t h e  rod m a t r i x  w e r e  evolved i n  a 

b u r s t  a t  approximate ly  45OoC. 

accompanied t h e  r a p i d  e v o l u t i o n  of vapors .  Two e f f l u e n t  moni tor ing  

s t u d i e s  of green  rod  burn ing  were conducted t o  de te rmine  c o n d i t i o n s  f o r  

s a f e ,  e f f i c i e n t  i n c i n e r a t i o n .  I n  one s tudy  a p e r c h l o r o e t h y l e n e  bubb le r  

w a s  used t o  t r a p  t h e  e f f l u e n t s ,  which were t h e n  ana lyzed  by mass 

spectrometry-gas  chromatography (MS-GC) t echn iques .  During t h e  second 

s tudy ,  t h e  rod burn ing  tube  f u r n a c e  w a s  coupled t o  t h e  t ime-o f - f l i gh t  

m a s s  spec t romete r  (TOFMS), and e f f l u e n t s  w e r e  monitored d i r e c t l y .  

A r a p i d  p r e s s u r e  i n c r e a s e  i n  t h e  f u r n a c e  

Several p r o c e s s  e f f l u e n t s  t h a t  were i d e n t i f i e d  by MS-GC a n a l y s i s  

i n c l u d e  pyrene ,  d ipheny l  propane,  phenanthrene w i t h  t h r e e  carbon atoms 

i n  s i d e  c h a i n s ,  and methyl  chrysene .  E f f l u e n t  moni tor ing  w i t h  t h e  TOFMS 

by D. A .  L e e  of t h e  A n a l y t i c a l  Chemistry D i v i s i o n  showed t h a t  complete  

combustion of t h e  o r g a n i c  rod comDonents can b e  a t t a i n e d  so  t h a t  carbon 

d i o x i d e  and w a t e r  vapor  are  t h e  o n l y  e f f l u e n t s .  Burning o p t i m i z a t i o n  

depends upon t h e  p rope r  h e a t i n g  rate,  t h e  material b a t c h  s i z e ,  gaseous  

f low rates ,  and t h e  combustion chamber geometry. 
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4.5.1.2 Waste and Scrap - Cold Engineering 
Cold engineering-scale work this year has been primarily concerned 

with the perchloroethylene recovery subsystem. Several projects associated 
with this system have also been pursued this year, including studies of 

system component corrosion and perchloroethylene bottoms incineration. 

Perchloroethylene is used as the nonmoderating off-gas scrubbing 

medium for the coating, carbonization, and cure-in-place furnaces. During 

scrubber operation, perchloroethylene traps soot, tars, and various 

hydrocarbon compounds, which are process effluents. To maintain scrubber 

efficiency, used ("dirty") perchloroethylene must be replaced at intervals 

by fresh solvent. 

distillation and recycled to the furnace scrubbers, thereby reducing the 

volume of waste from the scrubbing operation. 

The dirty perchloroethylene can be reclaimed by 

Approximately 570 liters (150 gal) of perchloroethylene was recycled 

this year following distillation in engineering-scale recovery equipment. 

This equipment includes a dirty perchloroethylene receiving and storage 
tank [ 380  liters (100 gal)], a steam-jacketed evaporator [150 liters 

(40 gal)], a water-cooled condenser, an aqueous-organic phase separator, 

and a recycle perchloroethylene storage drum [200 liters (55 gal)] with 

associated pumps and piping. An overhead piping system was installed 
between the coating furnace and the distillation unit for transfer of 

both dirty and recycle perchloroethylene. 

of perchloroethylene distillation bottoms has been generated during the 

development of this recovery system, and this was packaged and sent to 
above-ground retrievable storage at the burial grounds. 

A total of 200 liters ( 5 4  gal) 

Several components of the perchloroethylene recovery system have 

corroded and failed because of the presence of hydrochloric acid within 

the system. These include various pump components, several stainless 
steel drums, several sections of piping including part of the overhead 

transfer system, and the dirty perchloroethylene receiver tank. There 

are several possibilities for the source of the corrosive hydrochloric 

acid. During Sic coating, H C 1  gas is a process effluent from the 

decomposition of methyltrichlorosilane (CH,Cl,Si). This could have 



combined with any sources of moisture in the scrubber system to form 

the acid. A leaking water-cooled heat exchanger was discovered to be 

one source of water into the system. 

A decomposition product of perchloroethylene in contact with water is 

HC1. We learned that the stabilizer for the commercial perchloroethylene 

presently being used is a phenol with five carbon atoms in side chains and 

that this compound remains in the bottoms during distillation. Therefore, 

recycle perchloroethylene is unstabilized and may dissociate more easily. 

The perchloroethylene in the scrubber spray column sees high-temperature 

furnace gases (up to 6OO0C), which may also cause it to break down. 

Several possible solutions for the corrosion problems associated 

with the perchloroethylene scrubber and recovery systems were presented 

by W. D. Simpson of the Chemical Process Design Department. These are: 

neutralization of the HC1, removal of water from the system with a drying 

agent, and use of advanced corrosion-resistant materials for system 

components. A promising neutralization candidate is an organic amine, 

such as trioctylamine or isooctylamine, which does not produce water as 

a reaction by-product. To determine the corrosion resistance of various 

materials in the perchloroethylene-HC1 environment, a corrosion test was 

planned and constructed this year. Corrosion-resistant metal alloys and 

plastic compounds are being examined to determine their stability in 
various perchloroethylene solutions. 

Perchloroethylene distillation bottoms are a waste stream generated 

in the perchloroethylene recovery system. They contain residual perchloro- 

ethylene together with soot, tars, and various hydrocarbon compounds, 
including several hazardous, possibly carcinogenic substances. They also 

contain small quantities of uranium. Incineration as a means of disposal 

and possible uranium recovery was studied this year in both a small tube 

furnace and in Atomics International's molten salt burner. * 
Preliminary burning trials were made in a small tube furnace to 

determine the combustion characteristics and possible process effluents 

from perchloroethylene distillation bottoms. A perchloroethylene bubbler 
was used to trap the furnace effluents, which were then analyzed by MS-GS 

* 
Atomics International Division, Rockwell International, Canoga Park, 

Calif. 



181 

techniques. 

chrgsene, methyl pyrene, dimethyl naphthothiophene, terphenyl, and diphenyl 

propane. Several of these compounds are believed to be carcinogenic. 

Perchloroethylene itself when incompletely combusted produces the hazardous 

compound phsogene. 

Several compounds which were identified are methyl chrysene, 

An incinerator particularly suited for complete combustion of hazardous 

materials is Atomics International's molten salt burner. In the molten 

salt combustion process, waste and air are continuously introduced beneath 

the surface of a sodium carbonate containing melt at 850 to 950°C. The 

intimate contact of the hot melt, air, and waste provides for complete and 

immediate destruction of the combustible material. Acidic gases such as 

HC1 are instantly neutralized and absorbed by the alkaline Na,CO,. 

A series of tests to determine the feasibility of molten salt com- 

bustion for the disposal o f  perchloroethylene distillation bottoms was 

conducted by Atomics International (AI) this year. Six combustion tests 

were successfully completed in AI's laboratory-scale [0.15-m-diam (6-in.)] 

molten salt burner with temperature, combustion stoichiometry, 

perchloroethylene-to-kerosene feed ratio, and conversion level of Na2C03 

to NaCl as the parameters varied to determine optimum incineration conditions. 

An interim report entitled Disposal of Perchloroethyzene Bottoms by 
Molten Salt Combustion contains the details of these tests. Results of 

off-gas sample analyses indicate that perchloroethylene distillation 

bottoms are completely destroyed in A I ' s  combustor. Also, it appears 

that approximately 80% of the uranium contained in the perchloroethylene 
bottom feed material can be easily recovered from the salt bed by dissolution 

and filtration. 
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5. IN-PLANT WASTE TREATMENT (TASK 600) 

K. J. Notz 

5 .1  INTRODUCTION - K. H. L in  

The major  g o a l  of t h e  work t o  be  c a r r i e d  o u t  under t h i s  t a s k  i s  

t o  develop t echno log ie s  f o r  p rocess ing  v a r i o u s  w a s t e  streams gene ra t ed  

by t h e  HTGR f u e l  c y c l e .  The t echno log ie s  t h u s  developed may i n c l u d e  

t h o s e  f o r  t r ea tmen t  of t h e  waste streams t o  produce "clean" e f f l u e n t s  

t h a t  may be r ecyc led  w i t h i n  t h e  p l a n t  o r  be d i scha rged  t o  t h e  environment.  

They a l s o  i n c l u d e  methods f o r  convers ion  of t h e  waste streams i n t o  

s t a b l e ,  s o l i d  forms a c c e p t a b l e  f o r  packaging,  t r a n s p o r t a t i o n ,  and long- 

t e r m  i s o l a t i o n  from t h e  b iosphere .  I n  b o t h  cases, t h e  a p p l i c a b l e  

r e g u l a t o r y  s t a n d a r d s  must be  m e t .  

The development work i s  be ing  coord ina ted  wi th  t h a t  of o t h e r  t a s k s ,  

Tasks 300 (Fuel  Reprocessing)  and 500 (Fuel  R e f a b r i c a t i o n )  i n  p a r t i c u l a r ,  

t o  ensu re  t h a t  a l l  r a d i o a c t i v e  waste streams are f u l l y  i d e n t i f i e d  and 

c h a r a c t e r i z e d .  Close  c o o r d i n a t i o n  w i l l  a l s o  b e  main ta ined  wi th  ongoing 

l i g h t  water r e a c t o r  (LWR) waste management development programs t o  

i n c o r p o r a t e  t h e  HTGR development o b j e c t i v e s  i n t o  t h e  LWR programs t o  

t h e  maximum e x t e n t  p o s s i b l e .  Waste streams unique t o  t h e  HTGR f u e l  

c y c l e  w i l l  be  processed  by t h e  t echno log ie s  t o  be developed s p e c i f i c a l l y  

by Task 600. 

Among t h e  impor tan t  development ac t iv i t i e s  du r ing  t h e  p a s t  yea r  

w a s  moni tor ing  of t h e  p rogres s  i n  o t h e r  t a s k s  as w e l l  as t h e  LWR w a s t e  

development programs. Sys temat ic  s t u d i e s  have been c a r r i e d  o u t  t o  

e v a l u a t e  d i f f e r e n t  a l t e r n a t i v e s  and t o  i d e n t i f y  r e s e a r c h  and development 

needs f o r  w a s t e  p rocess ing  and i s o l a t i o n  f o r  p o s s i b l e  a d a p t a t i o n  t o  t h e  

HTGR case. Cold l abora to ry - sca l e  s t u d i e s  on t h e  4 C 0 2  f i x a t i o n  p rocess  

w e r e  completed.  Also completed w a s  p r e p a r a t i o n  of p l a n s  f o r  temporary 

d i s p o s a l ,  u l t i m a t e  p rocess ing ,  and i s o l a t i o n  of wastes from t h e  Hot 

Engineer ing  T e s t  F a c i l i t y  (HETF). These development ac t iv i t i e s  have 

been conducted by OWL because  of our  o v e r a l l  t e c h n i c a l  r e s p o n s i b i l i t y  

f o r  t h e  HTGR f u e l  r e c y c l e  program. A l l i e d  Chemical Corpora t ion ,  as t h e  

l e a d  c o n t r a c t o r  f o r  Task 600, h a s  made i n i t i a l  c o n t a c t s  w i t h  s e l e c t e d  
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DOE s i tes  i n  an a t t e m p t  t o  e s t a b l i s h  a working l i a i s o n  w i t h  LWR w a s t e  

development programs; ORNL p e r s o n n e l  have a s s i s t e d  i n  t h i s  e f f o r t .  

The c u r r e n t  work breakdown s t r u c t u r e  f o r  t h i s  Task i s  o u t l i n e d  

below. The o r g a n i z a t i o n  of s u b t a s k s  l i s t e d  r e p r e s e n t s  an e x t e n s i v e  

r e v i s i o n  from t h a t  of t h e  last  y e a r .  

Subtask 610 - High-Level Liquid  Waste 

Subtask 620 - High-Level S o l i d  Waste 

Subtask 630 - In te rmedia te -Level  Waste 

Subtask 640 - Low-Level Waste 

Subtask 650 - Decontamination and Decommissioning 

Funding of  t h i s  t a s k  i s  s t i l l  a t  a l o w  level  t h i s  y e a r  i n  accordance  

wi th  t h e  N a t i o n a l  Program P l a n ,  and n o t  a l l  sub ta sks  have been a c t i v e l y  

pursued. Consequently,  t h e  format f o r  t h i s  r e p o r t  w a s  s l i g h t l y  modi f ied  

t o  f a c i l i t a t e  p r e s e n t a t i o n  of t h e  major accomplishments. 

5.2 EVALUATION OF WASTE MANAGEMENT TECHNOLOGY - K.  H. Lin 

5 .2 .1  Waste Process ing  A l t e r n a t i v e s  

Numerous p rocess  a l t e r n a t i v e s  have been e v a l u a t e d ,  and t h e  r e s e a r c h  

and development needs have been i d e n t i f i e d  f o r  v a r i o u s  types of wastes 

gene ra t ed  i n  t h e  r e p r o c e s s i n g  of HTGR f u e l s .  The h i g h l i g h t s  of t h e s e  

a l t e r n a t i v e s  are summarized i n  Table  5.1. The g o a l  common t o  p r o c e s s i n g  

of a l l  t h e  w a s t e s  i s  t o  conve r t  them i n t o  concen t r a t ed  and immobilized 

forms t h a t  can e n s u r e  long-term s a f e t y .  

P r a c t i c a l l y  a l l  s o l i d  wastes from t h e  head-end sys tem are h i g h  

l e v e l  and unique t o  HTGR f u e l  r e p r o c e s s i n g .  They i n c l u d e :  (1) s i n t e r e d -  

m e t a l  f i l t e r s  and c o l d  t r a p s ,  (2) S i c  h u l l s  and i n s o l u b l e s ,  and ( 3 )  r e t i r e d  

f i s s i l e  p a r t i c l e s  and c l i n k e r s .  Because of t h e i r  un iqueness ,  major 

r e s e a r c h  and development e f f o r t s  are r e q u i r e d  t o  c h a r a c t e r i z e  them 

and t o  deve lop  s u i t a b l e  a l t e r n a t i v e s  f o r  t h e i r  p rocess ing .  

Other t ypes  of wastes unique t o  t h e  HTGR are: (1) s p e n t  r e f l e c t o r  

b l o c k s ,  ( 2 )  s p e n t  molecular  sieves and c a t a l y s t s ,  and ( 3 )  t h e  C02 gas 

stream c o n t a i n i n g  1 4 C ,  f o r  which some u s e f u l  w a s t e  p r o c e s s i n g  d a t a  are 

a v a i l a b l e .  N e v e r t h e l e s s ,  f u l l  c h a r a c t e r i z a t i o n  of t h e s e  wastes r e q u i r e s  

a major e f f o r t .  L ikewise ,  f u r t h e r  s t u d i e s  are needed t o  develop satis- 

f a c t o r y  w a s t e  p r o c e s s i n g  technology. 



Table 5 .1 .  H i g h l i g h t s  of A l t e r n a t i v e s  f o r  P rocess ing  of Major 
HTGR Fuel Reprocessing Wastes 

Type o f  Wastea 

S i n t e r e d - m e t a l  f i l t e r s  and 
c o l d  t r a p s  (H) 
Contaminated w i t h  s e m i v o l a t i l e  
and p a r t i c u l a t e  n u c l i d e s  

Radi oac t i v i  ~y 
Level 

.- 

S i c  h u l l s  and i n s o l u b l e s  (H) 

R e t i r e d  f i s s i l e  p a r t i c l e s  and 
C l i n k e r s  (H) 

Spent r e f l e c t o r  b l o c k s  ( f 4 )  

Spent  molerul . i r  s i e v e s  and 
c a t a l y s t s  ( 0 )  

High ( s o l i d )  1. 
2 .  
3. 
4 .  

High ( s o l  i d )  1. 
2 .  

3 .  

In t e rme d i a  t e  
( s o l i d )  

I n  ter  ined i d  t e 
(901 i d )  

F i l t e r  c a k e s ,  ion-exchange r e s i n s ,  In t e rmcd id te  
and e v a p o r a t o r  bo t toms  (W) and /o r  'I 'RU 

(WC.L s o l i d )  

Misce l l aneous  s o l i d  wds te s  ~ 

combus t ib l e  ( M )  
In  t e  rmrd i ti', 

l o w ,  and /o r  
TRU ( s o l i d )  

1. 
2 .  

3 .  

1. 

2 .  
3. 

1. 
2 .  

3. 

4 .  

1. 

2 .  

3. 

1. 
2 .  
3. 

4 .  

P rocess  
A 1  t e r n a  t i v e s b  

A v a i l a b i l i t y  of 
Da t ac  

Compact i o n  
M e l t - c a s t i n g  
Leaching* 
Waste d i s s o l u t i o n  

D i r e c t  packaging 
Immobi l i za t ion  i n  
m a t r i x  m a t e r i a l *  
Chemical s e p a r a t i o n *  

D i r e c t  packag ing  
Immobi l i za t ion  i n  
m a t r i x  m a t e r i a l  
Chemical p rocess ing*  

Shal low-land b u r i a l  

Crush-burn 
Crush-burn and 1 4 C  

f i x a t i o n *  

D i r e c t  packaging 
I n c o r p o r a t i o n  i n  
cenien t w i t h  a d d i t i v e s "  
Polymer- impregnated 
c o n c r e t e *  
l n c o r p o r a t i o n  i n  g l a s s  

I n c o r p o r a t i o n  i n  cement 
w i t h  a d d i t i v e s "  
Po lymer-impregnated 
c o n c r e t e *  
I n c o r p o r a t i o n  i n  g l a s s  

D i r e c t  packaging 
Compaction 
Immobi l i za t ion  i n  
s o l i d  m a t r i x  
Combustion* 
( i n c i n e r a t i o n ,  p y r o l y s i s ,  
molten s a l t .  a c i d  
d i g e s t i o n )  

1. 
2 .  
3. 
4. 

1. 
2 .  

3. 

1. 
2 .  

3. 

1.  

2 .  
3. 

1. 
2 .  

3 .  

4. 

LWR c l a d d i n g  h u l l s  (NAP) 
LWR m e t a l  s c r a p s  
None 
LWR m e t a l  s c r a p s  and c l a d d i n g  
h u l l s  

LWR c l a d d i n g  h u l l s  
Commercial g l a s s  t echno logy ,  
LWR-HLLW v i t r i f i c a t i o n  
Chemical  d a t a  f o r  S i c ,  
LWR-TRU recove ry  

LWR c l a d d i n g  h u l l s  
Commercial g l a s s  t echno logy ,  
LWR-HLLW v i t r i f i c a t i o n  
HTGR f u e l  r e p r o c e s s i n g  

Nuc l ide  m i g r a t i o n  i n  s o i l s  
(OW1 program) 
HTGR f u e l  head-end 
H'rGR f u e l  head-end,  commercial 
CaCO, p r o c e s s  

LWR-ILW s o l i d s  
LWP-TLLW s o l i d i f i c a t i o n  

LWR- ILLW s o l i d  i f  i c a t  i o n  

LWR-HLLW v i t r i f i c a t i o n  

1 3 .  LWR non-high-level  w a s t e s  

1--4. LWR non-high-level  combus t ib l e  
w a s t e s  

E x t e n t  of 
M o d i f i c a t i o n  

Requiredd 

1. Minor 
2 .  . Minor 
3. Complete 
4 .  Moderate 

1. Minor 
2.  Moderate  

3.  Major 

1. Minor 
2.  Moderate 

3. None 

1. Minor 

2 .  None 
3 .  Major (I4C 

f i x a t i o n  o n l y )  

1. None 
2 .  Minor 

3 .  Minor 

4 .  Minor 

1-3. None 

14. None 



Table 5.1. (Continued) 

Misce l l aneous  s o l i d  was te s  - Intermed i d  Le, 1. 
noncombust ib le  (M) low, and /o r  2 .  

TRU ( s o l i d  3. 

High- leve l  l i q u i d  w a s t e ,  t ho r ium High ( l i q u i d )  1. 

4 .  

n i t r a t e  s o l u t i o n  ( S )  
i. 

3. 

Non-high-level l i q u i d  was te s  
( S ,  M ,  W) 

I n t e r m e d i a t e  and 1. 

2 .  
3. 
4 .  

l o w  ( l i q u i d )  

P rocess  
A l t e r n a t i v e s ‘  

A v a i l a b i l i t y  of  
Data‘ 

Ex ten t  o f  
M o d i f i c a t i o n  

Requi redd  

1-3. Moderate 

1 4 .  None D i r e c t  packaging  1-4. LWR n o n - h i g h - l e v e l  noncombust ib le  
Compaction” w a s t e s  
M e l t - c a s t i n g  
Mol t en - sa l t  r e d u c t i o n  

C a l c i n a t i o n  ( p o t ,  1-3. LWR-HLLW s o l i d i f i c a t i o n  
f l u i d i z e d  bed ,  s p r a y )  
G l a s s i f i c a t i o n ”  ( con t inuous  
c a l c i n a t i o n - v i t r i f i c a t i o n ,  
i n -can ,  con t inuous  ceramic  
m e l t e r ,  r i s i n g - l e v e l ,  
con t inuous  s p r a y  
c a l c i n a t i o n - v i t r i f i c a t i o n )  
Misce l l aneous  ( d i s p e r s i o n -  
in -me ta l ,  g l a s s -ce ramic ,  
s u p e r - c a l c i n e )  

F i l t r a t i o n  o r  1-4. LWR non-high- leve l  l i q u i d  was te s  1-4. None 
c e n t r i f u g a t i o n  
Ion exchange 
Evapora t ion  
I n c i n e r a t i o n  ( o r g a n i c  
l i q u i d  o n l y )  

aThe l e t t e r  i n  p a r e n t h e s e s  r e f e r s  t o  t h e  sou rce  of waste 
M: m i sce l l aneous ;  W :  s econda ry  was te  from i n t e r i m  p r o c e s s i n g )  

( i . e . ,  H :  head-end sys t em;  S:  s o l v e n t  e x t r a c t i o n ;  0: o f f - g a s  c l eanup  sys t em;  

bProcess  a l t e r n a r i v e s  w i t h  * a r e  p r e f e r r e d  on the  b a s i s  of a v a i l a b l e  i n f o r m a t i o n  a t  p r e s e n t .  

% e l a t e d  r e s e a r c h  and development program from which p a r t i a l  o r  comple te  i n f o r m a t i o n  i s  a v a i l a b l e .  

dComplete: comple t e ly  new r e s e a r c h  and development a r e  needed because  no d a t a  a r e  a v a i l a b l e .  Major :  l i t t l e  u s e f u l  i n f o r m a t i o n  is  a v a i l a b l e .  
Moderate:  n e a r l y  h a l f  o f  needed  d a t a  i s  a v a i l a b l e .  Minor: major  p o r t i o n  o f  needed d a t a  is  a v a i l a b l e .  None: t h e  a v a i l a b l e  d a t a  are d i r e c t l y  
a p p l i c a b l e .  I n  a l l  c a s e s ,  c h a r a c t e r i z a t i o n  of i n d i v i d u a l  was te s  i s  r e q u i r e d ;  t he  e x t e n t  of r e s e a r c h  and development  e f f o r t s  v a r i e s  w i t h  d i f f e r e n t  
w a s t e s .  
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Most o t h e r  wastes, i n c l u d i n g  t h e  h igh - l eve l  l i q u i d  waste (HLLW), are 

similar t o  t h e  cor responding  LWR wastes and can  u t i l i z e  t echno log ie s  t h a t  

are be ing  developed f o r  t h e  p rocess ing  of t h e  LWR wastes. For t h e  HTGR- 

HLLW, however, t h e  e f f e c t s  of f l u o r i d e ,  aluminum, thorium, and o t h e r  

p rocess  chemicals  on t h e  s o l i d i f i c a t i o n  behavior  must be f u l l y  i n v e s t i -  

ga t ed  b e f o r e  t h e  LWR-HLLW d a t a  can  be u t i l i z e d .  

R a d i o a c t i v i t i e s  and rates of h e a t  gene ra t ion  of t h e  h igh - l eve l  s o l i d  

and l i q u i d  wastes vary  cons ide rab ly  w i t h  c o o l i n g  t i m e .  

i n f l u e n c e  t h e  des ign  of t h e  i n t e r i m  w a s t e  s t o r a g e  f a c i l i t y  as w e l l  as 

t h e  des ign  of t h e  p r o c e s s i n g  f a c i l i t y ,  c h i e f l y  i n  t e r m s  of r e q u i r e d  

c a p a c i t y ,  r a d i a t i o n  s h i e l d i n g ,  and method and rate of h e a t  d i s s i p a t i o n .  

Such v a r i a t i o n s  

5 .2 .2  I s o l a t i o n  of High-Level Rad ioac t ive  Wastes 

Se lec t ed  concepts  f o r  i s o l a t i o n  of h igh - l eve l  waste (HLW) have 

been reviewed,  and t h e  p e r t i n e n t  d a t a  have been ana lyzed  and c o n s o l i d a t e d  

i n  a n  i n t e r n a l  r e p o r t  t o  provide  t h e  b a s i s  f o r  de te rmining  t h e  f i n a l  

form of HLW t h a t  might be a c c e p t a b l e  f o r  long-term i s o l a t i o n .  Such 

in fo rma t ion ,  i n  t u r n ,  would c o n t r i b u t e  t o  s e l e c t i o n  of t h e  f i n a l  

p rocess ing  method f o r  HLW. These concepts  are g e n e r a l l y  c l a s s i f i e d  i n t o  

t h r e e  c a t e g o r i e s :  (1) i s o l a t i o n  on e a r t h  ( c o n t i n e n t a l  geo log ic  fo rma t ion ,  

seabed ,  and i c e  s h e e t s ) ;  ( 2 )  d i s p o s a l  i n t o  space ;  and ( 3 )  e l i m i n a t i o n  by 

t r ansmuta t ion .  A m a j o r i t y  of t h e  proposed i s o l a t i o n  a l t e r n a t i v e s  are 

based on t h e  concepts  of geo log ic  i s o l a t i o n .  Cur ren t  emphasis is on 

use of r e p o s i t o r i e s  c o n s t r u c t e d  i n  deep c o n t i n e n t a l  geo log ic  format ions .  

The main f e a t u r e s  of t h e  c o n t i n e n t a l  geo log ic  i s o l a t i o n  concepts  

i n c l u d e  : 

1. i s o l a t i o n  geometry: (a)  mined t u n n e l  o r  c a v i t y  o r  (b) matrices 

of d r i l l e d  h o l e s ;  

2 .  dep th  below ground level :  ( a )  mos t ly  up t o  3 km; (b) f e a s i b i l i t y  

of depth  much g r e a t e r  t han  3 k m  i s  u n c e r t a i n ;  

3 .  method of decay h e a t  d i s s i p a t i o n :  ( a )  conduct ion  through geo log ic  

format ion ,  o r  (b) c i r c u l a t i o n  of c o o l i n g  a i r ,  water ( i n d i r e c t  

c o n t a c t ) ,  o r  vapor  condensa te ;  

4 .  r e t r i e v a b i l i t y :  varies w i t h  i n d i v i d u a l  concepts ;  



5.  u l t i m a t e  i s o l a t i o n  method: ( a )  s u c c e s s i v e  b a c k f i l l i n g  and s e a l i n g  

of s e c t i o n s  of i s o l a t i o n  r e p o s i t o r y ,  o r  (b)  i n -p l ace  s o l i d i f i c a t i o n  

and s e a l i n g  of waste-rock m e l t  a f ter  d i s c o n t i n u a t i o n  of coo l ing .  

The i s o l a t i o n  concept  based on emplacement of t h e  HLW below t h e  

seabed i s  a l s o  be ing  cons ide red .  C e r t a i n  r eg ions  of the ocean b a s i n  

f l o o r  and of t h e  midoceanic r i d g e  are deemed t o  be most d e s i r a b l e  f o r  t h i s  

purpose.  The concept  would probably  r e q u i r e  p r e d r i l l e d  h o l e s  t o  the  

dep th  of about  800 m below t h e  seabed.  The f e a s i b i l i t y  and long-term 

r e l i a b i l i t y  of t h e  i s o l a t i o n  concept t o  make use of c o n t i n e n t a l  i c e  

s h e e t s  are u n c e r t a i n  because  of i n s u f f i c i e n t  knowledge concern ing  t h e  

p e r t i n e n t  c h a r a c t e r i s t i c s  of the  i c e  s h e e t s .  

Development of a p r a c t i c a l  and economic HLLW p a r t i t i o n  o r  

f r a c t i o n a t i o n  technology i s  one of  t h e  impor t an t  p r e r e q u i s i t e s  t o  

s u c c e s s f u l  implementa t ion  of b o t h  t h e  e x t r a t e r r e s t r i a l  d i s p o s a l  and 

t h e  t r a n s m u t a t i o n  concep t s .  Both concepts  would r e q u i r e  c o n s i d e r a b l y  

l a r g e r  amounts of energy  than  o t h e r s .  Although t h e  e x i s t i n g  space  

technology is a v a i l a b l e  f o r  c a r r y i n g  o u t  t h e  estraterrestrial  d i s p o s a l  

concep t ,  unique problems are a s s o c i a t e d  w i t h  t h e  HLLWs. Implementation 

of t h e  t r a n s m u t a t i o n  concept  by u t i l i z a t i o n  of thermal  f i s s i o n  r e a c t o r s ,  

e s p e c i a l l y  t h e  B o i l i n g  Water Reac tor  and P r e s s u r i z e d  Water Reac to r ,  

appea r s  f e a s i b l e  because technology and e x t e n s i v e  expe r i ences  are 

a v a i l a b l e  i n  t h e  o p e r a t i o n  of commercial-scale r e a c t o r s .  

All t h e  i s o l a t i o n  concepts  d i s c u s s e d  h e r e  w i l l  r e q u i r e  v a r y i n g  

levels of r e s e a r c h  and development e f f o r t  as o u t l i n e d  i n  Table 5.2.  

Also needed i s  development of improved methods f o r  e v a l u a t i o n  of long- 

t e r m  s a f e t y  and envi ronmenta l  e f f e c t s  f o r  i n d i v i d u a l  i s o l a t i o n  concepts .  

5.3 HIGH-LEVEL SOLID WASTE (SUBTASK 620) - K. H. L in  

The development ac t iv i t i e s  under t h i s  s u b t a s k  have been mainly 

concerned w i t h  mon i to r ing  of and c o o r d i n a t i o n  w i t h  a c t i v i t i e s  i n  o t h e r  

s u b t a s k s .  They i n c l u d e :  (1) c o o r d i n a t i o n  w i t h  Subtask  361 (Recycle 

and Waste Handling) t o  c h a r a c t e r i z e  and t o  develop p r o c e s s i n g  t echno log ie s  

f o r  waste S i c  h u l l s  and s p e n t  s i n t e r e d - m e t a l  f i l t e r s  r e s u l t i n g  from t h e  

head-end p r o c e s s i n g  of i r r a d i a t e d  f u e l s ,  and (2) mon i to r ing  t h e  p r o g r e s s  
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Table  5.2.  Major Research and Development Requirements f o r  D i f f e r e n t  
High-Level Waste (HLW) I s o l a t i o n  Concepts 

I s o l a t i o n  
Concept Research and Development Requirements 

Con t inen ta l  geo log ic  Eva lua t ion  of geo log ic  format ion  of s e l e c t e d  
sites 

t e r m  f o r e c a s t  

concepts  ) 

Basic g e o l o g i c a l  and geophys ica l  d a t a  f o r  long- 

Nature  of HLW-rock i n t e r a c t i o n s  ( rock  me l t ing  

Deep-hole d r i l l i n g  technology 
S e a l i n g  technology 

Seabed 

Ice s h e e t s  

Extraterrestr ia l  

Transmutat ion 

C h a r a c t e r i s t i c s  of t h e  s e a f l o o r ,  i n c l u d i n g  
fundamental  g e o l o g i c a l ,  geophys ica l ,  and 
b i o l o g i c a l  d a t a  

S i t e  e v a l u a t i o n  
D r i l l i n g  and s e a l i n g  t echno log ie s  
S t r u c t u r a l  and material  des igns  f o r  t h e  HLW 

c o n t a i n e r  f o r  t h e  seabed environment 

C h a r a c t e r i s  t i cs  of t h e  ice-bedrock i n t e r f a c e  
Long-term s t a b i l i t y  and movement of ice  s h e e t s  
Basic g e o l o g i c a l  and geophys ica l  d a t a  f o r  ice- 

s h e e t  areas 

P a r t i t i o n i n g  and f r a c t i o n a t i o n  t echno log ie s  
H L W  c a p s u l e  des ign  and e v a l u a t i o n  
Development of f l i g h t  v e h i c l e  and a u x i l i a r y  

eq u i  pmen t 

P a r t i t i o n  and f r a c t i o n a t i o n  t echno log ie s  
Improved n e u t r o n i c s  d a t a  
Eva lua t ion  of e f f e c t s  of t h e  modif ied f u e l  

c y c l e  

i n  and c o o r d i n a t i o n  w i t h  t h e  h o t - c e l l  head-end s t u d i e s  t o  p repa re  p l ans  

and schedu les  f o r  t h e  sub ta sk .  A l s o  i n  p r o g r e s s  i s  upda t ing  of t h e  

e s t ima ted  q u a n t i t i e s  and rad iochemica l  c h a r a c t e r i s t i c s  of h igh - l eve l  

s o l i d  wastes ( i . e . ,  S i c  h u l l s  p l u s  i n s o l u b l e s ,  s p e n t  s in t e red -me ta l  

f i l t e r s ,  s p e n t  f i s s i l e  p a r t i c l e s ,  e t c . )  from a commercial r e p r o c e s s i n g  

p l a n t  based on more r e c e n t  d a t a  from t h e  h o t - c e l l  s t u d i e s .  
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5.4 INTERMEDIATE-LEVEL WASTE (SUBTASK 630) - K. H. L in  

5 . 4 . 1  F i x a t i o n  of 1 4 C  as C a C 0 3  - D. W. Holladay and A .  D. Ryan 

The purpose of t h i s  s tudy  w a s  t o  de te rmine  t h e  e f f i c i e n c y  of t h e  

4C-contaminated C 0 2  from HTGR f u e l  r e p r o c e s s i n g  o f f -gases  removal of 

by d i r e c t  f i x a t i o n  i n  a Ca(OH)2 s l u r r y  i n  a mechanica l ly  a g i t a t e d  

c o n t a c t o r .  

stream c o n t a i n i n g  n o n r a d i o a c t i v e  C02. 

Experiments w e r e  conducted2 w i t h  a s imula t ed  of f -gas  

The feed gases  were c o n t a c t e d  w i t h  t h e  Ca(OH)2 i n  a s i n g l e - s t a g e  

a g i t a t e d  c o n t a c t o r ,  196 mm I D ,  w i t h  a q u i e s c e n t  s l u r r y  volume of 

6 .7  l i ters.  The c o n t a c t o r ,  mechanical d r i v e ,  and i m p e l l e r  w e r e  des igned  

acco rd ing  t o  t h e  s t a n d a r d  c r i t e r i a .  3-5 The COz-Ca(OH) 2 s l u r r y  r e a c t i o n  

w a s  s t u d i e d  t o  de te rmine  decontaminat ion  f a c t o r s  (DFs) and va lues  of 

t h e  mass t r a n s f e r  c o e f f i c i e n t ,  K G a ,  as f u n c t i o n s  of i m p e l l e r  speed,  

gas  composi t ion ,  gas flow r a t e ,  Ca(OH)2 c o n c e n t r a t i o n ,  and t empera tu re .  

These o p e r a t i o n a l  parameters  were s t u d i e d  f o r  t h e  fo l lowing  r anges :  

i m p e l l e r  speed,  100-1800 rpm; gas composi t ion ,  100,  87.5,  33.6,  and 

4.74% CO2 (ba l ance  0 2 ) ;  gas flow rate ,  0.85-50 l i t e r s / m i n ;  Ca(OH)2 

s l u r r y  c o n c e n t r a t i o n ,  0.50-2.0 m; t empera tu re ,  21-46°C. Gas samples 

were ana lyzed  by a combination of gas chromatography, i n f r a r e d  

spec t roscopy ,  flow me te r ing ,  and m a s s  b a l a n c e s .  

Decontamination f a c t o r s  (DFs) f o r  t h e  d i f f e r e n t  gas  composi t ions  

are shown i n  F ig .  5 . 1  as a f u n c t i o n  of s u p e r f i c i a l  v e l o c i t y  and i m p e l l e r  

speed, f o r  o p e r a t i n g  c o n d i t i o n s  of 2 1 ° C  and 1.0 m s l u r r y .  The DF f o r  t h e  

C02-Ca(OH)2 r e a c t i o n  v a r i e d  i n v e r s e l y  w i t h  gas f low rate  and d i r e c t l y  

w i t h  i m p e l l e r  speed and C 0 2  c o n c e n t r a t i o n  i n  t h e  f eed  gas .  Pure  COS 

w a s  comple te ly  r e a c t e d  a t  10  l i t e r s / m i n  f o r  an i m p e l l e r  speed of 

1700 rpm and a t  5 l i t e r s / m i n  f o r  800 rpm. 

f o r  87.5% C 0 2  f e e d  a t  3.5 l i t e r s / m i n  and 500 f o r  4.74% CO2 f eed  a t  

1 l i t e r / m i n .  

f e a s i b l e  by o p e r a t i n g  s t i r r e d  c o n t a c t o r s  i n  series. 

The DF w a s  g r e a t e r  t h a n  3000 

R e s u l t s  of tests showed t h a t  DFs exceeding  l o 4  were 

The ra te  of r e a c t i o n  w a s  concluded t o  be l i qu id -phase  c o n t r o l l e d  

f o r  t h e  feed! composi t ion  s t u d i e d  and f o r  most of t h e  gas  flow rates 

s t u d i e d  (except  ve ry  low r a t e s ) .  By assuming t h e  a p p l i c a b i l i t y  of 
\ 
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ORNL DWG 77- t904R2 

LEGEND 
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@ PURE C 0 2  , n =  4700 rpm 
0 PURE C02 , n =  800 rpm 
A 87.5 "YO C 0 2  ,n 800 rpm 
X 4.769b C02, n = 800 rpm 
0 33.6'70 CO2, n = 800 rpm 
0 A I R - 0 . 0 3 2  % C02 ,  n= 820-860 rpm 
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SUPERFICIAL VELOCITY Q G / S ,  ( c m  /m in )  

Fig .  5.1. Decontamination Fac to r  Versus S u p e r f i c i a l  V e l o c i t y  f o r  
Constant  R a t e  Per iod  of F i x a t i o n  of  C o n  from Both Pure and D i l u t e  S t r e a m s .  
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t h e  model f o r  gas  a b s o r p t i o n  accompanied by pseudo- f i r s t -o rde r  r e a c t i o n ,  

mass t r a n s f e r  c o e f f i c i e n t s  and i n t e r f a c i a l  areas were c a l c u l a t e d  f o r  

bo th  t h e  p l u g  f low and p e r f e c t l y  backmixed gas  models. 

f o r  mixed 02-C02  f eed  gases  w e r e  1 t o  10 X 

backmixed model and 0.5 t o  5 x 

The s t a n d a r d  l i t e r a t u r e  v a l u e  f o r  t h e  gas-phase c o n t r o l l e d  case i n  

a g i t a t e d  c o n t a c t o r s  i s  K p  = 0.10 mol/m3 s Pa. 

p lug  f low model were determined t o  va ry  d i r e c t l y  w i t h  gas  f low rate  

e x c e p t  a t  ve ry  low rates. The i n t e r f a c i a l  area c a l c u l a t e d  from t h e  

chemica l  r e a c t i o n  model w i t h  p l u g  f low ranged from 20 t o  300 m 2 / m 3 ,  

depending on s u p e r f i c i a l  v e l o c i t y  and i m p e l l e r  speed .  The mass t r a n s f e r  

ra te  w a s  on ly  s l i g h t l y  a f f e c t e d  by Ca(OH)2 c o n c e n t r a t i o n  from 0.50 t o  

1.50 m. The m a s s  t r a n s f e r  ra te  and t h e  DF were v i r t u a l l y  independent  

of t empera ture  ove r  t h e  range 2 1  t o  46°C. 

The K@ v a l u e s  

mol/m3 s Pa f o r  t h e  

mol/m3 s Pa f o r  t h e  p l u g  f low model. 

The Kf v a l u e s  f o r  t h e  

The s e t t l i n g  rate of t h e  C a C 0 3  p roduc t  w a s  measured t o  p rov ide  

a q u a l i t a t i v e  i n d i c a t i o n  of p a r t i c l e  s i z e  f o r  e s t i m a t i n g  i t s  s e p a r a t i o n  

from t h e  s l u r r y .  The s e t t l i n g  ra te  v a r i e d  d i r e c t l y  w i t h  i m p e l l e r  speed 

and tempera ture  and i n v e r s e l y  w i t h  gas  f low rate .  

The l i m e  s l u r r y  f i x a t i o n  p rocess  ( i n  con junc t ion  w i t h  molecular  

s i e v e s )  is  now be ing  s t u d i e d  as a p o t e n t i a l  method f o r  removing 1 4 C 0 2 -  

contaminated C 0 2  from a i r  a t  a composi t ion  t y p i c a l  f o r  LWR f u e l  r e p r o c e s s i n g  

off-gas. 

The D F  and Kf v a l u e s  w e r e  found t o  depend p r i m a r i l y  on gas  f l o w  

ra te ,  i m p e l l e r  speed ,  and gas  composi t ion .  W e  have shown i n  t h i s  s t u d y  

t h a t  C 0 2  can  b e  removed from f e e d  gas  streams r i c h  i n  CO;! by r e a c t i o n  

w i t h  a s l a k e d  l i m e  s l u r r y  i n  a n  a g i t a t e d  c o n t a c t o r .  A DF o f  lo3 w a s  

ob ta ined  f o r  s i n g l e - s t a g e  c o n t a c t i n g  and a DF exceeding  l o 4  f o r  two- 

s t a g e  c o n t a c t i n g .  
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5.5 DECONTAMINATION AND DECOMMISSIONING (SUBTASK 650) - K.  H .  L in  

5 .5 .1  Post-HET Waste Process ing  (Subtask 652)  

5 .5 .1 .1  Ob jec t ives  and Scope 

The main o b j e c t i v e s  of t h i s  s u b t a s k  are:  (1) t o  f u l l y  i d e n t i f y  

and c h a r a c t e r i z e  r a d i o a c t i v e  wastes gene ra t ed  d u r i n g  t h e  h o t  eng inee r ing  

tests (HET) f o r  HTGR f u e l  r e p r o c e s s i n g  and r e f a b r i c a t i o n ,  ( 2 )  t o  se lec t  

p rocesses  f o r  convers ion  of t h e s e  wastes i n t o  forms s u i t a b l e  f o r  d i s p o s a l  

o r  long-term i s o l a t i o n  making maximum use of e x i s t i n g  ORNL f a c i l i t i e s  

(o r  f a c i l i t i e s  t o  be b u i l t ) ,  and ( 3 )  t o  d e f i n e  and f u l f i l l  any f u r t h e r  

r e q u i s i t e  r e s e a r c h  and development needs.  

The types  of HET wastes are n e a r l y  t h e  same as those  expected 

from t h e  commercial f a c i l i t y .  Among t h e s e  wastes are: (1) S i c  h u l l s  

and i n s o l u b l e s ,  ( 2 )  s in t e red -me ta l  f i l t e r s  contaminated w i t h  s e m i v o l a t i l e  

and p a r t i c u l a t e  r a d i o n u c l i d e s ,  ( 3 )  s p e n t  c a t a l y s t s  and molecular  sieves, 

( 4 )  organ ic  l i q u i d  wastes, (5) C z C 1 4  s t i l l  bot toms,  and (6) low-uranium 

s o l i d s .  

Other  “waste” streams i n c l u d e  excess  f i s s i l e  and f e r t i l e  p a r t i c l e s  

from f u e l  r e p r o c e s s i n g  and green  rods  and coa ted  p a r t i c l e s  from f u e l  

r e f a b r i c a t i o n ,  b u t  t h e s e  are cons idered  s c r a p  and w i l l  be  processed  f o r  

recovery  of  f i s s i l e  materials. This  scrap w i l l  be  processed  w i t h  t h e  

technology and f a c i l i t y  provided by t h e  Hot Engineer ing  T e s t  F a c i l i t y  

i t s e l f .  

t o g e t h e r  w i t h  l i q u i d  wastes from o t h e r  sou rces  a t  ORNL i n  f a c i l i t i e s  

a l r e a d y  e x i s t i n g .  

High-level  and non-high-level aqueous wastes w i l l  b e  processed  

The types  of wastes f o r  which t h e  r e s u l t s  from t h e  LWR waste 

development work are d i r e c t l y  a p p l i c a b l e  i n c l u d e  t r i t i a t e d  w a t e r  

( immobi l iza t ion  r e q u i r e d ) ,  misce l laneous  s o l i d  wastes, and decommissioned 

equipment. 

HTGR wastes. 

p rogres s  i n  development of t h e  waste p r o c e s s i n g  technology i n  o r d e r  

t o  extract  any u s e f u l  d a t a  from t h e  LWR work f o r  a d a p t a t i o n  t o  HET 
waste p rocess ing .  

Some of t h e  LWR d a t a  are a l s o  u s e f u l  f o r  o t h e r  types  of 

The o b j e c t i v e  i n  moni tor ing  t h e  LWR work i s  t o  fo l low t h e  
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5.5 .1 .2  P lans  f o r  Temporary Di sposa l  and U l t i m a t e  P rocess ing  and 
I s o l a t i o n  

Except f o r  t h e  aqueous w a s t e s ,  a l l  HET wastes and s c r a p  w i l l  b e  

packaged i n  approved c o n t a i n e r s  and t empora r i ly  p l aced  e i t h e r  i n  d r y  

s t o r a g e  o r  i n  t h e  r e t r i e v a b l e  s t o r a g e  f a c i l i t y  a t  ORNL. F i n a l  p rocess ing  

of t h e s e  wastes and s c r a p  w i l l  commence s h o r t l y  a f t e r  conc lus ion  of  tes t  

o p e r a t i o n  of t h e  HET, and t h e  immobilized wastes w i l l  be  s e n t  t o  t h e  

des igna ted  i s o l a t i o n  r e p o s i t o r y .  

5 .5 .1 .3  Development S tages  f o r  Research and Development 

Four development s t a g e s  are involved  i n  t h e  expe r imen ta l  development 

work, a l though  n o t  n e c e s s a r i l y  a l l  f o u r  s t a g e s  are r e q u i r e d  of a l l  t h e  

w a s t e  streams. Tab le  5 . 3  i d e n t i f i e s  t h e s e  f o u r  development s t a g e s  w i t h  

a p p l i c a b l e  wastes, and d e s c r i b e s  t h e  o b j e c t i v e s  of i n d i v i d u a l  development 

s t a g e s .  

5 .5 .1 .4  D e s c r i p t i o n  of Experimental  Work 

The emphasis i n  t h e  expe r imen ta l  work f o r  t h i s  s u b t a s k  i s  on 

development of t echno log ie s  f o r  convers ion  of t h e  HET waste streams 

t o  forms a c c e p t a b l e  f o r  d i scha rge  t o  t h e  environment ,  f o r  o n - s i t e  

s t o r a g e ,  o r  f o r  u l t i m a t e  i s o l a t i o n  i n  a f e d e r a l  r e p o s i t o r y .  The HET 

a l s o  p rov ides  a n  oppor tun i ty  f o r  o t h e r  s u b t a s k s  under Tasks 300 and 

600 t o  s tudy  t h e  c h a r a c t e r i s t i c s  of and p rocess  a l t e r n a t i v e s  f o r  

r a d i o a c t i v e  wastes t h a t  are n e a r l y  t h e  same as those  from a commercial 

p l a n t .  

The f i r s t  s t e p  i n  the  s u b t a s k  work, when t h e  HET wastes become 

a v a i l a b l e ,  w i l l  be  t o  expe r imen ta l ly  de te rmine  c h a r a c t e r i s t i c s  of 

i n d i v i d u a l  wastes t o  con t i rm t h e  d a t a  e s t i m a t e d  i n  o t h e r  s u b t a s k s ,  

and t o  p rov ide  t h e  b a s i s  f o r  r e v i s i o n ,  i f  necessa ry .  F u r t h e r  exper imenta l  

work f o r  s e l e c t e d  waste streams w i l l  be  c a r r i e d  o u t  i n  waste p r o c e s s  

development i n  c o o r d i n a t i o n  w i t h  r e l a t e d  s u b t a s k s ,  as o u t l i n e d  i n  

Table  5 .4 .  



Table  5.3.  Development S tages  and The i r  Ob jec t ives  - Experimental  Development 
Subtask 652 - Post-HET Waste Process ing  

a Development S tage  Applicable  Wastes Objec t ives  

Cold l a b o r a t o r y  A l l  

Hot l a b o r a t o r y  

1. t o  estimate approximate q u a n t i t i e s  and g e n e r a l  and 
rad iochemica l  c h a r a c t e r i s t i c s  of major HET wastes 
based on a v a i l a b l e  in fo rma t ion ,  

2 .  t o  monitor  development work i n  p rogres s  f o r  
r e l a t e d  sub ta sks  under Tasks 300 and 600. 

Waste streams P2, P3, 1. t o  c a r r y  o u t  l abora to ry - sca l e  s t u d i e s  us ing  HET- 
P4, P7, F3, and F4 type  wastes, i nc lud ing  c h a r a c t e r i z a t i o n  and 

p rocess  f lowshee t  s t u d i e s ,  

2 .  t o  s u b s t a n t i a t e  t h e  r e s u l t s  from Subtasks  360, 
620, and 630 €or  waste streams P2, P3, and P4. 

Cold e n g i n e e r i n g  All 1. t o  monitor  co ld  eng inee r ing  development work i n  
p rogres s  f o r  r e l a t e d  sub ta sks  under Tasks 300 and 
600. 

Hot e n g i n e e r i n g  Waste streams P2, P3, 1. t o  conduct h o t  eng inee r ing  development work i n  
P4, P7 ,  and F3 c o o r d i n a t i o n  w i t h  Subtasks 360, 620, and 630 t o :  

(a )  conf i rm t e c h n i c a l  f e a s i b i l i t y  of s e l e c t e d  
p rocesses  u s i n g  HET wastes, i n c l u d i n g  remote 
o p e r a b i l i t y  of i n t e g r a t e d  systems f o r  P2, P 3 ,  and 
P4; and (b)  gene ra t e  des ign  d a t a  f o r  equipment t o  
be used i n  HRRF, where a p p l i c a b l e  

All wastes r e f e r  t o  those  r e q u i r i n g  exper imenta l  development work and i n c l u d e :  S i c  h u l l s  and a 
i n s o l u b l e s  (PZ), s in te red-meta l  f i l t e r s  (P3) ,  spen t  c a t a l y s t s  and molecular  s i e v e s  (P4) ,  o rgan ic  l i q u i d  
wastes (P7 and F4) ,  and C 2 c 1 4  bottoms (F3). 



Table 5 . 4 .  Desc r ip t ion  of Experimental  Work: Subtask 652 - 
Processing of  Se lec t ed  Post-HET Wastes 

Waste 
S t r earns 

S t ream P o t e n t i a l  Process ing  A l t e r n a t i v e s  
A v a i l a b i l i t y  

of  
Technology 

S i c  h u l l s  and 
i n s o l u b l e s  

P2 

S i n t e r  ed-me t a1 
f i l t e r s  

P3 

Spent c a t a l y s t s  and P 4  
molecular  sieves 

Organic l i q u i d  P7 and 
wastes F 4  

C 2 C l 4  s t i l l  
bottom 

F3 

1. I f  a p p r e c i a b l e  U p r e s e n t :  chemical  1. 
s e p a r a t i o n  t o  recover  U and t o  
concen t r a t e  f i s s i o n  p roduc t s  (F.P.)  

s e l e c t e d  m a t r i x  material 
2. If  U n e g l i g i b l e :  immobilize i n  2.  

1. Leach o u t  F.P.  from f i l t e r ,  combine 1. 
l e a c h a t e  w i t h  HLLW, and compact and 
immobilize f i l t e r  

2 .  Segment, compact, and immobilize as- 2 .  

1. Immobilize i n  cement w i t h  a d d i t i v e s  1. 

discharged f i l t e r s  

1. Burning of organic-soaked v e r m i c u l i t e  1. 
i n  a n  i n c i n e r a t o r  and immobi l iza t ion  
of a s h  

1. Same as above; burn ing  may b e  c a r r i e d  1. 
out  i n  e i t h e r  an  o rd ina ry  i n c i n e r a t o r  
o r  a mol t en - sa l t  burner  

To be developed 

May adap t  LWR was te  
technology 

To be developed 

LWR was te  technology 
may be  adapted  

LWR waste technology 
may b e  adapted  

To be developed;  some 
d a t a  a v a i l a b l e  from 
LWR waste technology 

To be  developed 

N 
0 
0 
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6 .  GENERAL SUPPORT 

T. N. Tiegs 

6 . 1  INTRODUCTION - T. N. Tiegs 

Th i s  t a s k  i n c l u d e s  t h e  development work r e q u i r e d  f o r  g e n e r a l  suppor t  

f u n c t i o n s  as needed by t h e  o t h e r  t a sks .  

are l i s t e d  below: 

1. 

Areas w i t h  a c t i v i t i e s  ongoing 

a n a l y t i c a l  methods and systems development - i n c l u d e s  development 

work r equ i r ed  t o  provide  a n a l y t i c a l  t echniques  f o r  a n a l y s e s  of 

r e c y c l e  o p e r a t i o n s ;  

2 .  q u a l i t y  a s su rance  (QA) procedures  - i n c l u d e s  development of QA 

p l ans  and procedures  t o  ensu re  compliance of program a c t i v i t i e s  

w i t h  t h e  requirement  of American Na t iona l  Standard I n s t i t u t e  (ANSI) 

document N45.2, "Qual i ty  Assurance Program Requirements f o r  Nuclear  

F a c i l i t i e s  ;I' 

3. f u e l  i r r a d i a t i o n  t e s t i n g  and examinat ion - demonst ra tes  t h e  performance 

c a p a b i l i t y  of t h e  f u e l  produced by t h e  p rocess  and equipment developed 

i n  Task 500 - Fuel  R e f a b r i c a t i o n .  The t a s k  r e q u i r e s  i r r a d i a t i o n  of 

s m a l l  q u a n t i t i e s  of f u e l  i n  capsule  tests under  a c c e l e r a t e d  c o n d i t i o n s  

i n  t h e  Oak Ridge Research Reactor  (DRR) o r  t h e  High Flux I s o t o p e  

Reactor  (HFIR) and a l s o  t h e  i r r a d i a t i o n  of l a r g e - s c a l e  e lements  i n  

t h e  F o r t  S t .  Vra in  Reactor  (FSVR) o r  Peach Bottom Reactor .  It h a s  

always been recognized t h a t  many p a r a l l e l  a c t i v i t i e s  are involved 

i n  t h e  development of f r e s h  and r e c y c l e  f u e l ,  and i n  f a c t  t h e  s a m e  

personnel  and i r r a d i a t i o n  f a c i l i t i e s  a t  ORNL are used i n  bo th  the 

HTGR Fuel  Recyle Development and HTGR Base Programs. The re fo re ,  

some of t h e  i r r a d i a t i o n  tests are j o i n t l y  funded. A l l  work suppor ted  

s o l e l y  by t h e  Recycle Program w i l l  be  r epor t ed  i n  t h i s  annual  r e p o r t ,  

whi le  work funded by both t h e  Base and Recycle Programs w i l l  be  

r e p o r t e d  elsewhere. 1 
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6.2 ANALYTICAL METHODS AND SYSTEMS DEVELOPMENT (SUBTASK 820) - 
D. A. Costanzo 

6 . 2 . 1  R e f a b r i c a t i o n  Analyses 

A l l  t h e  work performed under t h e  a n a l y t i c a l  methods and systems 

development s u b t a s k  i s  done i n  con junc t ion  wi th  ac t iv i t i e s  i n  t h e  f u e l  

r e f a b r i c a t i o n  t a s k  (Task 500).  I n  o r d e r  t o  make t h e  r e p o r t i n g  of t h e  

work more congruen t ,  t h e  a n a l y t i c a l  development work i s  inc luded  i n  t h e  

a p p r o p r i a t e  s e c t i o n s  i n  Chap. 4 of t h e  p r e s e n t  p r o g r e s s  r e p o r t ,  e . g . ,  

S e c t s .  4 .2 .3 .2 .4 ,  4 .3 .1 .3 .1 ,  etc.  

6 . 3  QUALITY ASSURANCE PROCEDURES AND STANDARDS (SUBTASK 850) - 
R. J.  Beaver 

Standard  ANSI N45.2-1977, "Qua l i ty  Assurance Requirements f o r  

Nuclear Fac i l i t i e s , "  h a s  been e s t a b l i s h e d  as t h e  b a s i c  q u a l i t y  a s s u r a n c e  

(QA) program requi rements  s t a n d a r d  f o r  t h e  HTGR F u e l  Recycle Development 

Program. The programmatic QA program document, L-050, which i s  a 

supplement t o  ANSI N45.2-1977, w a s  d r a f t e d  and reviewed a t  Genera l  

Atomic Company (GA) w i t h  QA r e p r e s e n t a t i v e s  of GA and A l l i e d  Chemical 

Corpora t ion .  A m i l e s t o n e  w a s  subsequen t ly  e s t a b l i s h e d  t o  submit t h e  

f i n a l  document t o  DOE-OR0 i n  January  1978. 

The fo l lowing  documents, which relate d i r e c t l y  o r  c o n t a i n  s e c t i o n s  

t h a t  re la te  t o  QA a c t i v i t i e s ,  w e r e  reviewed and approved by t h e  Program 

QA Coordina tor :  

1. 

2. 

3. 

4 .  

5. 

The QA p l a n  - Assessment f o r  t h e  ORNL Cure-in-Place Furnace P r o j e c t ,  

Document X-OE-52; 

Design Cri ter ia  f o r  t h e  Cold P ro to type  Fuel  Rod Molding Machine, 

Document D-11387-TV-C10-U-0; 

Conceptual Design Repor t ,  Support  F a c i l i t y  f o r  HTGR Fue l  Recycle 

Hot Engineer ing  Test ,  V o l .  I ,  Document X-OE-41; 

Conceptual Design Repor t ,  Reprocess ing  F a c i l i t y  f o r  HTGR Fue l  

Recycle Hot Engineer ing  T e s t ,  Vol. I ,  Document X-OE-42; 

Conceptual Design Repor t ,  R e f a b r i c a t i o n  F a c i l i t y  f o r  HTGR Fue l  

Recycle Hot Engineer ing  T e s t ,  Vol. I ,  Document X-OE-43. 
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The General  Atomic Company QA Program Document, QAPD-3225, e s t a b l i s h e d  

f o r  c o n t r o l l i n g  QA-related a c t i v i t i e s  of t h e  work be ing  done i n  the  

program, w a s  reviewed by t h e  Program QA Coordina tor  and is  cons idered  

t o  be  i n  compliance wi th  t h e  QA p lanning  requirements  of ANSI N45.2-1977. 

Two d e f i c i e n c i e s  occurred  a t  t h e  General  Atomic Company and were 

r e p o r t e d  t o  t h e  Na t iona l  Program Manager on T e s t  F a i l u r e  Reports .  

t es t  f a i l u r e  r e l a t e d  t o  a burn-through of t h e  Has te l loy  X Burner Vessel 

of t h e  0.20-m primary bu rne r  du r ing  an a t t empt  t o  r e i g n i t e  t h e  bed; t h e  

o t h e r  test  f a i l u r e  r e l a t e d  t o  an  e r o s i o n  of t h e  f i n e s  r e c y c l e  be l lows  

of t h e  0.40-m primary burner  fo l lowing  a run  du r ing  which h igh -ve loc i ty  

( g r e a t e r  than  49 m/s) gas-graphi te  f i n e s  streamed through t h e  very  t h i n  

stainless steel  be l lows .  C o r r e c t i v e  a c t i o n  w a s  taken  - p r i m a r i l y  des ign  

mod i f i ca t ion ,  which should p reven t  r ecu r rence  of t h e s e  f a i l u r e s .  

One 

6.4 FUEL IRRADIATION TESTING AND EXAMINATION (SUBTASK 880) - T. N .  Tiegs 

6 .4 .1  Fue l  I r r a d i a t i o n  T e s t  Assemblv 

6.4.1.1 HFIR Capsule HRB-14 

HRB-14 i s  a capsu le  i r r a d i a t i o n  test conducted i n  t h e  High Flux 

I s o t o p e  Reactor  a t  ORNL. The i r r a d i a t i o n  space w i l l  be  shared  wi th  GA. 

ORNL w i l l  t e s t  Biso-coated Tho2 par t ic les  coa ted  by use  of a f r i t  gas  

d i s t r i b u t i o n  system i n  ORNL'S 0.13-m-diam c o a t i n g  fu rnace .  

w i l l  be some Biso-coated Tho: p a r t i c l e s  made w i t h  OzihTL's f r i t - t y p e  gas 

d i s t r i b u t o r  i n  G A ' s  0.24-m-diam c o a t i n g  fu rnace .  

Also t e s t e d  

This  t es t  i s  done i n  con junc t ion  w i t h  the  HTGR Base Program and 
1 d e t a i l s  are r e p o r t e d  elsewhere.  

6.4.1.2 HFIR Capsule HRB-15b 

HRB-15b i s  ano the r  capsu le  i r r a d i a t i o n  t es t  t o  be conducted i n  

HFIR, and a g a i n  t h e  test  space w i l l  be  shared  w i t h  GA. The primary 

o b j e c t i v e s  of t h e  ORNL p o r t i o n  of t h e  experiment w i l l  be  t o :  

t i g a t e  t h e  behavior  of Biso-coated f e r t i l e  p a r t i c l e s  i r r a d i a t e d  t o  

r e f e r e n c e  HTGR burnup and f a s t -neu t ron  f l u e n c e  levels  b u t  a t  r e l a t i v e l y  

(1) inves-  
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low t empera tu res ,  and ( 2 )  assess t h e  performance of t h e  o u t e r  low- 

tempera ture  i s o t r o p i c  c o a t i n g s  and S i c  l a y e r s  on r e l a t i v e l y  la rge-d iameter  

Triso-coated p a r t i c l e s .  

This test  i s  a l s o  done i n  con junc t ion  wi th  t h e  HTGR Base Program 

and d e t a i l s  are r e p o r t e d  elsewhere.  

6.4 .1 .3  FSVR E a r l y  V a l i d a t i o n  Tests 

The F o r t  S t .  Vrain Reactor  (FSVR), ope ra t ed  by P u b l i c  Se rv ice  Company 

of Colorado, o f f e r s  an oppor tun i ty  t o  test cand ida te  r e c y c l e  f u e l s  i n  a 

t r u e  large-HTGR n e u t r o n  spectrum and he l ium c o o l a n t  environment.  

Ear ly  V a l i d a t i o n  Tests w i l l  tes t  the  f u e l  product  from t h e  c o l d  p ro to type  

development of Task 500. 

The 

The des ign  and o b j e c t i v e s  of t h e  experiment  have been p r e v i o u s l y  

r epor t ed .  3 F a b r i c a t i o n  of t h e  test  specimens h a s  been desc r ibed  

p r e v i o u s l y 4  and i n  S e c t .  4 .3 .1 .3 .2  of t h e  p r e s e n t  r e p o r t .  

a d a t a  package c o n t a i n i n g  t h e  p e r t i n e n t  d a t a  and r e s u l t s  f o r  t h e  f u e l  

rods  t o  be  used i n  t h e  i r r a d i a t i o n  experiment  w a s  p repared  and d i s t r i b u t e d .  

I n  a d d i t i o n ,  

The green  f u e l  r o d s  w e r e  sh ipped  t o  GAY where they  were inco rpora t ed  

i n t o  t h r e e  re ference-des ign  FSVR g r a p h i t e  f u e l  b locks .  The remaining p a r t  

of t h e  b locks  w a s  shared  w i t h  GA and Commissariat  2 1 ' E n e r g i e  Atomique. 

F u r t h e r  p rogres s  w i l l  b e  r e p o r t e d  by GA. 

c 

The T e s t  Element S a f e t y  Ana lys i s  Report  ( i n c l u d i n g  an amendment f o r  

medium-enriched uranium f u e l )  f o r  f u e l  i n s e r t i o n  w a s  approved by t h e  

Nuclear F a c i l i t y  S a f e t y  Committee. 

6 .4 .2  Data Analys is  and Repor t ing  

6 . 4 . 2 . 1  ORR Capsule OF-2 

A r e p o r t  of t h e  o p e r a t i o n  and p o s t i r r a d i a t i o n  examinat ion w a s  w r i t t e n  

du r ing  t h i s  r e p o r t i n g  p e r i o d . 5  The a b s t r a c t  from t h e  r e p o r t  fo l lows :  

I r r a d i a t i o n  capsu le  OF-2 w a s  a t es t  of High-Temperature 
Gas-Cooled Reactor  f u e l  t ypes  under a c c e l e r a t e d  i r r a d i a t i o n  
c o n d i t i o n s  i n  t h e  Oak Ridge Research Reac tor .  The r e s u l t s  
showed good i r r a d i a t i o n  performance of Triso-coated weak-acid- 
r e s i n  f i s s i l e  p a r t i c l e s  and Biso-coated f e r t i l e  p a r t i c l e s ,  
which were coa ted  i n  t h e  0.13-m-diam fu rnace  w i t h  a f r i t t e d  
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gas  d i s t r i b u t o r .  F a s t  neu t ron  damage (E > 0.18 MeV) and mat r ix-  
p a r t i c l e  i n t e r a c t i o n  caused t h e  o u t e r  pyrocarbon c o a t i n g  on t h e  
Triso-coated p a r t i c l e s  t o  f a i l .  Such f a i l u r e  depended on t h e  
o p t i c a l  a n i s o t r o p y ,  d e n s i t y ,  and open p o r o s i t y  of t h e  o u t e r  
pyrocarbon c o a t i n g ,  as w e l l  as t h e  coke y i e l d  of t h e  ma t r ix .  
I r r a d i a t i o n  of specimens w i t h  v a l u e s  o u t s i d e  p r e s c r i b e d  l i m i t s  
f o r  t h e s e  p r o p e r t i e s  i nc reased  t h e  f a i l u r e  r a t e  of t h e i r  o u t e r  
pyrocarbon c o a t i n g s .  Good i r r a d i a t i o n  performance w a s  observed 
w i t h  p a r t i a l l y  conver ted  weak-acid-resin p a r t i c l e s  i n  t h e  range 
of convers ions  from 15 t o  75%. 

6 .4 .2 .2  Recycle T e s t  Elements 

A r e p o r t  of t h e  p o s t i r r a d i a t i o n  examinat ion  w a s  w r i t t e n  d u r i n g  t h i s  

The a b s t r a c t  from t h e  r e p o r t  fo l lows :  r e p o r t i n g  p e r i o d .  

The Recycle  T e s t  Elements were a series of tests of 
High-Temperature Gas-Cooled Reac tor  f u e l  i r r a d i a t e d  i n  
Core 2 of t h e  Peach Bottom Unit  1 r e a c t o r .  They t e s t e d  
a wide v a r i e t y  of f i s s i l e  and f e r t i l e  f u e l  t y p e s ,  which 
w e r e  of prime i n t e r e s t  when t h e  tests were des igned .  These 
inc luded  U 0 2 ,  U C 2 ,  (2Th,U)02, (4Th,U)02, ThC2, and Tho;. 
The mixed thorium-uranium ox ides  and t h e  Tho2 w e r e  t e s t e d  
as Biso-coated p a r t i c l e s  on ly ,  whi le  t h e  o t h e r s  w e r e  t e s t e d  
as bo th  Biso- and Triso-coated p a r t i c l e s .  The Biso-coated 
p a r t i c l e s  d i d  n o t  have s u f f i c i e n t  f i s s i o n  p roduc t  r e t e n t i o n  
wi th  f i s s i l e  k e r n e l s  b u t  w e r e  a c c e p t a b l e  w i t h  f e r t i l e  k e r n e l s  
The r e s u l t s  on t h e  p a r t i c l e  t ypes  showed good agreement 
between a c c e l e r a t e d  tests and r ea l - t ime  tes t s .  

P a r t i c l e s  w i th  k e r n e l s  made of  UC2 showed mig ra t ion  of 
t h e  h igh-y ie ld  r a r e - e a r t h  f i s s i o n  p roduc t s  o u t  of  t h e  k e r n e l  
and down t h e  tempera ture  g r a d i e n t .  I n  t h e  case of Tr i so-  
coa ted  p a r t i c l e s ,  t h e  r e s u l t  w a s  an accumulat ion a t  t h e  S i c ,  
which caused g r a p h i t i z a t i o n  of  t h e  i L T I  and c o r r o s i o n  of t h e  
S i c .  

Kerne ls  made of U O n  showed a n  unaccep tab le  amount of 
mig ra t ion  up t h e  tempera ture  g r a d i e n t .  I n  Biso-coated 
p a r t i c l e s  t h i s  occur red  a t  average  tempera tures  as low as 
1025°C and burnups o f  53.7% FIMA. 

of (2Th,U)02 i r r a d i a t e d  a t  average tempera tures  o f  1150°C 
and burnups of 2 1 . 7 %  of t h e  f i s s i o n s  p e r  i n i t i a l  metal  
atoms (FIMA) . The (4Th,U)02 k e r n e l s  showed no amoeba 
e f f e c t  i n  any of t h e  r e c y c l e  t es t  e lements .  

The ThC2 p a r t i c l e s  performed adequa te ly  a t  moderate 
tempera tures  and burnups (<125OoC and 3.0% FIMA), b u t  amoeba 
w a s  observed under more severe c o n d i t i o n s .  On t h e  o t h e r  
hand, t h e  Tho2 k e r n e l s  performed w e l l  w i t h  no amoeba (h ighes t  
average  tempera ture  of 1425°C and hurnup of 3.1% FIMA). 

S l i g h t  amoeba e f f e c t  w a s  observed w i t h  k e r n e l s  made 
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7 .  MAJOR FACILITIES (TASK 900) 

7 . 1  HTGR RECYCLE REFERENCE FACILITY (SUBTASK 930) - A .  R. Olsen and 
R. K. Kibbe* 

7 .1 .1  I n t r o d u c t i o n  - A .  R .  Olsen 

The b a s i c  o b j e c t i v e  of t h e  HTGR Fuel  Recycle  Development Program 

i s  t o  develop t h e  t e c h n o l o g i c a l  and eng inee r ing  base  needed f o r  recovery  

and r e c y c l e  of s p e n t  HTGR f u e l .  The HTGR Recycle  Reference F a c i l i t y  

(HRRF) p r o j e c t  p rovides  t h e  f o c a l  p o i n t  f o r  such development by e s t a b l i s h i n g  

a p p r o p r i a t e  f u n c t i o n a l  requi rements  and i t e r a t ive  des ign ing  of a f a c i l i t y  

f o r  t h e  f u l l - s c a l e  demonst ra t ion  of t h e  recovery  and r e c y c l e  p rocesses .  

The requi rements  and des ign  must be  such t h a t  t h e  f a c i l i t y ,  a s s o c i a t e d  

equipment,  and o p e r a t i n g  procedures  w i l l  be  l i c e n s a b l e ,  be commercially 

f e a s i b l e ,  and minimize t h e  p o t e n t i a l  f o r  p r o l i f e r a t i o n  of n u c l e a r  weapons. 

The f u n c t i o n a l  requi rements  and t h e  HRRF des ign  w i l l  be  used t o  

h e l p  guide  t h e  o t h e r  development ac t iv i t i e s  b u t  w i l l  be  s t r o n l y  in f luenced  

by such  developments,  w i t h  p a r t i c u l a r  r e l i a n c e  on o t h e r  p r o j e c t s  d i scussed  

i n  t h i s  c h a p t e r .  While t h e  r e p r o c e s s i n g  and r e f a b r i c a t i o n  development 

ac t iv i t i e s  w i l l  p rov ide  t h e  b a s i c  p rocess  f lowshee t  d e f i n i t i o n  and equip- 

ment development,  t h e  conf i rma t ion  of p rocess  o p e r a b i l i t y  i n  t h e  p re sence  

of r a d i o a c t i v i t y  must b e  de r ived  from t h e  h o t  eng inee r ing  tests conducted 

i n  Subtask 920 (Hot Engineer ing  T e s t  F a c i l i t y ) .  In a d d i t i o n ,  t h e  i n t e g r a t e d  

o p e r a t i o n  of i n d i v i d u a l  sys tems,  w i t h  f u l l - s c a l e  equipment designed f o r  

remote o p e r a t i o n ,  planned i n  t h e  co ld  p ro to type  tests w i l l  s t r o n g l y  

i n f l u e n c e  certain f a c i l i t y  des ign  c r i t e r i a  f o r  such  t h i n g s  as remote 

maintenance equipment and g r e a t l y  reduce  t h e  r isks  a s s o c i a t e d  w i t h  t h e  

c o n s t r u c t i o n  and o p e r a t i o n  of t h e  HRRF. 

During t h e  p a s t  y e a r ,  t h e  need f o r  a d d i t i o n a l  e f f o r t  i n  t h i s  p r o j e c t  

t o  d e f i n e  f u n c t i o n a l  requi rements  w a s  recognized  and a p p r o p r i a t e  p l ann ing  

i n i t i a t e d .  

*Now w i t h  t h e  Of f i ce  of  Waste I s o l a t i o n ,  Union Carb ide  Corpora t ion ,  
Nuclear  D i v i s i o n ,  Oak Ridge, Tennessee.  
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7 . 1 . 2  HRRF Requirements Documentation - R. K. Kibbe, A .  R.  Olsen,  and 

One of t h e  pr imary o b j e c t i v e s  of t h e  HRRF p r o j e c t  i s  t o  e s t a b l i s h  

and ma in ta in  a c u r r e n t ,  p r e c i s e ,  and f u l l y  t r a c e a b l e  h i e r a r c h y  of HRRF 

requi rements  documents t o  h e l p  guide  development and d e s i g n  a c t i v i t i e s  

w i t h i n  t h e  program. 

B .  J.  Baxter" 

1 

Based on f u e l  e lement  des igns  and mass f lows of t h e  Large High- 

Temperature Gas-Cooled Reac tor  (LHTGR) w i t h  a convers ion  r a t i o  of 0 .66,  

Draf t -3  requi rements  documents f o r  Level 0 P l a n t ,  Level 1 Reprocess ing ,  

and Level 1 R e f a b r i c a t i o n  w e r e  p repa red  and d i s t r i b u t e d  e a r l y  i n  1977. 

Comments on t h e s e  d r a f t s  i n d i c a t e d  a need f o r  s i g n i f i c a n t  r e v i s i o n s  i n  

format  and some i n  c o n t e n t  t o  comply w i t h  t h e  needs of t h e  program. 

Limited funding  d u r i n g  t h i s  y e a r  p l u s  changing r e a c t o r  d e s i g n s  t o  addres s  

p r o l i f e r a t i o n  concerns r e s t r i c t e d  t h e  e f f o r t  i n  t h e s e  areas t o  a 

s tudy  of t h e  sys tem used by t h e  A i r  Force2  and a p r e l i m i n a r y  a n a l y s i s  

of t he  impact of f u l l  implementa t ion  of t h i s  sys tem on t h e  program. 

l h i s  s tudy  w a s  n e a r i n g  complet ion a t  t h e  end of t h e  y e a r .  A program 

management d e c i s i o n  w i l l  be r e q u i r e d  t o  e s t a b l i s h  t h e  degree  of imple- 

menta t ion .  Curren t  a c t i v i t i e s  a r e  scheduled  t o  provide  t h e  sou rce  

documentation f o r  a number of r e a d i l y  i d e n t i f i a b l e  Level 0 requi rements .  

This  documentat ion i s  a b a s i c  p a r t  of t h e  A i r  Force sys tem and p rov ides  

needed in fo rma t ion  r e g a r d l e s s  of t h e  f i n a l  d e c i s i o n  on a programmatic 

sys  t e m .  

In t h e  i n t e r i m ,  t h e  Draf t -3  requi rements  documents are p r o v i d i n g  

a r easonab le  gu ide  f o r  ongoing p r o c e s s  development a c t i v i t i e s .  

7 . 1 . 3  Reactor  Mass Flow Coord ina t ion  - A .  R .  Olsen 

E a r l y  p l ann ing  f o r  t h e  HRRF ( fo rmer ly  t h e  HTGR Recycle  Demonstrat ion 

F a c i l i t y  - HRDF) had been based on r e a c t o r  des igns  t h a t  would y i e l d  

s u f f i c i e n t  f i s s i l e  mater ia l  w i t h  s p e n t  f u e l  t o  p r o v i d e  f o r  f a b r i c a t i o n  

of  one r e c y c l e  f u e l  e lement  f o r  each two f u e l  e lements  r ep rocessed .  By 

t h e  end of 1976, t h e  r e f e r e n c e  r e a c t o r  d e s i g n  had been a l t e r e d  t o  i n c r e a s e  

t h e  conve r s ion  r a t i o  t o  0 .76.  With t h e  h ighe r  r e s o u r c e  u t i l i z a t i o n  

;'On assignment  from General  Atomic Company. 
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des ign ,  f o r  every  100 elements  reprocessed  approximately 65 e lements  

would be r e f a b r i c a t e d .  The i n t r o d u c t i o n  of p r o l i f e r a t i o n  concerns as 

Na t iona l  p o l i c y  i n  A p r i l  of 1977 r e s u l t e d  i n  a s tudy  of new f u e l i n g  

concep t s ,  a l l  of which y i e l d  lower convers ion  r a t i o s  and consequent ly  

d i f f e r e n t  refabricated-to-reprocessed element r a t i o s .  Monitor ing t h e  

element  and r e a c t o r  des ign  p o s s i b i l i t i e s  i s  t h e  r e s p o n s i b i l i t y  of t h e  

S tud ie s  and Analyses Task, b u t  e s t ab l i shmen t  of t h e  c a p a c i t y  requi rements  

i s  a b a s i c  des ign  c r i t e r i o n  f o r  t h e  HRRF p r o j e c t .  Consequent ly ,  a n  

i n t e r i m  c a p a c i t y  requirement  has  been set  a t  a r e p r o c e s s i n g  c a p a c i t y  of 

20,000 f u e l  e lements  p e r  y e a r  and ,  pending r e s o l u t i o n  of  t h e  r e a c t o r  

des ign  v a r i a b l e s ,  a r e f a b r i c a t i o n  c a p a c i t y  of 13,500 f u e l  e lements  p e r  

yea r  w i l l  be  used. Th i s  upper l i m i t  r e f a b r i c a t i o n  c a p a c i t y  w a s  based 

on a n  a n a l y s i s  of t h e  maximum element  r a t i o  i n  r e a c t o r s  of t he  h igh  

convers ion  r a t i o  (0.76) des ign  and w i l l  p rovide  the b a s i s  f o r  t h e  

des ign  f e a s i b i l i t y  s t u d i e s  planned f o r  nex t  y e a r .  

7 . 1 . 4  Reference Flowshee t D e f i n i t i o n  - J.  A .  Carncnter , . J r  . 
The r e f e r e n c e  f lowshee t s  f o r  t h e  HRRF p rocess ing  (if high-enriched 

f u e l  were e s t a b l i s h e d .  This  w a s  done as the  f i r s t  s t e p  t he  r e f e r e n c e  

f lowshee t  and m a s s  f low d e f i n i t i o n s  needed f o r  f u t u r e  studic’c; such  as 

envi ronmenta l  impacts ,  s a fegua rds ,  and des ign .  ‘PS.t. s a r k  on m a s s  f lows 

is d e s c r i b e d  i n  S e c t .  2 . 2 . 2 . 2 .  The r e s u l t s  of t he  f iowshee t  and m a s s  

f l ow d e f i n i t i o n s  f o r  t he  high-enriched uranium (HEIJ) cyc l e  w i l l  be 

r e p o r t e d  i n  t h e  nex t  p e r i o d .  Modi f i ca t ions  t o  i n c l u d e  the  medium- 

en r i ched  uranium (MEU) f u e l  c y c l e  w i l l  be made when a r e f e r e n c e  d e s i g n  

f o r  r e a c t o r s  u t i l i z i n g  t h i s  f u e l  has  been e s t a b l i s h e d  and t h e  needed 

r e a c t o r  mass flow d a t a  are a v a i l a b l e .  

7.1.5 Regulatory Requirements - A .  R.  Olsen 

Funding l i m i t s  have s e v e r e l y  r e s t r i c t e d  s p e c i f i c  a c t i v i t y  i n  t h e  

areas of  c o o r d i n a t i n g  HRRF requireineli ts  w i t h  c u r r e n t  and a n t i c i p a t e d  

r e g u l a t o r y  requi rements .  

i n  t h e  Draf t -3  requi rements  documents d i scussed  i n  Sec t .  7 .1 .2  

The known requirements  have been inco rpora t ed  
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7.1.6 HRRF Design F e a s i b i l i t y  S t u d i e s  - A .  R. Olsen 

Reviewing p rev ious  p reconcep tua l  des ign  s t u d i e s  f o r  a r e f e r e n c e  

r e c y c l e  f a c i l i t y  showed t h a t  t h e s e  s t u d i e s  had c o n c e n t r a t e d  on t h e  two 

pr imary f u n c t i o n a l  areas of r e p r o c e s s i n g  and r e f a b r i c a t i o n .  Th i s  

c o n c e n t r a t i o n  w a s  a p p r o p r i a t e  a t  t h a t  t i m e  t o  guide  t h e  ongoing 

development ac t iv i t i e s  i n  t h e s e  f u n c t i o n a l  areas. Development i n  

t h e s e  areas has  now reached a s t a g e  where t h e  i n t e r f a c e s  w i t h  o t h e r  

f u n c t i o n a l  areas such as f u e l  r e c e i v i n g ,  s t o r a g e  and sh ipment ,  w a s t e  

t r e a t m e n t ,  and p r o c e s s  suppor t  can b e  f a i r l y  w e l l  d e f i n e d .  An i n i t i a l  

a t t e m p t  t o  b e t t e r  d e f i n e  t h e s e  s u p p o r t  areas w a s  made i n  p rov id ing  

in fo rma t ion  f o r  t h e  Commercial izat ion Study d i scussed  i n  S e c t .  2 . 4 . 1 .  

However, i t  w a s  recognized  t h a t  t h i s  w a s  i nadequa te  i n  d e f i n i n g  design-  

a s s o c i a t e d  r equ i r emen t s .  Thus,  du r ing  t h e  l a t t e r  p a r t  o f  t h e  y e a r ,  

s p e c i f i c  p l a n s  w e r e  made t o  conduct  a d e s i g n  f e a s i b i l i t y  s tudy  t o  be 

completed n e x t  y e a r ,  t o  b e t t e r  i d e n t i f y  and q u a n t i f y  t h e  f lowshee t s  

and des ign  requi rements  f o r  t h e s e  s u p p o r t i n g  f u n c t i o n a l  areas. 

7.2 HOT ENGINEERING TEST FACILITY (SUBTASK 920)  - B. J .  Baxter  

7 .2 .1  I n t r o d u c t i o n  - B. J.  Baxter and D .  P.  Reid 

The Hot Engineer ing  T e s t  (HET) P r o j e c t  i s  in t ended  t o  p rov ide  

technology r e l e v a n t  t o  t h e  r e c y c l e  o f  HTGR f u e l s .  Conceptual  des ign  o f  

t h e  necessa ry  f u e l  r e p r o c e s s i n g ,  r e f a b r i c a t i o n ,  and pr imary w a s t e  

t r ea tmen t  systems and t h e i r  a s s o c i a t e d  suppor t  f a c i l i t i e s  w a s  completed.  

These systems and f a c i l i t i e s  w e r e  d e s c r i b e d  i n  a p r o j e c t  concep tua l  

d e s i g n  r e p o r t  d i s t r i b u t e d  i n t e r n a l l y  on A p r i l  1 5 ,  1977. A p r o j e c t  

c o s t  estimate s u p p o r t i n g  t h e  d e s i g n  r e p o r t  w a s  a l s o  prepared  and 

d i s t r i b u t e d  i n t e r n a l l y  on t h i s  d a t e .  

The p r o j e c t  concep tua l  d e s i g n  r e p o r t  and s u p p o r t i n g  c o s t  estimate 

d e s c r i b e  t h e  f i n a n c i a l ,  t e c h n i c a l ,  and schedule  requi rements  t o  per form 

eng inee r ing - sca l e  tes ts  on s p e n t  HTGR f u e l s .  The r e f e r e n c e  f u e l  is 

h i g h l y  en r i ched  uranium (HEU) ,  and t h e  d e s c r i b e d  schedu le  a n t i c i p a t e s  

f i s c a l  y e a r  1980 c o n s t r u c t i o n  funding .  
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Because of t h e  impact of Na t iona l  conce'rn f o r  t h e  use of 

p r o l i f e r a t i o n - r e s i s t a n t  n u c l e a r  f u e l s ,  t h e  HET P r o j e c t  i s  r equ i r ed  t o  

amend t h e  concep tua l  d e s i g n  r e p o r t  and a s s o c i a t e d  c o s t  estimate t o  

addres s  and r e f e r e n c e  medium-enriched uranium (MEU) f u e l s .  Necessary 

changes t o  t h e  p r o j e c t  documentat ion are be ing  prepared  and a p o t e n t i a l  

s l i p  i n  schedu le ,  from FY 1980 t o  FY 1981 ,  i s  expected.  (See Sec t .  7 . 2 . 1 . 5 ,  

P r o j e c t  S t a t u s . )  

7 . 2 . 1 . 1  Purpose 

The purpose of t h e  HET P r o j e c t  is  t o  p rov ide  expe r i ence  and 

eng inee r ing  d a t a  f o r  t h e  des ign  of an HTGR Recycle  Reference F a c i l i t y  

(HRRF) de f ined  i n  t h a t  Na t iona l  program p l a n  f o r  HTGR f u e l  r e c y c l e  

development.  And t h e  r o l e  o f  t h e  p r o j e c t  i n  t h e  o v e r a l l  development 

of HTGR f u e l  r e c y c l e  technology i s  shown by t h e  shaded area of F ig .  7.1- 
t h e  l o g i c  network f o r  t h e  HTGR Fuel  Recycle Development Program. 

Experience and eng inee r ing  d a t a  will be  provided  through t h e  o p e r a t i o n  

of s e l e c t e d  r e p r o c e s s i n g ,  r e f a b r i c a t i o n ,  and pr imary waste t r ea tmen t  

p rocesses  i n  t h e  r a d i a t i o n  environment expected f o r  HRRF o p e r a t i o n s .  

The HET P r o j e c t  w i l l  i n  a d d i t i o n  provide  a product :  r e f a b r i c a t e d  

f u e l  rods  f o r  i r r a d i a t i o n  t e s t i n g  and p o s t i r r a d i a t i o n  examinat ion.  

7 . 2 . 1 . 2  P r o j e c t  Ob jec t ives  

The o v e r a l l  o b j e c t i v e  of t h e  HET P r o j e c t  i s  t o  demonst ra te  i n  

eng inee r ing - sca l e  equipment those  a s p e c t s  of s p e n t  HTGR f u e l  r e c y c l e  

p rocesses  t h a t  cannot  be demonstrated wi thou t  t h e  presence  of  h igh  

levels  of f i s s i o n  p roduc t s  o r  t h e  r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  

c o n t a i n i n g  s i g n i f i c a n t  amounts of 

ope ra t ions  w i l l  be  emphasized, r a t h e r  t han  t h e  fundamental  o p e r a b i l i t y  

of base - l ine  p rocesses .  Accordingly,  e s s e n t i a l  equipment des ign  

c h a r a c t e r i s t i c s  are  t o  adequa te ly  s imula t e  product ion  o p e r a t i n g  condi- 

t i o n s  r e l a t e d  t o  t h e  e f f e c t s  of h igh  levels  of f i s s i o n  p roduc t s ,  

thereby  p rov id ing  r e p r e s e n t a t i v e  d a t a  f o r  HRRF p r o c e s s  s e l e c t i o n  and 

equipment des ign .  

2 3 3 u  

2~ . T e s t  d a t a  r e s u l t i n g  from h o t  
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The i s s u e s  r e l e v a n t  t o  p rocess  s e l e c t i o n  and equipment des ign  a r e  

as fo l lows :  

1. demonst ra t ion  of e f f l u e n t  t r ea tmen t  c a p a b i l i t y ,  

2 .  i d e n t i f i c a t i o n  of r a d i o a c t i v e  s p e c i e s  d i s t r i b u t i o n ,  

3 .  produc t ion  of samples f o r  a s say  technique  development,  

4 .  demonst ra t ion  of p r a c t i c a l  methods f o r  a s say  and q u a l i t y  c o n t r o l  

of  p rocess  streams , 
5.  c o n t r o l  of r a d i a t i o n  hazards  a s s o c i a t e d  w i t h  t h e  232U c o n t e n t  of 

r ecyc led  2 3 3 U  f u e l  t o  pe rmi t  sampling and a n a l y t i c a l  p rocedures  t o  

be conducted s a f e l y ,  

6 .  con f i rma t ion  of e s t a b l i s h e d  f lowshee t s  f o r  bo th  t h e  r e p r o c e s s i n g  

and r e f a b r i c a t i o n  a s p e c t s  of f u e l  r e c y c l e .  

7 . 2 . 1 . 3  S p e c i f i c  Techn ica l  I s s u e s  

A number of  s p e c i f i c  t e c h n i c a l  i s s u e s  re la t ive  t o  f i n a l  HRRF des ign  

are t o  be answered by t h e  HET P r o j e c t .  These i s s u e s  d e r i v e  p r i m a r i l y  

from l a c k  of d e t a i l e d  in fo rma t ion  and d a t a  on t h e  e f f e c t s  of 2 3 2 U  decay 

p roduc t s  on  p r o c e s s e s ,  equipment performance,  r a d i o a c t i v i t y  emis s ions ,  

maintenance methods,  and pe r sonne l  exposure.  The HET P r o j e c t  i s  des igned  

t o  e l i m i n a t e  t h e s e  d e f i c i e n c i e s .  

The r e p r o c e s s i n g  tes t  w i l l  use  96 f u e l  e lements  d i scharged  from t h e  

F o r t  S t .  Vrain HTGR a f t e r  one e q u i v a l e n t  ful l -power y e a r ,  cooled  180 days.  

The i n f l u e n c e  of such  h igh  levels of i r r a d i a t i o n  and f i s s i o n  p roduc t s  

i n  r e p r o c e s s i n g  i s  p r i m a r i l y  a s s o c i a t e d  wi th  t h e  d i s t r i b u t i o n  of f i s s i o n  

products  w i t h i n  t h e  p rocess .  The e x t e n t  t o  which o x i d a t i o n  and v o l a t i l i -  

z a t i o n  occur  du r ing  c rush ing  and burn ing  s i g n i f i c a n t l y  a f f e c t s  t h e  

equipment des ign .  I n  a d d i t i o n ,  t h e  p h y s i c a l  n a t u r e  o f  t h e  f i s s i o n  

p roduc t s  i n  t h e  bu rne r  a s h  a f f e c t s  t h e  chemis t ry  of d i s s o l u t i o n ,  t h e  

methodology, and t h e  f i n a l  f i s s i l e  ma te r i a l  r ecove ry .  I n  t h e  s o l v e n t  

e x t r a c t i o n  s t a g e  of p rocess ing ,  r a d i a t i o n  damage t o  t h e  s o l v e n t  and 

emulsion format ion  are a f f e c t e d  by t h e  h e a t  g e n e r a t i o n  of suspended 

p a r t i c u l a t e  f i s s i o n  products  and t h e  degree  t o  which t h e s e  p roduc t s  have 

been d i s s o l v e d .  Consequent ly ,  r e p r o c e s s i n g  must encompass t h e  o p e r a t i o n s  

from i n i t i a l  f u e l  e lement  s i z e  r e d u c t i o n  through t h e  f i r s t  s t a g e  of 

s o l v e n t  e x t r a c t i o n  t o  adequate ly  addres s  HRRF requi rements .  
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The e f f e c t s  of r a d i o a c t i v i t y  on r e f a b r i c a t i o n  p r o c e s s e s  are pronounced 

i n  t h e  chemica l  and thermal  p rocesses  a s s o c i a t e d  w i t h  p r e p a r a t i o n  of coa ted  

f i s s i l e  f u e l  p a r t i c l e s .  The r e f a b r i c a t i o n  p rocess  used weak-acid ca rboxy la t e  

r e s i n  i n  c o n t a c t  w i t h  u rany l  n i t r a t e  s o l u t i o n  t o  produce a uranium-loaded 

weak-acid-resin microsphere .  Uranium l o a d i n g  i s  c o n t r o l l e d  by t h e  degree  

t o  which t h e  u rany l  n i t r a t e  i s  a c i d  d e f i c i e n t .  Con t ro l  of a c i d  d e f i c i e n c y  

i s  s t r o n g l y  i n f l u e n c e d  by chemical  d i s t u r b a n c e s  i n i t i a t e d  by t h e  presence  

of r a d i o a c t i v i t y ,  such  as r a d i o l y s i s  of t h e  water o r  o rgan ic  s o l u t i o n s ,  

foaming of s o l u t i o n s  owing t o  r a d i o l y t i c  gas release o r  energy  a b s o r p t i o n ,  

and p o s s i b l e  changes i n  t h e  r e s i n  ion-exchange c h a r a c t e r i s t i c s  w i t h  

r a d i a t i o n  exposure .  The HET P r o j e c t  w i l l  i n c l u d e  t h e  r e s i n  load ing  p r o c e s s  

c a r r i e d  through c a r b o n i z a t i o n  and conve r s ion  s t e p s  because  expe r i ence  

h a s  shown t h a t  some r e s i n  l o a d i n g  problems become appa ren t  on ly  a f t e r  

t h e  c a r b o n i z a t i o n  and conve r s ion  s t e p s .  I n  a d d i t i o n ,  t h e  c a r b o n i z a t i o n  

and c o a t i n g  systems w i l l  i n c l u d e  eng inee r ing - sca l e  pe rch lo roe thy lene  

and sodium hydroxide of f -gas  sc rubbe r s  to c h a r a c t e r i z e  t h e  performance 

of t h e s e  sys tem i n  a r a d i a t i o n  environment and t o  gene ra t e  t y p i c a l  HRRF 

waste streams . 
I n  t h e  area of w a s t e  h a n d l i n g ,  t h e  HET P r o j e c t  w i l l  demonst ra te  

radon t r a p p i n g  and pe rch lo roe thy lene  r e c y c l e .  Radon w i l l  be  r e l e a s e d  

d u r i n g  each  h e a t i n g  o p e r a t i o n  i n  r e f a b r i c a t i o n ,  and a n  adequate  radon- 

t r a p p i n g  device on the r e s i n  d r i e r  and c a r b o n i z a t i o n  and c o a t i n g  fu rnaces  

must be demonstrated b e f o r e  HRRF des ign .  The i n f l u e n c e  of r a d i a t i o n  on 

t h e  r e c y c l e  of pe rch lo roe thy lene  must be  determined b e f o r e  HRRF des ign .  

The p r i n c i p a l  concern  i s  t h e  g e n e r a t i o n  and /o r  c o n c e n t r a t i o n  of 

i r r a d i a t i o n - c a u s e d  d e g r a d a t i o n  p roduc t s  i n  r e c y c l e  pe rch lo roe thy lene .  

I n  a d d i t i o n ,  e n g i n e e r i n g  d a t a  on p a r t i t i o n i n g  f a c t o r s  and c o n t e n t  of 

d i s t i l l a t e  bottoms ( p r i n c i p a l l y ,  r a d i o a c t i v i t y  l e v e l s )  must be ob ta ined  

b e f o r e  d e s i g n  of a n  HRRF waste and s c r a p  hand l ing  system. 

I n  summary, t h e  fo l lowing  s p e c i f i c  t e c h n i c a l  i s s u e s  w i l l  be  

addres sed  by t h e  r e p r o c e s s i n g  and r e f a b r i c a t i o n  tests t o  be conducted 

i n  t h e  HET P r o j e c t :  

1. conf i rma t ion  of t h e  p rocess  o p e r a b i l i t y  i n  t h e  p re sence  of t h e  

r a d i o a c t i v i t y  ; 
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2. conf i rma t ion  of  t h e  c a p a b i l i t y  of t h e  t e s t e d  p o r t i o n s  of t h e  p rocess  

t o  produce a r a d i o a c t i v e  product  meet ing t h e  HTGR f u e l  s p e c i f i c a t i o n s ;  

conf i rma t ion  of  t h e  gaseous e f f l u e n t  t r ea tmen t  p r o c e s s e s ;  

i n fo rma t ion  on t h e  d i s t r i b u t i o n  of r a d i o a c t i v i t y  i n  t h e  p rocess  

equipment,  p roduc t s ,  and waste e f f l u e n t s ;  

i n fo rma t ion  on t h e  remote o p e r a t i o n a l  and maintenance procedures  f o r  

those  equipment components used i n  t h e  t es t s ;  and 

3 .  

4 .  

5. 

6.  i n fo rma t ion  on v a r i o u s  n o n d e s t r u c t i v e  a s s a y  techniques  t o  be  used.  

7.2.1.4 P r o j e c t  Schedule 

The p r o j e c t  s chedu le ,  shown i n  Fig .  7.2,  relates p r o j e c t  a c t iv i t i e s  

b e f o r e  t h i s  r e p o r t i n g  pe r iod  and f o r e c a s t s  f u t u r e  a c t i v i t i e s .  

Act ivi t ies  b e f o r e  mid- f i sca l -year  1977 inc luded  t h e  documentat ion 

of (1) concep tua l  des ign  and c o s t  estimate of suppor t  f a c i l i t i e s ,  

(2)  concep tua l  d e s i g n  and c o s t  estimate f o r  r e p r o c e s s i n g ,  r e f a b r i c a t i o n ,  

and pr imary w a s t e  t r e a t m e n t  p rocess  equipment,  and ( 3 )  a n  envi ronmenta l  

assessment  and p r e l i m i n a r y  d r a f t  envi ronmenta l  impact  s t a t emen t .  These 

documents desc r ibed  t h e  p r o j e c t  c o n f i g u r a t i o n  on t h e  HEU f u e l  cyc le .  

Act iv i t ies  scheduled immediately a f t e r  mid-FY 1977 c a l l  f o r  a n  update  

of  p r o j e c t  documentat ion,  i n c l u d i n g  t h e  p r e l i m i n a r y  d r a f t  environmental  

impact s t a t emen t ,  t o  accommodate DOE d i r e c t i o n  t o  use  t h e  MEU f u e l  c y c l e  

as t h e  p r o j e c t  r e f e r e n c e .  

The f o r e c a s t  of f u t u r e  ac t iv i t i e s  is  organized  i n  f i v e  p r i n c i p a l  

t i m e  phases .  They are 

1. p r e l i m i n a r y  d e s i g n ,  

2. d e t a i l e d  des ign ,  

3 .  procurement and i n s t a l l a t i o n ,  

4 .  c o l d  t e s t i n g ,  

5 .  h o t  t e s t i n g .  

7.2.1.5 P r o j e c t  S t a t u s  

The conceptua l  d e s i g n  i s  be ing  r e e v a l u a t e d  and addenda prepared  t o  

update  t h e  p r o j e c t  f o r  cons i s t ency  w i t h  t h e  Na t iona l  program o b j e c t i v e s .  

Addenda I t o  t h e  concep tua l  des ign  r e p o r t s  f o r  HTGR F u e l  Recycle  

Hot Engineer ing T e s t  modify and supercede  t h e  i n i t i a l  i n t e r n a l  documents 
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d e s c r i b i n g  s u p p o r t ,  r e p r o c e s s i n g ,  and r e f a b r i c a t i o n  f a c i l i t i e s  and t h e  

s u p p o r t i n g  c o s t  estimate.  Changes desc r ibed  i n  Addenda I d e r i v e  from 

s p e c i f i c  d i r e c t i o n s  from t h e  DOE p r o j e c t  sponsor  and a recognized  need 

t o  c o n s o l i d a t e  c e r t a i n  p r o j e c t  e lements  by c o s t  ca t egory  and s t r e a m l i n e  

t h e  p r e s e n t a t i o n  of c o s t  i n fo rma t ion .  S p e c i f i c  p r o j e c t  e v e n t s  and 

r e e v a l u a t i o n  r e s u l t s  p re sen ted  i n  Addenda I i n c l u d e  t h e  fo l lowing  i t e m s .  

1. deferment  of suppor t  f a c i l i t y  funding a u t h o r i z a t i o n  from FY 1 9 7 9  

t o  FY 1980, 

2 .  a p p l i c a t i o n  of DOE-revised e s c a l a t i o n  f a c t o r s ,  

3 .  a d d i t i o n  of a n  o f f i c e  b u i l d i n g  t o  t h e  suppor t  f a c i l i t y ,  

4 .  r e e v a l u a t i o n  of t h e  proposed c o n t r a c t u a l  arrangments  f o r  

c o n s t r u c t i o n  phase ,  

5. reassignment  of some equipment i t e m s  from "expense funded" t o  

c a p i t a l  equipment n o t  r e l a t e d  t o  c o n s t r u c t i o n , "  11 

6. r e a l l o c a t i o n  of p r e v i o u s l y  "procured" equipment d e s i g n  c o s t s  t o  

"engineer ing  c o s t s  , ' I  

7 .  r e e v a l u a t i o n  of t h e  method f o r  accomplishing and o rgan iz ing  t h e  

des ign  phase.  

Addenda I1 t o  t h e  concep tua l  des ign  r e p o r t s  f o r  HTGR Fuel  Recycle  

Hot Engineer ing  T e s t  i n c l u d e  changes d e s c r i b e d  i n  Addenda I and modify 

and supercede  t h e  i n i t i a l  documents, d e s c r i b e  t h e  p r o j e c t  based on t h e  

MEU r e f e r e n c e  f u e l  c y c l e  and t h e  a t t e n d a n t  changes t o  accommodate MEU 

as r e f e r e n c e .  An o u t l i n e  f o r  t h e  addenda has  been prepared  and i s  

c u r r e n t l y  under review. The t e x t  of t h e  addenda w i l l  p rov ide  a review of 

t h e  concep tua l  des ign  r e p o r t  and i d e n t i f y  and d e s c r i b e  a d d i t i o n a l  consid-  

e r a t i o n s  made necessa ry  by t h e  adop t ion  of  a n  MEU r e f e r e n c e  f lowshee t .  

S p e c i f i c  i t e m s  of c o n s i d e r a t i o n  i n c l u d e  t h e  p o t e n t i a l  impact  on s a f e t y ,  

envi ronmenta l ,  and o p e r a t i o n  i n t e r f a c e s .  I n  a d d i t i o n ,  t h e  addenda w i l l  

p rov ide  a review of r e s e a r c h  and development a c t i v i t i e s  and i d e n t i f y  

s p e c i f i c  i t e m s  r e q u i r e d  t o  suppor t  any d e s i g n  changes a t t r i b u t a b l e  t o  

t h e  use  of  MEU f u e l .  
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7 .2 .1 .5 .1  Sampling Plan .  An assessment  of t h e  a n a l y t i c a l  r e q u i r e -  

ments f o r  t h e  HET r e p r o c e s s i n g  and r e f a b r i c a t i o n  tests w a s  completed.  

The assessment  i d e n t i f i e d  needed a n a l y t i c a l  development a c t i v i t i e s  and 

sample load  expec ted  from each  r e p r o c e s s i n g  and r e f a b r i c a t i o n  system. 

Based upon t h e  d e t a i l e d  assessment ,  a sampling p l a n  w a s  p repared  

f o r  t h e  o p e r a t i o n  of r e p r o c e s s i n g  and r e f a b r i c a t i o n  sys tems.  The p l a n  

p r o j e c t s  a sample l o a d  of some 50,000 de te rmina t ions  and approximately 

a n  80-manyear e f f o r t  f o r  t h e  a n a l y s e s .  E x i s t i n g  a n a l y t i c a l  h o t - c e l l  

f a c i l i t i e s  a t  ORNL are recommended f o r  t h i s  work. 

Bu i ld ing  3019B ( h o t - c e l l  bank and g love  box l a b o r a t o r y )  would be 

upgraded by t h e  p r o j e c t  t o  m e e t  t h e  r a d i a t i o n ,  o p e r a t i o n a l ,  and f u n c t i o n a l  

requi rements  f o r  h igh - l eve l  a l p h a ,  b e t a ,  and gamma s o u r c e  materials.  I n  

a d d i t i o n ,  t h e  s p e c i a l  c a p a b i l i t i e s  of  Bu i ld ings  2026, 7920, and 7935 would 

be  u t i l i z e d  as needed. F i g u r e  7 .3  d e s c r i b e s  t h e  r e l a t i o n s h i p  of t h e  

Hot Engineer ing  T e s t  F a c i l i t y  (TURF, Bu i ld ing  7930) t o  t h e  proposed 

suppor t  l a b o r a t o r i e s .  A b r i e f  p h y s i c a l  d e s c r i p t i o n  of  each suppor t  

l a b o r a t o r y  and i t s  s p e c i a l  c a p a b i l i t i e s  i s  a l s o  provided  i n  F ig .  7.3.  

7 .2 .1 .5 .2  Environmental  Impact Assessment.  The envi ronmenta l  

a s p e c t s  of  t h e  HET p r o j e c t  w e r e  a s s e s s e d  i n  advance of  t h e  p r e p a r a t i o n  

of a p r e l i m i n a r y  D r a f t  Environmental  Impact S ta tement  (DEIS). The 

assessment desc r ibes  the proposed  a c t i o n  f o r  HEU f u e l s  and i n c l u d e s  

(1) a p h y s i c a l  d e s c r i p t i o n  of p r o j e c t - r e l a t e d  f a c i l i t i e s ,  (2)  q u a l i t a t i v e  

d e s c r i p t i o n  of t h e  a t t e n d a n t  r a d i o l o g i c a l  impact ,  and (3) i d e n t i f i c a t i o n  

of p o t e n t i a l  c o n f l i c t s  w i t h  s t a t e ,  r e g i o n a l .  o r  l o c a l  programs. The 

envi ronmenta l  impact assessment  w a s  fo rma l ly  documented, t i t l e d  t h e  

"HTGR Hot Engineer ing  T e s t  F a c i l i t y , "  and i s s u e d  i n  con junc t ion  w i t h  a 

short-form Cons t ruc t ion  P r o j e c t  Data Shee t  (Schedule 4 4 )  d e s c r i b i n g  t h e  

p r o j e c t .  

7 .2 .1 .5 .3  Environmental  Impact S ta tement .  Work w a s  begun d u r i n g  

t h i s  r e p o r t i n g  p e r i o d  on a p r e l i m i n a r y  DEIS d e s c r i b i n g  t h e  p r o j e c t  as 

conceived f o r  HEU f u e l s .  The p r e l i m i n a r y  d r a f t  i s  approximately 80% 

complete and w i l l  b e  d i s t r i b u t e d  f o r  i n t e r n a l  DOE comments on 

November 1, 1978. 



221 

H I G H- RA 0 I A T  I ON L EVE L 
A N A L Y T I C A L  LABORATORY 

HRLAL 
2026 

P I LOT PLANT 
A N A L Y T I C A L  LABORATORY 

PPAL 
3 0 l 9 B  

TRANSURAN I UM 
PROCESSING F A C I L I T Y  

7920 

MASS AN0 E M I S S I O N  
SPECTROMETRY LABORATORY 

F A C I L I T I E S  

WORK HOT C E L L S  
CHEMISTRY/ALPHA GLOVE BOX LABORATORIES 
RADIOCHEMISTRY COUNTING ROOM 
HIGH-LEVEL C( SPECTROPHOTOMETRY 

LABORATORY 

C A P A B I L I T I E S  

CHEMICAL MEASUREMENTS OF H I G H  a ,  8 ,  y 
a, 6, y SPECTROMETRY 
I ON I C  MEASUREMENTS 
RADIOCHEMISTRY SEPARATIONS A N 0  A N A L Y S I S  

F A C I L I T I E S  

ORGANIC MASS SPECTROMETRY LABORATORY 
GAS MASS SPECTROMETRY LABORATORY 
E M I S S I O N  SPECTROMETRY LABORATORY 
OTHER MASS SPECTROMETRY LABORATORIES 
CHEMISTRY LABORATORIES 

C A P A B I L I T I E S  

MASS SPECTROMETRY OF GASES, L I Q U I O S ,  

ISOTOPE D I L U T I O N  MASS SPECTROMETRY - 
ISOTOPIC A N A L Y S I S  
GAS CHROMATOGRAPHY 

SOL I D S  

Fig. 7 .3 .  A n a l y t i c a l  Chemistry Support  L a b o r a t o r i e s  t o  t h e  Hot 
Engineering T e s t  P r o j e c t .  



222 

SEGMENTS + 
FUEL S1Zt  

I E O U C T I O N  
SYSTEM 1100 

I 
cRusHio  f E 

7.2.2 D e s c r i p t i o n  of HET P r o j e c t  - B .  J .  Baxter  and D. P .  Reid 

The HET p r o j e c t  w i l l  u t i l i z e  a number of  e x i s t i n g  f a c i l i t i e s  and 

services bo th  a t  ORNL and a t  t h e  Idaho N a t i o n a l  Engineer ing  Labora tory  

(INEL) Chemical P rocess ing  P l a n t  t o  demonst ra te  t h e  r e p r o c e s s i n g  and 

r e f a b r i c a t i o n  p rocesses  necessa ry  f o r  t h e  r e c y c l e  of  s p e n t  HTGR f u e l .  

The f lowshee t s  f o r  t h e s e  p rocesses  are shown i n  F i g s .  7 .4  and 7.5.  

D e t a i l e d  d e s c r i p t i o n s  of t h e  proposed demonst ra t ion  of t h e s e  p r o c e s s e s  

are found i n  t h e  Conceptual  Design Repor ts  (Documents X-OE-41, Vols.  1 

and 2 ;  X-OE-42, Vols .  1 and 2 ;  X-OE-43, Vols .  1 and 2 ;  and X-OE-44, 

Vols .  1-3). 

The purpose of  t h e  INEL f a c i l i t y  i s  t o  s t o r e  and subsequent ly  

s h i p  i r r a d i a t e d  HTGR f u e l  t o  ORNL du r ing  t h e  p r o j e c t s '  

phase .  

i n  a f e a s i b i l i t y  s t u d y  documentat ion,  F o r t  S t .  Vra in  Reac tor  Fue l  

Shipping and Receiving Study Report  (Document 5101-FS-1). 

"hot  ope ra t ion"  

A d e t a i l e d  d e s c r i p t i o n  of t h e  proposed use of INEL i s  found 

+ 
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F i g .  7 .5 .  Genera l ized  HET Fue l  R e f a b r i c a t i o n .  

7 . 3  COLD PROTOTYPE TEST FACILITY REFABRICATION (SUBTASK 960) - 
R. A. Bradley 

7 . 3 . 1  I n t r o d u c t i o n  - R .  A. Bradley 

The o b j e c t i v e  of t h e  Cold P ro to type  T e s t  F a c i l i t y  R e f a b r i c a t i o n  i s  

t o  develop f u l l - s c a l e ,  remotely ope rab le  and ma in ta inab le  equipment t h a t  

i s  p r o t o t y p i c  of t h a t  t o  be  used i n  t h e  HTGR Recycle  Reference F a c i l i t y  

(HRRF). 

by use of t h o r i a  o r  n a t u r a l  o r  d e p l e t e d  u r a n i a .  

To reduce development c o s t s ,  t h e  equipment w i l l  be  developed 

Th i s  p r o j e c t  involved  f o u r  a c t i v i t i e s  d u r i n g  t h e  p a s t  y e a r :  t h e  

cure- in-place (CIP) fu rnace ,  t h e  p r o t o t y p e  c o a t e r  ( 0 . 2 4  m) , and t h e  
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f u e l  rod f a b r i c a t i o n  machine,  a l l  of which a re  t o  be des igned ,  procured ,  

and i n s t a l l e d  i n  Bu i ld ing  4508 a t  ORNL f o r  i n i t i a l  t e s t i n g ,  and a 

f e a s i b i l i t y  s tudy  on t h e  Cold P ro to type  Test F a c i l i t y  R e f a b r i c a t i o n  

(CPTF-Refab) t o  d e f i n e  t h e  requi rements  and d e s i g n  c r i t e r i a  f o r  t h e  

f a c i l i t y  and equipment.  

7 .3 .2  CPTF-Refab F e a s i b i l i t y  Study - J. E.  Mack 

The CPTF-Refab w i l l  b e  used as a tes t -bed  f o r  f u l l - s c a l e  commercial- 

s i z e d  r e f a b r i c a t i o n  equipment and components t o  develop t h e  technology 

f o r  remote o p e r a t i o n  and maintenance i n  t h e  p roduc t ion  of r eac to r -g rade  

f u e l .  It w i l l  p rov ide  commercial-scale p rocess  v e r i f i c a t i o n  through 

c h a r a c t e r i z a t i o n  of t h e  product  fo l lowing  each  s t a g e  of f a b r i c a t i o n .  

A f e a s i b i l i t y  s tudy  r e p o r t  (Document X-OE-46) w a s  p repa red  and 

i s s u e d  i n  c o n j u n c t i o n  w i t h  t h e  R .  M. Parsons  Company on t h e  CPTF-Refab 

f o r  r e f a b r i c a t i o n  of HTGR f u e l .  The fo l lowing  summary d e s c r i p t i o n  o f  

t h e  CPTF-Refab w a s  t aken  from that r e p o r t .  

7 . 3 . 2 . 1  Summary D e s c r i p t i o n  of P r o j e c t  -- J .  E .  Mack 

The CPTF-Refab would c o n s i s t  of a l l  t h e  s i g n i f i c a n t  commercial- 

s i z e d  p r o c e s s  systems and equipment necessa ry  t o  v e r i f y  t h e  p r o c e s s ,  

assess and develop  equipment f u n c t i o n a l i t y  and r e l i a b i l i t y ,  and reduce  

t h e  r i s k  of f a i l u r e  of a n  HTGR r e c y c l e  p l a n t .  The tes t  c a n d i d a t e s  i n  

t h e  CPTF-Refab would i n c l u d e  p r o c e s s  sys tems,  suppor t  sys tems,  and system 

i n t e r f a c e s .  

Adequate s i m u l a t i o n  of  t h e  HRRF would b e  made i n  CPTF-Refab, i n c l u d i n g  

s imula t ed  h o t - c e l l  w a l l s ,  windows, a l l  necessa ry  remote equipment hand l ing  

and maintenance sys tems,  a l l  forms of a p p l i c a b l e  manipula tor  systems,  

and a maintenance demonst ra t ion  area,  d e d i c a t e d  t o  t h e  remote r e p a i r  and 

replacement  of  d e f e c t i v e  components o r  equipment modules removed from 

t h e  p r o c e s s  area. 
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7 . 3 . 2 . 2  Conclusions and Recommendations - J .  E.  Mack 

The conc lus ions  and recommendations from t h i s  s tudy  are g iven  below: 

The CPTF systems should  i n i t i a l l y  be des igned  t o  o p e r a t e  as independent  

e n t i t i e s ,  w i t h  adequate  f l e x i b i l i t y  and space f o r  f u t u r e  i n t e g r a t i o n  

of systems.  

The b u i l d i n g  hous ing  t h e  CPTF should  be  of a s i z e  and c o n f i g u r a t i o n  

t h a t  does n o t  r e q u i r e  compromise of p rocess  arrangements  o r  f l e x i b i l i t y  

o f  c u r r e n t  o r  f u t u r e  t es t  p l ans .  

The CPTF f a c i l i t y  and subsystems arrangements  should  provide  a h igh  

degree  of f l e x i b i l i t y  t o  accommodate r e c o n f i g u r a t i o n s  and system 

a d d i t i o n s .  

The CPTF should  have a n  area and equipment r e sources  t o  demonst ra te  

maintenance techniques  a p p l i c a b l e  t o  a n  HTGR r e c y l e  p l a n t .  

A s  p a r t  o f  t h e  concep tua l  des ign  e f f o r t ,  a r e l i a b i l i t y  a n a l y s i s  and 

f a u l t - t r e e  a n a l y s i s  shou ld  be  performed f o r  a l l  equipment and sys tems 

t o  i d e n t i f y  and r e c t i f y  d e f i c i e n c e s .  

The o b j e c t i v e s  of  t h e  CPTF can be  accomplished w i t h  dep le t ed  uranium 

and /o r  thor ium as t h e  s imula t ed  f u e l  materials. 

The s tudy  a l s o  inc luded  a p re l imina ry  c o s t  estimate. The t o t a l  

p r o j e c t  c o s t ,  based on f a c i l i t y  complet ion i n  1985, w a s  $72,172,000. 

This  assumed c o n s t r u c t i o n  of a new b u i l d i n g  and i n c o r p o r a t e s  t h e  

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

A pre l imina ry  d r a f t  of t h e  concep tua l  des ign  c r i t e r i a  f o r  t h e  

CPTF-Refab f a c i l i t y  (Document X-OE-47)  w a s  a l s o  p repa red  and i s s u e d  i n  

con junc t ion  w i t h  t h e  R. M. Parsons Company dur ing  t h i s  pe r iod .  

7.3.3 Cure-in-Place Furnace - R.  E. H e l m s ,  L .  N .  Howell, J .  R. Horton, 
W. G .  Cobb, and D .  E.  Gray 

A ver t ica l  fu rnace  f o r  in -p lace  c a r b o n i z a t i o n  and annea l ing  of 

pitch-bonded f u e l  rods  in g r a p h i t e  f u e l  element b locks  i s  be ing  developed.  

The d e s i g n  c a p a c i t y  i s  about  1 4  e lements  p e r  day.  

While t h e  co ld  p ro to type  cure- in-place fu rnace  (CPIF) is  n o t  intended 

f o r  r a d i o a c t i v e  o p e r a t i o n ,  modular d e s i g n  f o r  remote i n s t a l l a t i o n  and 

removal c a p a b i l i t i e s  w e r e  cons ide red  in t h e  d e s i g n  of  t h e  fu rnace .  Other  



226 

r e l a t e d  p rocess  systems and equipment have n o t  been des igned  f o r  remote 

o p e r a t i o n .  A g e n e r a l  d e s c r i p t i o n  of t h e  f u r n a c e ,  i n c l u d i n g  a cutaway 

drawing, w a s  p r e v i o u s l y  pub l i shed .  Y 

During t h i s  r e p o r t i n g  p e r i o d ,  thermal  a n a l y s i s  of  t h e  fu rnace  

concept  w a s  completed.  We determined t h e  magnitude of t h e  stresses 

and s t r a i n s  i n  t h e  f u e l  e lement  as they  p a s s  through t h e  fu rnace .6  

d e s i g n  o f  t h e  unloading  machine,  d i s c h a r g i n g  chamber, and t h e  h igh  and 

low t empera tu re  s e c t i o n s  of  t h e  f u r n a c e ,  and t h e  r e l a t e d  p rocess  sytems 

and equipment were completed.  Design of t h e  cha rg ing  chamber and upper 

g a t e  va lve  f o r  t h e  fu rnace  remain t o  be  completed.  I n s t r u m e n t a t i o n  

and d e s i g n  e f f o r t  w a s  cont inued  t o  develop t h e  c o n t r o l  l o g i c  f l o w c h a r t s  

and i n t e r l o c k  c i r c u i t  diagrams t h a t  d e f i n e  t h e  o p e r a t i n g  sequence of t h e  

f u r n a c e  equipment. 

The 

Procurement and f a b r i c a t i o n  o f  t h e  fu rnace  components and p rocess  

equipment w e r e  de layed  about one y e a r  awa i t ing  a d i r e c t i v e  from DOE. 

However, t h e  lower g a t e  valve, des igned  and manufactured by TORR Vacuum 

Products ,  I n c . ,  w a s  r ece ived  d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  Procurement 

and i n s t a l l a t i o n  o f  t h e  fu rnace  i s  cont i -nuing  and i s  expec ted  t o  be  

complete  a t  t h e  end of FY 1979 .  

7 . 3 . 4  Pro to type  Coater  ( 0 . 2 4  m) - R.  R .  Suchomel 

A concep tua l  d e s i g n  w a s  completed f o r  a 0.24-m-diam co ld  p r o t o t y p e  

c o a t i n g  fu rnace .  Using t h e  concep tua l  d e s i g n  r e p o r t ,  a t i m e  s chedu le  

and c o s t  estimate f o r  d e s i g n ,  f a b r i c a t i o n ,  and i n s t a l l a t i o n  of t h e  

fu rnace  were gene ra t ed .  A fund r e q u e s t  h a s  been based  on t h i s  i n fo rma t ion  

The concep tua l  des ign  s t u d y  has  t h e  in fo rma t ion  needed t o  supp ly  

a s t r o n g  base  f o r  d e s i g n  of t h e  fu rnace  as w e l l  as d e f i n i t i o n  o f  t h e  

necessa ry  s i t e  m o d i f i c a t i o n s .  A r e p o r t  i n  p r e p a r a t i o n  g i v e s  t h e  b a s i c  

d e s i g n  f e a t u r e s  of t h e  c o a t e r  system. The c o a t e r  i t s e l f  i s  a v e r t i c a l l y  

s t a n d i n g ,  f lu id ized-bed  f u r n a c e  hea ted  by a three-phase  g r a p h i t e  

r e s i s t a n c e  e lement .  The fu rnace  d e s i g n  i n c o r p o r a t e s  t h e  porous p l a t e  

gas  d i s . t r i b u t o r ,  which w a s  shown t o  be s u c c e s s f u l  i n  t h e  0.13-m c o a t e r .  

Used i n  con junc t ion  w i t h  automated unloading  equipment,  t h e  porous p l a t e  

gas  d i s t r i b u t o r  p rov ides  t h e  r e l i a b i l i t y  needed f o r  r e m 0  te  o p e r a t i o n .  



22 7 

The furnace  unloading  equipment w i l l  be  p a t t e r n e d  a f t e r  t h e  equipment 

c u r r e n t l y  be ing  t e s t e d  i n  t h e  f u e l  r e f a b r i c a t i o n  t a s k .  A p a r t i c l e  

i n s p e c t i o n  column w i l l  a l s o  b e  provided  t o  weigh and sample ba t ches  

of p a r t i c l e s  . 
Because t h i s  sys tem i s  t o  b e  p r o t o t y p i c  of a commercial c o a t e r  

where c r i t i c a l i t y  problems are o f  concern,  t h i s  fu rnace  w i l l  use non- 

moderat ing c o o l a n t s .  The necessa ry  e x t e r n a l  equipment,  r e s e r v o i r ,  and 

c i r c u l a t i o n  pumps w i l l  be  provided  t o  c o o l  t h e  fu rnace  s h e l l  and t h e  

sc rubbe r  h e a t  exchangers .  Other  systems of t h e  fu rnace  w i l l  a l s o  b e  

p r o t o t y p i c  when necessa ry  t o  e v a l u a t e  materials o r  t o  conf i rm des ign .  

A programmable c o n t r o l l e r  w i l l  a l s o  be inco rpora t ed  i n t o  t h e  

system. This l o g i c  c o n t r o l l e r  w i l l  permi t  automation of t h e  c r u c i b l e  

unloading equipment and t h e  pneumatic t r a n s f e r  system. I t  w i l l  a l s o  

p rov ide  moni tor ing  service ove r  t h e  v a r i o u s  s a f e t y - r e l a t e d  r eadou t s ,  

s e n s o r s ,  and alarms. 

Other  work on t h i s  p r o j e c t  involved  t h e  p r e p a r a t i o n  of a p re l imina ry  

s a f e t y  a n a l y s i s  r e p o r t ,  which i d e n t i f i e d  the  h a z a r d s  and p o t e n t i a l  

haza rds  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  of t h i s  equipment.  S a f e t y  systems 

o u t l i n e d  i n  t h i s  r e p o r t  minimize haza rds  due t o  combust ib le  gases ,  h i g h  

p r e s s u r e s ,  f i r e ,  and t o x i c  materials.  Adequate i n t e r l o c k s  o r  o t h e r  

s a f e t y  f e a t u r e s  w i l l  b e  inco rpora t ed  t o  back up any p i e c e s  of equipment 

where a f a i l u r e  could i n c r e a s e  t h e  danger of an  a c c i d e n t  o r  hazardous 

s i t u a t i o n .  

7 .3 .5  Fuel  Rod Molding Machine - P .  Ange l in i ,  D .  R. Johnson,  A .  J. Caputo,  
D. J.  Richards ,  and B. J. Bo l f ing  

The des ign  c r i t e r i a  f o r  t h e  c o l d  p r o t o t y p e  f u e l  rod molding machine,  

Document D-11387-TV-C10-U-0, have been completed.  That  document and 

t h e  c r i t e r i a  f o r  g e n e r a l  concep tua l  des ign  of c o l d  p ro to type  f u e l  

r e f a b r i c a t i o n  equipment,  Document D-11387-TV-C01-U-1, were d i s t r i b u t e d  

and w i l l  s e r v e  as a b a s i s  f o r  t h e  des ign  of t h e  f u e l  rod machine. The 

machine i s  t o  b e  des igned  t o  f a b r i c a t e  l a r g e  HTGR-type f u e l  rods  

(63.5 mm long  by 15 .9  mm diam) by t h e  matrix s l u g  i n j e c t i o n  p rocess .  

Add i t iona l  l a b o r a t o r y  s t u d i e s  w e r e  completed t o  p rov ide  suppor t ing  d a t a  

f o r  t h e  des ign  of t h e  machine. The l a t t e r  s t a g e s  of t h e s e  s t u d i e s  



determined (1) t h e  e f f e c t  of c o o l i n g  water f low r a t e  on mold cool-down 

t i m e  and (2)  t h e  e f f e c t  of f u e l  rod composi t ions t h a t  r e p r e s e n t  t h e  

range planned f o r  HTGRs on t h e  m a t r i x  i n j e c t i o n  t i m e .  

The des ign  of t h e  co ld  p r o t o t y p e  f u e l  rod machine w i l l  be  performed 

by a t i m e  and materials c o n t r a c t o r ,  Sciaky B r o t h e r s ,  under t h e  d i r e c t i o n  

of t h e  UCC-ND Engineer ing  Div i s ion .  An in fo rma t ion  package w a s  p repared  

f o r  Sciaky Bro the r s  and inc luded  e n g i n e e r i n g  drawings of t h e  p r e s e n t  

eng inee r ing - sca l e  machine,  s p e c i a l  dev ices  on t h e  machine,  and p rev ious  

concep tua l  des igns .  The concep tua l  des ign  and c o s t  estimate w i l l  be  

completed i n  FY 1978. 
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