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1. INTRODUCTION
Previous DIII-D experiments [l, 21 that induced a D+ flow in the scrape-off layer
(SOL) showed that this flow increased the divertor concentration of extrinsically injected
impurities (neon, argon). These impurity fueling and exhaust (or puff and pump) experiments
raise a number of modeling issues: the effect of edge-localized modes (ELMS) in regulating
impurity core accumulation; the particle balance of the extrinsic impurities; the relation
between divertor and plenum enrichment; and the effect of features unique to the present
DIII-D Advanced Divertor configuration, specifically, the localized back-conductance of D2
and impurities from the baffle plenum in the outboard divertor region. To aid in understanding the relations between these processes, models have been improved: for core impurity
transport to include ELM effects, and for divertor models to treat helium, neon, and argon
transport with DIII-D - specific configuration effects. The models have been used to analyze
a series of experiments in which neon and argon were first continuously injected (in the
divertor private flux region) for 1.5 s, and then exhausted by the DIII-D cryopumping system
[2]. Deuterium was puffed at rates of 80 Torr Lls and 150 TOKWs from the midplane and the
divertor private region in these experiments.

2. MODEL
Core radial transport (MIST-ELM)
The suitability of H-mode Confinement for reactor applications relies on the observed
beneficial effect of ELMs in regulating core impurity accumulation. However, direct observation of ELM effects in reducing the particle confinement time has been made only for electron density and He* profiles. In contrast, in the transport analysis of extrinsically injected
impurities neon and argon, the ionization stages (NeXI, ArXVI) measured by charge
exchange recombination (CER) spectroscopy are not located in the ELMing region. Thus, the
MIST code [developed by R. Hulse, 31 has been modified to describe this. The ELM effect on
impurities is modeled as expulsion of a predetermined fraction of all the charge state densities
nk(p,t) for radius p > PELM at a frequency (C2ELM) determined by the observed frequency of
the time evolution of D, signals. The expulsion fraction is not determined by the D, signal,
and thus becomes a fitting parameter.
Figure 1 shows results from the model of varying the assumed ELM amplitude (neon
expulsion fraction) from 20% to 100% (Fig. la), the anomalous diffusivity (edge DA) from

0.5 to 1 m2/s at fixed ELM amplitude and core DA (Fig. lb), and the assumed radius of ELM
localization from p = 0.6 to 0.85 (Fig. IC).DIII-D discharge 86944 is shown, a case in which
the ELM frequency changed from 50 Hz to 10 Hz at t = 2.75 s. Without the ELM model the
transition must be modeled by varying D,, while the fit in Fig. 1 was obtained with a fixed
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Fig. 1. Results of MIST-ELM model for DIII-D discharge 86944. QIZLMchanges from 50Hz to lOHz at
t = 2.75s. A time-independent DA is used.

DA profile (edge value = 0.7 m2/s). Figure 2 shows a comparison between the MIST-ELM
model and CER measurement for NeXI density for DIII-D shot 89873, with 80 Torr W s (midplane) deuterium puffing. For both neon and argon, best fits are obtained using a pinch coefficient, + = 0 (with the "MIST parametrization"), in contrast to earlier results for helium, in
which cv = 1 was found to be optimum. The anomalous diffusivities which result from the
comparison are typically a factor of 3 lower than the diffusivities inferred from the conventional time-averaged analysis, which includes ELM effects as part of the anomalous diffusivity. For core modeling, the effective global recycling coefficient is taken to be 0.96 for both
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Fig. 2. Cornparisoh oi MIST-ELM model with neon fueling and exhaust experiments measured by CER
specuoscopy. Sensitivity to assumed edge DA with fixed ELM amplitudecis shown.
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Global particle balance
Previous analysis of DIII-D impurity
fueling and exhaust experiments has shown
that up to 90% of injected neon may be temporarily stored in the wall [2]. The impurity
particle balance for recycling impurities has
previously been analyzed in terms of multireservoir models with charactereristic time
constants [4].The calculated core efflux from
the MIST ELM model is the driving source in
a global balance that describes the inventory
of the noble gas impurities. The efflux of particles from the SOL from MIST serves as the
influx
for the divertor, plenum, and pump
I
I
reservoirs. In addition, the measured neon
Neon injection
I
pumping speed (which depends on the deuteri,O
1.I45
Time (s) um plenum pressure) is used to fix the pumpFig. 3. Core efflux from MIST-ELMmodel for puff- ing speed in the reservoir model. Figure 3
pump case shot 89873
shows a typical balance as calculated from the
detailed ELM model. The calculation assumes
time constants Z S O L - =~0.7~s, ~rdiv-baffle'
~ ~ ~ ~
= 0.1 s, and zpump = 0.04 s.
The neon pumping speed in DIU-D has been found to depend on D2 plenum pressure [2] ,
thus this calculation suggests a possible nonlinear dependence of the neon pumping rate on
ELM-induced peaks in D2 plenum pressure.
I

Divertor enrichment (MISTb2 3)
The divertor impurity concentration was not directly measured in these experiments,
but the partial pressures of neon and argon in the baffle plenum were measured, so enrichment is described in terms of those values. The relation between divertor and plenum has
been studied with a modified version of the b2 code [developed by B. Braams, 51. The code
has been run in 5- (helium), 13- (neon) and 21-species (argon) versions. A detailed model for
sheath reflection of energetic impurity neutrals is included. Radial diffusivities are the same
as the edge values for the MIST modeling for these discharges: DA = 0.7 m2/s, and Vpinch
= 0. The ADPAK atomic physics package is included for neon/argon comparisons, and the
STRAHL database is used for heliudneon comparisons. In addition, a description of the particle sources from divertor plate recycling, midplane and divertor deuterium puffing, divertor
impurity puffing, and back-conductance of deuterium and impurities from the DIII-D plenum
is included. These sources strongly complicate the conventional 1-D (parallel) picture of the
balance between friction and ion temperature gradient forces, since there is a localized source
of back-conducted D2 (and impurities) on the outboard side of the outer strike point, near the
floor. For a typical measured D2 plenum pressure of 4 mTorr, and neon partial pressure of
0.04 mTorr, there are estimated 100 Torr L/s and 1 Torr L/s back flows for D2 and neon,
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Fig. 4. MIST b2.5 model comparison of divertor/ core enrichment for 150 TVs D2 fueling from the midplane
(89883) and divertor (89880). SOL plasma conditions are similar.
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respectively, which are of the same order of magnitude as the external injection rates.
Results comparing the midplane (89883) and divertor (89880) D, fueling cases (150
Torr Us) are shown in Fig. 4. Figures 4a and 4b show that the outboard midplane and inner
divertor Te,i are similar (these compare well with Thomson scattering and Langmuir probe
data, respectively). The modeled divertor plate concentrations are also similar (Fig. k ) ,a
result of feedback control in the experiment. However, the midplane fueling case shows a significant reduction in the neon concentration (Fig. 4d). In addition to the effects of thermal
gradients and drifts, the modeling shows multiple peaks in the bulk ion density on the divertor plate which lead to impurity flows away from the bulk ion peak(s) and strongly influences
retention. However, since profiles cannot yet be measured on DIII-D when the smke point is
under the baffle ring, at present this is a theoretical possibility.
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