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l. Introduction

Predictive modelling of a number of ELMy H-mode JET plasmas with a tratvertripuffing
was done using a combination of transport codes JETTO and SANCQOnaimeaim of this
analysis was to study the tritium particle transport and to coegawith the neo-classical
one. Previous study of deuterium transport in JET ELMy H-mode fibied, that at least
the convective velocity was of the order of the neoclassicaéwanch for H mode plasmas.
It follows from the neo-classical theory that both the diffusionfioent and the convective
velocity of trace tritium ions should increase withsZand with the main ion density. This
should lead to a faster propagation of trace tritium towards plasnére, which translates
into a shorter time to peak in the measured neutron yield for th&ssmas if transport is
indeed neo-classical. The experimental evidence gives the oppesitewith 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 usé&TTO code to
model the anomalous diffusion and pinch, with NCLASS [3] providing the nessudal
diffusion and convective velocity for all ion species. Two theory matdamodels for
anomalous convective velocity are used in JETTO [1] which assopiath velocity with
either relative magnetic shear or with temperature gradier,[8]. Three JET pulses from
the trace tritium campaign were chosen with different densied Zeff for the tritium
transport modelling. The result of simulations will be comparedhie measured neutron
data.

Il. Experimental observations

Three pulses were chosen for this study: #61118
with ggs = 3.01, Rgi=10.5 MW, Ip = 2.5 MA, B =
2.25 T; #61372 with ¢ = 3.64, Rg= 13.8 MW, Ip

= 2.5 MA, B = 2.7 T with Ar puff and #61374 has
Oos = 3.64, Rgi= 13.8 MW, Ip = 2.5 MA, B= 2.7T.

It is worth noting that discharge #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 shot #61118 might be lower than
the shot #61372The time evolution of relevant
plasma parameters for these three pulses i plotted in

Figure 1: Time traces for the pulses: #613
#61372 and #611°
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L N .1 figure 1. The figure shows that
- = —-eosz 1 the energy content for #61118

arean e : was slightly lower than for the
other two pulses (mainly due to

a lower level of NBI power).
1 The line average electron
density was similar for #61118
and #61372 and lower for

s S #61374. The ELM frequency
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Figure 2: Electron density and temperature from [RDdiagnosti was significantly higher for the
averaged between the start of tritium puff and 586 later for the three Iow-density shot #61374. The
pulses, #611374, #61372 and #61: .

average electron density and
temperature profiles between the start of the tritium
puff and 500 ms later for three selected pulses are
plotted in figure 2. This figure allows concluding that
the density profile was slightly more peaked for
#61118 than for #61372 (which uses Ar seeding to
increase density) and the density was lower for #61374.
As expected the electron temperature for #61374 was
higher. Electron temperature was lower for #61118
| -~ than for #61372 because the input power was lower for
oo Baz ‘ - ~ this pulse. Figure 3 shows two horizontal camera
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Figure 3:Time traces of the 2 horizontal cam  channels data (a central and the edge one) for the
channels. Edge channel number 1 (top figure}yree pulses. The signal at the edge is higher for
and core channel number 4 (bottom figure), for :

the pulses #61118 (red continuous line), #6137%01118 and the core channel shows a difference
(blue dash dotted line) and #61374(magentBetween pulses in time to peak, which is slower for
dashed line) the high-density pulses. This delay was also seen in
the central channels of the neutron vertical camera.

[1l. Modelling the tritium puff

The ion and electron temperatures were taken from experiment, belydénsities of
deuterium, tritium and impurities were simulated. The followinguasggtions about particle
transport used in JETTO+SANCO code were made. Since edge tramspoer (ETB) is
included into simulation, different assumption about transport coefficiare made for
transport inside and within ETB. Deuterium diffusion coefficient:

Dy =CersCoDierro + Dpnes » WhereDyerro is the anomalous particle diffusion determined
from the Bohm/gyro Bohm empirical model [2Dpneo is the neoclassical diffusion for
deuterium from NCLASS [3], g is the multiplier for the anomalous contribution in all the

. T . 1 ,0 S pTop
plasma. Grs is the multiplier defined by:c.s =
0.00001  p > py,

corresponds to a radial position of top of ETB. This multiplier is intgot to describe the
diffusion that is closer to neo-classical values within the EDB H-mode plasmas. The
characteristic width of the ETB is defined by, = (L o1, )a = 3cm, wherea is the minor

+D

, Where pr,

radius. The patrticle diffusion for tritium isD; =c; /c, D, —D and for impurity

Dneo Tneo
Dimp = Dimpneo-
The convective velocity for deuterium i¥, =V, —c,,D, 0a/q-cy D, OT/T, for

tritium is V; =Vq., +¢;,D; 0g/q - D; OT/T and for impurity iSVinp = Vimpneo Where
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Cpg, CoT, Crq @nd @, are the variable anomalous multipliers for the anomalous convective
velocity for deuterium and tritium respectively and q is the safety factor.

- I - o We adjusted transport for

: TGN © o deuterium and impurity so
semp@) W UET 4 o0 that their profiles stay close

) to experimentally observed
profiles (same coefficients
were used for all three
discharges). Deuterium
density at the boundary was

roted neutron yield [10" nel

integrated neutron yield [10® n

rrj" 7] ‘]Lu‘w:
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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
oo ms s simulations to find the best
JET shot: 61374 — Channel JET shot: 61374 — Channel 4 fit with eXperimental data.

| L E R : | | A post-processing tool was
made to calculate the line
integrated neutron yield
from the JETTO+SANCO
simulations, which allows a
‘ o | direct comparison between
o D simulated and measured

Fi&ure 4: Experimental and simulated neutron lineeaageemissivity for an edge Signa|s_

channel 1 (left) and central channel 4 (right) fire three pulses: #61118, #61372. .
and #61374 The best fit for the shot

JET shot: 61372 — Channel

eutron

61372
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#61118 is shown on figure 4:
- it was obtained by using the anomalous diffusion
- and convective velocity multipliersr= 1.0 and ¢
= 1.7 and zeff=2.3. For the shot #61372 the
multipliers were the same butr 1.5 with the
lower level of Zeff=2.1. Argon was used as the main
impurity. These settings were also used for the
; : A\ lower density pulse #61374 and the result was that
o i the simulated time to peak was longer than
- "= experimentally observed (see figure 4c). To increase
- the neutron yield in the core and shorten the time to
-0 peak a much higher diffusion multiplier was
Figure 5: Tritium diffusion (top) and convecti reqUIred’ ¢=3.0 and Zeff = 1.8, - ..
velocity (bottom) for the pulses #61118 (red neoAlﬂ‘":)uQh the anomalous multipliers for tritium
classical, blue neo-classical plus anomalougliffusion were different for #61118 and #61372 the
o et oo me 2% 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 necsidak transport plays an
important role in high density H-mode shots. This cannot be said abou#6L874: tritium
diffusion and convective velocity were both significantly above the classical level. A
number of possible reasons for high anomalous patrticle transport in evesity plasmas
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have been identified and tested in predictive modelling. It was shbanneither variation
in the boundary conditions, nor different assumption about edge recyclirapbre¢o explain
the observed difference in the level of anomalous transport. Gepnehall level of the
gyroBohm transport should increase with the temperature. Also rherd convective
velocity scales inversely proportional to plasma collisionality§79]. We however were
unable to confirm this trend using Weiland model. An observed differenc&LM
frequency between high and low density plasma (which was morettéf@atimes higher for
#61374 than for the other two pulses) is another possible reason for fatem
redistribution in lower density plasma. It was also tested in predictive modell
” JET shoti 61374 — Shionns JET shot: 61374 = Channel 4 ELMs

cxunte ] Eost ~ 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
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Figure 6: Experimental and simulated neutron lingeaageemissivity critical parameterderi, Whlc,h
for an edge channel 1 (left) and central channel(dight) for for Cont!'c_)ls the _ ballooning
#61374. The simulated results are for two extrerses without ELMs Stability. The code increases all

and with the highest ELM frequen the anomalous coefficients
within the ETB for a short period of timAt (with At < 0.3 msec) to simulate ELM. The
study of how the tritium transport is influenced by ELM frequemegs done by changing
the aqit. We use plasma parameters for the shot #61374 to do a systercatidrs ELM
frequency (the lower is theg: the higher is the ELM frequency). Figure 6 shows the edge
and the core experimental and simulated neutron yield for two higiitiases: without ELMs
and with the highest ELM frequency. It is clear that the ELMsrease the effective
diffusion and shorten time-to-peak for lower density plasma, althoughefifeect is not very
strong. Note that the level of anomalous tritium transport used isetlsenulation was the
same as it was used for higher density shots1d.

CONCLUSIONS

Predictive modelling of a number of JET ELMy H-mode plasmasaty that trace tritium
diffusion and convective velocity is close to the neo-classical walige high-density
plasmas [10, 11]. Lower density H-mode requires higher level of atmmadransport to be
consistent with experimental findings. ELMs can make a sigmfiaaontribution to this
observed increase in effective tritium diffusion.
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