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Waste Forms
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• Commercial Spent Nuclear Fuel
– PWR
– BWR

• Classified Waste
– SRS
– West Valley
– Hanford

• Other DOE Spent Nuclear Fuel
– 200 plus waste forms compiled into categories

• Navy Fuel



Waste Package Designs
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• Uncanistered Spent Nuclear Fuel
• Canistered Spent Nuclear Fuel
• Defense High Level Waste
• DOE-owned Spent Nuclear Fuel
• Canistered Navy Fuel



Licensing Considerations
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• Waste package design(s) must have the intended 
contents specifically defined, similar to cask 
storage
– SNF size, type, enrichment, burnup, cooling time, etc.
– Bounding SNF defined by the Design Basis Fuel

• Each different segment of the waste stream must 
have a license, regardless if the same physical WP 
design was used

• Different segments of the waste stream have unique 
requirements to be addressed by the waste package 
designs



Waste Stream Considerations
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• Commercial SNF waste stream projections indicate 
a wide distribution in characteristics
– For example, the heat output the 90th percentile can 

be more than twice the average heat output
– The word “nominal” cannot be used to describe the 

average
• Projected SNF was sorted by assembly 

characteristics important to design
– Physical size and weight of assembly
– Heat output at time of emplacement
– Criticality potential (k-infinity)
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21 PWR UCF Waste 
Package Assembly
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Design Basis Waste 
Package Environment
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• High average thermal loading (80 to 100 MTU/Acre)
– Waste container surface temperatures above boiling 

for thousands of years
– Relative humidity low initially but will increase as 

repository cools
– Some potential for drips getting water on containers
– Repository edge and fault avoidance effects will 

cause localized low thermal loading
• Water in vicinity of waste packages

– Bicarbonate water with pH 4.5 to 10.5



Waste Package Materials
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• Dual barrier design provides two independent 
failure mechanisms
– Corrosion-Allowance Barrier

» Subject to general corrosion 
» Permits performance prediction;  thickness governs time to 

failure
» Galvanic protection of corrosion-resistant material
» Relatively low cost
» Current design 100 mm A516 carbon steel

– Corrosion-Resistant Barrier
» Subject to localized corrosion
» Initiation of corrosion and failure random
» Not thickness dependent
» Current design 20 mm alloy 625 high-nickel steel



Waste Package Basket 
Design/Materials
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• Defense-in-depth
– Basket structure, carbon steel tubes

» Load bearing
» Heat removal
» Long term performance, as it degrades, 

• Moderator displacement (reduces probability of criticality) 
• Retards radionuclides 

– Performance based neutron absorbing material
» Corrosion resistant, Stainless steel-boron
» Non-structural, in compliance with NRC guidance

– Thermal shunt, ensures cladding temperature is met



History of Design
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• 1988: Thin-Walled, Bore hole design
• 1992: Definition of advanced conceptual design 

options
• 1992: Robust/Multi-Barrier, Drift emplaced 
• 1993: Multi-Purpose Canister/ Robust/Multi-Barrier
• 1996: Advanced conceptual design finished
• 1996 through 1999: Viability assessment design



What Remains to Be Tried
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• Extend life: Drip shields or ceramic coatings
• Protect drip shield: Backfill at closure, thermal 

leveling (blending/lag storage, ventilation)
• Preclosure: Totally shielded waste packages
• Extend life: Continuous line loading of waste 

packages in drifts (blending/lag storage, ventilation)
• Extend life: Barrier material reevaluation
• Release: Cladding failure model, Performance 

Assessment 
• Criticality: 

– Neutron absorbers and configurations
– Depleted Uranium for highly enriched waste forms



Waste Package Thermal Restraints
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• Thermal restraints are governed by temperature 
limits for:
– Cladding
– Drift wall
– Zeolites

• Repository thermal loading 80-100 metric tons 
uranium per acre

• Waste Package maximum thermal output limit is 
18kW
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Structural Analysis
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• Requirements/Criteria
– Maintain waste containment during transportation, 

emplacement, and retrieval [EBDRD 3.7.1.E]
– Dispersal of radioactive waste materials should be 

limited during accidents or other dynamic effects 
[EBDRD 3.7.1.H, EBDRD 3.7.1.2.A]

– Withstand a 2-m drop onto flat unyielding surface 
without breaching [CDA Assumption EBDRD 3.7.1.1.F]

– Contain waste for at least 3000 years [CDA 
Assumption EBDRD 3.7.1.I]



Structural Analysis
(Continued)
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• Preclosure Analyses
– Handling Load

» SNF loading and container closure
» Waste container lifting and moving
» Emplacement/Retrieval

– Design Basis Events
» Drops (vertical, horizontal, oblique)
» Tip-over
» Impacts (missile from failure of pressurized component, rock 

fall, etc.)

• Postclosure Analyses
– Drift Liner Collapse/Rock Fall
– Seismic Event
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Analytical Processes Developed
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• Spent Nuclear Fuel Effective Thermal Conductivity 
Methodology

• Burnup Credit Methodology and Probabilistic 
Configuration Generator

• Elastic-Plastic Structural Methodology
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