
Minutes of the NIMROD Team Meeting 
held online October 23 and 30 and November 2, 2020 

Session on October 23 
Haolong Li presented his simulations of vertical displacement events (VDEs) in EAST.  He 
starts with a fit and NIMEQ re-solve of discharge 71230 and has compared axisymmetric and 3D 
computations.  He finds that safety factor drops below 1 in the 3D cases and that the VDE 
evolution is faster than in the 2D cases. 
Shiyong Zeng is using the KPRAD coupling to model MGI in the J-TEXT experiment.  He is 
focusing on how the transport of injected impurities is influenced by a 2/1 island in the magnetic 
field.  The interaction leads the formation of a cold bubble, and Zheng is investigating the 
resulting radiation asymmetries. 
Alex Sainterme provided an update on his implementation of a computationally practical reduced 
model of runaway electrons (REs) in NIMROD.  The model assumes a small fraction of RE 
particle density, although there is no assumption on the fraction of electrical current.  Sainterme 
described his iteration scheme to make the coupling consistent with the magnetic advance, and 
he presented results of test cases. 

Simon Woodruff presented his company’s work and planning for coupling electromagnetics 
based on CATIA (CAD) modeling of external conducting structures.  He partly reviewed work 
completed in 2013 and discussed how this work is being restarted. 
Valerie Izzo has been investigating the influence of a passive asymmetric coil for mitigating 
REs—an idea proposed by Allen Boozer.  Current in the coil is driven by the rapid decay of 
plasma current that occurs during disruptions.  Izzo has simulated this technology in application 
to DIII-D and SPARC configurations.  She finds that while the coil does affect magnetic 
topology, thermal quench (TQ) dynamics already have a larger influence. 

Session on October 30 
Urvashi Gupta provided an update on her investigation of the coupling between magnetic 
relaxation and energy transport in pinch configurations.  She described the steady-state 
configurations from which her computations start and the evolution through the initially violent 
ideal-unstable phase to a later tearing-dominated phase.  Fluctuation-induced conductive heat 
flux is large in the late stage. 

Eric Howell has been modeling physics associated with neoclassical tearing modes (NTMs) by 
using time-dependent external coil fields to seed magnetic islands as a proxy for transient 
seeding.  He is using the heuristic closure developed by Hegna, Kruger, and Gianakon and has 
applied it to DIII-D ITER baseline shot 174446.  His computations show perturbed but stable 2/1 
and 3/1 responses before the unstable neoclassical growth of a 2/1 island. 
Dan Barnes presented recent work on developing a semi-implicit Hall advance for FRC 
applications with large-orbit fast ions.  The new approach works with canonical momentum for 
the ions, which requires an advanced-time Lorentz force.  Nonetheless, the symmetric positive-
definite part may dominate in the applications of interest, and the new “UHall” algorithm takes 
advantage of that. 

Sina Taheri is completing his work on the implementation of dynamic neutral species.  The 
reactive source terms lead to tight coupling among fields that are usually advanced separately 
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with NIMROD’s leapfrog.  Taheri is comparing an implementation of Crank-Nicolson (via 
Jacobian-free Newton-Krylov) with a Strang splitting implementation.  An added challenge is 
the use of DEGA2 tables for reaction rates, where tabulated information cannot be linearized. 
Omar López presented his study of how disruption at low edge safety factor values is avoided by 
external stellarator transform.  This has been investigated experimentally in the Compact 
Toroidal Hybrid (CTH).  López uses a volumetric current source in his computations to drive the 
asymmetric equilibrium current profile.  At low external transform, 4/3 and 3/2 islands overlap 
and lead to disruption.  At larger external transform, the energy transport saturates without 
disruption, and this is consistent with CTH results. 
Session on November 2 

Brian Cornille presented his work on modeling RE deconfinement via resonant perturbations in 
Madison Symmetric Torus (MST) tokamak discharges.  Previous results were published earlier 
this year in the Munaretto, et al. NF paper, and Cornille is now considering particle orbit effects.  
He is working with Matt Beidler and Diego del Castillo Negrete of ORNL to couple KORC to 
address orbit effects. 
Hankyu Lee has developed a NIMROD implementation of Jeong-Young Ji’s closure relations 
based on generalized moments of the kinetic equation.  The implementation is implicit with 
respect to collisional scattering but explicit with respect to streaming effects.  He is testing the 
implementation on a large aspect-ratio tokamak and is comparing results in the high 
collisionality regime with those computed using Braginskii closures. 

Jim Hanson is developing new capability in NIMFL so that it can find fixed points in magnetic 
topologies.  He reviewed relevant theory for the tangent map and for Green’s Residue theorem.  
He is using NIMFL’s field-line tracing to integrate the tangent map and find fixed points that are 
near initial guesses.  Where guesses fail, there is a search algorithm to look more broadly. 

Jake King, Brian Cornille, and Eric Howell led a discussion on taking advantage of GPU-based 
computer architectures.  They reviewed some of the hardware and analysis tools that are 
available and noted the challenges of vendor specific software, such as CUDA.  To support 
portability and performance, together with Fortran compatibility, they are focusing on 
OpenACC.  Its use with NIMROD will require some low-level reorganization, as found through 
testing with an integrands-like mini-application code.  They also presented recent development 
of algebraic solvers for GPUs that is being carried-out by computer scientists, such as our 
RAPIDS collaborators at LBNL. 

Joseph Jepson provided an update on his work with delta-f and Chapman-Enskog-like drift 
kinetics.  He is benchmarking poloidal-flow damping by neoclassical effects in an NSTX 
equilibrium and in a large aspect-ratio equilibrium.  Since the last meeting, he verified that 
regularity in the limit of particle speed going to zero is not source of error. 

Andrew Spencer presented his work on computing Rosenbluth potentials for the field-particle 
part of the Coulomb collision operator, which is necessary for conservation properties.  The 
integrals contain a singularity that is analogous to those in Green’s functions for 
electromagnetics.  Spencer finds that pre-computed matrix elements for a problem-specific 
integration method improves convergence. 


