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ABSTRACT

The security of ITER will depend on the capability of the system in fastly extinguishing
the 1.5 GW of nominal fusion power without disruption. The local RLW transport model
is used to simulate such a Plasma Scram. The conditions for a passively secure operation
point in steady-state are discussed in terms of particle exhaust. The time scales of the
process should determine the power supplies of both equilibrium coils and central solenoid.

INTRODUCTION

A key aspect for the ITER security studies is the system capability of managing the 1.5
GW of nominal fusion power coming out from the ignited plasma. Heat overloadings due
to loss of burn control or to LOCA/LOFA accidents in the cooling system, might provoke
severe damage on the plasma facing components and in-vessel shield surfaces, implying
potential safety problems related to tritium inventory and metal activation [1].

In those conditions the heat received by the insufficiently cooled first line elements must
be minimized by a so called plasma scram. A plasma scram (PS) is a fast and controlled
reduction of the power emitted by the thermonuclear plasma, implemented in such a way
as to avoid major disruptions. Its objective is not the termination of the plasma discharge
as in the case of a plasma shutdown, but the extinction of the thermonuclear burn towards
a low-Q final state.

Differences between plasma scram and plasma shutdown are much more evident from
the point of view of time scales. A plasma shutdown, imposed by the reaching of the
flux-swing limitation in a tokamak-type reactor, implies a current rampdown that has to
be slow enough to prevent vertical desplacement events [2]. In ITER it should last for
200-300 seconds. This is unacceptable for a plasma scram which should be able to switch
off the fusion power in a few tens of seconds in order to avoid material damage.

As a first approach to the problem we consider a highly passive PS scenario by cut-off of
the DT fuel while maintaining constant the particle exhaust efficiency as well as the plasma
current to their nominal values. Simulations were made using the 1.5-D PRETOR code
[3], which implements the local Rebut-Lallia-Watkins transport model [4]. We consider
the version of the model in which no Bahm correction is introduced for the jon heat
transport, so that ignition is reached in L-mode for the ITER-ED A [5] parameters.

PLASMA SCRAM BY FUEL CUT-OFF

Several strategies can be envisaged for PS: impurity and pellet injection, ash accumulation
or soft disruption. However, only DT fuel cut-off offers the essential passivity criteria for
a security system like PS.
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Starting from the nominal ITER-EDA ignited operation point in steady-state at (Te)=12.7
keV, (ne)=1020 m~3, whose parameters are given in Table 1, a sudden cut-off of the fuel
would provoke a fast decrease of the or-power, as simulated in Fig.l. This is not directly
caused by the fuel running out but mainly by the fast plasma cooling.

However, this same cooling effect leads to a density limit disruption [6] after 12 seconds
due to the formation of a much too dense cold plasma in the edge regions. This event can
be avoided by reducing the plasma density, operating at higher particle exhaust efficiencies
than the nominal one (eefr=2%).

THE CRITICAL SCRAM EXHAUST EFFICIENCY

We assume that the eefr during the PS is the same as in steady-state, as it is not techno-
logically possible to enhance it in a PS time scale.

The evolution in time of the ratio between the plasma edge density (ns) and the edge
density limit (n^) was calculated for the simulation of PS at different values of eefr .
Fig.2 shows that a critical scram exhaust efficiency (e^) exists, above which the disruptive
density limit is no longer reached during the scram. For the ITER-EDA parameters this
£g is found to be of the order of 5%.

A NEW NOMINAL OPERATION POINT FOR ITER?

The POPCON traced in Fig.3 shows that for a given steady-state fusion power of 1.5
GW, the ITER operation point moves to higher temperatures and lower densities than
the nominal ones for increasing values of e «•. Actually, in order to guarantee the success
of a potential PS, the required £g ~ 5 % leads to a new operation point at (Te)=16 keV,
(ne)=0.7xl020 m~3, with a new set of parameters summarized in Table 2.

Starting from the latter conditions, PS simulations show (Fig.4) that the emitted power
reduces to the half in less than 8 seconds and by more than 90% about 15 seconds after
the fuel cut-off. These durations decrease for increasing exhaust efficencies.

PLASMA CONTROL DURING SCRAM

A three coil model of the ITER. poloidal field system is used to simulate the plasma
control during scram. The reduction of the equilibrium field required by the poloidal beta
ramp-down (0P : 0.77 -*• 0.08 in 15s.) tends to further decrease the current in the central
solenoid (CS). If the scram is triggered after typically the first half of the burn duration
is reached, the current in the CS is found to exceed the maximum allowable value.

Power requirements during scram for the CS power supplies amount to 600 MW if the
plasma current is held constant at 24 MA. In the same conditions, power requirements
during scram for the equilibrium coils power supplies amount to -400 MW, which could
be reduced by using dump resistors. These powers are to be compared to the 300 MW
and 200 MW respectively needed for the nominal ITER current ramp-up.

CONCLUSIONS

Although in the case of an L-mode ignited operation point, the efficiency of a plasma scram
by fuel cutoff is shown. However, a minimum particle exhaust has to be guaranteed in
order to avoid a disruptive density limit.

For the ITER-EDA parameters, this critical scram exhaust efficency is found to be e% ~
5%, which would lead to an operation point in steady-state in a region of high temperature
and low density.
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In the latter conditions a sudden fuel cutoff would permit to divide by two the emitted
power in less than 8 seconds, even faster if the particle exhaust is still increased. These
time scales are more determinant for the design of the equilibrium field coils and the
central solenoid than the current ramp-up phase or the heating phase itself.

However, before the quantitative results could be applied to design and security studies,
further validation of the transport model is to be made. Modelisation of particle exhaust is
also a key aspect to be treated, and the influence of impurities coming from the overheated
first wall should be studied by coupling plasma transport codes to thermohydraulics codes.
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(ne) (10^um-a)
<Te) (keV)
Power Sources(MW)

Ohmic
Alpha

Power Losses(MW)
Radiated
Convected

ZefJ
T*(S)

^(95%)
g Troyon
Boot-strap current (MA)

U

1.0
12.7

1.5
310

123
188.5
1.43
6.51 s
3.33
2.18
3.59
0.948

Table 1: Characteristic parameters for the

nominal steady-state ITER-EDA opera-

tion point (CCJJ — 2%) as calculated with

PRETOR S. 1

(ne) (10*°m-a)
(Te) (keV)
Power Sources(MW)

Ohmic
Alpha

Power Losses(MW)
Radiated
Convected

z*ff
T£(S)

^(95%)
g Troyon
Boot-strap current (MA)

U

0.7
16

1
310

118
193
1.32
6.16 s
3.32
2.26
3.69
0.938

Table 2: Characteristic parameters for the

critical scram steady-state ITER-EDA op-

eration point (tejj = c*s = 5%J as calcu-

lated with PRETOR 2.1
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Fig. 1: a-power evolution during
Plasma Scram by fuel cut-off
from the nominal steady-state TTER-
EDA operation point as simulated
with PRETOR 2.1
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Fig.2: Evolution of the ratio n,/n*
during Plasma Scram by fuel cut-off
from the nominal steady-state ITER-
EDA operation point, for labelled
exhaust efficiencies, as simulated
with PRETOR 2.]
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Fig.3: ITER-EDA's POPCON at
1.5 GW of fusion power for
labelled exhaust efficiencies,
as calculated with PRETOR 2.1
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Fig.4: Evolution of the radiated and
convected power losses during Plasma
Scram, from the ITER-EDA operation
point corresponding to the critical
scram exhaust efficiency, as simulated
with PRETOR 2.1
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