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Metallurgy and Corrosion 
Alternate Aluminum SNF Treatment Technology 

Outline 

• A l u m i n u m  Spent Nuclear  Fuel 

• Background 

• Corros ion  Performance in Wet  Storage (Inilial As-Received Condit ion)  

* Corros ion  Performance in Dry Storage 

• Proposed  Path Forward  

• Direc t /Co-Disposa l  

• Dilution Technology - Melt-Dilute Form 



Aluminum MTR Fuel Microstructures 

A~-Fabricated UAIx MTR Fuel 

As-Fabricated U3OS-AI Fuel As-Fabricaled U3Si2-AI MTR Fuel 

Aluminum MTR SNF Micros~Lructures 

Irradiated UAIx MTR Fuel 

Irradiated U3OS-AI Fuel Irradiated U3Si2-AI MTR Fuel 



Corrosion Performance of As-Received Aluminum SNF 

• Key to Corrosion Performance 
• Environmetal Condition 
• Integrity of the Oxide Layer 

• Reactor Service 
• Basins of Origin 
• SRS RBOF and L Basins 

SNF w i t h  P i t t i n g  Corrosion 
M T R  SNF After 25 Years Wet Storage 

W o r s t  Case SNF C o n d i t i o n  - F R R  R e c e i p t s  Program 
T o t a l  P i t t e d  A r e a :  < 1% SNF Surface 

Alternate Aluminum SNF Treatment Technology 

• FY97 
- SRS Initiated Aggress ive  Implementat ion of  Alternate A l u m i n u m  SNF Treatmerit Program 

• Technology Development Program ~ Dual Track Approach 

Direct Disposal  
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Dilut ion Option 
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Alternative Aluminum SNF Treatment Technology 
Technology Decision Drivers 

AI SNF Form 
Performance 

Characterization ~ AI SNF Form 

Requirements ~ \ Development 


Coste 
lind Technology

AI SNF Form Schedule 
Performance Development 

Program 

Ucen~d~ility 
AI SNF Form 

Test Protocols & 
Qualification 

Stakeholder 
Acceptance 

Aluminum SNF Form 
Development and Qualification 

SNF Form 
AI SNF Form SNF Form Process 

rDevelopment Performance Requirements 

SNF Form 
Qualification 

Test Protocols Repository 
for Acceptance 

A1SNF Forms Criteria 
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Direct Disposal/Co-Disposal 

Technology Development 


I SNF Form 
Definition I ]" SNF Form 

~ / Deve lopment  
Storage Criteria 

SNF Form 

Development


Road Ready Pckg 
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• ~n~/~nalymm of Package IIn Reponltory•Valldatlo~ SNFfor MTR 
- Vallc~lor~ of Materials ~ l l t y  I •  
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Criticality Analysis 
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~ Mater ials Response 
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Direct Disposal 

Accomplishments 


SNF Form Deve lopment  - Road Ready Package SNF Form Performance - Validation o f  Models  

Tharmal Medals- R 
•Road-Reach/Storage 

- CFDS-FLOW 30 C<¢ie 

convec*tive heat tmnspod 


- Benchmarked 

• D ~  Criteria and Specification 
• Reid Vacuum DIVing Tests 
• Issued Drying Sdecificationa 

• Developed Preliminary Functional 
Requirements for Storage FacJlky 

• Developed Shielded, h'~strurnented 
Test Canister 

• Validation of Storage Criteria •Lead SurveillarK:e 

~ 0 ~ o ~ 
• Fuel T << 200'~C 

~ .  • Reoository Storaqe 
- Codes:2D FIDAP; 
CFDS-R.OW 3D; 

SNF Form Performance 
Degradation Models  & Materials Reconfi~;uration 

• Developed Corrosion Models 
for AirNapor Environments 

• Developed Gas Release Rate 
Models 

• Models for Degradation in 
Waste Package 

* Developed Creep Models 

Shielded, |nstr'd mented Test Canister 

SNF Form Performance - Criticality Analysis 

• Intacl SNF Canister 
• Degraded SNF in Waste Packable 

• SNF: HEU and LEU Fual 

• Assumptions 
• Fully Loaded to Physical Umit 

- Fully Rooded WP 

- Boron and C.-,d Poisons 

• Prelimirary Results 



Melt  Di lute  
Technology Development 

AI SNF Form 
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Concept 

Development I -T.n~ En.~ FY98- Int~nm~lk~ ~ r l ~  

• Senogat* Dwv~opmsnt 

- F o r m  Devl~opmm#/AloyAddlllc~lAI SNF Form Development - F o r mAI S N F  

B e n c h  S c a l a  Test ing 
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• MTR Fsbrlc~ten - ~m,dn/Ls~Nng 
. Proc=~ Sgn~ldty Oemo - ~ a d ~  
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Melt-Dilute Waste Form 
Accomplishments 

AI SNF Form Development - Bench Scale AI SNF Form Deve lopment  
Volume Reduction a s f  (Process Options) 
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• Developed Bench Scale Apparatus 
Addittct~ Uran ium U~mumandAluminum 

• Established Proc,~s Feasibility 
- Induction v~ Resistance 
- Induction V& Mechanical Stirring 

Alloy Wt% 2-~% 13% ~)% ~% 

- Evaluated Crudble Materials # o/CanisterS 
- EvaluatedDi lut ion Levels 
- Evaluated Pr~:ess Cycles ~Yo Dilution ~3 ~6 ~3 ~o 

5% Dilution I 2~ 12~ ~9 ~6 

AI SNF Form Process Requirements AI SNF Form Deve lopment  -Small Scale 

~ ~ • Developed Resistance Furn~ 
Off Gas System for M-D of Full Scale 

• Demonstrated M-D with Full 
Cs/Tc I Kr HEPA Scale Dummy MTR 

Condenser : ~ :  : y z ¢ :  :~ i~o~uc l i  d e i . . . . . .  ry in  FRR/DRR • Designed Induction Furnace for 
Full Scale MTR 

Furnace * Developed Concepbt for Treatment Methods 

• Analyzed pro~ua, and Secondary Waste Stream 



Aluminum SNF Form Testing 

AI S N F  F o r m  T e s t i n g  in  A q u e o u s  E n v i r o n m e n t s  

oGlass Waste Form => Release of Radionuclides 
=> Tests in Aqueous Environment 

• Commercial SNF (UO2) => Release of Radionuclide 
=> Dissolution Tests 

~Homogenous Dissolution" 

• HEU A1 SNF 
- Release of Radionuclides 
- Materials Reconflguration 


"Heterogeneous Dissolution # 


T e s t  M e t h o d s  for  AI SNF Form 

Release of Radionuclides: 

- Dissolution Tests => Flow Tests and Drip Tests 

- Corrosion Tests => Anodic Polarization, Cyclic 
Polarization, Electrochemical Noise 

- Static Dissolution Tests and Vapor Phase Tests 

~e~t Protocols for Al SNF Form 

• A Test or Series of Test to Characterize AI SNF Form 
- Model after ASTM Standard for Waste Package 

- Corrosion by Water Intrusion 
-Aqueous and Vapor 

- Release ef Radionuclides 

- Role of Environmental Variables 
- including co-dispusal configuration 

- Extent of Transport 

• ASTM Standard Guide or Standard 

D i s s o l u t i o n  Cha rac t e r i s t i c s  - P re l iminary .  Da ta  

• Microstruc0are Dependent 
• Preferential Dissolution: AI > UAI3 > UAI4 

A1 SNF Form Character:istics 

S N F  Form S t a b i l i t y  

Direct Disposal Melt=Dilute 

Irradiated MTR- AI + UAI3+UAI4 AI+ UAI4 

Corrosion Resistance of AI+ UAI4 > AI+UAI3+UAI4 

M-D SNF Form: Tailored Microstruc~ure 


A1 S N F  Form S t a b i l i t y  - R a d i o n u c l i d e  Re lease  

Radionuclide Release => f(lnventory, Retention Mechanism) 

M-D ~ 

- Fission Gases in Pores 
- Fission & Activation Products 

Partitioning Between UAI3, UAI4 
and AI 

- No Fission Gases 
- Fission & Activation Products 


Partitioned to UAlx 


IF Form Charac t e r i s t i c s  - C r i t i c a l i t y  

• Poisons Necessary for Direct Disposal 

• Poisons If Necessary in Melt-Dilute 
O ~  Form will be Integral to Structure 

- Boron Forms Compounds of U or UAIx 

O ~  - Efficacy of Boron )~DegradaUonRate) 

AI S N F  Form - P r o l i f e r a t i o n  Res i s t ance  

O O 0 0 0  
• Isotopic Dilution to <20% 

• O 
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• Liquid Phase Processing 

• No Ready Separation of U235 

O O 0 0 0  
U238 


