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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any
of their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
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 States Government or any agency thereof.
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J.G. Watkins et al. Main Chamber Plasma-Wall Interaction Studies in DIII-D in Support of ITER

Recent experiments in DIII-D have examined heat and particle flux profiles to main chamber
regions that are of particular concern for the design of the ITER first wall. The first of these are
at the high and low field side midplanes where ITER is expected to limit L-mode plasmas during
the ramp-up and ramp-down phases of the plasma discharge. The scrape-off layer (SOL) power
decay widths during inner wall limited (IWL) L-mode discharges in DIII-D are on the average
~2.5 times larger than those in diverted and upper outer wall limited plasmas, in agreement with
the assumptions used in the ITER first wall design. A second important area of concern for main
chamber interactions in ITER is at the top of the vessel where a secondary divertor is expected to
handle both steady state and ELMing levels of particles and energy. On DIII-D, measurements in
H-mode show that the heat flux deposition on this secondary divertor region is 3-4 times broader
than that seen at the primary divertor largely due to the effect of ELMs.

The power handling on the limiter is determined by the shaping and the parallel heat flux
density characterized by the SOL power flux density e-folding length, Ay. In the ITER thermal
load specifications [1], the limiter phase A4 is derived from a modified L-mode divertor plasma
scaling based mostly on JT-60U and JET results. Here we have used limited plasmas and
scanned the main scaling parameters, plasma density, n., plasma current, /,, and power into the
SOL, Psor. Using the near-SOL density and temperature e-folding lengths, A,, Ar, determined
from reciprocating Langmuir probe measurements made near the outer midplane, A4 is derived
assuming 7. = 7; in the SOL. The measurements show that A, and At are correlated (At~ 1.2 A,)
and both are up to 2.5 times larger in IWL configurations than in lower single null (LSN)
[Fig. 1(a)]. In moderate elongation (k~1.4) IWL discharges, A, is nearly constant with /,,, n., and
power unlike the assumed ITER scaling [Fig. 1(b)]. In LSN discharges with attached outer strike
point, IRTV and probe measurements of A, agree within a factor of ~2. In IWL discharges, A,
measurements are consistent with the expectations of a simple SOL power balance. Scaling
dependencies of A4 on the individual discharge parameters do not agree with our data. However,
the fact that scaled JT-60U and JET data agree reasonably with the DIII-D measurements
supports the strong machine size dependence (A4 o R?, where R is the major radius) assumed by
the ITER scaling.

ITER will use unbalanced double-null configurations for which a secondary divertor region
exists at the top of the vessel and for which first wall design must account. Power fluxes in this
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Fig. 1. (a) Near-SOL density and temperature e-folding lengths in IWL and LSN configurations;

(b) measured power flux density e-folding length vs that predicted by ITER scaling [1]. Measured IWL
data in (b) are divided by 2.5 to be on the same scale with LSN points.
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region have not generally been well diagnosed and thermal and particle loads during and
between ELMs need to be better characterized in support of the proposed ITER first wall design.
For an ITER similar shape with the ion BxVB drift towards the primary upper x-point, 50%
larger core plasma density (5.0 —7.5x10" m™) resulted in smaller ELMs, less radial transport of
particles, and 75% less energy per ELM into the secondary SOL and divertor. Averaged over
ELMSs, Aq in the secondary divertor is observed to be 3-4 times broader than typical for the
primary divertor. As the magnetic balance shifts more towards the main divertor, the heat and
particle flux to the secondary divertor is reduced and the total energy per ELM deposited on the
secondary divertor drops proportionally with drsep.

Detailed measurements of the ELM energy and particle deposition footprint on the secondary
divertor target plates were made with a fast IR camera, Langmuir probes, and fast response
thermocouples embedded 1 cm below the target plate surface. SOL profile and transport
measurements were made with reciprocating probes at the outer midplane. Particularly striking
are the images from a new fast IR camera that looks down into the secondary divertor showing
spiral patterns with multiple peaks during ELMs (Fig. 2). These patterns are consistent with
transport due to radial propagation of filaments that were also measured by a reciprocating probe
and a fast framing camera at the outer midplane. Carbon (C13) deposition measurements have
also been performed in the secondary divertor for tritium inventory and impurity estimates.
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Fig. 2. Fast IR camera images looking down at the toroidal strike point in the secondary divertor
before and during an ELM.
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