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Pu Immobilization Topics 
Plutonium Imfl~flT.iltlon Prol~'t 

Description of immobilization form and process 

Form development, characterization, and performance 
testing 

Cand ida te  Pu Mater ia ls  for  Immob i l i za t ion  
Plutonium bT~mobll~u~on Prolect p a • p  

Pu Mass, MT 
Clean metal (incl. pits) 32.8 
Impure metal 2.4 
Plutonium alloys 1.0 
Clean oxides 1.7 
Impure oxides 6.4 
U/Pu oxides 0.9 
Alloy reactor fuel 3.5 
Oxide reactor fuel 1.3 

Total plutonium 50.0 
Total uranium 16.6 



Plutonium Ceramic Immobilization Form 
Plutonium ImmoblUzst~n Project p u • p  

F o r m u l a t i o n  goa l :  a c c o m m o d a t e  Pu, U, and  n e u t r o n  a b s o r b e r s  
a l o n g  w i t h  e x p e c t e d  feed  ma te r i a l  Impu r i t i es  w i t h i n  we l l  
c h a r a c t e r i z e d  and  h i g h l y  d u r a b l e  m i n e r a l  p h a s e s  

• 	 T i t ana te  m i n e r a l  p h a s e s  c h o s e n  f o r  t he i r  h i gh  d u r a b i l i t y  in n a t u r e  
and  t h e i r  a b i l i t y  to  a c c o m m o d a t e  ac t i n l de  e l e m e n t s  

-	 Primary phases are pyrochlore, zirconol i te and brannerite 

-	 General formula: A(*=)B(*4)Ti207 where A = Ca, Gd; B = Hf, Gd, U, Pu 

• 	 C o m p o s i t i o n  o f  k e y  e l e m e n t s  (pe rcen t )  


CaO 10.0 

HfO= 10.6 

PuO= 11.9 

UO= 23.7 

Gd=O= 8.0 

TiO= 35.8 


Can-in-canister Immobilization Form 
Plutonium Irnrnobl[IzaSon Project 

• 	 Pu ceramic form (pellet) • Can-in-canister form 

-2.625" dla. by 1" thick - 28 cans In7 columns 

- - 51 g of Pu 	 - 28.6 kg Pu / canister 
- Density of 5.5 g/cc - ~ 12% vol. displaced 

• Canned ceramic forms • Number of Pu canisters 
- 21" high by 3.0" OD - "17" MT case: £~35 (77 extra) 
-20  pellets - 50 MTcase: 1744(210) 
- 1.02 kg Pu / can 

Can-In-canister Form n 
Canned Ceramic Pellets 



Pu Immobilization Production Stages 
Plutonium Immoblllzabon Project p g • p  
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Plutonium Materials Conversion 
Plutonium ImmobllizaUon Project 
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First Stage Immobilization - Pu Ceramic Formation 
Plutonium Immobilization Project 
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+ S e c o n d  Stage Immobi l izat ion (DWPF)  
Plutonium Immobilization Project 
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Development Program Summary 
Plutonium Immoblnz~on Project 

• 	 Characterize Pu feed materials 

• 	 Determine compositional envelope of ceramic form and phase 
relationships for expected range of feed compositions 

Develop production process flowsheet and determine acceptable 
range of processing parameters (t, T, atmosphere, etc.) 

Develop prototypes for and test key equipment components 

• 	 Finalize design of can-in-canister form 

• 	 Demonstrate can-in-canister form/process with actual materials at 
SRS 

Perform durability tests and analytical studies to predict behavior 
of form under repository conditions 

- Ensure against nuclear criticality post closure 

Form Performance Testing & Evaluation 
Plutonium Immobilization Project 

* 	 Test form's durability under simulated repository conditions 
- Intrinslc corroslon behavlor under static (saturated) and dynamlc 

(unsaturated) ground water conditions 
- Corrosion behavior in presence of HLW glass/canister alteration 

products 

• 	 Characterize secondary phases formed by alteration of form and 
determine the partitioning & holdup of fissile elements and 
neutron absorbers 

" 	 Develop thermodynamic data of key elements for long-term 
performance modeling 

• 	 Develop analytical model to predict form degradation under range 
of possible repository conditions 

• 	 Evaluate effects of radiation damage on form performance 


