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Blister Anneal Testing and Fuel Qualification 
Why do we perform blister anneal testing? 

ÅNUREG-13131: 

ñThe resistance of a fuel plate to blister (caused by gas bubble 

agglomeration) when it is heated to elevated temperatures has been 

used as a measure of fuel plate stability for many years in the 

development of dispersion fuelsò.  

 

 

1. NUREG-1313, Safety Evaluation Report related to the Evaluation of Low-Enriched Silicide-Aluminum Dispersion Fuel for Use in Non-

Power Reactors, U.S. Nuclear Regulatory Commission, July 1988.  

Data used to show that fuel performance requirements are met: 
 

1. Geometry shall be maintained. 

2. Changes in channel gap shall not compromise ability to cool fuel.  

3. Fuel performance shall be known and predictable. 

 



Current Blister Anneal System:  
Bakeout Furnace 



Current Blister Anneal Environment 

All tests are performed in the Hot Fuel Examination Facility Hot Cell and in an argon environment. 

 



Current System Limitations 

ÅSample size limitations. 

ïThis means that the current configuration can only provide data for 
a miniplates geometry for a blister threshold temperatures to within 
±12°C for a particular region within the furnace. 

ïLarger geometries are likely to have higher uncertainties. 

ïTesting of full size monolithic plates is not possible. 

ÅNo electronic data collection for temperature monitoring. 

ÅNo programmable temperature ramp capability. 

 



New Blister Anneal System:  
Dimensional Specifications 

ÅFurnace Heating Cavity is at a minimum 5.1 cm x 17.8 cm x 165.1 cm 
(2 in x 7 in x 65 in). 

ïThis represents the dimensional maximums from the expected 
stake holder reactor plate design geometries.  

ÅFurnace Heating Cavity is at a minimum 5.1 cm x 17.8 cm x 165.1 cm 
(2 in x 7 in x 65 in). 

ïThis represents the dimensional maximums from the expected 
stake holder reactor plate design geometries.  

 



New Blister Anneal System:  
Dimensional Specifications 

ÅThe furnace is mounted to a table such that the top surface of the 
furnace is below the table top and extends less that ~229 cm (90 in) 
below the top of the surface of the table. The furnace body extends 
down into a pit below the hot cell decking. 

ïThe outer dimensions of the furnace are 231 cm x 41 cm x 41 cm 
(91 in x 16 in x 16 in). 

ïThe Stoker, which is mounted on the table top, is (119 in) 

ïThis arrangement accommodates the vertical reach limitations of of 
the manipulators. 

ïSamples, once placed in the holder, will be loaded onto the Stoker 
using the electro mechanical manipulator. 



New Blister Anneal System:  
Miscellaneous Specifications 

ÅThe furnace is equipped with a removable lid with the means to lift a 
fuel element/plate. 

ïThe planned furnace location precludes a horizontal clamshell style 
loading configuration. 

ÅThe furnace is equipped with a mechanical basket to prevent damage 
to the heating elements. 

ïThis removable perforated stainless steel basket also provides a 
means of retrieving test specimens should the holder affixed to the 
lid fail. 

ïAlso, improved temperature uniformity is provided by the additional 
mass of the holder. 

 



New Blister Anneal System:  
Miscellaneous Specifications 

Removable stainless 
steel perforated basket 

installed 

Removable 
stainless steel 

perforated basket 



New Blister Anneal System:  
Visual 

A radiation resistant Mirion camera system will be installed to allow for 
visual inspections for blisters and video data collection as the plate is 
removed from the furnace between the anneal cycles. A camera will be 
positioned perpendicular to both sides of the test specimen and view 
simultaneously.  

 

Camera 

Light 



New Blister Anneal System:  
Miscellaneous Specifications 

ÅSegmented heat 

zones reduces 

chimney effect 

 

ÅThermocouples are 

place as close to edge 

of the test region as 

possible 



New Blister Anneal System:  
Miscellaneous Specifications 

ÅFurnace top 

opening with 

cover plate. 

 

ÅFurnace is 

mounted to 

underside of 

table top. 

Top of 

Furnace 

Sample 

region 

Table cross 

beams 



New Blister Anneal System Specifications: 
Power 

Å480 Volts 

Å33.8 Amps ī maximum furnace load 

Å60 Amps ī circuit breaking rating 

Å3 Phase, 3 wire (plus ground) 

Å60 Hz 



New Blister Anneal System Specifications:  
Instrumentation and Control 

ÅEach heat zone includes 4 dual type N thermocouples with a 
demonstrated uncertainty less than 2.5°C with uncertainties traceable 
back to NIST standards. 

ÅTemperature instrument strings, less the thermocouples, have a 
demonstrated uncertainty of less than 3°C between 300-600°C which 
have the ability for periodic verification with uncertainties traceable 
back to NIST standards. 

ÅThe control system has the ability to control temperatures to within 5°C 
of the selected temperature setting. The control system demonstrates 
the ability to approach the set temperature without over-shooting the 
set temperature more than 5°C at the end of the temperature ramp-up. 

ÅThe furnace has the means of monitoring the condition of the heater 
elements.  



Current Status 

ÅFurnace construction 

complete 

ÅTemperature requirements 

met 

ÅControl software 

construction and validation 

in final stages 

ÅDelivery pending 

ÅFeedthrough fabrication 

pending 

ÅVisual system design 

underway 



Future Work 

ÅSet up in Mock-up 

ÅFabricate feedthroughs 

ÅTest furnace 

ïHigh resolution temperature characterization of plate 
test region. 

ÅMake modifications as needed for hot cell use. 

ÅInstall in HFEF 

ÅTest operation in-cell 

ÅQualify for use on M3 experiment test plates 

ÅBlister anneal test AFIP-7 experiment plates 

ÅBlister anneal test many many more plates 


