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Nuclear Science User Facilities (NSUF)

• NSUF offers unparalleled research 
opportunities for nuclear energy 
researchers. 

• Users are provided access to:
§ world-class nuclear research facilities, 
§ technical expertise from experienced 

scientists and engineers, and
§ assistance with experiment design, 

assembly, safety analysis and examination.
• Access is awarded through a competitive 

peer-reviewed process.
• 369 total projects awarded ($216MM)

§ 69 large CINR projects
§ 300 smaller RTE projects



Experiment Process



Small Specimen Tensile Testing Challenge

• Tensile testing has long been an important method 
for determining the material properties of different 
structural steel components. 

• The effect of irradiation on these steel components 
is of particular interest to the nuclear power 
industry. 

• The large (E8) specimens typically used are not 
efficient for test reactor irradiations. They also 
usually require a hot cell for performing post-
irradiation examination. 

• Research into using small-scale tensile specimens 
has been of great interest in the nuclear industry for 
quite some time. 

Alloy
Dose Rate 6 dpa

T=0 T=365

SA 508 112 97

R/hr @ 30cm

625 75 28

718 6.2 0.13

690 1.5 0.10

316L 3.8 0.10

Grade 91 2.3 0.09

304L 3.8 0.09



Calculator Data Flow

• Neutron Damage Calculator
§ Input

• Desired DPA
• Material Composition

§ Output
• Days to desired DPA
• Reactor Positions

• Radioactivity Calculator
§ Input

• Irradiation time
• Material composition

§ Output
• Radioactivity at set decay times
• Gamma Dose Rate



Web Application Development

• Neutron Damage Calculator (Python) and 
Radioactivity Calculator (MATLAB) converted to C#

• Cross-sections and constant database created
• Calculators will be available on nsuf.inl.gov



Web Application – Position Selection
• Representative reactor positions for:

§ INL ATR
§ ORNL HFIR
§ MITR-II (coming soon!)
§ BR-2
§ OSURR
§ NCSU Pulstar



Web Application – Final Results



Radioactivity Calculator Validation
• Utilizes 252-energy group 

neutron flux and activation 
cross-sections (JEFF) 

• Improvement over available 
online calculators and previous 
calculator iterations
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Technical University of Munich, “Calculate Activation,” https://webapps.frm2.tum.de/intranet/activation/ (2017).
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• Added a safety factor to improve 
accuracy.

• Only neutron activation/capture 
reaction included

• Meta-stable states not included

https://webapps.frm2.tum.de/intranet/activation/


Desired Impact
1. Provide an easily accessible, user-friendly calculation tools for 

DPA and Radioactivity
2. Inform researchers and technical staff of experiment 

requirements and time frames
3. Flag any potential safety issues
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Activation-Decay Chain

• Only daughter products with highest 
branching ratio were included

• Calculator does not include meta-
stable states or spontaneous fission



Elements Included

• 92 elements
§ 760 nuclides

• Yellow: all naturally 
occurring isotopes 
included, plus any 
required for any 
activation-decay chain

• Orange: no naturally 
occurring isotopes, 
therefore only those 
needed to complete 
any activation-decay 
chain were included

• White: element not 
included in the 
calculator



Reactor Positions - ATR

Northeast section of ATRFull Core of ATR



Reactor Positions - HIFR

Full Core of HIFR Central Core Positions Outer Core Positions
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