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•  An effort was initiated by the IAEA in 2008 to update 
the FENDL library to improve status of nuclear 
databases for fusion devices including IFMIF  

•  The library (FENDL-3) is a substantial extension of 
FENDL-2.1 library toward higher energies, with 
inclusion of incident charged particles and the 
evaluation of related uncertainties (covariance data) 

•  FENDL-3 will be released at the end of the 3 years of 
the Coordinated Research Project (CRP) activities 
[end of 2011]  
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Expanded FENDL-3 General Purpose 
Neutron Library 
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Generic Diagnostic Upper Port Plug Neutronics 

Generic Upper Port Nuclear Heating 

Total: 316 kW 
First Wall + Diagnostic Shield: 309 kW 
GUPP Structure: 7 kW 

Section Through Upper Port 
Showing the Visible/IR Camera Labyrinth 

Generic Upper Port Plug 
SolidWorks Analysis Model 
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Direct Accelerated Geometry Monte Carlo (DAGMC)  

     Motivations 
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Application to ARIES-CS  
Compact Stellarator 

•  Geometry and source complex 
•  Cannot be modeled by 

standard MCNP 

Examined effect of helical geometry and non-uniform 
blanket and divertor on NWL 
distribution, TBR and nuclear heating 
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HAPL Final Laser Optics 

 Fast neutron flux at dielectric optics depends on material choice for the GIMM and 
total GIMM areal density 
 AlBeMet GIMM results in highest flux level (factor of ~1.6 higher than with 
lightweight SiC GIMM) 
 Significant drop in nuclear environment occurs as one moves from the GIMM to 
dielectric focusing and turning mirrors 
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Multi-Physics: Coupling to CFD 

•  Fine mesh DAG-MCNP5 results 
– 1-3 mm Cartesian mesh overlay 
– Total nuclear heating 

•  Arbitrary mesh on CAD geometry 
– Tetrahedral 
– Polyhedral (Star-CCM+) 

•  Automated interpolation using MOAB 
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Multi-Physics: Coupling to CFD 
•  1 of 40 fingers in ITER First Wall concept 
•  Beryllium plasma facing component 
•  CuCrZr heat sink into pressurized water 
•  Steel backing for structural support 
•  0.2 MW/m2 heat flux onto Beryllium 
•  Inlet: 0.2 kg/s water, 373 K, 3 MPa 
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Neutronics+CFD Coupling 
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Research Directions 

Analysis of Deformed Systems 
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Research Directions 

Advanced Mesh Tallies 
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Research Directions 

Hybrid Methods 
•  Monte Carlo not well-

suited to deep 
penetration problems 

•  Deterministic methods 
not well suited to gap 
streaming problems 

•  Use deterministic 
methods to develop 
importance maps for 
Monte Carlo problems 
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36 m 

40 m 

• Large size 
• Complex geometry 
• Massive shielding 



Deterministic model Adjoint flux 

CADIS calculation of 
VR parameters 
Source biasing 

Weight windows 

Results 

Detector 

Core 

Cavity 
Pressure vessel 

Downcomer 

Neutron pads 

Baffle plates 

Flow channel 

Core barrel 

Concrete shield 

MC model 

MC 
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ORNL hybrid methods (CADIS, FW-CADIS) 
suitable for fusion applications 
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Time (day) Max. uncertainty Normalized 
FOM 

Analog 121.3 5.9% 1 

WWG 11.0 3.6% 30 

FW-CADIS 0.8 4.5% 275 
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Dose  
(µSv/hr) 

Relative 
uncertainty 

(RU) 

Time  
(day) 

Speed 
up 

MC(no CADIS) 4.8 76.7% 610.0 1 
MC (CADIS) 2.7 3.8% 8.6 29,000 
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