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ABSTRACT.

Predictive modelling of a number of ELMy H-mode JET plasmas with a trace tritium puffing was
done using a combination of transport codes JETTO and SANCO. The main aim of this analysis
was to study the tritium particle transport and to compare it with the neo-classical one. Previous
study of deuterium transport in JET ELMy H-mode [1] showed, that at least the convective velocity
was of the order of the neoclassical ware pinch for H mode plasmas. It follows from the neo-
classical theory that both the diffusion coefficient and the convective velocity of trace tritium ions
should increase with Z ¢ and with the main ion density. This should lead to a faster propagation of
trace tritium towards plasma centre, which translates into a shorter time to peak in the measured
neutron yield for these plasmas if transport is indeed neo-classical. The experimental evidence
gives the opposite trend with a longer time to peak for high-density plasmas both with and without
additional Argon gas puff.

The empirical Bohm/gyroBohm model for anomalous transport [2] is used in JETTO code to
model the anomalous diffusion and pinch, with NCLASS [3] providing the neo-classical diffusion
and convective velocity for all ion species. Two theory motivated models for anomalous convective
velocity are used in JETTO [1] which associate pinch velocity with either relative magnetic shear
or with temperature gradient [4, 5, 6]. Three JET pulses from the trace tritium campaign were
chosen with different densities and Z ¢ for the tritium transport modelling. The result of simulations

will be compared with the measured neutron data.

1. EXPERIMENTAL OBSERVATIONS

Three pulses were chosen for this study: Pulse No: 61118 with qg5 = 3.01, Py = 10.5MW, Ip =
2.5MA, B =2.25T; Pulse No: 61372 with qg5 = 3.64, Pypy= 13.8MW, [, = 2.5MA, B, = 2.7T with
Ar puff and Pulse No: 61374 has qg5 = 3.64, Pyp; = 13.8MW, Ip =2.5MA, B, = 2.7T. It is worth
noting that Pulse No: 61118 has lower toroidal field, which translates into a lower safety factor q (at
least in the outer part of plasma volume). Since anomalous transport can depend on toroidal magnetic
field, this implies that the transport for the Pulse No: 61118 might be lower than the Pulse No: 61372.
The time evolution of relevant plasma parameters for these three pulses is plotted in 2 figure 1. The
figure shows that the energy content for Pulse No: 61118 was slightly lower than for the other two
pulses (mainly due to a lower level of NBI power). The line average electron density was similar for
Pulse No’s: 61118 and 61372 and lower for Pulse No: 61374. The ELM frequency was significantly
higher for the low-density Pulse No: 61374. The average electron density and temperature profiles
between the start of the tritium puff and 500ms later for three selected pulses are plotted in figure 2.
This figure allows concluding that the density profile was slightly more peaked for Pulse No: 61118
than for Pulse No: 61372 (which uses Ar seeding to increase density) and the density was lower for
Pulse No: 61374. As expected the electron temperature for Pulse No: 61374 was higher. Electron
temperature was lower for Pulse No: 61118 than for Pulse No: 61372 because the input power was

lower for this pulse. Figure 3 shows two horizontal camera channels data (a central and the edge one)



for the three pulses. The signal at the edge is higher for Pulse No: 61118 and the core channel shows
a difference between pulses in time to peak, which is slower for the high-density pulses. This delay

was also seen in the central channels of the neutron vertical camera.

2. MODELLING THE TRITIUM PUFF

The ion and electron temperatures were taken from experiment, only the densities of deuterium,
tritium and impurities were simulated. The following assumptions about particle transport used in
JETTO+SANCO code were made. Since Edge Transport Barrier (ETB) is included into simulation,
different assumption about transport coefficient were made for transport inside and within ETB.
Deuterium diffusion coefficient: Dy, = cgrp ¢pDjgrr0o + Pppeor Where D jprro s the anomalous
particle diffusion determined from the Bohm/gyro Bohm empirical model [2], Dy, is the
neoclassical diffusion for deuterium from NCLASS [3], cp is the multiplier for the anomalous

contribution in all the plasma. CETB is the multiplier defined by:

c 1 P <Pop where p
= ; T
ETB =1 0.00001 p > prop o

corresponds to a radial position of top of ETB. This multiplier is important to describe the diffusion
that is closer to neo-classical values within the ETB for H-mode plasmas. The characteristic width
of the ETB is defined by: Lgrp = (1-pg,,) a = 3cm, where a is the minor radius. The particle
diffusion for tritium is: Dy = cy/cp, Dy, - Dpy,., + D1y, and for impurity Dy = Diponeo

The convective velocity for deuterium is Vj, = Vi, - ¢p, Dp Vq/q - ¢y Dp VI/T, for tritium is
Vr=Vineo = ¢4 Pr Vq/q - ¢ D VIT/Tand for impurity is Vip ="V,

impneo* Where Cpg CDT> €14 and

¢ are the variable anomalous multipliers for the anomalous convective velocity for deuterium
and tritium respectively and q is the safety factor.

We adjusted transport for deuterium and impurity so that their profiles stay close to experimentally
observed profiles (same coefficients were used for all three discharges). Deuterium density at the
boundary was constant and equal to its initial value for all simulations. The anomalous multipliers
for tritium diffusion, convective velocity and tritium puff rate were varied throughout simulations
to find the best fit with experimental data.

A post-processing tool was made to calculate the line integrated neutron yield from the
JETTO+SANCO simulations, which allows a direct comparison between simulated and measured
signals.

The best fit for the Pulse No: 61118 is shown on figure 4: it was obtained by using the anomalous
diffusion and convective velocity multipliers ¢z= 1.0 and crg=1.7 and Z,, =2.3. For the shot
Pulse No: 61372 the multipliers were the same but cz-= 1.5 with the lower level of Z, o = 2.1. Argon
was used as the main impurity. These settings were also used for the lower density Pulse No: 61374

and the result was that the simulated time to peak was longer than experimentally observed (see



figure 4(c)). To increase the neutron yield in the core and shorten the time to peak a much higher
diffusion multiplier was required, c;= 3.0 and Z, .= 1.8.

Although the anomalous multipliers for tritium diffusion were different for Pulse No’s: 61118
and 61372 the total diffusion (neo-classical plus anomalous) was similar, see figure 5. This means
that the tritium transport is very similar for these two pulses and that neo-classical transport plays
an important role in high density H-mode shots. This cannot be said about Pulse No: 61374: tritium
diffusion and convective velocity were both significantly above the neo-classical level. A number
of possible reasons for high anomalous particle transport in lower density plasmas have been
identified and tested in predictive modelling. It was shown that neither variation in the boundary
conditions, nor different assumption about edge recycling are able to explain the observed difference
in the level of anomalous transport. Generally the level of the gyroBohm transport should increase
with the temperature. Also the inward convective velocity scales inversely proportional to plasma
collisionality [7, 8, 9]. We however were unable to confirm this trend using Weiland model. An
observed difference in ELM frequency between high and low density plasma (which was more
than two times higher for Pulse No: 61374 than for the other two pulses) is another possible reason

for faster tritium redistribution in lower density plasma. It was also tested in predictive modelling.

3. ELMS
The model used for ELMs was a simple one based on the ideal ballooning instability. The code
checks the normalised pressure gradient within the ETB and compares it with the critical parameter

..., Which controls the ballooning stability. The code increases all the anomalous coefficients

crit?

within the ETB for a short period of time At (with At < 0.3 msec) to simulate ELM. The study of

how the tritium transport is influenced by ELM frequency was done by changing the o ... We use

crit’
plasma parameters for the Pulse No: 61374 to do a systematic scan in ELM frequency (the lower is
the acrit the higher is the ELM frequency). Figure 6 shows the edge and the core experimental and
simulated neutron yield for two limiting cases: without ELMs and with the highest ELM frequency.
It is clear that the ELMs increase the effective diffusion and shorten time-to-peak for lower density
plasma, although this effect is not very strong. Note that the level of anomalous tritium transport

used in these simulation was the same as it was used for higher density shots: ct=1.5.

CONCLUSIONS

Predictive modelling of a number of JET ELMy H-mode plasmas reveals that trace tritium diffusion
and convective velocity is close to the neo-classical values for high-density plasmas [10, 11]. Lower
density H-mode requires higher level of anomalous transport to be consistent with experimental findings.

ELMs can make a significant contribution to this observed increase in effective trittum diffusion.
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Figure 1: Time traces for the Pulse No’s:61374, 61372 and 61118,
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Figure 2: Electron density and temperature from LIDR diagnostic averaged between the start of tritium puff and
500ms later for the three Pulse No’s: 611374, 61372 and 61118.
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Figure 3:Time traces of the 2 horizontal camera channels. Edge channel number 1 (top figure), and core channel
number 4 (bottom figure), for the Pulse No’s: 61118 (solid line), 61372 (dash dotted line) and 61374 (dashed line).
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Figure 4: Experimental and simulated neutron line average emissivity for an edge channel 1 (left) and central channel
4 (right) for the Pulse No’s: 61118, 61372 and 61374
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Figure 5: Tritium diffusion (top) and convective velocity (bottom) for the Pulse No’s: 61118 (red neo-classical, blue
neo-classical plus anomalous, solid line), 61372 (magenta dashed and dotted line ) and 61374 (green dashed line).
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Figure 6: Experimental and simulated neutron line average emissivity for an edge channel 1 (left) and central channel
4 (right) for for Pulse No: 61374. The simulated results are for two extreme cases without ELMs and with the highest
ELM frequency.
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