GA-A27805

EXPANDING THE PHYSICS BASIS OF THE BASELINE
Q=10 SCENRAIO TOWARD ITER CONDITIONS
b

y
T.C. LUCE, G.L. JACKSON, T.W. PETRIE, R.l. PINSKER, W.M. SOLOMON, F. TURCO,
N. COMMAUX, J.R. FERRON, A.M. GAROFALO, B.A. GRIERSON, J.M. HANSON,
A.W. HYATT, G.R. McKEE, R.J. LA HAYE, M.J. LANCTOT, C. PAZ-SOLDAN,
M. PORKOLAB, T.L. RHODES, and G. TAYLOR

AUGUST 2014

0:0 GENERAL ATOMICS



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
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product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the United
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Much of the physics basis for ITER baseline scenario operation has been obtained in plasmas
with significant fueling and applied torque from neutral beam injection (NBI). DIII-D has
unique capabilities to extend this physics basis toward ITER conditions by applying neutral
beam injection (NBI) with combinations of co- and counter-injection to reduce torque input,
applying electron cyclotron heating (ECH) to reduce fueling and torque and to equilibrate the
electron and ion temperatures, and exploring the effects of steady-state and transient divertor
heat flux reduction with radiative divertor operation. All of these tools have been applied to
plasmas with a boundary shape close to that of ITER to minimize systematic effects in
projection of the results to ITER.

Sustained operation with normalized parameters

2'0:(3) 0%, sufficient for Q=10 operation in ITER (By=1.9, Hy=1.05,
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Fig. 1. Time histories of : the same applied torque
(a) normalized  pressure  (By), 0.9t . S L, L, TP are  compared. DIII-D
current (ly), confinement (Hyg), A 0 1 2 3 4 5 plasmas at low g,
(b) neutral beam power (Pyg), Tyg (Nm) often have a modest
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Fig. 2. Normalized confinement
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light yfo(lr )an ITER base(line): (Hyg) vs applied torque (Typ) for mOde; which  also
scenario demonstration plasma ITER baseline scenario demon-  contributes to  the
with low applied torque. stration plasmas. transport.
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These results are very positive for ITER; however, operation with near-zero external
torque input has proven to be quite challenging in DIII-D. The principal obstacle to sustained
operation at low g, is the onset of tearing modes. With co-NBI, the operational boundary is
almost always determined by n=1 modes. At reduced or near-zero torque, a greater variety of
modes are observed. Many plasmas exhibit instability to the n=1 tearing mode as in the co-
NBI plasmas, but at low torque the mode more readily slows the plasma rotation to zero in
the lab frame, leading quickly to a disruption. There are also many cases where the n=2 mode
grows large enough to slow the plasma rotation to zero. More rarely, the plasma rotation
seems to be affected in the absence of a rotating tearing mode precursor. A clear
understanding of the phenomenology is not yet in hand, but the leading hypotheses are
sensitivity to uncorrected error fields in DIII-D or evolution of the plasma current density to a
classically tearing unstable state. Both of these causes would have implications for ITER,
either in the design specifications for error field tolerance and correction or in seeking
alternative scenarios at higher g,s for Q=10 operation where operation at low applied torque
appears to be easier.

Radiative divertor operation with neon is successful at
reducing both the steady-state and ELM-transient heat flux
to the divertor at constant Py=1.9 under feedback control by
NBI. A strong D, flow yields reduction in steady-state and N 3
transient heat fluxes to the divertor by more than a factor of N\ [ELM)
2 (Fig. 3). The reduction in the heat flux from the ELMs N\
may be connected with the strong increase in ELM 2| p—o&_ 5
frequency with increasing D, flow. Neon is introduced into
the private flux region, resulting in further reduction in the Botss
heat flux to both the inner and outer divertor. Isolation of o 5
the neon to the divertor is achieved in concert with the 0 50 100 150 200
substantial flow of D,, with the core neon density actually D, Injection Rate (Torr /s)
reduced with increased D, flow, even at reduced torque.
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Fig. 3. Peak steady-state

Use of pellet injection (up to 60 Hz) in place of the gas
flow yielded results similar to an equivalent continuous gas
flow. The radiation from neon comes predominantly from
outside the plasma, consistent with the low core neon
density measurements mentioned earlier.

(green) and transient (red) heat
flux on the outer divertor vs
deuterium flow rate for ITER
baseline scenario demonstration
plasmas.

Experiments without auxiliary heating in DIII-D showed that the optimum current rise for
minimizing flux usage is the fastest possible rise while maintaining MHD stability.
Optimization of the current rise phase of ITER is important to preserve sufficient flux to
satisfy the duration requirement of the first ITER physics objective (>300 s operation).
Projection of the DIII-D results to ITER show that the limitations of the ITER poloidal field
coil set at low [, may shift the optimum in ITER to a high /; startup because more flux is
accessible from the poloidal field coil set.

These results obtained recently in DIII-D provide critical information for ITER baseline
scenario operation. The existence of stationary plasmas at nearly zero applied torque in
DIII-D with sufficient normalized pressure and confinement for Q=10 in ITER at 15 MA is a
key validation of the baseline scenario. Radiative divertor operation is successful in DIII-D at
low g,s and reduced torque without enhanced accumulation of the seed impurity used for
radiation. The studies of the flux usage indicate sufficient flux should be available in ITER to
meet the >300 s operational requirement. However, the operational difficulties encountered
with tearing mode stability at low applied torque suggest that a more diverse set of plasmas
should be considered for the Q=10 mission, due to the sensitivity of ITER to disruptions.
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