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Sandia Critical Experiments (SCX)

The Seven Percent Critical Experiment (7uPCX)
◦ UO2 fuel (6.9% 235U)
◦ Four sets of grid plates

◦ 45x45 Square pitch array (0.8 cm)
◦ 45x45 Square pitch array (0.855 cm)
◦ Triangular pitch array (1.55 cm) – IER 305
◦ Triangular pitch array (1.02 cm) with central test region – IER 441

◦ Fuel rod diameter 0.635 cm
◦ Fuel length 48.9 cm
◦ Seven Experimental Series in the ICSBEP Handbook

◦ LCT-078, 080, 096, 097, 101, 102, 111, ???

The Burnup Credit Critical Experiment (BUCCX)
◦ UO2 fuel (4.3 % 235U)
◦ Two sets of grid plates

◦ Triangular pitch array (2.0 cm)
◦ Triangular pitch array (2.8 cm)

◦ Fuel locations 397 and 271
◦ Fuel rod diameter 1.38 cm
◦ Fuel length 49.2 inch
◦ Two Experimental Series in the ICSBEP Handbook

◦ LCT-079, 099

7uPCX

BUCCX
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Sandia Pulsed Reactor Facility (SPRF)

CX Assembly Tank and Dump Tank



Sandia Critical Experiments: IER 305 and IER 441

The Seven Percent Critical Experiment (7uPCX)
 UO2 fuel (6.9% 235U)
 Four sets of grid plates
 45x45 Square pitch array (0.8 cm)
 45x45 Square pitch array (0.855 cm)
 Triangular pitch array (1.55 cm) – IER 305
 Triangular pitch array (1.02 cm) – IER 441
 Central test region

 Fuel rod diameter 0.635 cm
 Fuel length 48.9 cm
 Seven Experimental Series in the ICSBEP Handbook

 LCT-078, 080, 096, 097, 101, 102, 111, ???
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IER 305

IER 441



Critical Assembly Design
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Notable Design Features
◦ Assembly tank
◦ Fuel rods and grid plates
◦ Elevated for gravity release of  moderator to the dump tank
◦ Provides full water-reflection

◦ Dump tank
◦ Moderator resides in dump tank until operations
◦ Heater maintains temperature

◦ Moderator Overflow Standpipe
◦ Maintain water level in assembly tank
◦ Water continually circulated between dump tank and assembly tank

◦ Control and Safety Elements
◦ Cluster of  four rods
◦ B4C absorber section followed by 4 rod fueled section

◦ Plant Protection System
◦ Two fission chambers
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◦ Dump tank
◦ Moderator resides in dump tank until operations
◦ Heater maintains temperature

◦ Moderator Overflow Standpipe
◦ Maintain water level in assembly tank
◦ Water continually circulated between dump tank and assembly tank

◦ Control and Safety Elements
◦ Cluster of  four rods
◦ B4C absorber section followed by 4 rod fueled section

◦ Plant Protection System
◦ Two fission chambers

Dump Tank

Assembly Tank



7

Notable design features (new equipment)
◦ Grid Plates (Guide, Upper, and Lower)
◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.55 cm)

◦ Molybdenum Sleeves
◦ Placed between upper and lower grid plates
◦ Centered on fuel rods
◦ 400 sleeves

◦ Additional new equipment
◦ Control and safety element bundle plates
◦ Hydro tubes and springs

IER 305: New Equipment
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Notable design features (new equipment)
◦ Grid Plates (Guide, Upper, and Lower)
◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.55 cm)

◦ Molybdenum Sleeves
◦ Placed between upper and lower grid plates
◦ Centered on fuel rods
◦ 400 sleeves

◦ Additional new equipment
◦ Control and safety element bundle plates
◦ Hydro tubes and springs

IER 305: New Equipment



IER 305: Critical Configurations (Case 1: LCT-111)
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IER 305: Critical Configurations (Case 2: LCT-111)
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IER 305: Critical Configurations (Case 3: LCT-111)
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IER 305: Critical Configurations (Case 4: LCT-111)
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IER 305: Critical Configurations (Case 5: LCT-111)
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IER 305: Case 3 (LCT-111)
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IER 305: Experiment Results (LCT-111)
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IER 305: Derived keff Results (LCT-111)
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IER 305: Benchmark-Model keff and Uncertainty Results (LCT-111)



IER 305: Results – Reactivity Offset (LCT-111)
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Calculated keff  for the benchmark model and evaluated benchmark model keff  for same configuration
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IER 305: Results – Reactivity Offset (LCT-111)



Critical Assembly Design
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Notable Design Features
◦ Assembly tank
◦ Fuel rods and grid plates
◦ Elevated for gravity release of  moderator to the dump tank
◦ Provides full water-reflection

◦ Dump tank
◦ Moderator resides in dump tank until operations
◦ Heater maintains temperature

◦ Moderator Overflow Standpipe
◦ Maintain water level in assembly tank
◦ Water continually circulated between dump tank and assembly tank

◦ Control and Safety Elements
◦ Cluster of  four rods
◦ B4C absorber section followed by 4 rod fueled section

◦ Plant Protection System
◦ Two fission chambers
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IER 441: New Hardware
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Upper Grid Plate

Lower Grid Plate

Central Test Region

Control and Safety 
Element Drives

Guide Plate

Control and Safety 
Elements (4 Rod Clusters)

Assembly Tank

Hydro Tubes

◦ Control and Safety Element bundle plates
◦ Maintain spacing of  the 4 rod clusters

◦ Grid Plates (Guide, Upper, and Lower)
◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.02 cm)

◦ Hydro Tubes and Springs
◦ Gravity drop of  control and safety elements

◦ Central test region
◦ Outer Diameter 9.5 cm
◦ Length 78 cm
◦ Dry cavity
◦ Lined with cadmium
◦ Maintain spacing of  test rods
◦ 85 test rod locations
◦ Triangular pitch (0.81 cm)

◦ Tantalum rods
◦ Pure tantalum (> 99.95%)
◦ Dimensions match fuel rods (about 1 cm longer)



IER 441: New Hardware
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◦ Control and Safety Element bundle plates
◦ Maintain spacing of  the 4 rod clusters

◦ Grid Plates (Guide, Upper, and Lower)
◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.02 cm)

◦ Hydro Tubes and Springs
◦ Gravity drop of  control and safety elements

◦ Central test region
◦ Outer Diameter 9.5 cm
◦ Length 78 cm
◦ Dry cavity
◦ Lined with cadmium
◦ Maintain spacing of  test rods
◦ 85 test rod locations
◦ Triangular pitch (0.81 cm)

◦ Tantalum rods
◦ Pure tantalum (> 99.95%)
◦ Dimensions match fuel rods (about 1 cm longer)

Control/Safety Element 
(4 rod cluster)

B4C rod

Polyethylene rod

Fuel rod



IER 441: New hardware
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◦ Control and Safety Element bundle plates
◦ Maintain spacing of  the 4 rod clusters
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◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.02 cm)

◦ Hydro Tubes and Springs
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◦ Central test region
◦ Outer Diameter 9.5 cm
◦ Length 78 cm
◦ Dry cavity
◦ Lined with cadmium
◦ Maintain spacing of  test rods
◦ 85 test rod locations
◦ Triangular pitch (0.81 cm)

◦ Tantalum rods
◦ Pure tantalum (> 99.95%)
◦ Dimensions match fuel rods (about 1 cm longer)

Control/Safety Element 
(4 rod cluster)

B4C rod

Polyethylene rod

Fuel rod



IER 441: New Hardware
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◦ Control and Safety Element bundle plates
◦ Maintain spacing of  the 4 rod clusters

◦ Grid Plates (Guide, Upper, and Lower)
◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.02 cm)

◦ Hydro Tubes and Springs
◦ Gravity drop of  control and safety elements

◦ Central test region
◦ Outer Diameter 9.5 cm
◦ Length 78 cm
◦ Dry cavity
◦ Lined with cadmium
◦ Maintain spacing of  test rods
◦ 85 test rod locations
◦ Triangular pitch (0.81 cm)

◦ Tantalum rods
◦ Pure tantalum (> 99.95%)
◦ Dimensions match fuel rods (about 1 cm longer)



IER 441: New Hardware – Guide and Grid Plates
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Guide Plate

Guide Plate

Lower Grid 
Plate

Upper 
Grid Plate



IER 441: New Hardware
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◦ Grid Plates (Guide, Upper, and Lower)
◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.02 cm)

◦ Control and Safety Element bundle plates
◦ Maintain spacing of  the 4 rod clusters

◦ Hydro Tubes and Springs
◦ Gravity drop of  control and safety elements

◦ Central test region
◦ Outer Diameter 9.5 cm
◦ Length 78 cm
◦ Dry cavity
◦ Lined with cadmium
◦ Maintain spacing of  test rods
◦ 85 test rod locations
◦ Triangular pitch (0.81 cm)

◦ Tantalum rods
◦ Pure tantalum (> 99.95%)
◦ Dimensions match fuel rods (about 1 cm longer)

Lower Grid Plate

Hydro Tubes Hydro Tube Spring 
(zoomed)



IER 441: New Hardware
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◦ Grid Plates (Guide, Upper, and Lower)
◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.02 cm)

◦ Control and Safety Element bundle plates
◦ Maintain spacing of  the 4 rod clusters

◦ Hydro Tubes and Springs
◦ Gravity drop of  control and safety elements

◦ Central test region
◦ Outer Diameter 9.5 cm
◦ Length 78 cm
◦ Dry cavity
◦ Lined with cadmium
◦ Maintain spacing of  test rods
◦ 85 test rod locations
◦ Triangular pitch (0.81 cm)

◦ Tantalum rods
◦ Pure tantalum (> 99.95%)
◦ Dimensions match fuel rods (about 1 cm longer)



IER 441: New Hardware
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◦ Hydro Tubes and Springs
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◦ Outer Diameter 9.5 cm
◦ Length 78 cm
◦ Dry cavity
◦ Lined with cadmium
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◦ Triangular pitch (0.81 cm)
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IER 441: New Hardware – Central Test Region
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IER 441: New Hardware – Central Test Region
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View from above Guide Plate Between Guide Plate and 
Upper Grid Plate

Above Lower Grid Plate



IER 441: New Hardware
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◦ Grid Plates (Guide, Upper, and Lower)
◦ Maintain spacing of  fuel rods
◦ Triangular pitch (1.02 cm)

◦ Control and Safety Element bundle plates
◦ Maintain spacing of  the 4 rod clusters

◦ Hydro Tubes and Springs
◦ Gravity drop of  control and safety elements

◦ Central test region
◦ Outer Diameter 9.5 cm
◦ Length 78 cm
◦ Dry cavity
◦ Lined with cadmium
◦ Maintain spacing of  test rods
◦ 85 test rod locations
◦ Triangular pitch (0.81 cm)

◦ Tantalum rods
◦ Pure tantalum (> 99.95%)
◦ Dimensions match fuel rods (about 1 cm longer)

Tantalum rods
o Commercially pure

• 99.95%
• ASTM B365-12

o Fabricated from same heat load 

o Elemental compositions including 
impurities

o Etched with serial numbers



IER 441: New Hardware – Tantalum Rods
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IER 441: New Hardware
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IER 441: Experiment Method
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Approach-to-Critical Experiments
◦ Number of  fuel rods is the free parameter
◦ Loaded from center towards outside of  the array
◦ Maintain a roughly cylindrical cross section of  the array
◦ Loading order identical for each experiment
◦ Each fuel rod in the same array location in every configuration

◦ Control and Safety Elements fully withdrawn
◦ Initial configuration
◦ Calculated keff  ~ 0.90 (786 fuel rods)
◦ Calculated keff  ~ 0.95 (954 fuel rods)

◦ Inverse count rate at successive fuel configurations
◦ Extrapolated to zero to obtain estimate of  critical array size



IER 441: Critical Configurations
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IER 441: Critical Configuration 
Case 8 (85 Ta rods)
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IER 441: Next Steps
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◦ Complete CED-3a by FY24Q2
◦ Final fit and form test
◦ Finalize experiment schedule

◦ Complete CED-3b by FY24Q4
◦ Begin experiments in March
◦ ORNL visit for experiments 
◦ Mathieu Dupont
◦ BJ Marshall

◦ Evaluation and Publication (ICSBEP)
◦ ICSBEP TRG Spring 2025
◦ CED-4a by FY25Q2
◦ CED-4b by FY25Q4
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