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Presentation outline

• Part-1: Overview of MeV Summer School

• Part-2: Advancement of Reactor Technologies

• Part-3: Advancement of Reactor Fuel and Materials 

Research and Development (R&D)
• Modeling

• Experimentation

• Validation (qualification and licensing)
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Content Note

The content of this presentation is taken from the lecture 
notes of MeV Summer School 2022. The sources are cited 

as per lecture notes.

This presentation focused on the general overview of the 
lecture content that related to nuclear fuels and material 

qualification. 

3



MeV School 2022
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Part-1: 

Taken from: MeV (2022), 



Enhancing Reactor Technologies and Systems
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LWRS

Part-2: 

Taken from: 
Gehin, J. (2022) 



Advanced Reactors: Testing at INL
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Part-2: 

Taken from: 
Gehin, J. (2022) 



Advanced Reactors: Demonstration and Deployment  
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Part-2: 

Taken from: 
Gehin, J. (2022) 



Nuclear Fuel Cycle: Overview and Challenges
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Part-2: 

Taken from: 
Paviet, P. (2022) 



Advanced Reactors Fuel and Materials
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Fuel & Materials
Advanced Fuel & 

Materials: Example

Part-3: 

Taken from: Rebak, R. B. (2022) 



Nuclear and Radiation Challenges: Fundamentals
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1. Radiation hardening and embrittlement 
(<0.4 TM, >0.1 dpa)

2. Phase instabilities from radiation-induced 
precipitation (0.3-0.6 TM, >10 dpa)

3. Irradiation creep and growth (<0.45 TM, 
>10 dpa)

4. Volumetric swelling from void formation 
(0.3-0.6 TM, >10 dpa)

5. High temperature He embrittlement (>0.5 
TM, >10-100 appm He)

S.J. Zinkle, Phys. Plasmas 12 (2005) 058101;
Zinkle & Busby, Mater. Today 12 (2009) 12

Five main radiation damage “scourges”: 

Part-3: 

Taken from: 
Zinkle, S. (2022) 



Nuclear and Radiation Challenges: Applications
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Reactor pressure 
vessel (RPV) can be 
embrittled by exposure 
to neutrons, manifested 
by transition 
temperature increases 
(∆T) and upper shelf 
energy decreases 
(∆USE).

Part-3: 

Taken from: Zinkle, S. (2022) 

Fuel rod bowing

• Low T (< 0.4 Tm, < 0.1 dpa)
• Intermediate T (0.3 < Tm < 0.6, > 10 dpa)
• High T (> 0.4 Tm, > 10 dpa)

RPV DBTT- Ductile to brittle transition temperature

Taken from: Wirth, B. (2022) 



Nuclear and Radiation Challenges: New Reactors
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Part-3: 

Taken from: Sham, S. (2022) 
New and advanced reactors design differs based on fuel, 
coolant, operating conditions and structural materials !!

Taken from: Sham, S. (2022) Taken from: Demkowicz, D. (2022) 



Fuel and Materials: R&D Challenges
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Part-3: 

Taken from: 
Allen, T. (2022) 

Taken from: 
Zinkle, S. (2022) 

Taken from: 
Allen, T. (2022) 



Modeling: Computational Methods for Nuclear Challenges
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Part-3: 

Taken from: 
Wirth, B. (2022) 

Taken from: 
Kropaczek, D. (2022) 



Modeling: Computational Complexity
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Part-3: 

Taken from: 
Andersson, D. (2022) 

Taken from: 
Kropaczek, D. (2022) 



Modeling: Computational Tools
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MOOSE

Part-3: 

Taken from: 
Gehin, J. (2022) 

Taken from: 
Kropaczek, D. (2022) 



Experiment: Irradiation Testing and Examination 
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HFIR

TREAT

Ion 
Beam

IVEM 
(In-situ)

ATR

Advanced Materials & Manufacturing Technologies

Accelerating nuclear fuels and materials qualification by 
combining high through-put materials irradiation and 
testing, advanced PIE, and Multiphysics modeling

Part-3: 

Taken from: Woolstenhulme, 
N., Heidrich, B. and 
Bhowmik. P.K. (2022) 

Taken from: 
MeV (2022) 



Experiment: Irradiation Test Apparatus at HFIR
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Part-3: 

Taken from: 
Bhowmik. P.K. (2022) 



Experiment: Irradiation Test Capabilities at TREAT 
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• Microreactor system scale benchmark experiments (NIMBLE)
• Inert gas test capsule (SETH)
• Sodium capsule (THOR)
• Sodium loop (Mk-IIIR)
• Gas Fast Reactor Loop
• Molten Salt

Part-3: 

Taken from: 
Bhowmik. P.K. (2022) 



Experiment: Irradiation Test Capabilities at TREAT (cont’d) 

20

Temperature Heatsink 
Overpower Response (THOR)

Part-3: 

Taken from: 
Bhowmik. P.K. (2022) 



Validation: Reactor Fuel and Materials Licensing Approaches
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NRC 
advancing by

Part-3: 

Taken from: 
Furstenau, R. (2022), 



Validation: Reactor Fuel and Materials Licensing Challenges
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Advanced Manufacturing 
Technologies (AMT)

Advanced and 
New Fuels

Part-3: 

Taken from: 
Furstenau, R. (2022), 



Validation: Fuels and Materials Licensing Pathways
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Engineering Driven

Part-3: 

Taken from: 
Wachs, D. (2022) 



Validation: Accelerated Fuel Qualification and Licensing
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Accelerating nuclear fuels and 
materials qualification by

• Combining high through-put 
materials irradiation and testing, 

• Advanced PIE, and 
• Multiphysics modeling

Part-3: 

Taken from: Andersson, D. (2022) 
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Thank you for your attention!
The speaker acknowledges contributions from the MeV School 2022 for the content presented here.  
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