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1. Introduction : Disruptions are one of the major concerns in ITER and other future tokamaks [1]. A
particularly troublesome type of disruption is a vertical displacement event (VDE) where control of the
vertical position of the plasma column is lost. In addition to heat, particle flux, and energetic electrons
impacting the first wall, significant electromagnetic loads will arise.. For realistic modelling of a VDE
disruption, a detailed 3D model of the disrupting plasma and an accurate description of the conducting
structures surrounding the plasma is required. The structure affects the plasma evolution itself and the
plasma acts as a source of currents and fields which produce the electromagnetic loads. Most of the
VDE modeling work to date has used the axisymmetric evolving equilibrium codes TSC [2], DINA [3],
and CarMa0NL[4] to describe the disrupting plasma. This paper describes our efforts to extend this
analysis by using the fully 3D MHD codes M3D-C1 [5], NIMROD [6], and JOREK [7]. We describe our
efforts in benchmarking these 3 codes on VDE relevant calculations, validation with some experimental
data, and projection to ITER vessel and plasma conditions. Attention is given to the role of the currents
shared by the plasma and the structure (halo currents).

2. 2D and 3D benchmarking of M3D-C1, NIMROD, JOREK in simplified geometry We have undertaken
two VDE code benchmarking exercises for the 3 MHD codes M3D-C1, NIMROD, and JOREK. The first
was in 2D (axisymmetric) [8] and we obtained excellent agreement for the linear and early nonlinear
growth rates and for themotion of themagnetic axis, induced wall currents, and distribution of the halo
current. The second benchmark, currently in progress, is fully 3D, beginning at the time the plasma
first makes contact with the vessel.

3. Simulation of the sideways force in JET: M3D-C1 simulations of asymmetric vertical dis-placement
events (AVDEs) in JET are in progress. The simulations were compared with previous M3D simulations
[9] and with the JET 2011-2016 ILW disruption database. The computed and experimentally measured
Noll approximations to the sideways force are in reasonable agreement. An important feature of the
simulations and the data is that the sideways wall force is small when the current quench time is less
than the wall penetration time.

4. 2D benchmark of M3D-C1 and CarMa0NL for ITER geometry with no halo currents We performed a
separate nonlinear but axisymmetric VDE benchmark between M3D-C1 and CarMa0NL using a uni-
form thickness resistive wall located at the position of the ITER first wall. A 6 cm thick wall with
resistivity of 7.4E-7 ohm-m gives a time constant of 235 ms for the wall current to develop when a con-
stant loop voltage is applied (no plasma). Modeling of both a “hot” and “cold” VDE with the 2 codes,
both without halo currents present, gave excellent agreement. [10]

5. The effect of Halo Currents on the vertical force: We have performed extensive axisymmetric studies
with M3D-C1 of the effect of different assumptions regarding the temperature distribution of the halo
region during an axisymmetric VDE in ITER geometry with the wall model described in #4 above.
These studies use spatially and time varying parallel and isotropic thermal conductivities to model the
thermal quench which then caused the current quench with differing amounts of halo current. We
found the result that when a larger force from the halo current is present, it is at least partially offset
by a smaller force due to the induced toroidal currents [11]. Slower current quenches generally lead
to larger vertical forces, but the presence of a halo region can modify this scaling. Also, sheath-type
boundary conditions are found to slow the evolution, increasing impulse in NIMROD computations
[12].

6. 3D VDE simulations in ITER geometry: Building on these successful code benchmarks and axisymmet-
ric parameter studies in ITER geometry, we have performed several 3D VDE simulations with M3D-C1
using the ITER vessel model described in 4.



Figure 1:

Currents and fields from these simulations are input to the CARRIDI code for detailed force calculations.
Our initial result is that the intrinsically 3D “sideways force” is much smaller than the vertical force,
largely because the kinking motion of the plasma occurs on a time scale much faster than the vessel
time constant. This is largely consistent with an earlier scaling obtained with the M3D code. [13]

7. Summary and Conclusions: For the first time, we have applied massively parallel implicit 3D mag-
netohydrodynamics codes to predict the wall forces produced during ITER disruptions using realistic
values for the wall resistivity and time constant. Extensive code verification and validation has been
performed. We are in the process of refining the wall model to make it more realistic, and in developing
a tighter coupling of M3D-C1 with CARRIDI in order to refine our present results. Acknowledgments:
This work was supported by US DOE Contracts No. DE-AC02-09CH11466, and No. DE-SC0018001the
SciDAC Center for Tokamak Transient Simulations, EUROfusion Researcher Fel-lowship programme



under the task agreement WP19-335 20-ERG-DIFFER/Krebs, EUROfusion grant No. 633053, F4E con-
tract F4E-OPE-0891),and by Italian MIUR under PRIN grant 20177BZMAH. Disclaimer ITER is the Nu-
clear Facility INB no. 174. The views and opinions expressed herein do not necessarily reflect those
of the ITER Organization. This publication is provided for scientific purposes only. Its content should
not be considered as commitments from the ITER Organization as a nuclear operator in the frame of
the licensing process. References:

8. T. Schioler, C. Bachmann, G. Mazzone, et al, Fusion Engin. Design, 86, 11, pp. 1963-1966, (2011).
9. S. C. Jardin, N. Pomphrey, and J. Delucia, J. Comp. Phys., 66, pp. 481–507 (1986).
10. R. Khayrutdinov and V. Lukash, J, Comp. Phys., 109, pp. 193–201 (1993)
11. F. Villone et al., Plasma Phys. Control. Fusion 55 (2013) 09500
12. S. Jardin, N. Ferraro, J. Breslau et al, Comput. Sci. & Disc., 5 p 014002 (2012)
13. C. Sovinec, A. Glasser, T. Gianakon, et al, J. Comp. Phys, 195 pp. 355386 (2004)
14. M. Hoelzl, P. Merkel, G. Huysmans, et al. JPCS, 401, 012010 (2012)
15. I. Krebs, F. J. Artola, C. R. Sovinec, et al., “Axisymmetric simulations of vertical displacement events in

tokamaks: A benchmark of M3D-C1, NIMROD and JOREK”, submitted to Phys. Plasmas (2020)
16. H. Strauss, S. Jachmich, E. Joffrin, V. Riccardo, J. Breslau, R. Paccagnella, and JET contributors, Physics

of Plasmas 24, 102512 (2017)
17. S. Jardin, F. Villone, C. Clauser, N. Ferraro, N. Isernia, G. Rubinacci, S. Ventre, “ITER Disruption Simu-

lations with Realistic Plasma and Conductors Modelling”, Proceedings of EPS, (2019)
18. C. F. Clauser, S. C. Jardin, and N. M. Ferraro, Nuclear Fusion 59 126037 (2019)
19. K. J. Bunkers, PhD Dissertation, University of Wisconsin-Madison (2019)
20. H. Strauss, R. Paccagnella, and J. Breslau, Phys. Plasmas 17, 082505 (2010)

Country or International Organization
United States

Affiliation
Princeton Plasma Physics Laboratory

Primary author: Dr JARDIN, Stephen (Princeton Plasma Physics Laboratory)

Co-authors: Dr CLAUSER, C.; Dr FERRARO, N.; Dr KREBS, I.; Dr ARTOLA, F. J. (ITER Organization, Route
de Vinnon sur Verdon, 13067 St. Paul Lez Durance, Cedex, France); Dr BUNKERS, K. (University of Wisconsin--
Madison, Madison WI 53706-1609, USA); Prof. SOVINEC, C. (University of Wisconsin-Madison); Dr HOELZL,
M. (Max Plank Institute for Plasma Physics); Prof. VILLONE, F. (Consorzio CREATE, DIETI); Dr RUBINACCI, G.
(Consorzio CREATE, DIETI); Mr ISERNIA, N. (Consorzio CREATE, DIETI); Dr STRAUSS, H. (HRS Fusion)

Presenter: Dr JARDIN, Stephen (Princeton Plasma Physics Laboratory)

Session Classification: P3 Posters 3

Track Classification: Magnetic Fusion Theory and Modelling


