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Technology Overview: 
Why Helium Generation Effects the Weldability of 
Irradiated Materials (The Problem to Solve) 

 Key factors contributing to Helium induced cracking (embrittlement) in irradiated materials: 

• Diffusion of helium into the weld HAZ grain boundaries  
– occurs when temperatures are in excess of 800°C 

• Welding residual tensile stresses 

Asano et al. J. Nucl. Mat. 264 (1999)1-9 

Example of Heat Affected Zone 
cracking due to helium formation °C 

High Residual Stresses Modeled 
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Irradiated Material Weld Development 
Coordinated Roadmap 
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Irradiated Material Weld Technology Development 
Key Contributors 

Development of Laser Welding Technology and Guidelines 
Jon Tatman, Ken Wolfe 

EPRI 

Wayne Lunceford 
Structural Integrity Associates 

 
Development of Advanced Welding Processes for Irradiated Materials 

Greg Frederick, Jon Tatman, Artie Peterson, Ben Sutton 
EPRI 

Zhili Feng, Roger Miller, Jian Chen 
Oak Ridge National Laboratory 
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Collaboration 

Key Investigators 

Key Industry Project Collaborators 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FFISsyCZVMdzvM&tbnid=iuAMLV1_TXuXyM:&ved=0CAUQjRw&url=http://www.ped.med.utah.edu/CVDEV/&ei=jhyNUqfUHPGs4APJvYHwDg&bvm=bv.56643336,d.dmg&psig=AFQjCNHEck4mFYK7S0CofNc9TtbAaUu7Fg&ust=1385065926093204�
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Irradiated Material Welding Development 
WRTC/BWRVIP – Weld Technology Development 

WRTC/BWRVIP – Weld Technology Development 
(EPRI Report # 3002003146) 

• Develop improved heat input estimation techniques to 
establish definitive helium induced cracking thresholds 
– Define the maximum heat input to use at a helium 

concentration 
– Specify appropriate welding parameters 

• Determine limitation of weld process heat input and induced 
strain field 

• Establish modeling and thermal profile measurement 
techniques 
– Guidance for welding process development 
– Weldability prediction for highly irradiated material 
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Irradiated Material Welding Development 
WRTC/MRP/BWRVIP – Welding Guidelines 

MRP Guideline (EPRI Report # 3002002954) 
 

• Define weldability boundaries where helium concentration 
allows conventional welding processes to be used 

• For other regions, define plant specific methodology: 
– Define how to determine the helium concentration at a 

location 
• Provide guidance on available welding technologies 
• Specify ancillary considerations (Code rules, inspections, 

etc.) 
• Provide foundation for new ASME Code Case 

developments 
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Irradiated Material Welding Development 
Development of Improved Threshold Plots 

• Incorporation of “Effective” Weld Heat Input 
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Irradiated Material Welding Development 
Development of Effective Weld Heat Input Equation 

Effective Heat Input Equation – Conduction Limited LBW 
• Contrary to theoretical HI, effective HI incorporates: 

1. Laser heat used to melt added filler metal 
2. Heat loss to atmosphere due to reflection of laser power 

 
• Result – A definitive helium induced cracking threshold 

line 
laser absorption 
efficiency factor laser power 

Heat required to melt a 
volume of filler wire 
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• Incorporation of effective heat input provides: 
–  Clear threshold for cracking 
–  Integration of GTAW and LBW data on a single plot 

Irradiated Material Welding Development 
Effective Versus Theoretical Weld Heat Input 

Theoretical Heat Input Effective Heat Input 
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Irradiated Material Welding Development 
Helium Induced Cracking Susceptibility: 304L versus 316L  

• Significantly higher cracking susceptibility noted for 316L 
stainless steel 

304L SS 316L SS 
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• Effective heat input versus 
helium concentration plot 
allows development of 
optimized low heat input 
parameters 
 

• Finite element modeling 
and weld thermal history 
measurements used to 
determine critical low heat 
input “buffer layer” 
thickness 

Irradiated Material Welding Development 
Optimized Low Heat Input Weld Parameter Development 
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• Develop and advance welding 
process capabilities 
– Friction stir welding process 

• Crack sealing/healing 

– Modified laser beam weld 
process  

• Auxiliary beam stress 
improvement (ABSI) 

• Hot wire laser welding 

– Gas tungsten arc welding 
process with grain refinement 
(McCracken) 

• Magnetic stir, high frequency wire 
vibration and current pulsing  

• Support ASME Code Case 
modifications for advanced 
welding processes 

Advanced Welding Process Development 
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• Establish modeling and thermal profile measurement 
techniques 
– Improved guidance for welding process development 
– Increased weldability of highly irradiated material 

Digital Image Correlation (DIC) – Experimental Setup DIC Experimental Result 

Advanced Welding Process Development 
Modeling and In-Situ Strain Measurement Capabilities 
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Advanced Welding Process Development 
Hot Cell Irradiated Weld Trials 

• Develop hot lab capabilities at ORNL 
with welding processes and material 
handling equipment 

• Fabrication of irradiated materials for 
weld tests  
– Stainless steel and Ni-alloys 
– Known levels of boron with predicted 

helium production 
• Perform characterization and validation 

testing on Irradiated Materials (pre- and 
post-weld) 
– Grain size 
– Boron distribution 
– Helium production 
– Overall weldability assessment 

Hot cell facility design with FSW and laser 
welding capabilities 

Neutron Exposure at High Flux Isotope Reactor 
(HFIR) 
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Welding and Repair Technology Center 

Thank You – Questions or Comments? 
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Together…Shaping the Future of Electricity 
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