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Some highlights from recent PISCES/
UC San Diego experiments :

Developed liquid lithium limiter and tested on CDX-U Torus at PPPL (UCSD/PPPL
collaboration). Lithium pool maintained in molten and high purity state, appears to greatly
reduce hydrogen recycling and impurities. In agreement with PISCES-B experiments.

PISCES-B experiments with ITER materials: beryllium seeding of hydrogen plasmas on
carbon target shows reduction in carbon chemical erosion when concentration of beryllium
impurities present in plasma increases.

Disruption Mitigation in DIII-D (UCSD/GA/ORNL collaboration): High pressure gas jet found to
rapidly radiate the plasma energy: vertical instability avoided, runaway generation
suppressed, halo current effects reduced. (Implications for ITER/BPX)

PISCES-B experiments identify temperature dependence in physical erosion over a range of
materials. Surface ad-atom evaporation model fits data well (submitted to PRL).

Plasma potential modification experiment on PISCES-A begun, some indications of potential
and rotation modification.

Ballistic blobs (avaloids) identified in SOL of Torre Supra, PISCES-A, MAST, DIIID (e.g. G.
Antar et al. PRL 2001). New type of plasma flux to chamber wall.
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New Program of US/EU collaborative experiments on ITER

materials started in mid-2002.

« USDOE and European Fusion Development Agreement
(EFDA) laboratories to carry out cooperative experiments on
ITER chamber wall and divertor materials.

 US Team consists of UCSD PISCES Group, Sandia National
Laboratories, and Argonne National Laboratories.

« EU Team consists of IPP Garching, KFA Julich, and others.

« Scope of work: carbon erosion/redeposition, role of beryllium
plasma impurities, hydrogen isotope retention, redeposited
layers, tungsten materials, and materials mixing effects.
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UC San Diego PISCES Program main collaborations
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UC San Diego PISCES-B is unique in its ability to safely investigate plasma
interactions with ITER beryllium materials in a controlled environment.
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PISCES-B Upgraded in 2002 for Beryllium/Carbon US/EU collaboration studies

New systems include: Beryllium seeding system, IPP Garching redeposition probe,
Absolute visible spectroscopy, new SEM with WDS.
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ITER Beryllium/Carbon mixed materials and hydrogen retention
experiments. IPP Garching fabricated witness plate for collection of
redeposited carbonaceous layers in PISCES-B (2002-2004).

Deposition rates and hydrogen isotope content under study.
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ITER plans call for beryllium chamber wall and carbon divertor plates.
Therefore beryllium impurity fraction in divertor plasma may be ~ few percent

The PISCES-B experiments aim to study role of beryllium impurity and mitigate
chemical erosion of carbon. One idea is to use the beryllium impurity seed population
in divertor plasma to suppress chemical erosion of graphite.

Initial data from PISCES-B shows
reduction of chemical erosion by

fluense and beryllium seeding. -l

( Asxial =can of the Be || concentration T . A ' r - ;
- E:ULHI IE:?I.""G \ H|.1-.-: HirrC
- T,=8&v.n =3E1Zew” = m L‘I COi Dy HO Be seeding
. ek N od T NeV.n_:4Eizem’ T, : 4Eid cfr®
= .0+ '“‘-\5_‘.— 1\': m O i Oy Be séeding
E 1o A e y Te:TeWn, :8E12cm . r_:8E1E g’
E 16 : 4 = !‘w\- : 0.08%
% 3 14 /j); -'-.. g
!:" \'.-I; \' 1.2 " | -'".‘_. .H‘."I'I-‘*-..
) 50 100 150 200 . \'"'.. ey E
C.' Dilstawsn “Fam danget Jrm] "._“
e,
- --l--
ITER PISCES-B beryllium 4 G S # .
. . . e
impurity seed population . . , . " —
o 1x10” e [ P 113 10"
Fluence [em” 2™
Y
US-Japan Workshop July 2003 8

University of California

SanDiecgo




OES lines used to characterize Be seeding rate and C
chemical erosion
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CD band emission data indicates that as beryllium impurity fraction increases
above ~0.3% the chemical erosion of graphite is suppressed.

Integrated CD band intensity

(Normalized to Dy emmision)

as a function of distance from
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Beryllium surface layer is detected on graphite surface by AES. Surface
morphology changes noted as well.
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Some preliminary conclusions

« Beryllium impurities in incident deuterium plasma cause the formation of a
thin beryllium enriched layer on the surface of carbon at sufficiently high
concentration.

* This layer appears to reduce or suppress chemical erosion of graphite. This
appears over a range of temperatures so far up to ~750C.

« Divertor/SOL modeling of ITER should include the beryllium impurity to
better determine Be concentration at divertor plate.

« Future experiments will extend to higher temperatures, higher beryllium
concentrations, and deposition studies using the IPP Garching deposition
probe. Are carbonaceous deposits suppressed by Be layers?
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Boundary plasma physics program aims to develop understanding of
atomic, molecular, and plasma processes in the plasma boundary.
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Bursty convected coherent plasma blobs (variously called
Avaloids, Blobs, etc.) observed ubiquitously

Bursty convected

plasma flux
B - Bursty flux is not

well understood
and not included
in chamber wall
Enhanced Chamber
Wall Erosion ﬂUX mOdels.

Bursty flux may
generate
additional influx of
wall atoms

Generating
additional impurity
flux into divertor

Impurity
flux to
divertor
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ol decreases and changes in nature with increasing r:

In the core fluctuations about an average value
In the SOL fluctuations above the average value

PISCES A experiments
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Conclusions

« Bursty ballistic transport in the SOL is seen
ubiquitously in the plasma boundary

* |Itis a new type of plasma flux to the chamber
wall that is not well understood or modeled.

|t may be important as a generator of wall
erosion, but this is unknown at the present.

* Further studies both experimental and
theoretical are needed to quantify and
understand this flux.
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PISCES Group Publications on Bursty Ballistic Transport

* G. Y. Antar et al., Turbulence Intermittency and Bursts Properties in the Scrape-off layer

of the Tore Supra Tokamak, Phys. Plasmas 8, 1612 (2001).

* G. Y. Antar et al., Experimental Evidence of Convective Transport in Fusion Devices,

Phys. Rev. Lett. 87, 065001 (2001).
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