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The United States Has Many
Highly Radioactive Orphan Wastes

• Characteristics of highly radioactive orphan wastes
–Can not be directly disposed of in their current form
–No existing facilities for treatment
–Very high projected treatment costs
–Small total volumes
–High radioactivity levels

• Potential orphan wastes
– Irradiated metal (very hot control rod blades)
–Sludges (cleanup of processing facilities)
–Fissile materials (233U)



One Option For Orphan Waste Treatment
And Disposal Is To Use The HLW System

• Orphan wastes, after suitable processing, are sent to
high-level-waste (HLW) storage tanks

• Orphan wastes are mixed with existing HLW sludge
–Small volumes of orphan wastes
–Large volumes of HLW sludge
–Final composition almost identical to the initial HLW sludge

• Sludge mixture is vitrified
• HLW glass from mixed orphan and initial HLW sludge is

within the existing window composition for HLW glass
• HLW glass is disposed of in a repository
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HLW Treatment Systems
Have Desirable Characteristics
For Selected Orphan Wastes

• The final waste form (HLW glass) meets all requirements
for disposal at the proposed Yucca Mountain Repository

• HLW treatment systems can handle radioactive wastes
with high radiation levels

• HLW treatment systems are high-volume systems that
for highly radioactive materials imply low costs per unit
volume



Savannah River Site F-Area Tank Farm



Defense Waste Processing Facility (HLW
Vitrification) At The Savannah River Site



Orphan Waste Characteristics
Determine The Viability of Using

HLW Treatment Systems

• Economic viability depends upon two costs
–Converting the waste into a form acceptable for the HLW tanks
–Treatment and disposal of waste in the HLW tank

• HLW treatment and disposal costs depend upon the
chemical composition of the orphan wastes
–HLW is separated and converted into two streams

• Low-level waste (LLW) (low cost disposal)
• HLW glass (~$1,000/kg of waste in the oxide form)

–Orphan waste disposal costs depend on the relative quantities of
HLW glass and LLW that are produced



The HLW Treatment SystemThe HLW Treatment System
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The Cost of Orphan Waste Treatment and DisposalThe Cost of Orphan Waste Treatment and Disposal
Depends Upon the Elemental Composition of the WasteDepends Upon the Elemental Composition of the Waste
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Orphan Waste Must Meet Certain Criteria
Before Being Placed In An HLW Tank

• Particle size (must be able to sluice feed)
• Criticality control by feed composition
• Chemical compatibility (high pH, compatible with glass)
• Transportability to HLW tank farms
• Radionuclide content
• Institutional



Examples Of Orphan Wastes
That May Be Candidates For

The HLW Treatment-Disposal System

• Uranium-233
• Sludges
• Irradiated metals (control blades)



The United States May Have Excess 233U
(<2 tons) That Requires Disposal

• Low-quality 233U has properties that may make treatment and
disposal of it in an HLW system desirable
– Alpha activity is only slightly less than that of plutonium
– High radiation levels (2.6 MeV gamma ray) from the decay product of the

232U impurity

• Uranium-233 must be diluted (9 to 200 times) with depleted uranium
(DU) before being disposed of in a repository
– Isotopic dilution required for multiple reasons

• Convert to non-weapons usable 233U
• Eliminate long-term repository criticality concerns

– Some HLW sludges contain DU, which could be used for dilution without
increasing HLW glass volumes

• Hanford: 1,400 t
• Savannah River Site: 160 t



Disposition of Disposition of 233233U Via HLW Transfer StationU Via HLW Transfer Station
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Schematic of HFIRSchematic of HFIR
Control Rods WithoutControl Rods Without
Attachment BracketsAttachment Brackets
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Certain Irradiated Metals Are Potentially
Troublesome Orphan Wastes

• Very-high-power research reactors use control blades
with europium oxide particulates embedded in aluminum

• The blades presents unique disposal challenges
–Very high radiation levels
–Significant inventories of moderately long-lived radionuclides

• 152Eu (T1/2=13.48y)
• 154Eu (T1/2=8.56y)

–Aluminum may not be acceptable as a waste form

• Disposal with HLW may be a preferred disposal option
–Aluminum corrodes very rapidly in high-pH HLW liquids
–Quantities of europium going to the HLW glass are small (kgs)
–Aluminum becomes a LLW



Sludges Come In Many Forms And Often Contain
Sodium And Aluminum Compounds



Cleanup Operations At Many Sites Are
Generating Highly Radioactive Sludges

• Sludges can be dried and shipped to HLW tanks
• HLW treatment systems are designed to process sludges
• High-sodium sludges become primarily LLW in an HLW

treatment system
• Option avoids major processing and waste-form

qualification activities



Conclusions

• HLW treatment and disposal systems have several
desirable characteristics
–High-quality, accepted waste form
–Currently operating waste system

• For selected orphan wastes, HLW treatment systems
may be the preferred option
–Potentially attractive economics for selected orphan wastes
–Potential to avoid large expenditures for building treatment

facilities with high costs per unit throughput
–Method for off-site treatment of selected wastes
–Avoids “one-of-a-kind” waste forms

• Further examination of this option is recommended


