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The integrated modeling code METIS [1] is a faskem real-time scenario simulation suite
which can be applied to a significant variety ofgsha modelling activities due to its
comprehensive list of physical models. It allowslgses of current diffusion and heat and
particle transport and sources including tungstBecently, in the framework of the
construction of JT-60SA, it has been adapted for60FA scenario preparation and
development. We have used METIS to optimize thenate development of JT-60SA [2]
especially during the ramp-up phase, with the disawing flux consumption, which is a key
point to achieve longer duration discharges (thalalle poloidal flux is limited due to the
maximum current allowed in central solenoid co[3)4]. METIS simulations have already
been compared to experimental data for JET, DIIERST, Tore Supra, TCV and have proven
to be able to predict with good accuracy, if prdypeuned, most of the scenarios [1 and
references therein].We present here the activityatiiation carried out in view of assessing
reference scenarios developed for JT-60SA.

The activity of validation has consisted, firstiy, a benchmark of METIS results against
CRONOS [5] simulations of JT-60SA scenario basedmmalels tuned on JET and JT-60U
experiments [6]. This work is based on simulattbd T-60SA scenario described in details in
reference [6]. These simulations have been tunedxperiments made on JET and JT-60U
presenting similarities with planned JT-60SA scersaland then extrapolated to JT-60SA
scenarios. We have selected two CRONOS simulatitresfirst one addresses scenario 2
(Inductive H-mode, high density) using the GLF28ecmansport model and the Cordey scaling
law for pedestal pressure (line 4 of table 3 in;[Bje second one is scenario 4.2 (HybridGLF23
+ CDBM) using both GLF23 and CDBM and Cordey saaliaw for pedestal pressure (line 1
of table 3 in [5]). For the benchmark, we startnirthe catalogue of METIS simulations
prepared for JT-60SA, based on research plan ewpsti descriptions [2] and joined to
customize METIS distribution [7]: METIS paramettiman is chosen to take into account
information contained in the research plan, sudd-gctor, NBI configuration and EC system
capabilities. Nevertheless this leaves some freetdochoose some parameters, as the density
profile shape or the pedestal pressure. Based amérnal parameters, METIS predicts all the
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profiles, including densities and temperatures ilm®fwhich are computed self-consistently
with sources provided by METIS internal models amdD equilibrium which is based on
moments of the Grad-Shafranov equation and morpbiigscribe the shape close to X-point.
Then, we modified the minimum set of parametertake into account specific features of
CRONOS simulations. The first benchmark is the $athon of scenario 2. It has been done by
changing METIS simulation density and pedestalquesto match the CRONOS one, which
were done with slightly different parameters.Thée,simulation of scenario 4.2 has been done
by changing the METIS simulation density to matoh CRONOS one. In both cases METIS
and CRONOS simulations share the same LCFS. Wecftirapare OD parameters between
CRONOS and METIS predictions. Next, we compareil@®itomputed by CRONOS and by
METIS for kinetic profiles, sources and quantitieked to equilibrium and current diffusion.
These comparisons show the ability of METIS to dateuJT-60SA scenario flattop at a level
of precision similar to CRONOS (details can be fbim[7]). Even with this minimal tuning,
we obtain quite good reproduction of CRONOS simaiet (figure 1). Sensitivity checks for
Zes and EC deposition width have also been carrie@dodtshowed a negligible impact of these
parameters. It would be possible to obtain a qoasiplete matching of CRONOS results with
METIS simulations by tuning more parameters in METThe only limitation will come from
the equilibrium computations, based on HELENA codeCRONOS and moments and
morphing in METIS, which show some deviations (with5%) for the equilibrium parameters

at the plasma edge ¢& 0.8) for high, scenario (figure 2 & 3).
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The second part of the validation has consistegtadies of the capability of METIS to
simulate ramp-up of selected JET experiments: Ler®@dvall discharge, ICRHe* minority
heating + NBI with current ramp up to 1.9 MA in 88221, 73224) or up to 1.9 MA &
overshoot to 2.4 MA in 4s (78834,78842); Ohmic Qhwisscharge with 1 MW NBI and
current ramp to 1.7 MA is 4 s (79649) [8]; OhmicW discharge with late NBI and current
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ramp at 2.6 MA in 10 s (89723) and NBI (up to 18MMC-wall discharge and current ramp to
27 MA is 9 s (72516). METIS has been run with adéff tuning for JET
(hard coded in METIS interface to JET MDS+ datdaska current, line averaged electron
density, effective charge, toroidal magnetic fialtl plasma geometry are read from the JET
database. Additionally, if used in the dischafgB] and ICRH power and configuration are
also read from JET databas®IETIS results are compared to the following scalata
measurements;, B, , Wyup andVi,,, from EFIT;n. o, (ne), Teo ,(Te) from LIDAR; P44
from bolometers (figure 4) and the following prefitlata measurements: LIDAR electron

density and temperature; ECE electron temperatdifRTS electron density and temperature;
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Figure 4: Comparison of 0D data between METIS mtautis and measurements for JET shot 78842

charge exchange ion temperature and a direct casopato MSE angles (with the help of
CRONOS synthetic diagnostic). These measuremeatsaa available for all dischargeAll
shot simulations reproduce the measurements qeitelaop voltage/; andg,, evolutions are
quite well simulated with, for some shots, an dffegs,, and some difference fdy in the early
part of the ramp-upin,), n.o , (Te) andT,, are well simulated, but for some shots the
temperature is higher than the measured one ieatg part of the ramp-ug,..4 is correctly
simulated (with larger differences than for othargmeters), but not for shot 79649 and for
89723; the energy content is well predicted extmpthot 79649. Most of the discharges have
no sawtooth (ST) during the ramp-up; only shot &8%as ST onset during ramp-up and
METIS predicts the first ST about 0.5 s before & be seen on ti# , signal (ECE/KK3).
MSE angles (figure 5) are only available for sh@8842 & 79649 and there is a good
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2 foes agreement of prediction with measurement for sh&842.

! }i Interpretation of measurement is difficult for sh@®649 (there are
+ simulation

A oscillations in the experimental profiles). Electrdensity profiles

(figure 6) are quite well simulated and electromperature profiles

Angle (deg.)
.

3 ¥,
H;. , . . . .
- *,;;.. . (figure 7) are reasonably predicted with some digancies in the
: W . .
° Hit early ramp-up phase: values and width of profiles reot correctly
2% 5 5z 34 36 38
R (m)
Figure 5: MSE angles for predicted. lon temperature profiles (figure 8) ayenerally not
JET shot 78842 . . .
available during ramp-up and only shot 79649 had diBgnostic
t=46s t=46s t=46s
35 . T HRTS s
5 o T_LIDAR o TEX
. T_ECE (KK3) T |—TMETIS
2.5 T, METIS 6
o 5
= 33 3.
v—‘e 15 A A
. n_HRTS 2 3
1 e
o N, LIDAR 2
05 |__n_ METIS ! !
% =z 3 4 % 2 3 % 2 3 4
R(m) R (m) R(m)
Figure 6: Electron density Figure 7: Electron temperature Figure 8: lon temperature
for JET shot 78842 for JET shot 78842 for JET shot 78842

during ramp-up (IMW). lon temperature is overestedacompared to the first available

measurement (generally after the end of the ram)p-up

In conclusion, this study allowed highlighting ttapacity of METIS to simulate the ramp-up

of a device with similar size to JT-60SA and todiceflattop phases of JT-60SA. Comparisons
between METIS predictions and experiments show gapdement, even if some limitations

appear. Differences are found, in particular, mpgerature and density profiles predictions.

This work has been carried out within the framewofkhe EUROfusion Consortium and has received ifumd
from the EURATOM research and training programm&422018 under grant agreement No 633053. The views
and opinions expressed herein do not necessdlliigréhose of the European Commission. The authiatefully
acknowledge members of the JT-60SA Integrated Brdjeam for data exchange and fruitful discussions.

[1] METIS, J-F Artaud et al, submitted to Nucl. kus

[2] JT-60SA Research Plan, Research ObjectivesStnadegy, Version 3.3, 2016, March: JT-60SA Redebiat
(http://www.jt60sa.org/pdfs/JT-60SA_Res_Plan)pdf

[3] H. Urano et al, Fusion Engineering and Desigf 2015) 345-356

[4] T Wakatsuki et al, Plasma Phys. Control. Fu&a@n2015) 065005 (12pp)

[5] J.F. Artaud et al 2010 Nucl. Fusion 50 043001

[6] J. Garcia et al, Nucl. Fusion 54 (2014) 093010

[7] https:/lidm.f4e.europa.eu/Portal/Pages/Content\dspx?uid=2AAZGM

[8] D.L. Keeling, Nucl. Fus. 58 016028




